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Todays talk will cover
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1. Overview

2. Referral and listing

3. ECLS bridging of PAH patients

4. Type of Tx procedure

5. Postoperative challenges and outcomes
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James D. Hardy 1963
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Annual Number of Adult Lung Transplants 
by Diagnosis, 1992-2023 



2022

Jan 1992-Dec 2000       
(N = 11,796)

Jan 2001-Dec 2009              
(N = 21,806)

Jan 2010-Jun 2018             
(N = 33,891) P-value

Diagnosis

<0.0001

- COPD 4162 (37.3%) 7102 (33.1%) 8917 (26.5%)

- A1ATD 1169 (10.5%) 1131 (5.3%) 1054 (3.1%)

- CF 1717 (15.4%) 3470 (16.2%) 4771 (14.2%)

- IPAH 578 (5.2%) 563 (2.6%) 945 (2.8%)

- IPF 1677 (15.0%) 4899 (22.8%) 9755 (29.0%)

- Retransplant 394 (3.5%) 921 (4.3%) 1364 (4.1%)

- Other 1471 (13.2%) 3392 (15.8%) 6822 (20.3%)

JHLT. 2022 Oct; 41(10): 1335-1375

LTx for PAH is rare … ISHLT registry data (1992-2018)

à Evidence mostly limited to single-center retrospective analysis 
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Clemens Aigner
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Vienna Lung Transplant Program
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Indications for lung transplantation in Vienna
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Referral and listing
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Building a safety net… Time is the key

10Dept. of Thoracic Surgery

Clemens Aigner

Discussion Referral Listing
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European Heart Journal (2022) 43, 3618–3731

Clemens Aigner

Dept. of Thoracic Surgery



12

Eur Respir J. 2024 Sep 2:2401222.
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Athénaïs B et al. Eur Respir J 2022;59:2102419

Baseline First assessment

Changes in risk status
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Impact of risk status at time of listing on outcomes
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Kolaitis NA  et al, J Heart Lung Transplant 2025
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The reality of referral for PAH patients – PHAR
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Rates of referral for lung transplantation in patients with PAH remain unacceptably low and occur too late. 
Increased awareness of the benefit of early referral is necessary, even at expert centers.



The reality of referral of PAH patients
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LATE REFERRAL FOR 
LTx

INCREASED 
PERIOPERATIVE 
MORBIDITY & 
MORTALITY

UNSATISFYING

OUTCOME

Clemens Aigner



ECLS Bridging
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Principles of ECLS bridging
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1. Provide hemodynamic stability

2. Relieve the right heart

3. Improve splanchnic circulation à protect kidney and liver function

Clemens Aigner

Direct RV bypass                                Pulmonary circulation bypass



fem/fem VA ECMO
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Relatively easy to insert

Implantation in the ICU

In local anesthesia

North/South syndrome

Difficult mobilization

Flow limited to femoral vessel 
size (usually 3.5L/min)

Clemens Aigner



Alternatives to fem/fem VA ECMO
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❶ Subclavian cannulation

❷ Central cannulation

❸ PA/LA Novalung 

Clemens Aigner



Ambulation on ECMO
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Organ Donation in Europe

Cuncil of Europe Transplant Newsletter 2021
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Lung transplantation in Europe



EVLP and 10° storage

Images: Manual System: Ex Vivo Lung Perfusion Cypel, Marcelo et al., Operative Techniques in Thoracic and Cardiovascular Surgery |
Xvivo XPS, Göteborg | Transmedics OCS lungs, Andover | Traferox 10° Box, Toronto | Tevosol/Bridge for Life EVOSS, Alberta | XOR Labs, Toronto



Take home message referral, listing and pretransplant 
phase
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Don´t wait too long….

Referral:

• Intermediate high risk/REVEAL 8; RV dysfunction despite optimized PH therapy

• Frequent hospitalization or syncope, recurrent hemoptysis, secondary liver or kidney dysfunction

• Need for iv or sc prostacyclin therapy

• Worsening risk scores

• Known or suspected high riak variants (PVOD, scleroderma, PA aneurysm) 

• Allow sufficient time to complete evaluation and avoid emergency bridging

Listing

• High risk, REVEAL >10 on appropriate therapy

• Progressive hypoxemia, progressive liver or kidney dysfunction

• Life threatening hemoptysis

Bridging options available

• VA ECMO, PA/LA Novalung, potentially awake ECMO 



Which transplant procedure?
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Which transplant procedure?
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Bruce A. Reitz
Stanford 1981

Norman Shumway
Stanford 1981

In the early days of Tx for PAH the heart was considered 
too damaged à Heart/Lung Tx

Clemens Aigner



Pre-Tx Post-Tx

Reverse cardiac remodelling
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Kasimir, Mereles, Aigner et al. J Heart Lung Transplant. 2008 Jan;27(1):66-71
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Survival after Tx for PAH: lung Tx vs heart/lung Tx

Mendeloff EN et al. Ann Thorac Surg 2002;73: 209-19. Fadel E. et al. Eur J Cardiothorac Surg. 2010; 38:277-84.

St. Louis Paris

à Double lung transplantation has become the standard of care for PAH

Clemens Aigner



What about single lung Tx for PAH?
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Postoperative period:
1. Volume overflow of single-lung graft

2. Hemodynamic instability

3. Primary graft dysfunction

Later problems:

V/Q mismatch with early CLAD

NOT RECOMMENDED!!!

Clemens Aigner
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Bilateral Lung Transplantation  on ECMO is standard 

POD 1 POD 2 POD 6 POD 18 POD 30

Parenchymal 
reperfusion 
damage

Full CO into the 
implanted lung

Clemens Aigner
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Surgical Access

• Clamshell Incision

• Anterolateral Thoracotomy

• Central cannulation (Aorta, right atrium)

Matilla, Aigner, et al., Chest Surgery Atlas 
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Anastomotic technique

• Bronchus

• Atrium 

• Artery

Matilla, Aigner, et al., Chest Surgery Atlas Aigner et al., Operative techniques in 
Thoracic and Cardiovascular Surgery



Postoperative challenges
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Postoperative challenges
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Early postoperative management is critical

JHLT. 2019 Oct; 38(10): 1015-1066



Postoperative phase – RIGHT VENTRICLE
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Pre-Tx failing RV … recovers after LuTx (PVR↓↓)

before and after LuTx

mPAP

before and after LuTx

RVEF

Kasimir MT et al., Eur J Cardiothorac Surg. 2004 Oct;26(4):776-81



Postoperative phase – RIGHT VENTRICLE
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Reverse cardiac 

remodeling after BLTX 



Acute changes after lung transplantation

Increase of CO

LTx

Abrupt filling of chronically 
untrained ventricle

Reduction of PVR

Acute LV failure

39Dept. of Thoracic Surgery
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Prolongation of VA-ECMO
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1.Preferred modality à peripheral femoral VA-ECMO with perfusion leg cannula

2.Two described strategies with comparable outcomes: 

I. Weaning from prolonged VA-ECMO, then gradual weaning from sedation and MV

II. Weaning from MV, then awake VA-ECMO until LV readapts
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Retrospective analysis: January 2000 and December 2014

72 patients: Group A: 41 intra + postop ECMO 
vs 

Group B: 31 intraop ECMO only

Moser, Jaksch, Aigner, Klepetko et al. Eur J Cardiothorac Surg. 2018

Clemens Aigner

Survival

Vienna approach – weaning from VA-ECMO then extubation



Fluid restriction/removal

Dept. of Thoracic Surgery 42

1. Liberal use of loop diuretics and restrictive fluid management 

2. If resistance to loop diuretics à Continuous Renal Replacement Therapy

3. Advantages of CRRT over diuretics:

I. Highly effective

II. Avoid neurohormonal activation

III. Restore diuretic sensitivity 

IV. No long-term impairment of kidney function

Clemens Aigner



§ Study period: 2000 – 2018, 87 patients

§ Criteria to start CRRT:
Ø Resistance to diuretic therapy
Ø Urine volume < 1000 ml/24 hrs
Ø Fluid retention > 1500 ml/24 hrs

§ 38 (43%) patients with CRRT for 
16 d (10-22)

Benazzo et al. J Thorac Cardiovasc Surg. 2022 Feb;163(2):524-535.e3
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Division of Thoracic Surgery

Alberto Benazzo, MD
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Long-term estimated GFR

Division of Thoracic Surgery

Alberto Benazzo, MD

44Dept. of Thoracic Surgery

Clemens Aigner

Benazzo et al. J Thorac Cardiovasc Surg. 2022 Feb;163(2):524-535.e3



Vienna long-term survival of PAH 
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Conclusions
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• Double lung transplantation on intraoperative VA-ECMO is associated with 

excellent outcomes

• Acute left ventricular failure represents the main challenge in the 

postoperative phase

• Excellent long term outcome and quality of life can be achieved after lung 

transplantation for PAH

Clemens Aigner
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Lung Transplant Patients on Djebel Toubkal (4167m) 
• 18 LuTX patients, 30 medical personell (Austria, Hungary, Germany, Italy, Greece)
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LuTX patients on Djebel Toubkal (4167m) 
• 18 LuTX patients, 30 medical personell (Austria, Hungary, Germany, Italy, Greece)
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2026….



Thank you!
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