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Lung transplantation, status  

2020년도 장기 등 이식 및 인체조직기증 통계연보



폐이식 응급도

0
인공호흡기 혹은 에크모를 달고 있는 환자

1
산소 투여없이 동맥산소압 55mmHg 미만

평균폐동맥압>65mmHg, 우심방압>15mmHg

심장박출지수 < 2L/min/L2

동맥혈검사 이산화탄소압> 80mmHg

입원 환자 중 고유량 비캐뉼라 사용(60%, 30L이상)

2
폐기능 검사에서 1초 강제 호기량(FEV1) <25%

산소 없이 측정한 동맥혈 가스 검사상 PaO2 <60 mmHg

평균 우심방 혈압이 10-15 mmHg 인 경우

평균 폐동맥 압력이 55-65 mmHg 인 경우

심박출지수 2-2.5L/min/m2 인 경우

동맥혈 검사상 70 mmHg ≦PCO2 <80 mmHg인 경우

폐확산능<30% 인 경우

3
단독 폐이식이 필요한 경우

폐기종, 폐고혈압, 간질성폐질환인 경우

폐기능 검사에서 노력 호기량이 30% 미만인 경우

호흡부전증으로 3번 이상 입원한 경우



PH in Lung Transplantation



Prevalence of Pulmonary hypertension in PF patients

Ruffenach et al. Respir Res (2020) 21:303



Pooled Prevalence of COPD-Related PH

Int J Chron Obstruct Pulmon Dis. 2022; 17: 1365–1379.

Overall COPD-related PH 
prevalence was 
approximately 39.2%



PH, poor prognosis in lung Transplantation 

3362 COPD LTx recipient 1 year mortality 

D. Hayes Jr. et al.  Respiratory Medicine 128 (2017) 10

J Thorac Dis 2018;10(3):1578-1587



PH, poor prognosis in lung Transplantation 

90 D mortality 1 Y mortality 

Clin Transplant 2016: 30: 357–364



Management of PH, pre-transplantation

Cardiol Clin 40 (2022) 77–88



Management of PH, in ICU 



Management of PH, in ICU 

• Intubation 

• VV vs. VA

• Post-op Care 
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Challenges and complications associated 
with endotracheal intubation

Heart Fail Rev. 2022 Sep;27(5):1807-1817.



Heart lung interaction 

A:  Apneic baseline

B: Spontaneous 
inspiration 

C: Positive pressure 
inspiration 

Ann Transl Med. 2018 Sep; 6(18): 349



Effects of mechanical ventilation on RV hemodynamics that lead to 
systemic hypotension

Ann Am Thorac Soc . 2018 Mar;15(3):383-389



PEEP or not

Eur Heart J Acute Cardiovasc Care. 2022 Jan 12;11(1):77-83.



Pharmacological options for rapid sequence intubation(RSI)

Heart Fail Rev. 2022 Sep;27(5):1807-1817.



RSI medication in PH

Heart Fail Rev. 2022 Sep;27(5):1807-1817.

Sedatives

Etomidate Less hemodynamic effects compared to propofol in rodent
models

Ketamine Minimize hypotension during RSI and improve coronary
artery and end organ perfusion

Propofol Recommended to avoid propofol due to vasodilator and cardiac
depressive properties

Midazolam In combination ketamine and rocuronium, have been utilized 
successfully with vasopressors for intubation in stable 
preoperative PH



Case A: PH-ILD

• M/52

• Post-ARDS fibrosis
• r/o unclassifiable ILD 

• Resting hypoxia
• O2 3L/min 

• PFT
• FVC 1.36(32%)  FEV1 1.21(38%) 

ratio 89 DLco 6.3(34%) 



Case A: PH-ILD
Baseline TTE (2023.10.10) 



Case A : Aggravation hypoxia

Shock VA-ECMO

ICU Intubation



CASE A: f/u TTE

2023.10.18, ECMO D1



CASE A: f/u TTE 
Post ECMO TTE(2023.10.19) ECMO D2 



CASE A: Progress 

TTE, 2wks after ECMO



CASE A: Progress 

TTE, post lung Transplantation



Management of PH, in ICU 

• Intubation : Be prepared for RV failure 

• RSI medication : Etomidate or ketamine >> propofol

• Consider VA-ECMO stand-by 

• Keep previous medication including PH-medication 



Management of PH, in ICU 

• Intubation 

• VV vs. VA

• Post-op Care 



Management of PH in ICU : ECMO

Ann Thorac Surg 2018;106:1812–9

End-stage ILD with PH



VV vs. VA

• Fitfalls of VA ECMO 
• Bleeding

• Thrombo-embolic risk 

• Harlequin syndrome

• LV distension

• Infections

• Limb ischemia 



Case B: PH-ILD

• M/63

• IPF

• Resting hypoxia
• O2 L/min 

• PFT
• FVC 1.60(39%)  FEV1 1.50(52%) 

ratio 94 DLco 4.1(25%) 



CASE B: Baseline TTE  



CASE B: Aggravation hypoxia, ICU

2019.4.26 2019.4.26, MV+VV-ECMO



CASE B: f/u TTE(19.4.27)



CASE B: Progress 

• 2019.4.28 VV-ECMO+HFNC



CASE B: Progress 

19.5.13 TTE (ECMO D-17) 19.5.13 CXR



CASE B: Progress 

19.5.19 VV-ECMO+HFNC, D-23 f/u TTE 19.5.20



CASE B: Progress 

• 19.5.21, ECMO D-25, MV+VAV d/t Cardiac arrest



CASE B: Progress 

TTE 19.5.22 TTE 19.5.24



CASE B: Progress 

• Lung transplantation, double 2019.5.25 



VV vs. VA 

Need for bridging to lung transplantation

Hypercapnea (+)

Hypoxemia (-)

PH (-)

MV only

Hypoxemia (+)

VV-ECMO VAV-ECMO

Severe primary PH

VA-ECMO

폐이식 매뉴얼, 세브란스병원
Ann Thorac Surg. 2017 Aug;104(2):412-419.

Severe PH Hypoxemia
(+) (-) (+) (-) 



Issues in ICU: General management

Am J Respir Crit Care Med. 2011 Nov 15;184(10):1114-24



Issues in ICU: PH monitoring

• Physical examination 

• Elevated jugular venous pressure with a large v wave, a loud P2 component of the second heart sound, and 

palpable RV heave

• Hepatomegaly, ascites, and peripheral oedema

• Low pulse pressure &cool extremities  

• Echocardiography

• Laboratory exam 
• BNP, Troponin, liver enzyme 

• Pulmonary artery catheter (PAC)



Issues in ICU: PH monitoring

Chest. 2015 Mar;147(3):835-846.



Issues in ICU: PH monitoring

Cardiovascular Point of Care Ultrasound Workbook, American college of cardiology 



Issues in ICU: Time is ticking 



Management of PH, in ICU 

• Intubation 

• VV vs. VA

• Post-op Care 



RV failure → LV wall mass ↓↓

J Am Coll Cardiol. 2011 Feb 22;57(8):921-8.



After lung transplantation 

Am J Respir Crit Care Med. 2016 Jun 15;193(12):1392-400.



Prolonged ECMO after lung T

European Journal of Cardio-Thoracic Surgery 53 (2018) 178–185



VA ECMO after transplantation in PH 

Intraop VA-ECMO(Central) 

Prologned VA-ECMO (peripheral)

- continuous heparinization

- Swan-Ganz cath : PAP measurement  

ECMO weaning, when

- Hemodynamic stability

- Normal X-ray

- Adequate oxygenation 

- Normalized fluid balance  

European Journal of Cardio-Thoracic Surgery 53 (2018) 178–185

Vienna



VA ECMO after transplantation in PH 

Transplantation. 2015 Feb;99(2):451-8.



VA ECMO after transplantation in PH 

Transplantation. 2015 Feb;99(2):451-8.
Hannover, Germany 



Take home message

• Pulmonary hypertension is prevalent in lung transplantation 
candidates 

• In ICU
• During intubation and mechanical ventilation 

• Prepared for cardiogenic shock, especially RV failure

• VA-ECMO should be considered in severe PH, not only as a bridging 
strategy but also as post-operative care
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