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ONLINE	METHODS 

Preliminary Study on Transpulmonary Thermodilution Measurements in Patients on 
Venovenous (VV)-ECMO  
	
COVID-19	patients	admitted	in	intensive	care	units	are	particularly	susceptible	to	benefit	from	
rescue	therapy	with	VV-ECMO.	Because	high	ECMO	blood	flow	might	impact	measurements	of	
several	parameters	during	transpulmonary	thermodilution,	including	the	extravascular	lung-
water	index	(EVLWi)	[1,2],	we	conducted	a	preliminary	study	to	guide	our	protocol	
measurements	for	those	patients.	From	April	30,	2020,	to	September	30,	2021,	transpulmonary	
thermodilution	measurements	were	obtained	for	all	patients	with	both	thermodilution	
catheters	and	on	VV-ECMO,	and	referred	for	ECMO	explantation,	during	a	gradual	decrease	of	
ECMO	blood	flow	from	5	L/min	to	0	L/min	(ECMO	clamped).	VV-ECMO	cannulation	used	
femoral–right	jugular	lines,	and	the	venous	thermodilution	catheter	was	inserted	into	the	left	
internal	jugular	vein	of	all	patients.	Parameters	were	averaged	after	2	injections of cold saline 
solution,	and	indexed	to	each	patient’s	predicted	body	weight.	A	French	Society	of	Intensive	
Care	Medicine	(SRLF)	Ethics	Committee	approved	the	study.		
	
Results		
Twenty	patients	were	included	in	the	study.	Their	characteristics	at	the	time	of	ECMO	
explantation	are	reported	in	Table	S1.		
	
Table	S1.	Characteristics	of	the	20	preliminary	study	participants	at	baseline	
	

Characteristic	 Value*	
Age,	y	 47	[40–54]	
Sex,		 	
Male	 16	(80)	
Female	 4	(20)	

Body	mass	index,	kg/m2	 34.1	[30.9–42.2]	
Preexisting	conditions		 	
Diabetes	 6	(30)	
Arterial	Hypertension	 8	(40)	
Coronary	artery	disease	 0	
Chronic	respiratory	disease	 0	
Kidney	disease†	 0	
Chronic	liver	disease	 0	
Immunodeficiency	 0	
Cancer	 2	(10)	

Charlson	Comorbidity	Score	 1	[0–1]	
McCabe		and	Jackson	severity	score	 1	[1–1]	
Days	to	enrollment	from		 	

Symptom	onset	 36.5	[19.8–52.3]	
Mechanical	ventilation	onset	 22.5	[9.3–40.0]	
VV-ECMO	initiation	 18.0	[18.0–34.5]	

SOFA	score	at	enrollment	 7	[6–9]	
COVID-19	treatments	administered	 16	(80)	

Corticosteroids	 15	(75)	
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Remdesivir	 2	(10)	
Immunoglobulins	 0	
Tocilizumab	 0	
Other	 0	

Respiratory	status	 	
Invasive	mechanical	ventilation	 20	(100)	
Tidal	volume,	mL	 400	[350–420]	
Positive	end-expiratory	pressure,	cmH2O	 12	[8–14]	
Plateau	pressure,	cmH2O	 28	[25–30]	

Arterial	blood	gases	 	
Arterial	pH	 7.5	[7.4–7.5]	
PaO2/FiO2,	mmHg	 221	[167–265]	
PaCO2,	mmHg	 41.5	[37.2–46.0]	
Weinberg	Radiological	Score	 7.5	[6.0–9.8]	

Vasopressors	 2	(10)	
Laboratory	analyses	 	

White	blood	cell	count,	G/L	 14.7	[11.8	-17.9]	
Hemoglobin	level,	g/dL	 7.7	[7.1–8.3]	
Platelet	count,	G/L	 216	[154–263]	
SGOT	(ASAT),	IU/L	 43	[32–70]	
SGPT	(ALAT),	IU/L	 48	[24–72]	
Creatine	phosphokinase,	IU/L	 124	[46–459]	
QT	ratio,	%	 80	[76–85]	
Activated	partial	thromboplastin	time	ratio	 1.5	[1.4–1.8]	
Fibrinogen,	g/L	 3.9	[1.8–5.9]	
D-Dimers,	µg/mL	 20000	[8680–20000]	
Serum	albumin,	g/L	 23	[20–24]	
N-terminal	pro-brain	natriuretic	peptide,	
pg/mL	

54	[36–179]	

	*Values	are	expressed	as	number	(%)	or	median	[25th–75th	percentiles;	IQR].	SOFA	Sequential	Organ-
Failure	Assessment;	VV-ECMO	venovenous	extracorporeal	membrane	oxygenation.	
†Determined	from	the	most	recent	stable	serum	creatinine	level	prior	to	this	hospital	admission,	except	
for	patients	on	dialysis.	Abnormal	kidney	function	was	defined	as	creatinine	at	³130	μmol/L	(³1.5	
mg/dL)	for	males	or	³100	μmol/L	(³1.1	mg/dL)	for	females	not	previously	on	dialysis.	
	
Although	extra-vascular	lung	water	index	(EVLWi)	and	pulmonary	vascular	permeability	index	
(PVPI)	measurements	were	significantly	affected	by	high	blood	flows	on	the	ECMO	system,	
they	showed	minimal	variations	compared	to	their	measurements	without	ECMO	for	blood	
flows	<2	L/min	(Figure	S1).	Bland–Altman	analysis	revealed	adequate	agreement	between	
EVLWi	measurements	with	ECMO	blood	flows	at	2	or	1	L/min,	and	its	measurement	at	0	
L/min,	taken	as	the	reference	method	(respective	mean±SD	[95%	limits	of	agreement]	biases	
of	–0.21±	0.68	[–1.55;1.12]	and	–0.16±0.59,	[–1.32;0.99]	mL/kg).	ECMO	blood	flows	up	to	5	
L/min	did	not	affect	the	determination	of	cardiac	index	in	that	study.		
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Figure	 S1.	 Influence	 of	 VV-ECMO	 blood	 flow	 on	 transpulmonary	 thermodilution	
measurements	of	cardiac	index,	EVLWi	and	PVPI.	(A)	Box	plots	of	the	differences	between	
measurements	at	each	ECMO	blood	flow	and	that	obtained	with	the	ECMO	blood	flow	at	0	
L/min.	Internal	horizontal	line	is	the	median,	the	lower	and	upper	box	limits	are	the	25th	and	
75th	percentiles,	and	T-bars	represent	the	range.	(B)	Bland–Altman	analyses	of	the	agreement	
between	 EVLWi	measurements	 at	 various	 ECMO	blood	 flows,	 and	 its	 determination	with	
ECMO	 blood	 flow	 at	 0	 L/min.	 	 EVLWi	 extravascular	 lung-water	 index;	 PVPI	 pulmonary	
vascular	permeability	index.	
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Interpretation	Based	on	this	preliminary	study,	together	with	data	from	another	group	in	7	
patients	explanted	from	VV-ECMO	[2],	we	concluded	that	transpulmonary	thermodilution	
EVLWi	determination	was	reliable	during	VV-ECMO,	provided	that	ECMO	blood	flow	was	
reduced	to	£2	L/min.	Hence,	patients	on	VV-ECMO	were	not	excluded	from	the	trial,	but	
investigators	were	asked	to	transiently	lower	ECMO	blood	flow	to	£2	L/min	for	those	patients	
at	the	time	of	transpulmonary	thermodilution	measurements.	All	parameters	could	be	
determined	at	all	time	points	using	this	protocol	for	trial	patients	on	VV-ECMO.		
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RATIONALE	FOR	DOSE	SELECTION	
	
The	FX06	dose–response	was	first	evaluated	in	a	murine	model	of	myocardial	ischemia–
reperfusion,	with	doses	up	to	100	mg/kg	[3].	No	additional	myocardium-protection	
improvement	was	observed	above	2.4	mg/kg.	The	FX06	effect	at	this	dose	during	ischemia–
reperfusion	was	further	validated	in	a	pig	model	of	myocardial	ischemia	[4]	and	a	murine	
model	of	cardiac	arrest	[5].	During	ARDS,	an	escalating-dose	study	was	conducted	using	a	
mouse	model	of	dengue-virus	infection,	with	doses	ranging	from	0.6	to	9.6	mg/kg/d	i.p.	Similar	
effects	on	survival	were	found	for	the	last	2	doses—4.8	and	9.6	mg/kg/d—with	markedly	
reduced	vascular	leakage	in	the	lungs	confirmed	for	the	4.8	mg/kg/d	dose	on	days	5	and	7	of	
infection,	as	assessed	with	Evans	blue-dye	extravasation	[6].	Therefore,	FX06	was	initially	used	
at	the	dose	of	400	mg/d	(close	to	4.8	mg/kg/d	for	a	normal	weight	patient)	for	3	days,	as	
rescue	therapy	for	a	patient	with	severe	Ebola-induced	ARDS.	Started	on	day	11,	its	use	was	
associated	with	sharply	decreased	EVLWi	[7].	Furthermore,	the	results	of	safety	studies	
strongly	supported	good	FX06 tolerance	at	doses	far	above	that	range.	A	dose	up	to	240	mg/kg	
was	well-tolerated	in	dogs,	with	only	mild	and	transient	hypotension	[4].	A	phase	I	trial	in	
healthy	humans	found	no	adverse	event	for	doses	up	to	17.5	mg/kg/d	[4].	Finally,	no	safety	
issue	was	detected	when	FX06	at	400	mg/d	was	repeatedly	injected	for	4–	7	days,	as	rescue	
therapy	for	severe	COVID-19–associated	ARDS	[8].	The	fixed	dose	of	400	mg/d	for	5	days	
(close	to	4.8	mg/kg/d)	was	finally	retained	for	this	study.	
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SUPPLEMENTARY	FIGURES	
	
Figure	S2.	Thermodilution-measured	EVLWi	kinetics	from	day	1	(randomization)	to	day	7.	
Mean	(SD)	are	shown	for	each	group.	EVLWi	extravascular	lung-water	index.	Adjusted	mean	
change	and	ANCOVA	significance	(p=0.57)	indicates	no	EVLWi	kinetic	differences	between	
groups.	
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Figure	S3.	Individual	and	mean	EVLWis	from	day	1	(randomization)	to	day	7	for	each	group.	
EVLWi	extravascular	lung-water	index.	Mann–Whitney	U-test	(pre-planned	sensitivity	
analysis)	comparisons	of	the	D7	–	D1	EVLWi	changes	between	arms	showed	they	did	not	differ	
significantly	(p=0.51).	
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Figure	S4.	Thermodilution-measured	pulmonary	vascular	permeability	index	(PVPI)	kinetics	
of	from	day	1	(randomization)	to	day	7	for	each	group.	Means	(SD)	are	shown	for	each	group.	
Linear	mixed	model	p=0.55.	
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Figure	S5.	Twenty-four	hour	fluid	balance	from	day	1	(randomization)	to	day	7	for	each	group.	
Tukey’s	Box	plots	are	presented.	Linear	mixed	model	p=0.27.	
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Figure	S6.	PaO2/FiO2-ratio	kinetics	from	day	1	(randomization)	to	day	15	for	each	group.	
Means	(SD)	are	shown.	Linear	mixed	model	p=0.39.	
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Figure	S7.	Weinberg	Radiological	Score	kinetics	from	day	1	(randomization)	to	day	30	for	both	
groups:	(A)	before	and	(B)	after	imputation	for	missing	data.	Means	(SD)	are	shown.		P-values	
from	linear	mixed	models	indicate	that	Radiological	Weinberg	Score	kinetics	could	differ	
between	groups	before	imputation	for	missing	data	(p<0.001)	but	not	after	(p=0.20).	
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Figure	S8.	Invasive	blood-pressure	kinetics	from	day	1	(randomization)	to	day	7	for	both	
groups.	Means	(SD)	are	shown	for	each	group.	P-values	from	linear	mixed	models	indicate	that	
invasive	blood-pressure	kinetics	differed	between	groups:	respectively	p=0.01,	p=0.01	and	
p=0.02	for	comparisons	of	mean,	systolic	and	diastolic	blood	pressures.	
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Figure	S9.	SOFA	(Sequential	Organ-Failure	Assessment)	score	kinetics,	from	day	1	
(randomization)	to	day	15	for	both	groups.	Means	(SD)	are	shown.	Linear	mixed	model	p=0.36.	
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Figure	S10.	Sixty-day	survival	for	each	group.	
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