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ACHD Centers in the U.S. -- 1990s
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Overview

* Congenital heart disease - Epidemiology

* Adult Congenital Heart Association
— Accreditation = Quality

* Top 10 Things You Need to Know about ACHD

— Case examples

— Rationale

— CHD History

— Evidence = 2018 ACHD Guidelines from ACC/AHA
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ACHD Centers in the U.S. -- 2021
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What is Congenital Heart Disease?
More than a simple “birth defect”...

CATH NO. _C040989 DATE 12-29-04
DOB 01-16-62 AGE _ 42 vears

= PCDNO. 7472  MR# 204356

STAFF DOCTOR(s)_Mullins/Grifka
FELLOW(s) Jefferies/Carlson

Cardiac Catheterization Laboratories

f 78;2,12"
]

ABG on 40% FiO, :
7.39/ 44/ 30/ 25.3/ 1.8/ 54%

m=68

Arrows indicate catheter course

Ht_179 om We_59.1 kg BSA _1.75 m? Hgb _10.5  Het %

Inferior Viena Cava DIAGNOSIS:
1. Dextrocardia with situs solitus of the viscera and the atria.
2. Ventricular inversion with transposition of the great arteries.
3. Absence of suprarenal inferior vena cava with azygous continuation to the superior vena cava.
4. Partial anomalous venous return with pulmonary veins to the right atrium.
5. Hepatic veins to right atrium.
6. Atrial septal defect.
7. Status post takedown of Pott's shunt.
8. Status post takedown of central aortopul v shunt.

-
\ ' I/ Phoe n Ix ?0 Status post atrial septectomy.

. Status post left pulmonary artery repair.

- r_° 11. Status post right cavopulmonary anastomosis - Kawashima connection.
- ‘ h I Id re n s 12. Status post amputation of left atrial appendage.

13. Extensive thrombus in distal left pulmonary artery segments.




Congenital Heart Disease:
Not JUST children!
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ACHD professional athletes...

Erik Compton
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Patient, Erik Compton in 2008:
3 months after 2" heart transplant
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Famous People with CHD

Children's
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Famous People with CHD

A American
Heart
Association:
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Famous People with CHD
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Case:
34 y/o male

D-transposition
of great arteries,
Pulm Atresia/MAPCAS ...

L-SVC to LA &
Sec ASD

Arrows Indicate Cathater Course

TEXAS CHILDREN'S HOSPITAL
6621 FANNIN STREET, HOQUSTON, TEXAS 77030
Cardiac Catheter:..zation Laboratories

Name:
Cath
DOB:
PC

staff

% Collaterals on attached

2 kiéneys seen.

cm  Wt.:_58.2 kg BSA: m=

Rp:Rs PAR:_

Hb: 22.0 g% Het: 63.0 % Blood Group
LSVC:

-
u m

CATH DIAGNOSIS:

Transposition of the great arterics with pulmonary valve atresia.

Multiple aorta-pulmonary collaterals with acquired discontinuous PA's. —

Partial anomalous pulmonary venou:; connection, RULPV to R-SVC.

L-SVC to LA; unroofed coronary sinus.

:;;8160
N/74 Phoenix 5
%28 Children's .

Secundum atrial septal defect.
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Case: 34 y/o male

Arose in AM and “forgot” how to blow nose.
* Expressive aphasia.

Exam: RA Sat 82%

— CV: clubbing, active precordium, single S2, Ill/VI HSM at
LLSB

— Neuro: unremarkable
Labs: HCT 67%
Head MRI was ordered...
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Case: 34 y/o male with cyanotic CHD,
headache, neuro sx
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#1: Congenital heart disease (CHD)

patients survive until adulthood and
more Adult CHD pts are coming.
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Survival to 1 Year of Life
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Survival to 1 Year of Life
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Survival to 1 Year of Life
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Survival to 1 Year of Life
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Survival to Adulthood
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Survival to Adulthood
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Survival to Adulthood
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Survival to Adulthood
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Journal of the American College of Cardiology

i 2005 1::}' the American CD”.C'EC of Cardinl-:-g,' Foundation
Published by Elsevier Inc.

STATE-OF-THE-ART PAPER

The Adult With Congenital Heart Disease
Born to Be Bad?
Carole A. Warnes, MD, MRCP, FACC

Rachester, Minnesota
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Adults v Children with CHD

-Adults
1.500.000+ T57% . 1559 - 150,000
-Children
T19%
1.250.000+ j 125,000
1.000,0004 T11% f 100,000  —
z o
a - &
I 750.0004 . - 75,000
O ' ha
< o
] [i¥]
500.0004 : Ls0.000 P
250.000- 25,000
04 : 0
g 2 g ¢ g & g ¢
YRR % R R R S & & R
| All CHD | Severe CHD |

V772 Phoenix Alshawabkeh L. Curr Heart Fail Rep 2016
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Pediatric to Adult Congenital Heart

Why is ACHD

Expanding population of
adolescents and adults

Increasing? S

Lower perioperative
mortality

Increased early
survival

Early complete

Improved surgical repair

techniques
Advances in
Fetal " NICU care
diagnosis
Incidence of
CHD

Source: Curt J. Daniels, Ali N. Zaidi
Color Atlas and Synopsis of Adult Congenital Heart Disease

www.cardiology. mhmedical.com
Copyright © McGraw-Hill Education. All rights reserved.

3772 Phoenix Franklin WJ. Cong Card Today 2019
9 Children's




#2: Arrhythmias are common!

Arrhythmias

Associated Defects

Tachycardias
Accessory pathways
Twin AV nodes
Intra-atrial reentrant tachycardia (atrial flutter)
Atrial fibrillation
Ventricular tachycardia
Bradycardias
Congenital sinus node dysfunction
Acquired sinus node dysfunction

Congenital AV block
Acquired AV block

Ebstein’'s anomaly; L-TGA

Heterotaxy syndrome

Postoperative Mustard; postoperative Senning; postoperative Fontan; others
Mitral valve disease; aortic stenosis: unrepaired single ventricle

Tetralogy of Fallot; congenital aortic stenosis; others

Heterotaxy syndrome

Postoperative Mustard; postoperative Senning; postoperative Fontan;
postoperative Glenn; others

Endocardial cushion defects; L-TGA
VSD closure; subaortic stenosis relief; AV valve replacement

/72 Phoenix
%5 Children's

Walsh and Cecchin. Circ 2007




D-Transposition of the Great Arteries

Typical heart Heart with transposition
of the great arteries

Aorta Aorta
(transposed)

Pulmonary

Pulmonary
artery

artery
(transposed)
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Atrial Switch Operation for D-TGA
(Mustard or Senning

Aorta
(transposed)

Pulmonary
artery
(transposed)

Fulmonary
venous atrium

/
systemic [

venous —Ji i
atium W

The morphologically
rght ventncle acts as the
systemic ventnsle
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Special Considerations for PM or ICD in
ACHD patients

e Congenital venous anomalies

* Acquired venous occlusion

* |nability to access chamber

e Surgical obstacles (patches, conduits, baffles)
* Intracardiac shunts

* Ventricular geometry and position
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D-TGA s/p IVIustard Hardware?
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PM ,SVC Stent
in @ MustardNpai®en\ Anything
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MAmPlatzer ASD occluder
lbaffle leak




D-TGA s/p Mustard: Pacer leads
Incorrect Correct
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D-TGA s/p Mustard: Pacer leads
Incorrect Correct
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After lead removal & placement of
epicardial leads
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#3: ACHD pts Get “Lost”

 Competent adult care not available
 Many patients were simply lost to follow-up

 Patients and families not well educated about
their conditions, so fell out of care or into
unskilled hands

e Caregivers don’t know what to expect, or
understand their responsibilities

/72 Phoenix
%5 Children's




Chronic Disease Adolescents
and Transition to Adult Care

N = 643 (100%)

_, =643 (100%)

Patients

Diagnosed
by cardiologist
643 (100%)

Attrition
177 (28%)

N = 466 (72%)

53 (8%)

Altrition
123 (19%)

N = 343 (53%)

51 (8%)

Seen
by cardiologist
292 (45%)

Attrition
94 (15%)

Seen
by cardiologist
249 (39%)

6-12

Y

Age g

roup

18-22

Phoenix

W/,
Children’s

Franklin WJ. In: Cong Card Today 2019




How Were They Lost?

* |Inadequate numbers of ACHD providers
* Inadequate ACHD training opportunities
* |nadequate institutional interest

* |nadequate financial incentives

* |[nadequate political and advocacy profile
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Unique Issues Regarding
the Young Adult with
Congenital Heart Disease

Transition to Adult Care

Jordan D. Awerbach = Wayne J. Franklin m Peter R. Ermis

\"/ Ph?emx o Awerbach JD, Franklin WJ, Ermis PR. In: Moss and Adams, 10t Ed. 2021
»2 Children's




#4: Some of these defects can be closed
in the cath lab

SvC

Sin SD
Secundum AS

Primum ASD

Tricuspid
valve

IVC




ASD Closure in the Cath Lab
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ASD Device Closure
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#5: These pts are not “fixed” as children
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Types of Surgical Intervention

e Palliative

— Shunt operations that provide intermediate bridge

e Corrective

— Anatomic: with and without residua
— Physiologic: to restore proper blood flow

 Curative

— No residua or sequelae
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Weren’t These Patients Fixed as
Children?

 Most were left with abnormal circulations
 Abnormal native valves

* Conduits and artificial valves

e Cardiac scars

* Depressed cardiac function
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Coarctation of the Aorta: A Fix is not
often “Fixed”

e Definition: simple vs.
complex, significant has
>20 mmHg gradient
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Coarctation: MRI is best

im1 ( ) T T
Seq [36] 3
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Post-op Coarct Repair--Aneurysm
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Post-op Coarct Repair—Redo Repair
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WIL 59/15¢

5001373291 4 of 7 at 8.1 seq
VR: All Anat
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Coarctation: Unrepaired in adult

Phoenix
Children's
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Beware of Artifact on MRI!

Phoenix

Children's

Vitrea®
Zoom:157%
W/L:54/98
Segmented

4 of 6 at 13.6 sec
VR: All Anat |

Vitrea®
Zoom:157%
W/L:54/98
Segmented

4 of 6 at 13.6 sec
VR: All Anat |




Coarctation, s/p metallic stent

L e

,/ja!_, T, 326

‘;(\ ‘_,
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#6: Tetralogy of Fallot is the most
common complex ACHD lesion

Aorta

Pulmonary

Narrowing of
the pulmonary
valve or area

below the valve

(pulmonary
stenosis)

% Ventricular
septal defect

hypertrophy
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ToF on Echo (unrepaired)

\|I/ Phoenlx Parekh A. https://journal.medizzy.com/tetralogy-of-fallot-in-a-29-year-old/
D" Chlldren's Image source: NEJM 2020



https://journal.medizzy.com/tetralogy-of-fallot-in-a-29-year-old/

Frequency of CHD Lesions

* VSD 20%
* ASD 8%
* PDA 8%

e Tetralogy 5%

* P.stenosis5%

* Ao. Stenosis 5%

e d-Transposition 3%
* HypoplasticLV 1%

Hypoplastic RV 1%
Truncus Art 1%
TAPVR 1%

Tric Atresia 1%
Single ventricle 1%
DORV 1%
Others 5-10%
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Tetralogy of Fallot:
Transventricular repair




27 y/o s/p ToF repair at 9m.
-Surgical Pulm Valve Replacemt (sPVR) 8y ago.
-Now with PVR dysfxn.
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S/p Transcatheter Valve

(percutaneous pulmonary valve implantation)

210N g]




Tough cases...

/72 Phoenix
%5 Children's




Complex Congenital Heart Lesions
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#/: Single Ventricle/Fontan pts are
increasing in number
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Single Ventricle Patients

Aorta Patent ductus
arteriosus

\J L\ / Pulmonary artery

Atrial
septal
defect
or
Patent
foramen

ovale
" e
f .
Right atrium ———— , ventricle
//// :/

Absent tricuspid valve
Right ventricle

Phoenix Tricuspid Atresia




Surgical Shunts in Cyanotic Single Ventricles

Taussig shunt
using right
subclavian artery

Modified Blalock-Taussig

sigIme Ore-lex cormection
between left subclavian artery
and pulmonary artery,

anastomosis of
descending aorta
to left pulmonary
artery

Central shunt vith Gore-tex connection between
aorta and main pulmonary artery

Waterston shunt

WITN anastomosis of
ascending aorta to right
pulmonary artery,

/72 Phoenix
%5 Children's
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1944: Johns Hopkins —
The first congenital heart operation

Dr. Alfred
Blalock

/72 Phoenix
A Children's Dr. Denton Cooley




ST FIrst picuures
of a heart transplant

Heart Disease History!
(with a nod to Texas)

*

Phoenix 1980s
Children's
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Alan Rickman Mos Def

Dr. Alfred Vivien Thomas

Blalock

n A breakthrough
B  that changed the

—_—
N

\ , ~ face of medicine.
\ K/ = A partnership that
\ hroke the rules.

THINGT orpg

=

|
SOME

TA Phoeni ,
Children's HBO Films, 2004




Drs. Thomas, Blalock, Taussig

1174 Phoenix rce: Johns Hopkins Universit
Children's >ource: Johns Hop Y




Dr. Francis Fontan
__—1971

Patent ductus
arteriosus

Atrial
septal
defect
or
Patent
foramen
ovale

Right atrium

/72 Phoenix

Children's

Absent tricuspid valve

Right ventricle

Thorax (1971), 26, 240.

Surgical repair of tricuspid atresia

F. FONTAN and E. BAUDET
Centre de Cardiologie, Université de Bordeaux 11, Hépital du Tondu, Bordeaux, France

Surgical repair of tricuspid atresia has been carried out in three patients ; two of these operations
have been successful. A new surgical procedure has been used which transmits the whole vena
caval blood to the lungs, while only oxygenated blood returns to the left heart. The right atrium
is, in this way, ‘ventriclized’, to direct the inferior vena caval blood to the left lung, the right
pulmonary artery receiving the superior vena caval blood through a cava-pulmonary anastomosis.
This technique depends on the size of the pulmonary arteries, which must be large enough and at
sufficiently low pressure to allow a cava-pulmonary anastomosis. The indications for this procedure
apply only to children sufficiently well developed. Younger children or those whose pulmonary
arteries are too small should be treated by palliative surgical procedures.

Only palliative operations (systemic vein to pul-
monary artery anastomosis; systemic artery to
pulmonary artery anastomosis) have been per-
formed in tricuspid atresia. Although these pro-
cedures are valuable, they result in only a partial
clinical improvement, because they do not suppress
the mixture of venous and oxygenated blood.

We have initiated a corrective procedure for

-

tricuspid atresia, which completely suppresse!
blood mixing. The entire vena caval return under
goes arterialization in the lungs and only oxygena
ted blood comes back to the left heart. This pro
cedure is not an anatomical correction, whicl
would require the creation of a right ventricle
but a procedure of physiological pulmonary blooc
flow restoration, with suppression of right an¢




The Fontan Procedure—
minimal change from 1971
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The Fontan Operation —
Short and Intermediate-term results
are very good...

Outcome After a “Perfect” Fontan Operation

Francis Fontan, MD, John W. Kirklin, MD, Guy Fernandez, MD, Francisco Costa, MD,
David C. Naftel, PhD, Francesco Tritto, PhD, and Eugene H. Blackstone, MD

Circulation, 1990
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After a “Perfect” Fontan by Fontan

_E Interval (years) Percent
2 12 52%
A 6/12 89%
- 1 88%
c 5 B6%
a 10 B1%
= 15 73%
(=
NS PR WP R S TR ST S R TR N PR SR |
3 4 5 6 7 8 9 10 11 12 13 14 15 16

Interval (Years) After Operation

3772 Phoenix Fontan F. Circulation, 1990
»5 Children's




Fontan Physiology

Pulmonary Vasculature

[L|m|ted cardiac output|

Vasodilated,
Ivc & Elevated caval low SVR sk te
n pressure
[ . " Pre-existing and Systemlc Vasculature
Hepatic Veins developing

[ liver disease
Portal Vein 7)
\ R "‘ ';
Ivc Portal hypertension|
|Rena| dysfunctionl

Y74 Phoenix
Children's Mori M, Aguirre JA. 2014




Current Data on Fontans

Contemporary Outcomes of the Fontan () Ghecfrupates
Operation: A Large Single-Institution
Cohort

Carlos M. Mery, MD, MPH, Luis E. De Leon, MD, Daniel Trujillo-Diaz, MD,

Elena C. Ocampo, MD, Heather A. Dickerson, MD, Huirong Zhu, PhD, lki Adachi, MD,
Jeffrey S. Heinle, MD, Charles D. Fraser, Jr, MD, and Peter R. Ermis, MD

ATS 2019
The Adolescent and Adult With a

Fontan Circulation

“Unnatural” Selection and Survival of the Fittest*
JACC 2018

Jack Rychik, MD,*” Yuli Kim, MD"*

AHA SCIENTIFIC STATEMENT

Evaluation and Management of the Child
and Adult With Fontan Circulation

/74 Phoenix |
& Children's Circ 2019




The Fontan Procedure — Long-term
results are good, but mixed

 Complications

— Arrhythmias (SVT: AFlutter/IART “Scar Flutter”),
thromboembolism—> PE,

— ventricular failure,
— pulm AVMs,
— FALD: Fontan-Associated Liver Disease

* “10 good years, 10 ‘so-so” years, then TROUBLE!”
* -from Professor Gary Webb

* “Failing Fontan” Syndrome

 protein-losing enteropathy,
* SVT, ‘R-sided CHF’

/72 Phoenix
%5 Children's




Fontan TEE: R Atrial “smoke”

IPAT T: 37.0C
TEE T 40 40

/71 Phoenix _ _ _
Children's’ Source: Franklin WJ. ACHD Archives




#8: ACHD and Pulm HTN is Bad

/72 Phoenix
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Pathophysiology of Pulmonary Arterial
Hypertension (PAH)

RISK FACTORS AND

ASSOCIATED CONDITIONS VASCULAR INJURY =l  D|SEASE PROGRESSION
Collagen Vascular Disease Endothelial Dysfunction Loss of Responseto
g°:9f""d Heart Disease | Nitric Oxide Synthase Short-Acting Vasodilator Trial
HKI :‘feﬂzgg‘tmsmn . Prostacyclin Production
Drugs and Toxins SUSCEPTIBILITY ! E:;mﬁmfx‘c‘;‘;"
Pregnancy Abnormal BMPR2 Gene

Other Genetic Factors Vascular Smooth Muscle Dysfunction Smooth Muscle

Impaired Voltage-Gated Hypertrophy
,"-

Potassium Channel (Ky; s)

Adventitial and Intimal

Adventitia Proliferation

Media

Smooth Muscle

Hypertrophy In situ

Thrombosis

Plexiform
Lesion

Intima

Early Intimal
Proliferation

Vasoconstriction Advanced Vascular Lesion

NORMAL IRREVERSIBLE DISEASE

Gaine S. 2009

Y72 Phoenix Franklin WJ. 2011
O{- Children's Brida M, Gatzoulis MA. 2018




Pathophysiology of Eisenmenger Syndrome

Normal heart

Pulmonary
artery

: N Left
Right atrium
atrium

Right
ventricle Left
ventricle

Eisenmenger syndrome

Increased
blood flow

to lungs
P o

Ventricular
septal defect

\\ | toward lungs

Wall thickens

Dilated
pulmonary
artery

Ventricular
septal defect

/72 Phoenix
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Findings in Eisenmenger Syn:

Clubbing, cyanosis, 02 sat<85%, HCT®

/72 Phoenix
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#9: Pregnancy with ACHD is risky, but
can be successful

/72 Phoenix
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CV Risk Prediction in Preghancy:
WHO is better (=more Sn for CHD)

CARPREG ZAHARA Modified WHO Classification
3 7%
m]l m>2 ® 0-0.5 m0.51-1.5 = 1.51-2.5 = 2.51-3.5 m>3.5 ]l m?2 m3 u4
Siu 2001 Drenthen 2010 Diller 2014

/72 Phoenix _ ,
™ Children's Kim YY. Cong Heart Dis 2018




23 y/o pregnant Marfan pt

/72 Phoenix
Childre







Mineyraue ceicoral periusien: 5 T AN
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Pregnancy in Fontans — HIGH RISK and
must see ACHD and MFM

IGURE 1 Maximum Intensity Projection Computed Tomography Images

Phoenix Gandhi M, Franklin WJ. Card Clin NA 2011
*% Children's Keenahan LA, Franklin WJ et al. JACC 2020




Contraindications to Preghancy

1) Pulmonary HTN (PVR > 4 or mPAP>45)

2) Cyanosis (02 sat < 85%)

3) Marfan Syn with Dilated Ao Root (> 4.0 cm)
4) LVEF < 20%

5) Severe LVOTO (MS, AS, Coarctation)

/72 Phoenix
%5 Children's




#10: Heart Failure

in ACHD
is Common!

/72 Phoenix
%5 Children's




Heart Failure in ACHD: Pathophysiology

Myocardial fibrosis

$

Late ventricular
dysfunction

1

Differences in myocardial
architecture

Ventricular non-
compaction

Coronary
flow-demand

Ph?enix m Bryant Il R. Ann of CTS 2018
»% Children's Opina AD, Franklin WJ. Prog CVD 2018




Heart Failure in ACHD: Increasing!

15,000
10,000-

5,000-

ACHD Heart Failure
Hospitalizations

3774 Phoenix Opotowsky AR. JACC 2009
\*& Children’s




Ventricular Assist Devices (VADs) in ACHD:
Geometric, Anatomic, and Bleeding Challenges!

Dextrocardia Normal heart, Levocardia

/72 Phoenix Shah NS, Franklin WJ et al. JHLT 2013
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VADs in D-TGA and L-TGA

A Pacemaker
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#10a: OHT is not a “good” option
(but sometimes OHT is the ONLY option)
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ACHD s/p Heart Transplant
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Need ACHD Help?

* Call us!!!
* Cardiology on-call : 602-933-BEAT

Susie Pepp, FNP Jordan Awerbach, MD MPH Wayne Franklin, MD

/72 Phoenix
%5 Children's
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The Mended Hearts, Inc.

UII’TU al ACTION NETWORK"

2022 ADVOCACY DAY
May 4, 2022

enoenix www.achaheart.org




THANK YOU! QUESTIONS?

COLLEGE
OF MEDICINE
PHOENIX

A,

THE UNIVERSITY
OF ARIZONA

@drwaynefranklin

Cv]

wfranklin@phoenixchildrens.com 602-933-BEAT

A Phoenix g . . '
Children's <)@ Dignity Health.
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