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Qverview/Objectives

Act I: Rules of the Game
Explain why some congenital heart conditions lead to congestive heart failure
Explain why some congenital heart conditions lead to hypoxemia
Explain how some congenital heart conditions can lead to CHF and hypoxemia

Act Il: Ductal-dependence and the “5 T's”
Describe the concept of ductal-dependence
Compare and contrast the most common forms of cyanotic congenital heart disease

Act lll: Systemic outflow obstruction
Describe at least one type of congenital systemic outflow obstruction
Explain common themes between these conditions and the “5-Ts”

Act IV: Repair/Treatment options and consequences
List at least 2 general concepts related to the treatment/repair of congenital heart defects
Describe the physiologic consequences of single ventricle palliation



ACT |: Rules of the Game

Let’s quickly review the take-home points from
Part | of this talk:

Blood generally follows the path of least resistance

Remodeling occurs in the face of pressure and volume
challenges, which can have adaptive or maladaptive effects

Pulmonary overcirculation plus left-sided volume overload
results in signs and symptoms of congestive heart failure

Unrepaired left to right shunts can result in Eisenmenger syndrome
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ACT |: Rules of the Game

Blood generally follows the path of least resistance

® _.and in the case of a ventricular septal defect (VSD) or patent ductus
arteriosus (PDA), the path of least resistance is out toward the lungs.

® But what if the resistance is higher on the path to the lungs?
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Tetralogy of Fallot

® The most common “cyanotic’ congenital heart
disease (about 1:2,500 live births in U.S.)
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Tetralogy of Fallot

® Memorize (for boards):
|. Ventricular septal defect
2. Pulmonary stenosis
3. Overriding aorta
4. Right ventricular hypertrophy
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Tetralogy of Fallot
(what you should really learn)

Normal Heart Tetralogy of Fallot

* ToF is the result of a particular sort of
VSD

* The conal septum is anteriorly
malaligned, crowding the
subpulmonary area

*The aorta is “dragged” anteriorly to
sit over the VSD R

RA. Bight Alriurn Trcuspd Vave
LA Ledt Atrieen 1 Miral Valve

RV, Rigat Vestricle SVC. Swpener \ina Cava Aorte Vidve

LY, Left Ventricle VE. Inferioe Vena Cava Pureonary Vave

*RVH results from the pulmonary
Stenosis and VSD (ventricles respond Image from: http://www.heartbirthdefect.com/heart-birth-defects/tetralogy-of-fallot.php
to pressure challenge with
hypertrophy!)
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If there is not much
pulmonary stenosis, the
physiology is that of a simple
VSD (pulmonary
overcirculation, congestive
heart failure)

Tetralogy of Fallot exists
on a clinical spectrum depending
on the amount of pulmonary

Fahey-OSD-2021

Often, there is enough

pulmonary stenosis to result in
right-to-left shunting across

the VSD (hypoxemia)

blood flow

If there is pulmonary

atresia, how does blood

get to the lungs!?

Orriginal image from: http://www.heartbirthdefect.com/

heart-birth-defects/tetralogy-of-fallot.php
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http://www.heartbirthdefect.com/heart-birth-defects/tetralogy-of-fallot.php

If there is not much
pulmonary stenosis, the
physiology is that of a simple
VSD (pulmonary
overcirculation, congestive
heart failure)

Tetralogy of Fallot exists
on a clinical spectrum depending
on the amount of pulmonary
blood flow
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Often, there is enough

pulmonary stenosis to result in
right-to-left shunting across

the VSD (hypoxemia)

atresia, how does blood

If there is pulmonary

get to the |ungs7 Orriginal image from: http://www.heartbirthdefect.com/
: heart-birth-defects/tetralogy-of-fallot.php
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Tetralogy of Fallot with Pulmonary Atresia

--an introduction to “mixing”

* What if there’s pulmonary atresia (no valve)?

* There would be complete mixing of blue
and red blood!

* Wait a minute, where is the red blood coming
from???

* [f there is pulmonary atresia, how does blood get
1. Left atrium 5. Pulmonary valve

SReMavim 7. Pamonay artery to the lungs?
4, Rght ventricle 8. Acrta

- — S

Image from: http://www.heartbirthdefect.com/heart-birth-defects/tetralogy-of-fallot.php
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Tetralogy of Fallot with Pulmonary Atresia
--an introduction to “mixing”’

* You need a patent ductus arteriosus (PDA)!

* Note a few key points of this physiology:

|) The O2 sat of the Ao and PA are the same

2) The O2 sat of the Ao depends on the quantity of

pulmonary blood flow
3) Pulmonary overcirculation can cause CHF

4) No matter how great the pulmonary flow, the
patient will still be hypoxemic

1. Left atrium 5. Pulmonary valve
2. Left ventricie 6. Acetc valve WH Y?
3. Right atrem 7. Pukmonary artery -_—

4. Rght ventricle 8. Acrta

Image from: http://www.heartbirthdefect.com/heart-birth-defects/tetralogy-of-fallot.php
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Consider a lung where half of the alveoli units are not perfused
And the other half of the alveoli are not ventilated

This is a shunt.

Q= 5000 ml/min

Diagnosing a Shunt
using 100% O,

V=4000 ml/min
| Vaimi) | Q(mi) | VQ
g)r:tlt V/Q = 0/5000 = 0 Q but no V: Pure mixed Unit 1 0 100 0 45 40
reme case
systemic venous blood. Unit 2 80 100 0.8 40 100

Breathing room air: What's the PaO2 ?
PaO2 = (15 mls + 19.8 mis) / 2= 17.25 vol% => Pa0O2 =53 mm Hg

Breathing 100% O,: Now what's the PaO2 ?

V but no Q: This is dead space Voo ) Vio 5002 02
Unit V/Q =4000/0 = < Unit 1 0 100 0 45 40
The lung is both ventilated and perfused... but there is no gas exchange. Unit2 20 1% 08 20 >0

Unit 2 O2 content = (.003 x 500) (=dissolved) + 19.8 (Hb fully sat’'d) = 21.6

For gas exchange to take place, you need appropriate matching of V and Q

Average PaO2 = (15 mis + 21.6 mils) / 2 =18.3 vol% — 65 mm Hg

- E——
Slides from: Zayaruzny—V/Q Matching Principles—DSF 2020

Causes of hypoxia

O

* Hypoxic hypoxia
o Hypoventilation
o Diffusion abnormalities
o Shunt
o V/Q mismatching
* Anemic hypoxia
* Hypoperfusion hypoxia
* Histotoxic hypoxia

Fahey-OSD-2021




Congenital Heart Disease Rule #4:

In R to L shunts and “mixing” lesions...

* Hypoxemia is glways present to some degree

* The hypoxemia cannot be overcome with
supplemental oxygen
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Act |:Review

® In congenital heart problems, blood tends to follow the path of least
resistance

- If the path of least resistance is out to the lungs, pulmonary overcirculation
and CHF may result (CHD Rule #3)

- If there is a shunt and the path of least resistance is to the systemic
circulation, there will be mixed blue and red blood to the body and

hyboxemia occurs (CHD Rule #4)

- this hypoxemia cannot be overcome by administering extra O2
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Act |:Review continued

® Congenital heart diseases often exist on a clinical spectrum depending
on how much pulmonary blood flow there is

® |f blood can’t get directly out to the lungs through the pulmonary valve/
pulmonary artery, a PDA is necessary to supply the lungs with blood
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Act ll: Ductal-dependence and
the 5T's

® [et’s pick up where we left off with tetralogy
of Fallot—the concept of ductal-dependence

® Then we'll look at more examples of mixing
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Ductal-dependence:

An important concept in congenital heart disease

® |[f there is ever a situation where blood norta
cannot flow in sufficient quantity to the
systemic or pulmonary vasculature, a PDA
is necessary to allow supplemental flow to

that bed

® In the newborn, we can maintain patency of
the PDA with the use of prostaglandin E|

Pulmonary Artery

Image from: http://easypediatrics.com/wp-content/uploads/2012/07/Patent_Ductus_Arteriosus.jpg
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http://easypediatrics.com/wp-content/uploads/2012/07/Patent_Ductus_Arteriosus.jpg

The S"T’s” of
cyanotic CHD

Memorize these for purposes of the
Boards

This is a very incomplete list,
however!

It is much more important to grasp
the general concepts that dictate the
pathophysiology of these defects

'~
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Tricuspid Atresia

--a natural progression (conceptually) from ToF

* Tricuspid valve fails to form

*Blue blood must flow R-->L across a PFO/

ASD

* Therefore complete mixing of blue and red

blood

*Some patients have a VSD, allowing blood

to go from LV ---> RV ---> |ungs

*|f there is noVSD or there is pulmonary
atresia, how does blood to get to the

lungs?

Fahey-OSD-2021
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http://www.pediatriccardiacinquest.mb.ca/ch02/tricuspid.html

Tricuspid Atresia

--a natural progression (conceptually) from ToF

Image from: http://www.pediatriccardiacinquest.mb.ca/ch02/tricuspid.html

*What if there is noVSD or if there is
pulmonary atresia?

*You need a patent ductus arteriosus (PDA)!

*Note a few key points of this physiology:
|) The O2 sat of the Ao and PA are the same

2) The O2 sat of the Ao depends on the quantity of
pulmonary blood flow
3) Pulmonary overcirculation can cause CHF

4) No matter how great the pulmonary flow, the
patient will still be hypoxemic

Does this sound familiar?
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http://www.pediatriccardiacinquest.mb.ca/ch02/tricuspid.html

Truncus Arteriosus

--a failure of septation

* Failure of septation of outflow tracts and great Cardiac Center a
. Ardac .eneer ar
arteries The Children’s Hospital of Philadelphia

* Therefore complete mixing of blue and red blood Truncus Arteriosus

* Note a few key points of this physiology:
|) The O2 sat of the Ao and PA are the same

Common

. = - =1 A0 PA : "trur.;l)(”fcr Aorta
2) The O2 sat of the Ao depends on the quantity - p i s Uionsty
of pulmonary blood flow . "/ (WAL
. . pening — —
3) Pulmonary overcirculation can cause CHF S | %
i Betwosn
4) No matter how great the pulmonary flow, the 7 {—/L'v' Ventricles

patient will still be hypoxemic

* Since blood follows the path of least resistance, what
symptoms do you think this patient will have?

Image from: http://www.chop.edu/img/cardiac-center/truncus-arteriosus.html
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Transposition of the Great Arteries (TGA)

(You've learned about this before!)

D-TGA--Anatomy Anatomy and physiology of D-TGA...

Cardiac Center at
['he Children’s Hospiral of Philadelphia ‘ Fahey, ICE-1 2012 1
Transposition of the Great Arteries (TGA) Normal Heart
Vessel Connectin
Vessel Connecting Aorta Deoxygenated (blue) and Pulmonan
and Pulmonary Artery . .
(PDA) Lk 0 Lungs blood returns : The blood is oxygenated
Pulmona ’ and returns (now red) to
v:.:l‘.{:lo% g from the body to the = the left :(atrium )
o - right atrium .
Superior Mitral
Vena Cava Valve
Jpening Atrial )
letween Septum 1
Atria Aortic |
Tricuspid Valve
Valve .
Vontroular ..goes to the right ...and goes to the left
Inferior e H -
Vena Cava ventricle where ventricle
Voasels Connacied Puimonary Valve it is pumped through thcsa0 N . here it is pumped out the
oy aorta to the body... wmaiv pulmonary artery and to the
lungs...
AO: Aorta PA: Pulmonary Artery  LA: Left Atrium RA: Right Atrium LV: Left Ventricle  RV: Right Ventricle .‘..
Bl Oxygen-rich Blood B Oxygen-poor Blood W Mixed Blood HW Mixed Blood
- — {a: 14
o U eyice1202 | Circulations “in parallel
From: http://www.chop.edu/export/system/galleries/images/hospital/articles/cardiac-center/transposition-arteries.jp; Z
M | T—— M

S —
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Transposition of the Great Arteries (TGA)

(You'’ve learned about this before!)

TGA poses a very specific physiologic problem;
circulations in parallel

This is a problem unique to TGA

The short-term solution is to get the circulations
to mix more!

There are 3 places this can occur:
|) Atrial septal defect
2) Ventricular septal defect

3) Patent ductus arteriosus

Transposition of the Great Arteries (TGA)

Vessel Connecting Aorta
and Pulmonary Artery
“\\ ”~ (PDA)

Opening -
Between
Atria

Vessels Connected
Abnormally

Fahey-OSD-2021




Transposition of the Great Arteries (TGA)

(You've learned about this before!)

Transposition of the Great Arteries (TGA)

= Vessel Connecting Aorta
and Pulmonary Artery
(PDA)

Vessels Connected
Abnormally

— S

Fahey-OSD-2021

* What if there is inadequate mixing!?

* Youd better do something about it!




Total Anomalous Pulmonary Venous Return

(TAPVR)

* Pulmonary veins drain to a confluence that does
not attach to the left atrium

* The confluence drains to a systemic (blue) vein
via a “vertical vein”
- Supracardiac (e.g. innominate vein)
- Cardiac (e.g. coronary sinus)
- Infracardiac (e.g. inferior vena cava)

* Therefore complete mixing of blue and red blood

*|f there is no red blood coming back to the left
atrium, what goes out the aorta!
-what does this patient need to survive (one
of two things)?

Cardiac Center at
The Children’s Hospital of Philadelphia

Total Anomalous Pulmonary Venous Return
(TAPVR): Infracardiac

Pulmonary

Veins Bringing Pulmonary
Oxygen Rich Veins Bringing
Blood From Oxygen Rich
Right Lung Blood From
2 Left Lung

No Connection
Between
Pulmonary

Opening Veins and
Between Left Atrium
Atria (ASD)

Abnormal
Pulmonary Vein
Connection

AO: Aorta PA: Pulmonary Artery LA: Left Atrium R
B Oxygen-rich Blood B Oxyc

— T

Image from: http://www.chop.edu/img/cardiac-center/
tapvr-infracardiac.html
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Total Anomalous Pulmonary Venous Return
(TAPVR)

Blood needs to get to the left side
of the heart (via ASD), or out to
the Ao (via PDA)

Complete mixing-->hypoxemia //
i

(Maybe) Pulmonary venous Inferior right PV inferior 13ft PV
obstruction-->CHF

Vertical vein

Fixing this requires attaching the
confluence to the left atrium, and Joaen
Iigatlng the Vel”tical VEin! Image from: Circulation. January 15, 2013 vol. 127 no. 2 258-259
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Total Anomalous Pulmonary Venous Return
(TAPVR)

Prior to surgical repair,
however, is there anything we
can do to stabilize the

patient? /
A /

Inferior right PV

Inferior left PV

Vertical vein

ALPROSTADI
CTIow, UsP
"‘bumu”
“k‘-lwomﬂ'f Portal vein
——— Image from: Circulation. January 15, 2013 vol. 127 no. 2 258-259
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Act |l Review: 5T’s and ductal dependence

Cyanotic congenital heart diseases often exist on a clinical spectrum, much
like we saw in the case of tetralogy of Fallot

Many cyanotic congenital heart diseases share common themes like ductal-
dependence or requiring an adequate atrial communication

If there is limited/absent pulmonary blood flow (ductal-dependence), this is
a life-threatening problem and needs to be treated with prostaglandin

If there is an inadequate atrial communication to support a viable
circulation (e.g. tricuspid atresia, TGA, TAPVR), an atrial septostomy or
immediate surgery is necessary.
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Act lll: Systemic outflow
obstruction

® There are also several congenital heart diseases resulting
in diminished systemic blood flow

® We will now look at two of them to dissect a few other
important features of congenital heart disease

® (Coarctation of the aorta

® Hypoplastic Left Heart Syndrome
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Coarctation of the Aorta

High blood
pressure
before point
of coarctation

-~ 4 Coarctation
\ of the aorta

® |n fetal life there is very little flow across
the distal aortic arch

® At times, this portion of the aorta fails to

develop normally (e.g. mitral stenosis, Low blood

aortic stenosis) pressure
eyond
point of

coarctation

® There are 3 positions in the aorta for a
coarctation to occur relative to the
ductus arteriosus

Image from: http://www.healthcentral.com/heart-disease/h/coarctation-of-the-aorta.html

- Pre-, post, and juxta-ductal

- The majority are juxta-ductal

Fah ey_OS D_202 I Doshi AR, Syamasundar Rao P (2012) Coarctation of Aorta-Management Options and Decision Making. Pediat Therapeut S5:006.




Coarctation of the Aorta

-~y Coarctation

High blood
of the aorta

pressure
before point
of coarctation

® Many patients with coarctation will present
during infancy as the PDA closes

® The closure of the PDA potentiates the

Low blood
ey obstruction to flow through that segment
potit oF of the aorta

coarctation

® |[f ductal patency can be maintained, flow
into the aorta can occur via the PDA

® I|n this sense, we have a situation of ductal
dependent systemic blood flow!

Doshi AR, Syamasundar Rao P (2012) Coarctation of Aorta-Management Options and Decision Making. Pediat Therapeut S5:006. Fa h ey_ O S D _202 I




Coarctation of the Aorta

-~y Coarctation

High blood
of the aorta

pressure
before point
of coarctation

Low blood
pressure
beyond
point of
coarctation

Doshi AR, Syamasundar Rao P (2012) Coarctation of Aorta-Management Options and Decision Making. Pediat Therapeut S5:006.

The hallmark physical findings in coarctation are
diminished femoral pulses and upper extremity
hypertension

The critically ill infant may have signs of congestive
heart failure as well as hypoxemia in the lower half of
the body. Some will be in shock!

= CHF results from back-up from obstruction
- Hypoxemia results from right-to-left PDA flow

Goal of management for the critically ill is to
maintain the PDA, and immediately repair

Sometimes coarctation presents in an older child/
teenager who is found to be hypertensive
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Coarctation of the Aorta




Hypoplastic Left Heart Syndrome (HLHS)

--another “single ventricle” lesion

e Combination of mitral stenosis/atresia and aortic stenosis/atresia

* Red blood must flow L-->R across a PFO/ASD
* what signs/symptoms would occur if the atrial communication
is small?

* Therefore complete mixing of blue and red blood

* Unlike tricuspid atresia, there is rarely aVSD in HLHS. The mixed
blood goes out the pulmonary artery toward the lungs

* There’s plenty of blood going to the lungs, but how does blood get
out to the body?

Fahey-OSD-2021

Hypoplastic Left Heart Syndrome
(HLHS)

1. Rght Atrium 6. Aorta

2, Lef@t Arium 7. Mitr 3 Vaive
3. Le&t Veatrice 8. Acrtic Vaive
4. Rghl Venincle

5. Pumonary Attery

| — S

Image from: http://www.heartbirthdefect.com/heart-birth-defects/
hypoplastic-left-heart-syndrome.php
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Hypoplastic Left Heart Syndrome (HLHS)

--another “single ventricle” lesion

L This physiology is very similar to some of our
other diseases with complete mixing of blue

and red blood, but there are a few important
features of HLHS:

|) Ductal patency is required for systemic blood flow

2) Resistance at the level of the atrial septum has slightly
different consequences

a. More profound hypoxemia
b. Higher LA pressures-->CHF!

3) Coronary artery perfusion is tenuous

1. Rght Atrium 6. Aorta

CLAVemiie  BAorse Ve 4) Single right ventricle!
. Rghl Venlicle

5. Pumonary Astecy

Image from: http://www.heartbirthdefect.com/heart-birth-defects/
hypoplastic-left-heart-syndrome.php
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Hypoplastic Left Heart Syndrome (HLHS)

--another “single ventricle” lesion

HHHHHH

What happens if the ductus closes!?

What happens if the atrial septum closes!?

Image from: http://www.heartbirthdefect.com/heart-birth-
defects/hypoplastic-left-heart-syndrome.php

Can we fix this?

Fahey-OSD-2021
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Act lll Review: Systemic Qutflow
Obstruction

® Any obstruction to systemic outflow will create elevated pressures “upstream”
of the obstruction

® Elevated left atrial pressures result in CHF symptoms

® |[f systemic outflow is completely obstructed, it needs to be supplemented by
right-to-left flow at the PDA, resulting in hyboxemia

® The most extreme of these diseases is HLHS, where the LV does not form, and
a single right ventricle pumps all blue and red blood to both vascular beds
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Act IV: Repair/Treatment Options and Consequences

® First, we will discuss some general concepts of treatment

® Then, we will discuss some hemodynamic features of
repaired cyanotic heart disease

(Remember, these patients will be showing up in your practice with greater
frequency no matter what field of medicine you pursue!)
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General Treatment Concept #|

® Some congenital heart problems will spontaneously
resolve

= Some ASDs
= SomeVSDs
= Some PDAs

® These left-to-right shunts may require medical management of CHF
symptoms until the defect gets smaller

= SomeVSDs, some PDAs

Fahey-OSD-2021




General Treatment Concept #1 (continued)

® While some of these lesions will spontaneously resolve, if they are
not treated and a) cause enough pulmonary over-circulation or b)
cause elevated left atrial pressure they will eventually result in
pbulmonary vascular obstructive disease, a.k.a. Eisenmenger’s syndrome

- WVe discussed this in Part |

Fahey-OSD-2021




General Treatment Concept #2

® When it comes to repair, there’s more than one way to
skin a cat

® Holes/abnormal vessels can be closed with surgery or in the
catheterization lab

® Small vessels/valves can be augmented with surgery or ballon dilated in
the cath lab

ASD device closure : Is it as simple as it looks ?

T

Step 1 Step 2

F
AT A

Step 3 Step 4

T — ——




General Treatment Concept #3

Specific lesions require specific repair technique

Congenital Heart Condition Repair Technique

ToF: VSD closure, RVOT patch

Truncus arteriosus: VSD closure, RV to PA conduit

TGA: Arterial switch +/-VSD closure

TAPVR: Anastomosis of PV confluence with LA, ligate

vertical vein

Coarctation: Coarctectomy, end-to-end anastomosis

Tricuspid Atresia/ ’
HLHS: Single ventricle palliation HUh =
Fahey-OSD-202|




General Treatment Concept #3

Most cyanotic congenital heart lesions are not “fixed” entirely

Congenital Heart Condition Residual Problems (Needed Procedures)

ToF: -Chronic pulmonary regurgitation (Pulmonary valve replacement)
-Residual branch pulmonary artery stenosis (balloon dilation/stenting of
vessels)

Truncus arteriosus: -RV-PA conduit stenosis (balloon dilation, surgical replacement)

-Chronic conduit regurgitation (pulmonary valve replacement)

TGA: -Branch pulmonary artery stenosis (balloon dilation/stenting)
-Coronary artery ostial stenosis (surgery)

TAPVR: -Pulmonary vein stenosis (balloon dilation/surgery)

. -Recoarctation (balloon dilation/stenting)
Coarctation: -Systemic hypertension (medical therapy)
-Increased risk of coronary artery disease (polypharmacy/surgery)

Tricuspid Atresia/
HLHS:

-“Failing Fontan" circulation (heart transplant)

Fahey-OSD-2021




General Treatment Concept #4

“Single Ventricle” lesions cannot be repaired, only
palliated

There is a single ventricle which must supply systemic blood flow

Systemic venous return (blue blood) is re-routed to flow passively to the
lungs

This palliation takes place via 3 surgical stages

- Stage | (variable): Norwood or PA band or Blalock-Thomas-Taussig
shunt

- Stage ll: Glenn shunt

- Stage lll: Fontan procedure

Fahey-OSD-2021




Single Ventricle Palliation: Stage |

Stage | aims at correcting the most threatening physiologic
derangements (e.g. ductal-dependence, severe pulmonary
overcirculation, inadequate ASD)

Problem Solution

Ductal-dependent pulmonary blood  Blalock-Thomas-Taussig Shunt

flow
Pulmonary overcirculation Pulmonary Artery Band
Inadequate ASD Atrial Septectomy
Severe aortic hypoplasia Norwood Procedure
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Single Ventricle Palliation: Stage |

Blalock-Thomas-Taussig Shunt

A B \\3\\

R
Image from: http://en.wikipedia.org/wiki/File:Blalock_shuntWViki. Image from: http://www.yale.edu/imaging/chd/surgery_pa_banding/index.html

T — T

Norwood Procedure

Blalock-Hanlon Septectomy

Images from: http://www.heartbirthdefect.com/heart-birth-defects/

hypoplastic-left-heart-syndrome.php and
http://iheartmoses.com/wp-content/uploads/2012/06/2_21.

Image from: Ann Thorac Surg Volume 77. Issue 6, June 2004, Pages 2250-2258 Fah ey-os D-202 I



http://en.wikipedia.org/wiki/File:Blalock_shuntWiki.jpg
http://www.sciencedirect.com/science/journal/00034975/77/6
http://www.pediatriccardiacinquest.mb.ca/ch02/tricuspid.html
http://www.pediatriccardiacinquest.mb.ca/ch02/tricuspid.html
http://www.pediatriccardiacinquest.mb.ca/ch02/tricuspid.html
http://iheartmoses.com/wp-content/uploads/2012/06/2_21.jpg

Blalock-Thomas-Taussig Shunt

—
Image from: http://en.wikipedia.org/wiki/File:Blalock_shuntWiki.j

PTFE tube graft

Image From: Circulation. 1995; 92: 256-261

The story of the

BTTS is
fascinating.

We don’t have
time to explore it

r
:
:
i |
g
2
4

NOW.

Alan Rickma®® Mos D
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By Robert D. Potter
Science Editor
WOMAN physician’s coura-
geous research and imagina-
tion, and the skill of one of
the world's great surgeons have co:
ed to bring hope that many “blu
hitherto considered doomed
Vn carly death-—may be save
These b are blue be
they are suffering Irom a lacl
ygen in their blood streams,
condition known as cyanosis.
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70 operations
have been performed
on “blue” habies. In
many cases

mirdculous

tion that « e heart and
‘\\nnl Arteries. Bt be
nt operation he has
of painstaking
Yesearch by D, Helen B, Taussig.
ughter of the late Prof. F. W,
rid-iamous Harvard e
sig had  watched
“bluc” babies come 10 her heart elinic
at Jahns Hopkins Hospital
she discovered that
the artery leading to the lung from
the heart was narrowed so that an
insufficient supply of blood was
reachi e lungs to receive its vif
e ge 1 5
a surgical operation might be abl
teircuit the constriction and
sidetrack blood into the lungs. On

Saving

our Doomed

Blue Babies

the blood would pick up its life-giv-
ing oxygen. Then It would go back
10 the heart again 10 move outward
through the bod
But could it be done? It is one
thing to have ber rearrange
a piping system and something quite
art,
s main arteries, splice
it to another main arlery and sustain
life in the paticnt in thé process. Dr.
Blalock said he would try
Since the pioneer attempt the
operation has been largely successful,
althongh it is one filled with danger.
Among the first 70 patients, 14 died.
The ofds are 5 to 1 for uccess.

t the news of Dr. Bla-
lack's ﬂpemllon is known through
the country the list of patients grows
daily. Blue little Bonnie Stewart of
lorida, daughter of a daddy killed
ipan, went to Baltimore with her
grandmother. Today Bonnie walks
and plays like other children.

The case of six-ycarold Mike
Schirmer — the boy with the “itchy
—shows what can be done.

Little Bonnie Stewart of Florida Is
Another of the 70 Children Saved by
the New Jokas Hopkins Surgery.

Mike's “itchy zipper” 1a the healing
incision over his where Dr.
Blalodk went In to do the cperation.
But le

and then he'd have o squat down on
the sidewalk and 1
“T had to

him everywhere,

was _no  hope
that Mike could
grow up. But then
came new hope, for Dr.
Mansderfer told us about
the operation of Dr. Dlalock.
“They took him to the operating
room and brought him back
hours later. It was a miracle.
“After only two weeks of con-
valescence he came home and he has
been on the go ever since, 1f anyone
ts anything he'll run’ and g
He's up and down stairs 75 Lime:
duy. He climbs on Gureaus and
tables just for the oy of jumping oft.
ears me oul. But 1 love it.”
lne Blalock-Taussig_operation is

rom: http://www.medicalarchives.jhmi.edu
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Six-Year-Old Mike
Could Walk Only Five Feet Without Resting

Schirmer of Baltimore

Operation. He Shows His "Itchy

Zipper”—the Incision for the Operation.

branches of the pulmona
the lungs) are two lary
sels. One connects the heart and the
arm, the other the heart and the head
Dr. ‘Blalock chooses the most con.
venient — usually the arm artery —
and severs it. One end is clamped
off and
e end nearest the heart is then
spliced to the nearest branch of the
ery. The clamps are

the blood that would
ordinarlly flaw to the arm goes into
the lung. There it becomes enriched
with vital oxygen and the baby's blue
lips quickly be
What happens to
Nature has provided ot



http://en.wikipedia.org/wiki/File:Blalock_shuntWiki.jpg

Single Ventricle Palliation: Overview

“Stage |” surgery addresses the most critical aspects of the
structural heart defect, whatever those may be

Following Stage |, all single ventricles will undergo the same
second stage (Glenn) and third stage (Fontan) surgeries

The second two stages aim to re-route systemic venous
blood directly to the lungs
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Single Ventricle Palliation: Stage |l--Glenn Shunt

TRICUSPID ATRESIA - S/P GLENN SHUNT

superior Surgical Procedure
vena cava A B :
) vy Stage Il
Bidirectional

Glenn Shunt

Image from: http://www.chitexas.org/images/glenn.jpg https://www.youtube.com/watch?v=PuDSdO|PzzE Image from: http://www.smileyman.info/images/Glenn_Flow_color.gif
1 — B ' ’ - T — T——

The Glenn re-routes blood from the upper half of the body
directly to the lungs.

Fahey-OSD-2021



https://www.youtube.com/watch?v=PuDSd0JPzzE

Single Ventricle Palliation: Stage lll--the Fontan

Fontan Procedure

For heart with only
one usable ventricle
(In this illustration
Tricuspid Atresia)

artificial
wall to
make
chamber

inferior
vena cava

Image from: http://www.inova.org/upload/images/Education-Research/research/fontan_ |.gif

T —

The Fontan re-routes blood from the lower half of the body
directly to the lungs.

What is the consequence of passive blood flow to the lungs!?
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http://www.inova.org/upload/images/Education-Research/research/fontan_1.gif
http://www.childrenshospital.org/cfapps/mml/viewBLOB.cfm?MEDIA_ID=1839

Single Ventricle Palliation: Stage lll--the Fontan

dure

itricle
‘ ration

_, The Fontan re-routes blood from the lower half of the body [
/|  directly to the lungs.

What is the consequence of passive blood flow to the lungs!?

Image from:‘h% en—Let
Pressures
: —_ ] A
‘|4 ‘ |
Ul (Qana=—= » Mean PA pressure = |6mmHg
| ~\ ) lﬁ%‘?:;, 3
| ;3 | & 1
H " ‘J L6 - . .
| NLUAS What is the central venous pressure in a
A Fontan?
\ g 24/4 h ) |
. AP = QeR
In other words, pressure is a byproduct of flow and

80/44 resistance
JE— — Fahey-OSD-2020 | Rl ———— = - ———
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http://www.childrenshospital.org/cfapps/mml/viewBLOB.cfm?MEDIA_ID=1839
http://www.childrenshospital.org/cfapps/mml/viewBLOB.cfm?MEDIA_ID=1839

Single Ventricle Palliation: Stage lll--the Fontan

® What is the consequence of such high CVP?
- hepatosplenomegaly
- lower extremity edema
- ascites

- pleural effusions

Ascites and pleural effusions don’t drain well in 2 Fontan. Why not!?

What effect will a pleural effusion have on the pulmonary vascular
resistance! On Fontan pressure?
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Act |IV: Repair/Treatment Options
Review

Some defects close spontaneously

Others require surgical or catheter intervention

Many require medical therapy as well

Invasive procedures are tailored to the underlying anatomy

These procedures often leave significant long-term morbidities in their wake (e.g.
tetralogy of Fallot repair)
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Act 4: Repair/Treatment Options
Review

® Single ventricle lesions can only be palliated

® Single ventricle palliation restores normal cardiac output and normal
oxygen saturation at the expense of very elevated CVP and elevated
afterload on the remaining ventricle

® Finally, it’s very important to understand that kids with cyanotic congenital
heart disease grow up to be adults with ongoing cardiac issues

—rarely is there a true “fix”’ to these complicated problems

—therefore, you will need to be aware of these problems and make
sure your patients are properly cared for!

Fahey-OSD-2021




Thank you!!!

Questions?! Email me:

michaelc.fahey@umassmemorial.org
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