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First	Stage	Management	of	
Hypoplastic	Left	Heart	

Syndrome		



Hypoplastic	Left	Heart	Syndrome	
•  Term	used	to	describe	a	spectrum	of	diseases	
which	result	in	the	underdevelopment	of	the	left	
side	of	the	heart	
1.  mitral	atresia	
2.  aortic	atresia	
3.  hypoplastic	aortic	arch	

•  Hypoplastic	Left	Heart	Syndrome	(HLHS)	infants	
often	appear	healthy	at	birth	but	rapidly	
deteriorate	and	usually	die	within	4-5	days	
without	intervention	



HLHS	Circulation	

1.  All	blood	leaving	the	heart	flows	through	the	
pulmonary	artery	

2.  Systemic	blood	is	supplied	through	the	PDA	

3.  Perfusion	to	the	cerebral	and	coronary	circulation	is	
dependant	on	retrograde	flow	through	the	hypoplastic	
aortic	arch	

4.  Venous	return	from	the	lungs	is	shunted	from	the	left	
to	right	atrium	



Anatomy	of	HLHS											

Normal	Heart	 HLHS	



Surgical	Options	

A.   Norwood	procedure	–	most	commonly	
performed	

B.   Cardiac	transplantation	–	attractive	option	but	
usually	not	performed	due	to	limited	donor	
organ	availability	

C.   Stage-1	Hybrid	procedure	–	emerging	and	less	
invasive	initial	stage	of	palliation	



Norwood	Surgical	Steps	

1.  Atrial	septectomy	to	create	admixture	of	
blood	crossover	in	the	left	and	right	atria	

2.  Anastomosis	of	the	proximal	PA	to	the	
hypoplastic	aorta	using	homograft	
augmentation	of	the	aorta	and	aortic	arch	

3.  Establishment	of	a	reliable	pathway	for	blood	
flow	to	the	lungs	(BT	shunt	vs.	Sano	shunt)	



Norwood	Surgical	Repair	



Surgical	Repair	Variations	
									BT	Shunt																		vs.																Sano	Shunt	



Pre-Op	Management	
Two	Major	Goals	
	1.		PDA	must	be	kept	patent	to	maintain	systemic														
perfusion	
		-	PGE-1	(Prostin)	infusion	is	used	
	2.		Balance	between	SVR	and	PVR	needs	to	be	
maintained	to	optimize	blood	flow	to	both	
systems	
		-	Restriction	of	pulmonary	blood	flow	

•  Low	inspired	oxygen	concentrations	(21%,	room	air)	
•  mild	hypercarbia	(PaCO2	45-55	mmHg)	
•  PEEP	(mildly	restricts	pulmonary	blood	flow)	



Anesthetic	Management	(Pre-CPB)	
•  High	dose	narcotic	technique		

– chosen	to	minimize	myocardial	depression	

•  Low	FiO2	and	mild	hypercapnia	continued	to	
maintain	the	balance	between	SVR	and	PVR	
– O2	Sat	of	75	–	80%	expected	when	both	systems	
are	balanced	

•  Inotropic	agents	may	be	needed	during	the	
initial	dissection	to	maintain	hemodynamic	
stability	and	adequate	oxygen	delivery	



Maximizing Oxygen Delivery 
•  Maximum DO2 occurs between a Qp/Qs 

(pulmonary blood flow/systemic blood flow) of 
approximately 0.5 and 1 and dependent on the 
total CO 

•  Small changes in Qp/Qs can be associated with 
large changes in DO2 

•  DO2 can be improved to a far greater degree by 
increasing total CO than by altering Qp/Qs 

•  Once SaO2 becomes critically low, further 
decreases can no longer compensated for by 
increases in Qs 



Manipulation of Delivered Oxygen 

•  Perfusion management: 
– Ensure	adequate	DO2,	not	to	maximize	SaO2	

•  Optimization of DO2: 
– Maintenance	of	cardiac	inotropy	while	balancing	
Qp	and	Qs	and	maintaining	adequate	BP	and	SaO2	



Management 

•  Manipulation of Qp/Qs by manipulation of PVR 
•  Management of total CO and SVR may be more 

effective 
•  Keeping Hb 13-15 mg/dL can have a positive 

influence on DO2 

•  Increased Hb increases SmvO2 and SaO2 and 
decreases Qp/Qs in single-ventricle physiology 



Manipulation of PVR and SVR 



Manipulation of PVR and SVR 
•  Subatmospheric oxygen (FiO2 0.17-0.19) or 

respiratory acidosis can effectively raise PVR, 
decrease SVR, and thus decrease Qp/Qs in 
infants with unrestricted Qp 

•  Subatmospheric oxygen may be associated with 
PV desaturation (particularly postoperative) 

•  Inhaled CO2 in HLHS: increased cerebral and 
systemic DO2 



PEEP 
•  PEEP increases PVR by compressing the 

interalveolar pulmonary arterioles in normal lung 
compliance 

•  The nadir of PVR occurs at FRC rather than at 
zero PEEP 

•  Initial PEEP applies radial traction forces  and 
aids vascular recruitment 

•  Increases PEEP may prevent PV desaturation 
by optimizing lung gas exchange and therefore 
decrease Qp/Qs 



Manipulation of SVR 
•  Intravenous vasodilator 

–  Relatively	greater	effect	on	the	systemic	vasculature	in	
poor	systemic	perfusion	and	low	PVR	

–  Nitroprusside,	phenoxybenzamine,	inamrinone,	milrinone	
•  β-stimulation of myocardium with vasodilation 

can further increase total CO without associated 
vasoconstriction 

•  Particularly valuable after DHCA 
•  Inappropriate ⇑SVR → ⇑Qp, ⇓Qs (BP, SaO2 ⇔), 

masking potential warning signs of low Qs 



Inotropic Support 

•  Inotropic support that increases Qs may also 
increase SaO2 simply by increasing SmvO2 

•  Dobutamine (5 and 15 µg/kg/min): ⇑ Qp/Qs 
•  Epinephrine (0.05 and 0.1 µg/kg/min): ⇓ Qp/Qs 
•  Dopamine (5 and 15 µg/kg/min): ⇔ Qp/Qs 
•  Low-dose epinephrine (0.05 µg/kg/min): greatest 
⇑ in PVR/SVR ratio, largely because of ⇓ SVR 

•  DO2 is increased dramatically by increasing total 
CO and is optimized by adjusting Qp/Qs 



Combination of inotropic 
support and decreasing SVR is 
potentially the optimal strategy 

to maximize DO2. 



Anesthetic	Management	(Post-CPB)	
� Multiple	inotropic	agents	(Milrinone,	Dopamine,	Epi)	
required	after	disconnection	from	CPB	

� Blood	products	(pRBC,	Platelets,	FFP,	Cryo)	

� Nitric	Oxide	(iNO)	can	be	implemented	to	decrease	PVR	and	
help	maintain	adequate	pulmonary	blood	flow	

� Higher	FiO2	(80-100%)	generally	tolerated,	but	should	be	
titrated	depending	on	the	size	of	the	new	pulmonary	shunt	
(goal	O2	saturation	is	once	again	75-80%	at	FiO2	of	21%	-	
RA)	



Post-Op	Management	

•  Patients	benefit	from	heavy	post-op	sedation	to	help	
avoid	“pulmonary	hypertensive	crises”	

•  Chest	is	left	open	(usually)	with	delayed	closure	being	
performed	on	POD	#1	or	2	(once	the	bleeding	and	
hemodynamics	appear	stable)	

•  Sedation	and	inotropes	can	be	weaned	after	chest	closure	



Stage-1	Hybrid	Procedure	

1.  Bilateral	pulmonary	artery	banding	–	via	midline	
sternotomy	(allows	systemic	blood	to	flow	from	
PA	to	aorta)	

2.  Ductal	stenting	–	performed	under	angiography	
by	a	cardiologist	immediately	after	completion	of	
PA	banding	

3.  Balloon	atrial	septostomy	–	performed	several	
days	after	the	initial	surgery	but	usually	during	
the	same	hospitilization	



Stage-1	Hybrid	Procedure	
1.	

1.	
2.	

3.	



Anesthetic	Management	
•  Balanced	technique	of	low	dose	narcotics	with	an	
inhaled	anesthetic	

•  FiO2	maintained	at	21%	(room	air)	

•  Extubation	“considered”	at	the	end	of	surgery	(60%	
successful)	unless	the	patient	was	intubated	prior	to	
coming	to	the	OR	



Theoretical	Neurodevelopment	
Advantage	

•  Performed	without	CPB	or	hypothermic	circulatory	arrest	
–  infant	spared	CBP	until	2nd	stage	repair	at	6	months	

•  Minimized	narcotic	and	anesthetic	exposure	

•  Early	extubation	decreases	the	length	of	post-operative	sedation	

•  Greater	hemodynamic	stability	and	less	inotropic	support	required	

•  Frequently	spared	exposure	to	blood	products	



2nd	and	3rd	Stage	
Management	of	Hypoplastic	

Left	Heart	Syndrome	



2nd	Stage	–	Superior	Cavopulmonary	
Anastomosis	

•  Performed	at	around	6	months	of	age	

•  SVC	is	connected	directly	to	the	Right	pulmonary	artery	

•  Results	in	passive	systemic	venous	blood	flow	to	both	
pulmonary	arteries	

•  Accomplished	via:	
1.   Bidirectional	Glenn	Shunt	
2.  Hemi-Fontan	



Bi-directional	Glenn	Shunt	



Anesthetic	Management	
•  Inhalation	induction	–	patient	usually	admitted	morning	of	surgery	with	no	IV	access	

•  Maintenance	of	low	dose	narcotics	and	an	inhalational	agent	

•  Inotropic	support	often	required	for	separation	from	CPB	

•  Maintenance	of	low	PVR	is	critical	
1.  Maintain	high	FiO2	and	hyperventilation	
2.  Avoid	acidosis,	hypoxia,	and	hypercarbia	
3.  Support	with	Milrinone,	Epi,	Dopamine,	and	Nitric	oxide	(iNO)	

•  Extubate	at	end	of	surgery	(or	shortly	thereafter)	
–  Spontaneous	ventilation	facilitates	increased	passive	pulmonary	blood	flow	(?	

decreased	PVR)	



Stage-2	Benefits	
•  Improves	hemodynamic	efficiency	by	decreasing	the	

volume	load	on	the	heart	and	helping	to	lower	
pulmonary	pressures	

•  Begins	the	transition	from	parallel	pulmonary	blood	flow	
to	a	more	physiologic	“in-series”	arrangement	

•  Allows	the	pulmonary	system	to	develop	more	
appropriately	so	the	Stage-3	operation	will	be	well	
tolerated	



3rd	Stage	–	Completion	Fontan	

•  Performed	at	around	2	years	of	age	

•  IVC	is	connected	to	the	Right	pulmonary	artery	

•  Remaining	portion	of	systemic	venous	return	is	diverted	to	the	
pulmonary	circulation	

•  Accomplished	via:	
1.  Extracardiac	shunt	
2.  Intracardiac	baffle	



Temporizing	Measures	
•  A	fenestration	(defect)	is	often	incorporated	into	the	graft	
connecting	the	IVC	with	the	RPA	

•  This	allows	for	some	continued	right	to	left	shunting	
–  Fenestration	functions	as	a	check	valve	to	help	maintain	
adequate	cardiac	output	at	the	expense	of	some	continued	
systemic	desaturation	

•  Usually	closes	off	spontaneously	as	the	pulmonary	
circulation	continues	to	develop	and	adapt	to	the	passive	
blood	flow	
–  If	persistent	and	problematic,	then	device	closure	can	be	done	in	
the	cath	lab	



Completion	Fontan	
													Extracardiac																			vs.																		Intracardiac	



Anesthetic	Management	
•  Inhalation	induction	–	patient	usually	admitted	morning	of	surgery	with	no	IV	

access	

•  Maintenance	of	low	dose	narcotics	and	an	inhalational	agent	

•  Inotropic	support	often	required	for	separation	from	CPB	

•  Maintenance	of	low	PVR	is	critical	
1.  Maintain	high	FiO2	and	hyperventilation	
2.  Avoid	acidosis,	hypoxia,	and	hypercarbia	
3.  Support	with	Milrinone,	Epi,	Dopamine,	and	Nitric	oxide	(iNO)	

•  Extubate	at	end	of	surgery	(or	shortly	thereafter)	
–  Spontaneous	ventilation	facilitates	increased	passive	pulmonary	blood	

flow	(?	decreased	PVR)	



Concluding	Physiology	
•  Entire	systemic	venous	return	volume	being	connected	
directly	to	the	pulmonary	circulation		
–  De-oxygenated	blood	directed	to	the	lungs	
–  Oxygenated	blood	directed	to	the	body	(systemic	
circulation)	

–  Normalization	of	oxygen	saturation	

•  Protection	of	the	pulmonary	circulation	from	continued	
high	pressures	

•  Reduction	of	ventricular	strain	by	having	it	only	pump	
blood	to	the	systemic	circulation	



Reasons	For	Staging	Procedures	
1)  Norwood	–	palliative	procedure	which	allows	pulmonary	

circulation	to	develop		
–  PVR	is	too	high	during	the	neonatal	period	to	tolerate	cavo-

pulmonary	anastomosis	

2)  Glenn	Shunt	–	1st	of	two	definitive	treatment	steps	
–  Allows	for	continued	pulmonary	development	
–  IVC	remains	connected	to	preserve	adequate	systemic	blood	flow 		

3)  Completion	Fontan	–	final	stage	which	reestablishes	a	
more	anatomically	normal	pathway	for	circulation	


