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Martin, born 1995

• Aortic annulus and arch hypoplasia, VSD, apex-forming LV

• team opted for single ventricle palliation

• 1995 Norwood st I., 4 mm MBT

• 1997 BDG

• 2000 Fontan with lateral tunnel, fenestration 4 mm

• 2005 spontaneous closure of fenestration

• since 2009 (14-y.-old) protein loosing enteropathy (oedema, low albumin)

• 2014 stent into Ao isthmus (19 → 3 mmHg gradient)



2020

Cath study 9/2020
(PLE progression)

Fontan, PA´s 12-13 mmHg

TPG  4 mmHg

CO & PVR normal

no fenestration

no signif. Ao-Pulm. collaterals



Medications

Alsaied T et al., Int J Cardiol 2022

2009 as needed (also HCT) →

2009 infusions; also IVIG substitutions →

2022 – 1 month trial – no effect

2009 (eplerenone) →

2014 →

2021-22 trial – no effect

2020-21 trial – temporary effect

2009 → loperamid - for diarrhea

2009 → : ↓ fat, ↑ protein diet



Aortic stent placement 
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LV apex-forming

LV & RV systolic function preserved



2022 – 27 y. old man after Fontan 

• Multicompartment lymphatic failure 

(oedema, diarrhea, pleural effusions, ascites) →     ↑diuretics, ↓ QoL 

• Fenestration creation

• Biventricular conversion

• Heart transplantation

• Lymphatic procedure

What are the treatment options ??



• Boston experience – 23 children

• age 10 y. (7,5-13 y.)

• elective conversion superior to failing Fontan

• mean LVEDP 10 → 15 mmHg

2022



• 12 US centers, 68 pts. listed, 52 pts. Htx

• median 14.2 y. (4.7-26.2 y.)

• 25% patients - PRA > 10%

• 17% positive retrospective cross-match

Mortality
1 y.  - 17%
5 y.  - 28%

Heart transplantation ?



HLA class II antibodies 

Date Max. MFI

16.9.2021 10 750,70 only DR

3.1.2022 10 298 only DR

7.2.2022 13 297,80 only DR

9.3.2022 12 075,99 only DR

12.4.2022 13 055 DR,DQ 

5.5.2022 4 312,70 only DR

HLA class I antibodies

Date Max MFI

16.9.2021 negative

3.1.2022 negative

7.2.2022 1409,3 A1

9.3.2022 1181,1 A1

12.4.2022 negative

5.5.2022 negative

Martin, 27 y. – sensitized
6 months of desensitization therapy

- IVIG monthly + rituximab

PRA 2021 negat.



Lymphatic intervention ?

1. Direct lymphatic interventions – closing the “channels”

2. Anatomic interventions targeting the increased lymphatic pressures/afterload



Symptomatic th. →   recurrences

Hepatic and periduodenal Lymphatic Embolization



Thoracic duct decompression

Innominate vein turn-down, Hraska V, Ann Thorac Surg 2013 Transcatheter TDD, Smith C. Circ Cardiovasc Interv 2022



Surgery

• 6/12 critically ill patients with PLE

• no procedural mortality

• Follow-up 0-36 months

• 50% no residual symptoms of PLE

• 50% died during f-up

Thoracic duct decompression
Results

Catheterization

• 10/12 frail patients with PLE

• no procedural mortality

• Follow-up 1-20 months

• 50% no symptoms of PLE

• 2 pts. improved, 3 pts not

• Albumin 2.5 → 3.8 (median)



• 54 teleconferences since 2013

• 5 AAF satellite symposia

• 6 professorships by CHOP experts

Courtesy of the patient



Step 1      Hepatic and periduodenal Lymphatic Embolization

Histoacryl glue embolization
2 channels in liver
5 channels in periduodenum

• transient laboratory pancreatitis
(Lipase: 8x increase)
• oedema & effusions progression



Step 2  - Thoracic duct decompression

2 stentgrafts 9 x 57mm implanted



Step 2: Thoracic duct decompression

• Day 6 after lymphatic embolization

• 7 days ICU, 11 days hospital stay

• Bivalirudine 24 h →  Warfarin (INR 2-3)

• Albumin 2.3 → 3.4 (in a week)

• satO2 97% → 88-91%

• small residual ascites, no effusions

Courtesy of the patient



...not the happy-end yet

• 2 months post proc.: leg and arms oedema, satO2 97%

• thrombosis of the stentgraft despite stable INR 2.5-3.0 during f-up



...not the happy-end yet

• 2 months post proc.: leg and arms oedema, satO2 97%

• thrombosis of the stentgraft despite stable INR 2.5-3.0 during f-up



Site-directed thrombolysis
• Valved infusion catheter provides endhole occlusion

• low dose rt-PA 3 days with q 24 h angio – thrombus resolution 

• stent to distal narrowing

• clinical improvement → Warfarin + clopidogrel https://healthmanagement.org/



Lymphatic 
intervention

Thoracic duct 
decompression

Thrombolysis of 
thrombosed stentgraft
inn. vein to LA + stent

Trend of albumin blood levels

3.0 g/dl



Lymphatic interventionSensitization status



Conclusions

• PLE - progressive Fontan complication

• PLE - complex decision making process

• Innovation - brings new options (lymphatic interventions)

• „Learning, sharing, networking“.... our responsibility to our patients

• Interdisciplinary & Interinstitutional (& International) collaboration 
inevitable to achieve improved outcomes (despite COVID, war etc...)
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