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COVID-19 – Best understood as respiratory illness

Geleris J et al, NEJM 2020

6-10% progress to ARDS and require ventilation

Richardson S et al, JAMA 2020

Mortality with severe COVID-19 ARDS > 40%

Group RC et al, NEJM 2020

Beigel JH, NEJM 2020
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Matrix imaging reveals structural framework 

distortion with severe COVID-19

Bharat et al, STM, 2020



Bharat et al, Science TM, Dec 2020
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Machine (transfer) learning analysis of 

scRNAseq in COVID-19 lungs



KRT17+ cells colocalized with 

Col1A1 fibroblasts



First COVID-19 Double Lung 

Transplant in the US

• June 5th 2020



Intubation: Day 1 of hospitalization

ECMO within 1 week

Serratia pneumonia ~3 weeks with necrotic cavity

Right heart failure – Congestive hepatitis

Acute Kidney Injury

Liver laceration – emergent laparotomy and multiple blood transfusions

Vasodilatory shock

Negative COVID-19 PCR 

With permission
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Day 1 Day 7 Day 11

Day 14 Day 21 Pre-transplant





Post op day 10 Post op day 17
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Post-transplant outcomes

Transplants till date 31

Included in study 21



General Observations

All COVID-19 patients received double lung transplants using VA ECMO

Over 81% were ECMO bridge to transplant

No significant difference in waitlist mortality in COVID-19 and non-COVID-19 groups

No change in waitlist mortality or waitlist time in non-COVID-19 group over time

Median time from onset of severe COVID-19 ARDS to transplant 114 days

100% survival till date 

No recurrence of SARS-CoV-2 or nosocomial pathogens



	

Variable	
Overall				
(n=77)	

Non-COVID	
(n=56)	

COVID	(n=21)	 P	value	

OR	time	(hours)	 7.8	±	1.8	 7.2	±	1.7	 9.3	±	1.1	 <0.01	

Intra-op	blood	transfusion	 	 	 	 	

pRBC	 3.3	±	5.1	 1.1	±	1.8	 9.4	±	6	 <0.01	

FFP	 1.1	±	2.5	 0.3	±	1.1	 3.1	±	3.9	 <0.01	

Plt	 0.6	±	1.4	 0.2	±	0.8	 1.8	±	2.1	 <0.01	

Intraop	VA	ECMO	time	(hours)	 3.2	±	1	 3.1	±	1.1	 3.4	±	0.8	 0.23	

Intraop	VA	ECMO	use	 54	(70.1%)	 33	(58.9%)	 21	(100%)	 <0.01	

Ischemic	time	(hours)	 5.1	±	1.3	 4.8	±	1.4	 5.7	±	0.8	 <0.01	

	

 	

Variable	
Overall				
(n=77)	

Non-COVID	
(n=56)	

COVID	
(n=21)	

P	value	

Post	transplant	VV	ECMO	Use	 13	(16.9%)	 5	(8.9%)	 8	(38.1%)	 <0.01	

Continuous	VV	ECMO	Use	 10	(13.0%)	 2	(3.6%)	 8	(38.1%)	 <0.01	

New	Onset	VV	ECMO	Use	 3	(3.9%)	 3	(5.4%)	 0	(0.0%)	 0.56	

Post	transplant	VV	ECMO	use	
(days)	

6.4	±	10.9	 6.7	±	13.5	 6.0	±	5.4	 0.87	

AKI	 37	(48.1%)	 21	(37.5%)	 16	(76.2%)	 <0.01	

Dialysis	 13	(16.9%)	 6	(10.7%)	 7	(33.3%)	 0.04	

PGD	 17	(22.1%)	 8	(14.3%)	 9	(42.9%)	 0.01	

ICU	stay	(days)	 14.8	±	12.1	 12.8	±	12.2	 20.1	±	10	 0.01	

Post	discharge	Acute	rejection		 22	(28.5%)	 22	(39.2%)	 0	(0%)	 <0.01	

Post	transplant	ventilator	(days)	 6.4	±	9.6	 4.6	±	9.2	 11.3	±	9.1	 0.01	

Pleural	drainage	(days)	 16.9	±	10.8	 14.8	±	9.8	 22.6	±	11.4	 0.01	

Hospital	stay	(days)	 27.4	±	29.5	 25.1	±	32.2	 33.6	±	20.3	 0.17	

	

 

Covid-19 recipients have increased post-op 

complications



Post-transplant outcomes
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Recipients with COVID-19 have superior post-

transplant outcomes

Red: All SRTR Patients

Blue: Institutional COVID-19 cohort

Red: Propensity-matched SRTR Patients

Blue: Institutional COVID-19 cohort

P<0.01



Survival to discharge in COVID-19 patients requiring 

ECMO support

Yuden Index: likelihood of death high after 30 days of ECMO support

	Probability	of	weaning	from	ECMO		

Days	 overall		 30	days		 60	days		 90	days	

Probability	(%)	 23.3	 10.3	 3.8	 0.0	

 

	Predictors	of	postoperative	mortality	in	COVID-19	patients	
supported	on	ECMO	for	over	30	days	using	Cox	multivariate	
analysis	

Variable	 HR	 P	value	 95%	CI	

Lung	transplant	 0.93	 <0.01	 0.87-0.97	

ECMO	support	days		 1.18	 <0.001	 1.10-2.07	

BMI,	kg/m2	 1.20		 <0.01	 1.05-1.38	

BSA,	m2	 108.60		 0.82		 0.01-228.0	

Hypertension	 2.69		 0.59		 0.87-4.16	

ECMO,	Extracorporeal	Membrane	Oxygenation;	BMI,	body	mass	index;	
BSA,	body	surface	area	

 



Discharge and post-discharge survival in patients 

supports on ECMO >30 days

Survival to discharge Post-discharge survival



Transplantation 

     Time on the waiting list in days (median, IQR) 6 (4-9) 

     Type of incision Clamshell 12 (100%) 

     Intraoperative support VA ECMO 12 (100%) 

     Type of Tx Whole lungs 11 (91.6%) 

Lobar 1 (8.3%) 

     Surgery time (skin to skin) in min (median, IQR) 504 (448-649) 

     Total ischemic time in min (median, IQR) 336 (307-460) 

     Number of intraOp pRBC (median, IQR) 8 (5-15) 

     Number of intraOp FFP (median, IQR) 4 (3-7) 

  

Post-transplant period 

     Induction therapy 9 (75%) 

     Postoperative prolonged ECMO 10 (83.3%) 

     PGD at T72hrs PGD 0 2 

PGD 1 1 

PGD 2 2 

PGD 3 0 

PGD ungradable 7 
     Length of mechanical ventilation in days (median, IQR) 16 (4-21) 

     Length of stay in ICU in days (median, IQR) 20 (13-24) 

     Length of hospital stay in days (median, IQR) 37 (27-42) 

     Number of patients still in hospital 1 (8.3%) 

     Complications AKI/CVVH 4 (33.3%) 

Bleeding requiring chest 
reopening 

3 (25%) 

Critical illness neuropathy 3 (25%) 

Complicated pleural effusion 1 (8.3%) 

Dysexecutive syndrome 2 (16.6%) 

     Overall survival Alive 11 (91.6%) 

Dead 1 (8.3%) 

     Follow-up after transplantation in days (median, IQR) 80 (57-119) 

     Karnofsky Performance Status 80 (55-85) 

     Need for supplemental oxy-    
gen at the time of discharge 

Yes 2 
No 9 

 

International experience of first 

consecutive national transplants

U.S.

Vienna

Italy

India



Bharat et al, Lancet RM, In Press







Conclusions

• Lung transplant feasible for irrecoverable 

COVID-19 ARDS

• Post-transplant outcomes excellent despite early 

post-op complications
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