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Cause of Lung TPL

KOTRY annual report LUNG 2017



KONUS Status

KOTRY annual report LUNG 2017



No. of ECMO in Stage 0

KOTRY annual report LUNG 2017, J Thorac Dis 2014 



Duration of MV

KOTRY annual report LUNG 2017



Why ECMO in Lung TPL?

• Solutions to deaths on the wait list

• Prevent VILI

• Promote awaken state and mobilization

• Manage right heart failure combined with end-
stage lung diseases



Duration of ECMO

KOTRY annual report LUNG 2017



ECMO in Lung transplantation (TPL)

• Before

– Rescue for AE of underlying diseases

– Long-term mechanical support for prevent VILI

– Awake, and Facilitate rehabilitation in ICU

• During

– Intraoperative circulatory/respiratory support 
instead of CPB

• After

– Rescue for Primary Graft Dysfunction



Appropriate patient selection



Appropriate patient selection

• NO RCTs

• Not too early, nor too late
– Physical deconditioning is considered by many transplantation 

centers to be a strong relative contraindication to lung TPL

– Prior to the onset of cardiac arrest and irreversible 
extrapulmonary end-organ function

• ECMO itself may introduce the risk for important 
pretransplant complications
– Hemorrhage -> transfusion -> allograft availability

– ICU acquired complications: ECMO-related issues??

The Red Book, ELSO, 5th Edit.



ECMO before Lung TPL

• Minimization of Sedation and Awake ECMO

• As possible as extubation or early tracheostomy

• Early mobilization

– Interdisciplinary approach without any doubt

• Restrictive transfusion strategy

– Lowering anticoagulation during ECMO is POSSIBLE 
under maintaining sufficient blood flow

– Still remained issues  

The Red Book, ELSO, 5th Edit.



Consideration of ECMO configuration

The Red Book, ELSO, 5th Edit.



Thorac Surg Clin, 2015



Different configuration

The Red Book, ELSO, 5th Edit.



ECMO Bridging to Lung TPL
SNUBH Experiences

F/36 ECMO #43

M/36 ECMO #35

M/53 ECMO #47



F/36 

• Sjogren syndrome ILD

– Type 2 respiratory failure

– Various opportunistic 
infections

– Frequent TPL listed and 
delisted



Hospital course



2018-06-08  MICU admission

HFS 0.9/60L, saturation 83-86% + drowsy

pH 7.195 pCO2 117.6 SaO2 85.4

Intubation + bridging VV ECMO insertion

Oral bleeding, E-tube fresh blood : STOP heparinization 

2018-06-22   ECMO oxygenator change(elective) & PDT

2018-06-28   SIMV mode ventilator OFF & “Awakening” 

2018-07-13   Successful lung TPL

(T-cannula removal at OR)

2018-07-14   Post-op bronchoscopy (RLL inflamation, intact anastomosis sites)

Extubation → Post-extubation respiratory distress (4hours) 

Bronchoscopic guided T-cannula re-insertion & ventilator apply

Hospital course



“Awake” ECMO

• Avoidance of complications associated with chronic 
immobility and sedation 

• Active physiotherapy which includes breathing and 
limb exercises
– prevent pressure sores, muscle loss, joint stiffness, softening of 

bones

• Meet family and friends use phone and computers, 
view television
– Keep patients mood elated

• Eat and drink normally 

• Suboptimal therapy or complications can be detected 
at earlier stage



Chest 2013 



Am J Respir Crit Care Med 2012 



• large, single-center experience

• Patients who received ECMO as a bridge to lung 
transplantation from January 1, 2007 through July 10, 
2016. (N = 72)

• 40/72 (55.6%) underwent TPL procedure, 37/40 (92.5%) 
survived to discharge, 21/25 (84.0%) survived for 2 
years

Ann Thorac Surg 2017 



Ann Thorac Surg 2017 



M/36 

#1. AML, AML1/ETO+, FLT3(+ITD)

s/p CyTBI conditioning with alloPBSCT (2014.2.11) 

#2. Lung GVHD (2015.8)



Hospital course

2018-06-07 Admission

Type II respiratory failure (pCO2~130)

2018-06-14 ECCO2R #1 (pCO2 130 → 80) – RF side

2018-06-18 Abdomen CT : appendicitis

2018-07-03 ECCO2R membrane change #2

2018-06-28 Abdomen CT : 

perforated appendicitis, abscess

2018-07-04 Open Ileocecectomy (spinal anesthesia) 

- hematochezia, post-op ileus

2018-07-13 CFS for bleeding control

2018-07-17 NJ tube insertion (post-op ileus)

2018-07-18 ECCO2R, RF → LF

2018-07-26 Pseudoaneurysm repair, Rt ECCO2R site

2018-07-27 VV-ECMO (RF to RJ) 

2018-08-16 ECMO oxygenator change

2018-08-23 Lung TPL done, Finally



Dark sides of ECMO



M/53 

#1. Fibrotic NSIP

#2. Alleged severe pulmonary HTN

#3. Type I respiratory failure



2018-10-20 Type I respiratory failure, Intubation

VV-ECMO insertion

2018-10-24 Early tracheostomy

2018-10-29 Oxygenator membrane change #1

Left femoral ECMO insertion site repair

2018-11-03 Anti heparin Ab (+), Hepain induced thrombocytopenia

→ Argatroban

2018-11-14 Oxygenator membrane change #2

2018-11-15 D-shaped LV, severe PH

→ Milrinone infusion combined with iNO
OxyRVAD consider

2018-11-17~26 Anti heparin Ab (–) X2

→ Heparin restart

2018-12-05 Successful Lung TPL

Hospital course



RV failure (Cor pulmonale)

EHJ PE guideline 2014



PAH at Pre-TPL

KOTRY annual report LUNG 2017



Two approaches using ECMO (not VA)
-Bridge to recovery or transplant-

• PA to LA (Lt Atrium)

– No pump

– Direct thromboemboli
to systemic circulation

• RA (Rt Atrium) to PA

– Yes pump

– Thromboemboli to 
pulmonary circulation



ASAIO Journal 2018; 64:e64–e67



ECMO during Lung TPL

• Intraoperative support, Replacement CPB
– Stabilize hemodynamic variables 
→ Prevent “first-lung syndrome”

– Enhance protective ventilation and avoid 100% oxygen 
→ Prevent “reperfusion injury”

• CPB vs. ECMO
– CPB: Marked systemic inflammatory response, High 

anticoagulation needs, Increased risk of PGD

– ECMO: Lower post-TPL MV requirements, ICU and hospital 
LOS, Rates of hemorrhage, and Need for reoperation

– Overall survival did NOT different between CPB and ECMO 
currently

The Red Book, ELSO, 5th Edit.



Intraop ECMO(VA) vs. CPB

Ann Thorac Surg 2014



Intraoperative support device

KOTRY annual report LUNG 2017



ECMO after Lung TPL

• Normally, we need “NO MORE” ECMO 
after lung TPL

• Post-transplant rescue

– Management of Primary graft dysfunction 
(traditionally)

– Bridge to re-transplantation



KOTRY annual report LUNG 2017

Primary Graft Dysfunction



KOTRY annual report LUNG 2017

ECMO for PGD



Postop ECMO use

KOTRY annual report LUNG 2017



Limitations to Bridge to Lung TPL

• Lack of a destination device such as implantable VAD

• Can’t receive lungs finally …
– Shortage of donor organs

– Compromising patient’s candidacy while awaiting TPL

• Happens the “bridge to nowhere”
– Ethical dilemmas

– Give an insight prior to initiation of ECMO

– Palliative end-of-life care



Still various outcomes

Crit Care 2015



Survival Rate of Recipients

KOTRY annual report LUNG 2017



ASAIO Journal 2017; 63:637–643.



Wearable Membrane Lung



We need new device…



보건복지부, 국립연명의료관리기관, 2019.03.28



When to initiate ECMO with low 
likelihood of success?

• When should ECMO NOT be offered (or 
should the line be drawn) ?

① Survival to discharge is NOT the sole most 
important outcome, BUT “good long-term 
survival

② Intensivists should NOT regard themselves as 
the sole arbiters and other variables should be 
considered such as institutional experiences, 
resources and polices

③ “Only those who will risk going too far can 
possibly find out how far it is possible to go.” 

MacLaren Critical Care (2018) 22:217



MacLaren Critical Care (2018) 22:217



Overview of the four RCTs 
on ECMO in ARDS

Lancet Resp Med 2018



Is EOLIA trial negative? 



Primary Endpoint



Early termination of trial



Key Secondary Endpoint



JAMA published online October 22, 2018



Is another RCT possible?

• During EOLIA period, an average enrolment rate of 0.058 
patients/unit/month (i.e., less than 1 patients/unit/year).

• Calculations based on the characteristics of the patients in 
EOLIA show that 624 patients would be required for a 
study with sufficient power to detect a significant 11% 
absolute mortality reduction in ECMO from 46% mortality 
of non-ECMO patients. 

• With the enrolment rate of the CESAR trial (0.03 
patients/unit/month) or the EOLIA trial(0.058 
patients/unit/month) and 100 participating units, 
such a study would take 17 or 9 years, respectively.

Gattinoni et al. Critical Care (2018) 22:171



Lessons from EOLIA

• ECMO does not kill patients
– Emergency ECMO improves outcome by “buying time” in 

extremely hypoxemic patients.
– ECMO improves outcome by reducing the invasiveness of 

mechanical ventilation.

• Bayesian analysis of post probability of mortality is 
benefit 
– Help to clarify the interpretation of “RCT” findings  and how 

to apply in the “real world”  
– Early ECMO in very severe ARDS; Should be used promptly, 

NOT late rescue therapy (when death from ARDS or MOF is 
imminent)

• Should be managed in ECMO centers

Gattinoni et al. Critical Care 2018, Bartlett RH. Crit Care Med 2018, Combes A. EuroELSO 2019



Case Vignette from NEJM

• M/36, Severe ARDS

• Previous healthy, no medications, never smoker

• 1WA fever, chills, cough, G/W

• 2DA, DOE, urgent intubation at ER

• RAT for influenza +

• Initial lung protective ventilation, but worsening 
hypoxemia despite NMB, prone positioning

• ABGA: pH 7.22, pCO2 62mmHg, pO2 50mmHg

• What is the next option?



Treatment options

1. Recommend initiation of venovenous
ECMO

2. Continue current treatment with other 
therapies





Is ARDS reversible?

J Clin Invest 2011;121:2065

No recovery: 
Transplantation or 

POLST 

Who is 
Reversible?



Am J Respir Crit Care Med 2018



M/65 (possible reversible), 
M/52 (bridge to lung TPL)



ASAIO J 2015; 61:205



“Statistics are an operational 
tool and not a religion; 

the knowledge, skill, and 
common sense of physicians 
are the values in the balance 

with “0.05”.”EOLIA

CESAR

H1N1

!

Gattinoni et al. Critical Care (2018) 22:171





Another RCT?

• ECMO vs. Conventional : Unethical

• Tight definition of mortality risk in severe 
ARDS
– New entry criteria considering the concept of 

VILI

• Two options
– Very Early vs. Late rescue ECMO 

(already conducted in neonate 25 years ago)

– ECMO with awake and/or ambulatory vs. 
heavy sedation/paralysis

Bartlett RH. Crit Care Med (2018)


