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Lung transplantation (LuTx)

• Treatment possibility in advanced lung 
diseases

• Patients on maximum conservative 
management with predicted survival 12-18 
months

• Patients have to be able to undergo this 
extensive surgical procedure



Historical notes

• Prof. Hardy (University 
of Mississippi) 1963: 
first LuTx in man (Mr. 
John Russel)

• Dr. Stähelin (Sandoz 
company, now Novartis) 
31.1.1972: 
immunosuppressive 
effect of cyclosporin A



Historical notes /2

• Prof. Cooper 

(University of Toronto) 

1983: first successful 

LuTx

• Prof. Klepetko (Vienna 

General Hospital): 

1989 LuTx program 

started in Vienna



First succesful LuTx

• 45th LuTx in the 

world

• Mr. Thomas Hall

• November 7, 1983

• SLTx for IPF

• Survival 8 years



Historical notes /3

• In 1970 prof. Řehák (3rd

Surgical Clinic of General 

Faculty Hospital, Londýnská 

street) started with 

experimental LuTx in 

cooperation with IKEM

• Since 1994 started 

cooperation of 3rd Surgical 

Clinic (prof. Pafko) with  

Vienna LuTx centre



Historical notes /4

• December 21, 1997: first LuTx in the Czech Republic



Historical notes /5

Prof. Lischke

Number of LuTx at 3rd Surgical Clinic of Faculty Hospital Motol
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LuTx indications

• COPD (incl. α1-antitrypsin deficiency)

• Interstitial lung diseases (eg. UIP-IPF)

• Cystic fibrosis (CF) and bronchiectasis

• Pulmonary vascular diseases (eg. IPAH)



Absolute contraindications

• Malignancy in last 5 years

• Untreatable advanced dysfunction of another 
major organ systém; BMI ≥35.0

• Non-curable infection; active TB

• Acute medical instability (sepsis, myocardial 
infarction, bleeding diathesis)

• Significant chest wall/spinal deformity

• Severely limited functional status and poor 
rehabilitation potential

• Nonadherence (psychiatric disorders, absence 
of social support, substance addiction)



Relative contraindications

• Advanced age (>65-75 y, according to biological 

age and other relative contraindications)

• Critical condition (IMV, ECMO), BMI 30.0-34.9

• Colonization with resistant pathogens (BCC, 

MAB); serious infections (HIV, HV-B, HV-C)

• Severe osteoporosis or malnutrition (BMI <17.0)

• Previous extensive chest surgery

• Untreated conditions (DM, arterial hypertension, 

peptic ulcer disease, GER, CAD and others)



Mechanical bridges to LuTx

• ECLS: young age, good potential for 
rehabilitation, absence of MODS (typically 
CF, LAM, α1-antitrypsin deficiency)

• Not recommended:

- Septic shock, MODS

- Advanced age, severe atherosclerosis

- Heparin-induced thrombocytopenia

- Previous prolonged IMV

- Obesity



Interstitial lung diseases



CF and bronchiectasis



COPD



BODE index

Number of points 0 1 2 3

FEV1 (% pred.) ≥65 50-64 36-49 ≤35

6MWD (m) ≥350 250-349 150-249 ≤149

Dyspnea (MMRC) 0-1 2 3 4

BMI (kg/m2) >21 ≤21

MMRC Dyspnea Scale

0 I only get breathless with strenuous exercise 

1 I get short of breath when hurrying on level ground or walking up a slight hill

2 On level ground, I walk slower than people of the same age because of 

breathlessness, or have to stop for breath when walking at my own pace 

3 I stop for breath after walking about 100 yards or after a few minutes on level ground 

4 I am too breathless to leave the house or I am breathless when dressing



Survival according to BODE index

• Quartile 1: 0-2 pt.

• Quartile 2: 3-4 pt.

• Quartile 3: 5-6 pt.

• Quartile 4: 7-10 pt.



Pulmonary vascular diseases



LuTx: evaluation of candidates

• Standardized protocol !

• Complete evaluation (clinical, laboratory, 
cardiopulmonary function, endoscopic,..)

• Lung size: chest X-ray in 1 m distance

• Imunology: ABO system, HLA sensitization

• Quantitative lung perfusion scintigraphy 

• Right heart catheterization: PAH 

• Psychological examination !



Example of protocol



Waiting list (WL)

• Suitable candidates are listed

• Visits every 3 months, re-evaluation every 6-

12 months (depends on disease stability)

• 50 new LuTx candidates every year in CZ

• Median WL time: 150 days

• WL mortality: Eurotransplant 10-15%



Lung allocation score (LAS)

• Evaluates urgency of 
LuTx

• Introduced in 2005 in the 
U.S.A.

• Eurotransplant: 2011

• Czech Republic: 2014

• Calculated every 3 
months and when 
disease progresses

• Urgent patients: LAS 
>40-50 pts.



Problems in COPD

• Higher age: more comorbidities

• Smokers are not suitable for LuTx

• SLTx in emphysema: risk of hyperinflation of 

native lung with graft dysfunction



Problems in ILD

• Worse results of LuTx

• Small pleural cavities

• Frequent PAH: SLTx is not appropriate

• Patients on steroids: obesity and osteoporosis



Problems in CF
• Infection with resistant Gram-negative bacteria

- B. cepacia complex, A. xylosoxidans, MDR P. aeruginosa

• Infection with nontuberculous mycobacteria

- M. abscessus



Ex vivo lung perfusion and 

reconditioning

• Allows evaluation of graft 

function in ex vivo 

conditions

• prof. Steen: in 2007 first 

LuTx after ex vivo

reconditioning (initially 

not accepted organ)

• XVIVO system (Toronto 

2011, prof. Keshavjee)



Number of LuTx in adults
Number of LuTx by diagnoses

JHLT. 2014 Oct; 33(10): 1009-1024JHLT. 2015 Oct; 34(10): 1264-1277



Survival after LuTx in adults
Survival after LuTx by diagnoses

JHLT. 2014 Oct; 33(10): 1009-1024JHLT. 2015 Oct; 34(10): 1264-1277



LuTx: donor selection

• Age <55 y, similar lung size and AB0 system

• Normal CXR lung appearance

• PaO2 >300 mm Hg (FiO2 1,0 and PEEP 5)

• Without purulent secretions in the lower 
airways

• Negative sputum microscopy (Gram staining)

• No chest trauma, aspiration and sepsis

• No lung diseases and cardiopulmonary 
surgery

• Smokers <20 pack-years



Evaluation of potential donor

• Hight and weight

• Chest shape, lung size (1 m CXR)

• AB0 system

• Bronchoscopy

• IMV with FiO2 <0,4

• Preventive measures against lung edema

• Only approx. 15% of donors are suitable for LuTx !



LuTx: choice of procedure

• SLTx: diseases with low compliance 
(fibroses) and COPD without predominant 
emphysema

• DLTx: diseases with high compliance 
(emphysema), septic diseases (CF) and IPAH

• HLTx: Eisenmenger's syndrome and 
conditions with left heart failure

• „split-lung Tx“ and lobar Tx from living 
donors: children and adults of short stature



LuTx: surgical aspects

• Organ harvesting after evaluation of donor 
lung (also macroscopic appearance) 

• Donor lung is stored in Perfadex solution on 
4°C temperature

• Maximal cold ischemia time is 6-8 hours

• LuTx recipient: in DLTx two sequential 
anterolater thoracotomies or „clamshell“ 
incision

• Sometimes is ECMO used



Early after LuTx

• ICU stay

• Risk of reperfusion edema, early rejection and 

infection

• Ideally: extubation in few hours

• Further care: immunosuppression, antibiotics, 

analgesics, nutritional therapy, chest 

physiotherapy 



Immunosuppression

• Early high doses of methylprednisolone and 

antithymocyte globulin

• Chronic immunosuppression: prednisone + 

tacrolimus (substituted cyclosporine A) + 

mycophenolate mophetil

• Monitoring of drug levels (tacrolimus and 

cyclosporine A: nephrotoxicity)

• Post-transplant lymphoproliferative disorder 



Infection management

• CMV: hyperimmune globulin and ganciclovir 

early after LuTx

• Pneumocytis jiroveci: lifelong preventive 

administration of cotrimoxazole

• During bronchial anastomoses healing: 

gentamicin and amphotericine B

• Further ATB based on previous cultures (eg. 

in CF patients)



Further care after LuTx

• Protocol-based !

• Lenght of hospital stay 3-4 weeks

• Visits every 4-8 weeks, stable patients every 

3 months

• Lung function tests, chest X-ray, 

bronchoscopy with TBBx (chronic rejection)

• In-patient treatments for any intercurrent 

diseases are performed usually in Tx centre



Limitations of LuTx

• Selection of candidates: contraindications

• Organs accessibility: donors shortage

• Primary graft dysfunction: low predictability of 

graft function

• Survival after LuTx: infections and CLAD 

(chronic lung allograft dysfunction)

- BOS (bronchiolitis obliterans syndrome)

- RAS (restrictive allograft syndrome)

- CLAD from other causes than rejection



Other complications

• Stenoses of bronchial anastomoses

• Infections (aspergillus, pseudomonas, 

pneumocystis, CMV), nephrotoxicity 

(calcineurin inhibitors), osteoporosis and 

diabetes (CS)

• Lymphoproliferation and lymphomas (IS), 

malignancies (BCA in COPD or IPF in SLTx)

• Recurrence of primary disease (sarcoidosis)



Number of LuTx in Europe
LuTx per 1.000.000 population



Numbers of LuTx and pacients on WL

• Eurotransplant:

• 135 000 000 population

• WL: approx. 760 patients (eg. 5.6/1 000 000)

• LuTx: approx. 650 yearly (eg. 4.8/1 000 000)

• The Czech Republic:

• 10 000 000 population

• WL: approx. 55-60 patients

• LuTx: approx. 45-50 yearly



International cooperation in Europe

• Scandiatransplant

• Balttransplant

• Eurotransplant



Conclusions

• LuTx is established treatment method in  
advanced lung diseases

• Evaluation of LuTx candidates and patients 
management after LuTx is protocol-based

• Approx. 75% of evaluated candidates are 
listed for LuTx and approx. 75% of listed 
patients undergo LuTx 

• 5-year survival after LuTx is approx. 50 %

• Shortage of donors is continuing problem


