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IE after PPVI

• PPVI technical aspects

• incidence

• treatment

• prevention 



September 2000

Bonhoeffer P, et al. Lancet  2000



PPVI: technique



PPVI : technique

2000 – 2019:
N = ± 18.000



Conduit rupture – prevention extravasation
Covered stent : technique 



Stent expansion : 13 mm graft < 20 mm Melody

34 mm CCP on 20 mm BIB Melody at 20 mmBD 18 mm

13 mm homograft



PPVI: 

• Previous connection RVOT

o Patched, conduit free

o Tube graft: homograft, allograft, PTFE, valve

o Secondary changes: retraction, Ca, IE, ..

• Preparation of landing zone

o Multiple stents (1 – 6) : bare, covered 

• Valved stent

o Stent

o Tube covering: PTFE, tissue, …

o Leaflets: flow profile, redundancy, stress, ..



• 16-18mm Contegra bovine jugular vein with valve 
• NuMed Platinum Iridium Stent   CP stent 

o 28 mm length
o crimped down to 6mm, re-expanded 18mm up to 22mm

Revalvulation RVOT
Melody™ Transcatheter Pulmonary Valve



MelodyTM : manufacturing

Bovine jugular vein ( Venpro graft Medtronic® )
on CP stent ( NUMED )



The Edwards SAPIEN Valve
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Tube PTFE; leaflets processed bovine pericardium 



Large self-expandable valve: Venus P-valve



Venus P-Valve Sizes
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Middle
• Diameter: 16 – 32 mm  by increments of 2 mm
• Length : 20 – 35 mm by increments of 5 mm
In- & outflow: 
• Diameter : middle + 10 mm 
• Length : inflow 12-14 mm
• outflow 10 – 12 mm



Melody: stent fractures

Cools, Gewillig IJC H&V 2015



Covered stent CP  Numed

If extravasation expected – observed: covered stent prior Melody



Pulmonary Bifurcation Plasty with Stents

Balloon expandable Y-Stent

individually tailorable 
Courtesy P. Ewert 





Cools, Gewillig EuroIntervention 2018

Melody: the Leuven experience 2006-2017

PPVI very competitiv
e with surgical conduits



Cools, Gewillig EuroIntervention 2018

Melody: the Leuven experience 2006-2017



Cools, Gewillig EuroIntervention 2018

Melody: the Leuven experience 2006-2017



Cools, Gewillig EuroIntervention 2018

Melody: the Leuven experience 2006-2017
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Van Dijck, Gewillig Heart 2015



Incidence:      0.3 - 0.7 per 100.000 children/year

right sided IE:  60-70 % cases in pediatric population

High risk:       children with valve conduits (40 %) 

Mean diagnostic delay is 29 ± 35 days 

Background IE

Epidemiology

Knirsch et al; Eur J Pediatr:170(9):1111-27, 2011
Di Filippo: Arch Cardiovasc Dis:105(8-9):454-60, 2012
Rushani et al; Circulation: 24;128(13):1412-9, 2013
Kelchtermans et al; Ped Inf Dis J: 38(5): 453-458, 2018



The Duke Criteria for Diagnosing BE

2 major
Or
1 major and 3 
minor
Or
5 minor



Echo Imaging and The RVOT



Major criteria
1. Positive blood culture with typical IE microorganism
(viridans group streptococci, HAECK, S. aureus, community acquired Enterococci)

Minor criteria
1. predisposing factor
2. fever >38 °C 
3. embolism evidence
4. immunological problems
5. microbiologic evidence (no major criterion)

Diagnosis of IE: Modified Duke Criteria   

Gilbert Habib et al. Eur Heart J 2015;36:3075-3128; 
adapted from Li et al., Clin Infect Dis 2000, 30: 633-638.

3. “sudden” increase of gradient



Boston Children’s Hospital
Large Single Center Experience

Burber et al, Circ Cardiovasc Interv. 2013



Necker Hospital for Sick Children, Paris
Large Single Center Experience

Malekzadeh-Milaniet al, Arch Cardiovasc Dis. 2014



Leuven Comparative Single Center Study
Survival free from BE

Melody = 84.9% @ 5 yrs

Homograft = 98.7% @ 5 yrs
= 97.3% @10 yrs
= 93.5% @20 yrs

Contegra = 87.8 @ 5 yrs
= 77.3% @ 10 yrs

Melody = 3%/pt yr

Homograft= 0.8%/pt yr

Contegra = 2.7%/pt yr

Van Dijck, et al, Heart, 2014



Gröning et al, Eur J Cardio Thorac Surg, 2019



IE 109/845 (12.9 %)
- incidence 2.3 % /p/y

§ 845 pts
§ FU median 5.9 years
§ re-intervention 4.2 % /p/y

Cummulative incidence for PPVI IE 



Annual event rate IE after PPVI Melody

homograft

Uebing, Rigby Heart 2015



Endocarditis: annual incidence
Melody in Leuven 2006 - 2018 



• Incidence: 8 / 107 (7,5%)

• Avoidable factors: 7/8 
oral infections 5  
poor hygiene 2

PM retardation 4/8

vs 9/99 

• Fever at presentation: 7/8
Septic lungemboli 2
Septic shock 1

Characteristics of patients with IE in Melody®

Van Dijck, Gewillig Heart 2015



Melody IE: PET-CT 
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Van Dijck, Gewillig Heart 2015



Melody: IE 2006 – 2015    n = 10 / 133   
• Outcome:

o Explantation
• Urgent 0
• Early 3

o Obstruction
• Overstented & re-revalvation 2 5/10

o Remaining
• PS < 25 mmHg 5
• PR < 2/4 5 

Van Dijck, Gewillig Heart 2015



David Bos et al, unpublished data collection from UZ Leuven, UCL Brussels and UZ Gent

Belgian registry 2006-2017
- 23 in 22 patients with IE (19 male)
- median age 17.9 years

Underlying microorganisms
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Recommendations for treatment
After Diagnosis of BE

• Early institution of broad spectrum IV abx
• Emergent RVOTO relief

o Catheter intervention: BMS
o Surgical removal

Determine Which Presentation Type

Hemodynamically
Stable (87%)

Fulminant Disease
RVOT Obstruction 

(13%)



Reasonable Recommendations to Consider:
Acute Treatment

• Early institution of broad spectrum IV abx
• Close in-house observation
• Serial evaluation of RVOT for obstruction

o ? Advanced imaging
• Consider surgical removal if 

o Persistent fever
o Persistent lung emboli
o Increasing gradient
o Other adverse evolution

Hemodynamically Stable



S. aureus and outcome

- Staphylococci sp.: 42-46%

- Death: 8 - 11%
- 80 – 90 % staph.sp.

Doff B and McElhinney, 2017, Nordmeyer et al, 2017; Abdelghani et al, 2017



IE after PPVI

• PPVI technical aspects

• incidence

• treatment

• prevention 



IE : ? risk factors 
• life style: skin – mucosal care  (male pubers, PM)

o avoidance of entry ports for bacteria
• antibiotics in case of predictable high level bacteremia
• avoidance of high energy turbulence by adequate pre-

stenting of the RVOT
• micro-thrombi, BP
• blood stasis in and around the conduit
• pockets due to incomplete apposition
• tissue surface characteristics
• leaflet motion and redundancy, flow profile
• immunologic interaction 



§ high shear stress laminar flow on 
the ventricular side 

§ recirculating shear stress present 
on vessel side 

Balachandran et al; Int J Inflam, 2011

Vessel Side

Recirculations

Hemodynamic profile



Sapien™ valve Melody® valve

Hascoët 0/47 pts 8/32 pts
Haas: 0/51 pts 6/29 pts
Biernacka: 0/14 pts 4/26 pts
Tanase: 0/11 pts 17/215 pts

Meta analysis: 17 studies 30 studies
Lehner et al: 5/501 pts 214/3,616 pts
Estimated implants 2,500 14,000

Retrospective studies comparing occurrence of IE

Risk of IE after PPVI

Future: longer FU will contribute
to higher conclusiveness of data



IE after PPVI: differences in valves
• RVOT

o Size, turbulence, shear stress
o Microclots

• Patient
o Age, size
o Skin & dental care 

• Valved stent
o Tube graft
o Leaflet material
o Flow patterns
o Size valve, delivery system 



Boston Children’s Hospital
Anatomic Examination of Risk Factors
pockets & irregularities

Burber et al, Circ Cardiovasc Interv. 2013



Jewgenow et al., Int J Cardiol 281: 113-118; 2019

? predisposition for bacterial 
and platelet adhesion ?

? facilitation of endothelialisation 

? time ? 

fibrin

Fibrin deposition in the
valvular sinus
(Brown Hopps staining)



Claes, Ditkowski et al. Thromb Haem 2018
Ditkowski et al, unpublished data

IE & fibrinogen  
Fg mediates 

bacteria & platelet 
binding   

shear stress dependent
pathways



0.0

0.4

0.8

1.2

 P
la

te
le

t a
dh

es
io

n 
(%

)

** 

** 

CH
Wall

CH
Leaflet

BP BJV 
Wall

BJV
Leaflet

*** 

0.0

0.2

0.4

0.6

0.8

1.0

P
la

te
le

t a
dh

es
io

n 
(%

)

eptifibatide (10 ug/mL)

No eptifibatide

****

Ditkowski et al, unpublished data

BJV

Platelet adhesion to RVOT tissues  



Bioluminescent signals of in vivo bactericidal activity



2007
• American Heart Association (AHA)
• Circulation, 116, 1736 - 1754

2008
• National Institute for Health and Care 

Excellence (NICE), United Kingdom 
• www.nice.org.uk/guidance/cg64

2009
• European Society of Cardiology (ESC)
• European Heart Journal, 30, 2369-2413 

2002
• Société Française de Cardiologie (SFC)
• Heart Journal, 30, 2369-2413 

2015  revised guidelines, European Heart Journal, 36, 3075-3123

2016  revised guidelines, Br Dent J, 221(3), 112-114

Current guidelines 

2014  revised guidelines, JACC  63:2438-88



Knowledge on IE 

Bauer et al, Int J Cardiol, 245, 105-108, 2017
Cloitre et el, Oral Surg Oral Med Oral Pathol Oral Radiol. 2017
Koerdt et el, Clin  Oral Invest, 2017

§ Questionnaire:  
§ 1211 ACHD patients
§ 74.5% knowledge on IE, 71.3% correct information 

„A nationwide survey of French dentists´knowledge“

§ 12000 dentists in France
§ 34.5 % good knowledge of actual guidelines

insufficient knowledge on  
IE prevention and oral hygiene



Gilbert Habib et al. Eur Heart J 2015;36:3075-3128

ESC guidelines 2015

Non-specific prevention measures



Endocarditis: annual incidence



Conclusion: prevention IE after PPVI
Multifactorial
• Valve: design, material
• Patient selection
• Implantation technique: 

• size, gradient, turbulence, ...
• Education

• Patient
• Health professional

• Clotting – BP – immunology  
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