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Abstract
Background: Donation	after	Circulatory	death	is	gaining	worldwide	acceptance.	Most	
protocols	 regard	 their	 first	 cases	 to	be	performed	with	donor	 and	 recipient	 in	 the	
same	institution.	Few	records	of	children	or	distant	procurement	have	been	published.
Methods: Our	 institution	was	offered	a	heart	from	a	3-	day-	old,	3.4-	kg	child,	blood	
group	A,	suffering	irreversible	encephalopathy.	Parents	accepted	withdrawal	of	life-	
sustaining	therapy	and	agreed	to	donation.	The	donor	hospital	was	located	340	km	
away.	 Concomitantly,	 a	 2-	month-	old,	 3.1	 kg,	 blood	 group	 type	 B	 and	 with	 non-	
compaction	ventricles	was	awaiting	for	the	heart	transplant	in	our	unit.
Results: Thirty-	seven	minutes	after	withdrawal	of	 life-	sustaining	therapy,	the	heart	
arrested.	 Five	minutes	 afterwards,	 a	 sternotomy	was	 performed.	 The	 supra-	aortic	
vessels	were	 clamped	altogether.	Aorta	 and	 right	 appendage	were	 cannulated	 and	
connected	to	heart-	lung	machine.	The	innominate	artery	above	the	clamp	was	sev-
ered.	The	heart	resumed	spontaneous	rhythm	in	less	than	1	min.	Ventilation	was	re-
stored	and	extracorporeal	circulation	was	maintained	 for	32	min.	Upon	cardiologic	
arrest,	 the	 graft	was	 harvested	 as	 routinely.	 The	heart	was	 cold-	stored	 and	 trans-
ported	 by	 plane	 to	 our	Hospital.	 An	 orthotopic	 bicaval	 transplant	was	 performed.	
Overall	cold	ischaemia	was	245	min.	Ten	weeks	later,	the	child	was	discharged	home	
in good condition.
Conclusion: Donation in circulatory death could increase the pool in neonates. 
Extracorporeal	 circulation	 proves	 successful	 for	 procurement	 in	 neonates.	 Distant	
procurement	plus	cold	storage	for	donation	in	circulatory	death	is	feasible.	Donation	
in	circulatory	death	and	ABO	non-	compatible	strategies	are	complementary	to	each	
other.
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1  |  INTRODUC TION

Donation	 after	 Circulatory	 Death	 (DCD)	 is	 gaining	 worldwide	 ac-
ceptance	as	 an	adjunct	 to	brain	death	 (BD)	 in	 transplant	 surgery.1 
Several	 techniques	 have	 been	 described	 to	 retrieve	 and	 preserve	
the	DCD	heart;	cold	static	storage	alone,	Direct	Procurement	and	
Perfusion	 (DPP)	 using	 ex-	situ	 heart	 perfusion,	 Thoraco-	abdominal	
Normothermic	 Regional	 Perfusion	 (TA-	NRP)	 followed	 by	 ex-	situ	
heart	 perfusion	 (ESHP)	 and	 TA-	NRP/cold	 storage,	 as	 displayed	 by	
groups	 in	Australia,2 Belgium,3 Great Britain4 and other countries. 
The	first	three	cases5	were	performed	in	Denver	(Colorado,	USA)	in	
2008	(ultra-	fast	procurement,	without	in-	situ	graft	evaluation),	and	
since	then	few	records	of	children	have	been	published.6

Our	 Institution	 was	 offered	 a	 heart	 from	 a	 3-	day-	old,	 3.4-	kg	
child,	blood	group	A,	suffering	irreversible	encephalopathy	(EEG)	as	
a	result	of	neonatal	asphyxia.	Low	flow	in	posterior	cerebral	arter-
ies	precluded	brain-	death	donation.	Parents	accepted	withdrawal	of	
life-	sustaining	therapy	 (WLST)	and	agreed	to	donation.	The	donor	
Hospital	was	located	340	km	away.	Concomitantly,	a	two	month-	old,	
3.1	kg,	blood	group	type	B	and	with	non-	compaction	ventricles	was	
awaiting	HT	in	our	neonatal	unit.	Parents	were	informed	about	this	
new	strategy	and	risks	of	discarding	the	graft,	if	deemed	unsuitable.	
We	 envisioned	 a	 great	 opportunity	 and	 considered	 a	 distant	 pro-
curement	of	an	ABO	non-	compatible	DCD-	HT.

2  |  C A SE REPORT

2.1  |  Procurement

WLST	was	performed	by	the	paediatric	intensive	care	team	in	thea-
tre,	 after	 parents´	 farewell.	 Withdrawal	 consisted	 of	 extubation,	
stopping	inotropes	and	comfort	measures,	which	are	routine	prac-
tise	 end	 of	 life	 care	measures	 in	 the	 neonatal	 intensive	 care	 unit.	
Prior	 to	WLST,	 the	 donor	was	 intubated	 and	 upon	 a	Dobutamine	
infusion	of	5	mcg/kg.	As	 is	our	 local	protocol	 for	all	DCD	donors,	
heparin was administered ante mortem	 (6	mg/kg).	 Seventeen	min-
utes	 after	WLST,	mean	blood	pressure	dropped	below	30	mmHg.	
Twenty	minutes	later,	the	heart	arrested.

Death	was	declared	by	the	paediatric	intensive	care	team	5	min	
following	mechanical	asystole.	Routine	sternotomy	was	performed.	
The	supra-	aortic	vessels	were	clamped	altogether	ensuring	no	cere-
bral	circulation	(Figure	1).	Purse-	string	sutures	in	the	aorta	and	right	
appendage	were	placed,	both	cannulae	inserted,	fastened	and	con-
nected	to	TA-	NRP	lines.

The	 time	 for	 reperfusion	 following	 skin	 incision	 was	 7	 min.	
Functional	ischaemic	time	was	32	min	(time	from	systolic	<30	mmHg	
to	reperfusion	on	TA-	NRP),	whilst	overall	warm	ischaemia	lasted	for	
49	(17+20+5+7)	min	(Figure	2).

Next	 step	was	a	 cut-	down	 in	 the	 innominate	artery	above	 the	
clamp	to	reassure	absence	of	brain	perfusion	due	to	the	possibility	
of	 collateral	 flow.	 The	 heart	 resumed	 spontaneous	 rhythm	 in	 less	
than	1	min.	Ventilation	was	restored	and	TA-	NRP	was	maintained	for	

32	min.	TA-	NRP	was	weaned	keeping	the	same	inotropes	as	before	
WLST	and	 the	heart	was	 assessed	 for	10	min.	An	epicardial	 echo	
revealed	good	biventricular	function	with	a	left	ventricular	ejection	
fraction	 of	 65%	 upon	 cardioplegic	 arrest	 (500	ml	 HTK-	Custodiol;	
Koehler	 Chemi,	 Alsbach-	Haenlien,	 Germany),	 the	 graft	 was	 har-
vested	as	 routinely.	After	 retrieval,	 the	heart	was	cold	stored	 (CS)	
and	transported	by	plane	to	our	Hospital.

2.2  |  Transplant

The	 recipient	was	 born	with	 1.9	 kg	 and	 a	 non-	compaction	 biven-
tricular	condition.	Blood	group	was	B.	Her	index	age	and	weight	at	
the	time	of	transplantation	were	2	months	and	3.1	kg,	respectively.	
Ejection	fraction	was	lower	than	20%.	BNP	>35	000	and	emergent	
intubation-	rushed	transplant	decision,	assuming	no	conventional	al-
ternatives.	An	orthotopic	bicaval	transplant	was	performed.	The	five	
anastomosis	were	 performed	 before	 clamp	 removal	 (65	min	 from	
box	removal	to	clamp	off).	Isohemagglutinin	titres	proved	negative	
in	all	four	samples	withdrawn	in	our	ABO	non-	compatible	protocol.7 
Sinus	 rhythm	 resumed	 spontaneously.	 Trans-	oesophageal	 echo-
cardiography	showed	good	biventricular	function.	The	patient	was	
eventually handed over to the intensive care unit, on milrinone plus 
epinephrine low doses.

F I G U R E  1 Exclusion	of	supra-	aortic	vessels	(altogether)	with	a	
vascular clamp
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Overall	cold	ischaemia	was	245	min.	Ten	days	later,	the	thorax	was	
revisited	to	drain	a	hematoma	compressing	the	superior	vena	cava.	The	
patient	was	extubated	on	day	21	after	transplant	and	transferred	to	
the	ward	on	day	39.	After	ten	weeks	and	no	rejection	episodes,	the	
child was discharged home in good condition with corticosteroids, mi-
cofenolato	and	tacrolimus.	Echo	showed	good	biventricular	function.

3  |  DISCUSSION

A	cluster	of	issues	prompted	us	to	carry	out	a	neonatal	DCD	heart	
transplant	 using	 TA-	NRP	 cold	 storage:	 shortage	 of	 neonatal	 do-
nors,	 worsening	 of	 clinical	 situation,	 few	 chances	 of	 successful	
mechanical	 support,	 experience	 in	 ABO	 non-	compatible	 heart	
transplant, ethical protocols approved both in donor and recipient 
centres,	 absence	 of	OCS	 for	 patients	 under	 50	 kg.	Distant	 pro-
curement in this setting was considered an opportunity, rather 
than	a	hurdle,	provided	 that	 reports	of	 regular	cold	storage	 (CS)	
after	DCD-	HT	had	been	published	in	Europe3	and	USA	(Hoffman	
et	al,	JHLT,	in	press).

Graft	evaluation	is	key	in	transplant	surgery.	Fast	opening,	like	in	
the	Colorado´s	group	report,5 did not allow assessment until clamp 
removal	on	the	recipient.	We	might	have	rejected	the	heart	on	the	
basis	that	the	time	from	WLST	to	reperfusion	was	>30min.	One	of	the	
benefits	of	TA-	NRP	is	the	confidence	to	see	the	heart	beating	with	a	
functional	assessment	prior	to	retrieval.	In-	situ	checking	is	affordable	
in	NRP-	ECMO,	and	ex-	situ	control	can	be	performed	in	OCS.	Efforts	
to	keep	the	cold	ischaemia	as	short	as	possible	are	the	rule.

Regarding	 ethical	 implications	 of	 collateral	 flow,	 clamping	 of	
supra-	aortic	vessels	(visual	checking)	plus	severing	them	above	the	
clamp	 to	 allow	 back-	flow	 ensures	 no	 brain	 perfusion.	 Additional	
measures,	like	carotid	doppler8	or	fontanelle	ultrasonography	in	ne-
onates may help.

Unlike	other	protocols	 for	adult	DCD-	HT	with	ECMO,	we	sug-
gest	regular	Extracorporeal	Circulation	through	sternotomy	for	do-
nors	under	30	kg.	Pre-	mortem	cannulation	is	avoided.	TA-	NRP	can	be	
instituted in less than 10 min.

ABO	non-	compatible	HT	programs7 do not increase the number 
of	donors,	but	take	profit	of	the	few	available	ones.	The	DCD-	HT	ac-
tually	increases	the	number	of	donors.	To	our	knowledge,	this	might	
be	the	first	combined	neonatal	ABO	non-	compatible	plus	DCD-	HT	
case in the world.

4  |  CONCLUSIONS

In	a	nutshell,	as	a	first	case	of	DCD-	HT,	we	had	a	donor	neonate	in	a	
distant	hospital;	the	graft	was	rescued	on	Extracorporeal	Circulation	

and	cold	stored	up	 to	4	h	 for	 transport,	and	 implanted	 in	an	ABO	
non-	compatible	recipient.	TA-	NRP	may	allow	many	other	centres	in	
countries around the world to adopt paediatric DCD heart trans-
plantation routinely.
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F I G U R E  2 Display	of	key	points	since	WSLT	in	the	donor	until	clamp	removal	in	the	recipient.	Stepwise	time	intervals	(in	min)	is	outlined
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