LUNG TRANSPLANTATION N

AL

|

YOOHWA HWANG

Department of Thoracic and Cardiovascular Surgery
Seoul National University Bundang Hospital
Seoul National University College of Medicine

S N, - cx - . y e LT TR e s

2022.05.19



I LUNG TRANSPLANTATION
]7 DONOR LUNG PROCUREMENT

]:V IMPLANTATION OF DONOR LUNG

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu



0 Lung Transplantation

Histologic aspect

* In 1947, Vladimir Demikhove performed the first lung transplant in a dog.

e Dr. James D. Hardy and colleagues performed the first human lung transplant
in 1963. [left lung TPL, 18days survive]

e The first successful human lung transplant was done in 1986 by the Toronto
Lung Transplant Group. [Dr. Joel Cooper]

* In 1988, Dr. Alexander Patterson described the technique of double lung
transplantation.

e Dr. Denton Cooley and associates were the first to attempt heart-lung
transplantation in 1968.

e Since then, more than 15,000 lung transplants have been done.
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Number of Transplants

Q Lung Transplantation

Overall Lung Transplantation Statistics 2019
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Q Lung Transplantation

Overall Lung Transplantation Statistics 2019
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0 Lung Transplantation

When to consider transplant

» General selection criteria

1.

© NOo vk W
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Clinically and physiologically severe lung disease

Medical therapy ineffective or unavailable

Substantial limitations in activities of daily living

Limited life expectancy

Adequate cardiac function without significant coronary disease
Ambulatory, with rehabilitation potential

Acceptable nutritional status

Satisfactory psychosocial profile and emotional support system

TRANSPLANTATION :35(7);365-370
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0 Lung Transplantation

Absolute contraindications

e Extra-pulmonic disease

* HIV Infection

e Malignancy with in prior 2yrs

e Hepatitis B antigen positivity

» Hepatitis c biopsy proven liver disease
» Severe musculoskeletal disease

e Substance addiction in prior 6months
» Absence of reliable support system

* Untreated psychosocial problems

* Non-compliance

TRANSPLANTATION :35(7);365-370
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0 Lung Transplantation

Relative contraindications

e Age > 65

e Critical or unstable medical condition

e Systemic or multisystem extrapulmonic disease
e Pan resistant organisms

e Symptomatic osteoporosis

e Mechanical ventilation
e BMI< 17 or > 30

TRANSPLANTATION :35(7);365-370
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Q Lung Transplantation
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+¢ Indication of lung transplantation

1. Obstructive lung disease
COPD

2. Restrictive lung disease
IPF
ILD

3. Septic lung disease
CF
Bilateral bronchiectasis

4. Pulmonary vascular disease
Primary pulmonary hypertension
Eisenmenger'’s syndrome
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Q Lung Transplantation
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Survival of Lung Transplantation Statistics 2021
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Adult Lung Transplants
Kaplan-Meier Survival within 12 Months by Era
(Transplants: Jan 2000 — Jun 2017)

—2000-2005 (N=11,717) —2006-2011 (N=18,785) —2012-2017 (N=22,571)

All pairwise comparisons were significant at p < 0.05

CIETY FOR HEART AND LUNG TRANSPLANTATION
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1yr survival : 85%
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Q Lung Transplantation
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Survival of Lung Transplantation Statistics 2021

Adult Lung Transplants

Kaplan-Meier Survival within 5 Years Conditional on Survival to 1 Year
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By Era (Transplants: Jan 1996 - Jun 2013)

—1996-2001 (N=6,587) —2002-2007 (N=11,032) —2008-2013 (N=15,390)

\
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All pairwise comparisons were significant at p < 0.05 except 2002-2007 vs. 2008-2013

CIETY FOR HEART AND LUNG TRANSPLANTATION

5yr survival : 70%

SNUHY #3Hgaezes



Q Lung Transplantation
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Q Lung Transplantation

LUNG TPL IN KOREA
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Lung Transplantation
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Q Lung Transplantation

T 2015 2016 2017 2018 2019

A 64 89 93 92 157
Asbestosis 1 1
Bronchiectasis 4 4 4 1 9
Cystic Fibrosis 1 2
Eisenmenger Syndrome 1 1
Emphysema 3 1 4
Idiopathic Pulmonary Fibrosis 30 a4 48 41 75
Lymphangioleiomyormatosis 1 1 1 1
Primary Pulmonary Hypertension 2 3 4 3 2
O[A= Brinchiolitis Obliterance 6 3 7 4 10
7|Et 22 29 29 39 53
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Q Donor lung procurement
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Q Donor lung procurement

Too many Bad Lungs

= Chest trauma
= Atelectasis
" Pheumonia

" Brain death...Hypotension...Fluid replacement...
Pulmonary edema

> 5~20% O M EH A 7S

TRANSPLANTATION :35(7);365-370
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6 Donor lung procurement

Ideal lung transplant donor criteria

= Age <55 years

= ABO compatibility - identical

» (Clear chest radiograph

= Pa02 >300 on Fi02 =1.0, PEEP - 5cm H20

= Tobacco history <20 pack years

" Absence of chest trauma

* No evidence of aspiration/sepsis

= No prior cardiopulmonary surgery

= Sputum gram stain - absence of organisms

= Absence of purulent secretions at bronchoscopy I Heart Luna Transolant 2000- 19-1199
eart Lung lranspian A N
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6 Donor lung procurement

Extended donor criteria

= Age <65 years
= ABO compatibility - compatible

= Clear chest radiograph — unilateral / bronchoscopy / ventilator recruitment maneuver

= Pa02 <300 on Fi02 =1.0, PEEP - 5cm H20 - try recruitment
= CMV Ab +, DM
» Tobacco history <20 pack years — post transplant lung function / cancer

= Cancer —low grade skin cancer (not melanoma), cervix CIS, CNS tumor (not glioblastoma,
not medulloblastoma, no craniotomy, no ventricular shunt, no RT)

= Pulmonary edema, contusion, thromboembolism — contraindication
J Heart Lung Transplant 2000; 19:1199
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6 Donor lung procurement

Donors should not be used routinely upon evidence

Donor infections limiting transplant

Gram-negative bacteremia

Mycobacterial infections of the chest

Invasive fungal diseases

Hepatitis C

Hepatitis B surface antigen-positivity
HIV/AIDS

Creutzfeldt-Jakob disease

West Nile virus

Severe acute respiratory syndrome (SARS)

J Heart Lung Transplant 2000; 19:1199
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Q Donor lung procurement
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Allograft size matching

 CXR

* Height

e Chest measurement

e Predicted TLC for the donor should be

within 80% - 120% of that predicted for

the recipient.
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Q Donor lung procurement
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@ Donor lung procurement

Az OERIAE LA = comw DML AW (UL/  39/18
—_ e - B o Chest X ray
Total B
AHH 033
I (mg/dL) 04/07
Alcohol  NONE RP
(mg/dL)
Tobacco NONE
CK-MB
k-7 (gl)
NONE
s
CPK
638
it NONE un
AIDS 24
I SHIIARM
VDRL 24
o 2022-04-0
Fda:] AS 70821
oF none. PH 744
Zsh/m) PO2
st none. (lIHg) 550
PCO2
7|EHEE  none.
= (mHg) 354
UAHSE U AHE HUAS(5-68H) 2021.01.26 4H|ZH0|4A donor
02Sat. 100
(%)
7|E} Unstable angina(2VD) -> PCI(2015), old MI(2017)
Fi02(%) 100
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Q Donor lung procurement

Further optional study.....

& ChestCT V2R

04/04 Chest-CT

¢ [2E] [83] (AZLMEHTEB)CT Chest (enhance) [ZAIY AI:2022-04-04 21:51] TS (28 83 2d90|
AARA LEYA LE3H LSRR SR LS LEX5
2022-04-04 21:51 2022-04-06 16:04

[E3] (ALNEFTIE )T Chest (enhance) [ZIAM Al: 2022-04-04 21:51) TS (ZEF)
[FINDING]
Contrast enhanced chest CT

Clinical information: multiple traume
Conpared with 2017-05-31 CT

1. Peribronchial nodules in posterior segnent of RUL and consolidations and peribronchial nodules in both lower lobes, -=> r/o aspiration
or bronchopneunonia

2. Linear subsegmental atelectasis in both lover lobes.

3. Coronary stent at LAD,

4, Tip of the endotracheal tube is located in bronchus intermedius. --> rec) withdrawl of the tube

[CONCLUS10N)

[RECOMMENDAT I0ON]

Bronchoscopy

Screening measure to select
potential lung donors

Only 33% of all brain-dead donors
and 62% of ideal donors, based on
CXR and arterial blood gas analysis,
had normal fiber-optic bronchoscopy.

HE, HO|A Tl A0 A Al
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6 Donor lung procurement

Lung procurement technique

Ventilation

Tidal volume: 8 to 10 mL per kg, FIO2: 50
percent PEEP: 5 cm H20

Anticoagulation (once lungs and heart exposed)

Heparin 250 to 300 units per kg, intravenously

Prostaglandin pretreatment

Prostaglandin E1 (PGE1, Alprostadil) 500 mcg
via main pulmonary artery

Flush solution

Low potassium dextran (Perfadex®)

Temperature

4 to 8°C

Antegrade flush

Infuse 50 to 75 mL/kg of flush solution into
main pulmonary artery

Cardioplegia solution (only when heart is used
for transplantation)

Infuse retrograde from aorta

Topical cooling

lced saline slush added

pericardial spaces

to pleural and

Retrograde flush, after removal of heart

Infuse 250 mL of flush solution into each
pulmonary vein orifice and vent at pulmonary
artery opening
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Q Donor lung procurement

DONOR LUNG EXAMINATION

Adhesion? Pulmonary mass? Compliance test
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6 Donor lung procurement

Cardioplegia infusion

Perfadex® solution
(antegrade perfusion)

Left atrial
appendage

Heparin, PGE1 injection
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6 Donor lung procurement

Retrograde perfusion after heart harvesting
via pulmonary vein
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Q Donor lung procurement

Transportation

e Lung expansion
e FiO2 30-50%
e 50-70% of lung volume
e Airway pressure 20 cmH20

* Preservation temperature
+ 4°C
e Cold ischemic time less than 8 hours preferred, possibly up to 12
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@ Implantation of donor lung

CPB

ECMO
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@ Implantation of donor lung

ECMO in Toronto general

i . ECMO
hospltal 1) Low dose of heparinization
Toronto Lung Transplant Program 2012-2017 2) Prolonged use outside the operating room

3) Positive outcomes after lung transplantation
4) Lower the reperfusion injury (both CPB and ECMO)

e . CPB

35

= 1) Full-dose heparin
o o0o—O0—0—o0—9

> bleeding and graft dysfunction d/t inflammatory

2012 2013 2014 2015 2016 2017

e ECMO  enlmn(PB sl No SUpPOFt response
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Implantation of donor lung

Recipient pneumonectomy Implantation of the donor lung

Recipient

> B
288 Pulmonary
‘%g g artery
g5¢g Bronchial attachment
E £z attachment (both sides)
3 43 (both sides)
gze
e

Left atrial
attachment
(both sides)
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Q Implantation of donor lung

Bronchus anastomosis : continuous or interrupted, PDS

air leakage test and bronchoscopy

SNUHY #3Hgaezes



@ Implantation of donor lung

PA anastomosis : continuous running suture, prolene 5/0
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@ Implantation of donor lung

PV anastomosis : continuous running suture, prolene 4/0
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Q Implantation of donor lung

Airway complication

» Possible causes of failure included
medication, infection, rejection, and
ischemia resulting from loss of the
bronchial arterial supply.

» Mostly because of donor bronchial
ischemia

e Revascularization of the donor
airway occurs over 2 to 4 weeks.
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é Lung transplantation — AIRWAY COMPLICATIO

e Donor and recipient characteristics : Height mismatch
e Hypoperfusion due to hypotension

* Right-sided anastomoses : only 1 bronchial artery

e Mechanical ventilation : high PEEP

e Immunosuppression : mTOR inhibitors

e Operation
e Avoid tracheal anastomosis
* Minimizing the length of donor bronchus, avoid skeletonization of donor bronchus

e Avoid single continuous running suture

e Creating the anastomosis at the secondary carina.

* A running suture is placed along the membranous portion of the bronchi, followed by figure-of-
eight stitches into the cartilaginous membrane.
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Q Lung transplantation : Immunosuppressant

* Induction : To reduce the risk of acute rejection

 Interleukin 2 receptor antagonists
[Daclizumab and basilixmab (in SNUBH, Simulect)]
e Anti-thymocyte globulin (ATG)

 Maintenance
: Life long immunosuppressive therapy that is given to prevent both acute and chronic
rejection
1) Calcineurin inhibitor (Cyclosporine, in SNUBH, tacrolimus),
2) Antiproliferative agent
[MMF, Azathioprine, in SNUBH, mycophenolate sodium (myrept)]
3) Corticosteroids (in SNUBH, methyPd 0.5mg/kg).
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Q Lung transplantation : Antimicrobial therapy

» Bacterial prophylaxis

e HSV prophylaxis > acyclovir
e PCP > Cotrimoxazole

e Candida > nystatin

e« CMV > Gancyclovir
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SUMMARY

1. Although survival following lung transplantation continues to improves, it
remains the worst outcome of all solid organ transplantation.

1. Both chronic resection (m/c BOS)and infection occur more commonly and
earlier in lung allografts compared with other solid organ transplants.

1. Current standard approach to implantation is for single or sequential
bilateral implantation by a clamshell incision “'under ECMO. The
anastomosis is conducted from posterior to anterior in the following order:
bronchus, pulmonary artery, atrium (pulmonary vein).
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