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Challenges in Lung Transplantation 

• Barriers to success 
• Lung donor shortage 
• Primary graft dysfunction 
• Long term survival 

 

Significant Underutilization of  
Donor Lungs 



Lung Donor Shortage 
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Primary Graft Dysfunction 
Short & Long Term Impact 

Severe PGD 3: 20-30% Incidence 
PGD 3 within the first 72hr correlates with  both short and long term survival 

n=450, ISHLT registry. Lee J., et al., Clin Chest Med 2011 Bryan A.Whitson et al. Primary Graft Dysfunction and long-‐term 
Pulmonary Function After Lung Transplantation. 26 J. HEART AND 

LUNG TRANSPLANTATION, 1004, 1004-‐1011 (2007). 



• Extended criteria lungs 
• DCD donors 
• ECMO Bridge 
• Ex Vivo Lung Perfusion 

STRATEGIES TO MAXIMIZE 
LUNG RECOVERY 



Extended Criteria Lungs 
Summary 

• ECD Lungs help close the supply-demand gap 
• Survival considerations 

• Age 
• Smoking hx 
• High LAS recipients 

• Big picture 
• Survival without transplant is nil 



STRATEGIES TO MAXIMIZE LUNG 
RECOVERY 

Donation After Circulatory Death 

• Maastricht Categories 
• Uncontrolled-Uncommon 

• I. Found dead 
• II. Witnessed arrest unsuccessful resuscitation 
• IV. Cardiac arrest while brain dead 

 
• Controlled-Most Common 

• III. Awaiting cardiac death 

 
 Modified Maastricht - Paris DCD Work Group - 2013 

First human lung transplant 
was DCD donor who died of 
myocardial infarction 

Hardy et al. JAMA 1963;186:1065-74. 



DCD Lung Expansion 



DCD vs DBD Outcomes 

 DCD- 95% Category III (Controlled) 

1 yr Survival 

5 yr Survival 

Cypel et al. J Heart Lung Transplant 2015;34:1278–1282  



DCD Challenges 
Dry Run 

• Categories 
• Poor donor quality 

• Mainly in marginal donors on EVLP 
• Controlled DCD fails to expire 

• Common problem 
• Assess likelihood with clinical stability 

• Pressors/inotropes, spontaneous respiration, gag reflex, corneal reflex? 
• Transplant Centers less likely to fly for DCD imports 

• $$$$ 
• Cost Burden- Who pays? 

• No operation for the recipient/insurance company 
• Transplant Center 
• OPO 
• Medicare cost report 

 
 
 



STRATEGIES TO MAXIMIZE 
LUNG RECOVERY 

Buying Time with ECMO Bridge to Transplant 

• Critical End Stage Lung Disease 
• Role of LAS 
• More rapid deterioration candidates 
• Conventional ventilation ineffective/harmful 
• ECMO Bridge to Transplant (BTT) 

• Pt selection is critical 
• Diminish/eliminate need for high vent settings 
• Requires specialized/dedicated ECMO team 
• Barriers to success 

• Myopathy 
• Delirium 
• Anticoagulation 
• Cannulation strategy 
• Waiting times 



Lung Donor Shortage 
Buying Time with ECMO Bridge to Transplant 



Advances in Lung Transplantation 

• Barriers to success 
• Lung donor shortage 
• Primary graft dysfunction 
• Long term survival 

 

 
 

• What is the role of EVLP? 

Significant Underutilization of  
Donor Lungs 



Advances in Lung Transplantation 
Donor Lung Preservation 

• Perfusion circuit 
• Pump to drive 

perfusate 
• Ventilator 

Standard of Care 

Ex Vivo Lung Perfusion 



Rationale for EVLP 

• Cold Static Storage 
• Slow metabolism 

• Decreases need for O2, 
nutrients, etc 

• Preservation by 
slowing organ 
deterioration for a 
short period 

• Unable to 
assess/recondition 

• Normothermic EVLP 
• Tissue physiologically 

active 
• Allows for several 

hours: 
• Preservation 
• Assessment 
• Reconditioning 



OCS System Designed to Address 
Limitations of Cold Ischemic Storage 

Reduce Ischemic 
Injury  

(use of warm, oxygenated blood 
perfusion) 

Optimization  
of Organ Condition 

(Replenish depleted hormones  
and nutrients) 

Ex-vivo Metabolic & 
Functional Assessment 

(By maintaining the organ  
in physiologic state ) 



Advances in Lung Transplant 
Donor Lung Preservation 

• First Clinical Application 2001 
• 54 yo donor arrested due to MI 
• Failed 190 min CPR (uDCD) 
• Lung topically cooled and perfused 
• Placed on EVLP for 65 min 
• Successful R SLTx performed  

EVLP 



Landmark Clinical Series from Toronto 



Clinical Trials-NOVEL 
-Toronto Protocol 

-Prospective multicenter clinical trial (six U.S. centers)  

 
• EVLP Group 

• P/F ratio < 300  
• Multiple blood 

transfusions 
• Pulmonary edema 
• DCD 
• Investigator deemed 

poor donor quality  
 

• Control Group 
• Historical 
• Standard criteria lungs 

The authors conclude that EVLP is a safe 
diagnostic tool to increase the percentage of tx 
lungs by screening the unused donor pool. Sanchez et al. ISHLT Meeting Abstract. 2014 



Flavors of EVLP 
Ingredients 
• Perfusate 

• SteenTM Solution 
• Extracellular  
• Albumin 
• Dextran 40  
• +/- Red Blood Cells 

• OCS 
SolutionTM/Perfadex 
• Low potassium dextran 

40 based 
• No albumin 
• + Red Blood Cells 

 
 

Recipes 

• Lund 
• Static EVLP 
• Steen SolutionTM   with 

RBC 

• Toronto 
• Static EVLP 
• Steen SolutionTM  alone 

• Organ Care SystemTM 

• Portable EVLP 
• OCS Solution/Perfadex 

with RBC 
 



Flavors of EVLP 



EVLP Timing 

• Location 
• Delayed-Toronto and Lund protocols 

• Lungs transported on ice to home institution 
• Then instrumented onto the EVLP machine 
• Then placed on ice again prior to implantation 

• Immediate-OCSTM 

• Lungs placed immediately on device at donor site 
• Then placed on ice prior to implantation 

 
• Data? 



Best Timing for EVLP? 

Toronto/Lund 
Protocols 

OCS TM Protocol 



Preservation Mode Monitoring/Assessment 
Mode 



The OCS™ Lung System 






ICU for the Donor Lungs 
Monitored Parameters  

Critical Trends 
(Perfusion & Ventilation 
Parameters) 
  

Pump Flow 
  

VR  (Vascular 
Resistance)  

  
  SaO2 & SvO2 
  

Tidal Volume 
  

PAP (Pulmonary Artery 
Pressure)  

PAWP (Peak Airway Pressure) 
PEEP (Positive End Expiratory Pressure)  
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Designed for Maximum Portability   

• Detachable wheels allow it to fit in all 
standard modes of transportation for 
organ retrieval 

• Lightweight carbon-fiber construction, 
weighs ~38 kg, and can be easily lifted 
by two adults 

• Three on-board batteries  

• Easy rolling between destinations 

30 








Bronchoscopy Assessment Capability 

32 Confidential © 2016 TransMedics, Inc. 






OCS Lung Clinical Data Highlights  

33 





OCS EXPAND I Lung Clinical Trial 
 

Evaluating OCS™ Lung for recruiting, preserving & assessing donor lungs that may not 
meet current standard donor lung  acceptance criteria for transplantation 

35 

Analysis will Include: 
 Patient survival at Day 30 post-transplant  
 Absence of PGD (Primary Graft Dysfunction) in the first 72 hours post-

transplantation 
 Duration of initial post-transplant invasive mechanical ventilation, ICU stay and 

hospital stay 
 Incidence of BOS at 6 and 12 months post-transplantation 
 Incidence of lung graft-related Serious Adverse Events through Day 30 post-

transplant 



EXPAND I Lung Trial Centers 

36 

Hannover, Germany 

UZ Leuven 

Leuven, Belgium 

MGH 

Ronald Reagan  

UCLA Medical Center 

University of Minnesota  
Medical Center 

University of California 

UCSF Medical Center 

Temple University 

St. Joseph’s Hospital and 
Medical Center 

Duke University 
As of August 2016 



EXPAND I Lung Trial Status 
 Completed on Oct. 2016 

37 

79 
Transplants  

 32.9 % DCD 
 39.2% Age ≥ 55 y.o. 
 26.6% PaO2/FiO2 ≤ 300 mmHg 
 34.2% Expected cross-clamp time > 6 hrs 
 > 1 Eligibility criteria 

 89% Utilization Rate  
 



EVLP at St Joseph’s 
Current Status 

• OCS Lung received FDA Pre Market Approval 5/2017 
• Commercial distribution of the device has begun 
• Indication is for standard donor lungs 

• EXPAND II trial for Extended Criteria Donors Enrolling 
• Post Approval Study Currently Enrolling 

• Thoracic Organ Perfusion registry 
• Prospective, single arm, multi-institutional study 
• Evaluate device performance in real-world setting 



EVLP in Lung Transplantation 
Summary 

• Expand the donor pool 
• Assess marginal donors 
• Distant donors 
• DCD donors 
• Rehabilitate/treat inferior donor lungs  

• Reduce primary graft dysfunction 
• Limit ischemia 
• Superior preservation 

• Extend long term survival 
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