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RE-ENGINEERING THE HEART
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HOW THE NORWOOD PROCEDURE1 CAN PROVIDE RELIEF

INSIDE THE HEART

NORMAL HEART HEART WITH REBUILT AORTA AND REROUTED BLOOD FLOW

BI-DIRECTIONAL  GLENN
ANASTOMOSIS PROCEDURE

STEP 1

FENESTRATED 
FONTAN
OPERATION2

AORTA: 
Flow of  blood 
through the 
body’s largest 
artery is 
restricted.

LEFT 
VENTRICLE:
Too small to pump 
enough blood to 
meet the body’s 
requirements.

The patent ductus 
arteriosus allows 
some blood to flow 
to the body.

■ Pulmonary and 
systemic circulations 
are now separate so 
red and blue blood do 
not mix.

■ All blue blood 
returning to the heart 
through the vena 
cava system is 
rerouted directly to 
the pulmonary 
arteries and then to 
the lungs, where it 
recives oxygen. ■ The “window” serves as a 

safety valve so blue blood may 
cross over to the atrium if  
blood pressure in the lungs 
becomes too high.

■ All red blood 
returning to the left 
side through the 
pulmonary veins 
from the lungs is 
pumped by the 
single ventricle out 
to the body through 
the rebuilt aorta.

MITRAL VALVE: 
Too small to allow 
adequate amount 
of  blood  flow to 
pass from the left 
atrium to the left 
ventricle.

AORTIC VALVE: Too small to allow adequate 
blood flow from left ventricle to aorta.

■ NORMAL HEART
Oxygen-depleted blood returns to the right atrium, goes to the right ventricle, and is pumped through 
the pulmonary ar tery into the lungs, where it picks up oxygen. The oxygenated blood then returns to 
the left atrium, passes into the left ventricle, and is pumped out to the body through the aorta.

■ HYPOPLASTIC LEFT HEART SYNDROME: WHAT’S WRONG?
Most of  the structures on the left side of  the heart – left ventricle, 
mitral valve, aorta and aortic valve – are small and underdeveloped. 
The most critical of  them is the left ventricle, which is supposed to be 
very strong and muscular so it can pump blood to the body.

OBJECTIVE: Make the right 
ventricle the pumping 
chamber for blood flow to 
the body and lungs

OBJECTIVE: Reduce the 
heart’s workload on the 
right side by separating 
the pulmonary artery 
from the systemic 
circulation

OBJECTIVE: Reroute 
blood flow in the 
inferior vena cava from 
the right atrium to the 
pulmonary artery
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The 
pulmonary 
artery is 
divided in 
half  where it 
is closest to 
the heart.

The other end of  
the pulmonary 
artery is closed 
with a patch.

Narrowed aorta is 
opened up 
lengthwise from 
its root, up the 
ascending part 
and around the 
arch.

   At this 
stage, the 
aorta has 
been 
enlarged 
and closed.

A tube called a 
shunt is sewn to 
join the right 
innominate artery 
with the right 
pulmonary artery.

Now, some of the 
blood pumped 
into the aorta is 
redirected to the 
lungs, where it 
can pick up 
oxygen.

Blood in the superior 
vena cava now empties 
directly into the 
pulmonary arteries and 
travels to the lungs.

The heart’s workload 
is reduced because it 
has to pump blood 
only to the body – not 
to the lungs anymore. 

After this operation, blood 
flowing through the vena 
cava system goes almost 
entirely to the pulmonary 
arteries.
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Superior vena cava is 
cut where it enters 
the atrium. The 
incision is closed.

No longer 
needed to 
supply 
pulmonary 
blood flow, 
the shunt is 
removed.The cut end of  the 

vein is sewn into an 
incision made on the 
top side of  the right 
pulmonary artery.
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Inferior vena cava 
is cut off  from the 
heart at the point 
where it enters the 
right atrium. 
Incision on the 
atrium is closed.

Inferior vena cava  
is joined to a 
synthetic tube, the 
Fontan conduit,  
that is sutured to a 
hole made in the 
pulmonary artery.

The Fontan conduit is 
reconnected temporarily 
to the right side of  the 
heart by punching a 
“window” on the atrium 
wall. This allows a small 
amount of  blood to go 
directly to the heart.
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A homograft, or 
tissue from a 
donor, is sewn 
along each side 
of  the incision.
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HOW A NORMAL HEART COMPARES WITH ONE AFFLICTED BY HYPOPLASTIC LEFT HEART SYNDROME

1  Named after William Norwood, a doctor who 
developed the technique in the 1980s.

2  Developed by Francis Fontan in the early 1970s. 

KEY TO BLOOD FLOW
RED BLOOD
Oxygenated blood
flowing from lungs
back to the heart

BLUE BLOOD
Oxygen-depleted blood
flowing from the heart
to lungs

ALFRED ELICIERTO/aelicier to@journalsentinel.comSource: Children’s Hospital of  Wisconsin; Children’s Healthcare of  Atlanta

Blood flow
slowed down

RIGHT INNOMINATE
ARTERY


