Ebstein’s anomaly

Atrialized
RV



History

1866 — Dr. Wilhelm Ebstein described cardiac findings of
19 y.o. patient who had died of cyanotic heart disease

1950 — Helen Taussig - first clinical syndrome analysis

1950’s — BT shunt for neonatal Ebstein
( functional tricuspid or pulmonary atresia)

1954 — Wright, Kirklin — direct closure of ASD for
correction of right-to-left shunt (patient survived)



1958 — tricuspid valve reconstruction — Hunter & Lillehei — attempt to
create competent valve by repositioning of displaced leaflet &
excluding atrialized chamber ( 2 patients — both didn’t survive due to
CAVB)

1964 - Hardy revived Hunter-Lillehei operation — effective only for
mild anomaly; complications: CAVB; RCA injury; RV aneurysm

Barnard (1963); Lillehei (1967) — tricuspid valve replacement

Danielson (1972); Carpenter (1988) — TV repair based on use of
anterior leaflet

Starnes (1991) — single ventricle palliation of neonatal Ebstein

Knott-Craig (1994) — biventricular repair of neonatal Ebstein
anomaly



Anatomy

Distal attachment of the Ao feu
septal & posterior leaflets

away from the atrio-
ventricular junction

Plane of closure of the
tricuspid valve at the junction
of the inlet and apical
component of the right
ventricle

Dilatation of the atrio-
ventricular junction

. Valvar mechanism |
.\ |




Valve pathology Is variable from patient
to patient

Pulmonary tr "

« Variability of location of the
valve annular attachment
(from inlet to outlet)

« Variability of degree of
formation and delamination of
the septal and posterior leaflet

* |n most cases TV has bifoliate
structure with combined
antero-superior and posterior
leaflet




TV anatomy

TV leaflet malformation:
Septal > Mural (posterior) >Anterior

TV displacement:
maximal — postero-septal comissure
minimal — antero-septal comissure



Anterior leaflet

* Enlarged

 Sall-like

* Thicken and partially muscularized



Leading edge:

Delamination:

Anterior leaflet

- free and mobile

- segmental direct
attachment to the myocardium

- linear direct attachment (entire
leading edge attached to the
myocardium)

- partial
- complete



Antero-superior leaflet of the TV

e Attachment of the
antero-superior
leaflet — focal
attachment to the
medial and
anterior papillary
muscle




Antero-superior leaflet of the TV

« Attachment of the
antero-superior
eaflet — entire
eading edge of the
eaflet Is attached
Inearly to a muscle
between inlet and
apical component of

Keyhole




Antero-superior leaflet of the TV

* Edge of the
anterior leaflet Is
attached In
hyphenated
fashion




Right ventricle

» Atrialized RV — Inlet part of RV above TV
attachment; in symptomatic patient tend to
be thin-walled and dilated

* Functional RV — apical and infundibular
component: - thinner

- contain fewer than normal
muscular fibers

- contain more fibrous tissue



Carpentier classification (1988)

Grade A: mobile anterior
leaflet/small contractile atrialized

right ventricle (ARPENTIER.'S CLASSIFICATION

Grade B: mobile anterior |
leaflet/large, noncontractile @
atrialized RV

Grade C: tethering of anterior AL &% ot @
leaflet/large, noncontractile e
atrialized RV iy Y TRicysPI>

I RE N L@FLET') L's D
Grade D: leaflets forming a (os s i
continuous sac adherent to the
right ventricle



Great Ormond Street score

combined area of the right atrium and atrialized
portion of the right ventricle divided by the area of
functional RV added to the area of the left heart
chambers ( In diastole)

Grade 1 — ratio less than 0.5
Grade 2 —ratio 0.5 -0.99
Grade 3—ratio 1 — 1.49

Grade 4 — greater than 1.5




Physiology

Tricuspid valve: Right ventricle:
- regurgitation - functional dysfunction
- stenosis - Anatomical dysfunction

- stenosis+regurgitation

= —

Decrease flow through the right heart

— T
effective pulmonary shunt direction through
blood flow ASD/PFO



Ebstein’s anomaly

< Y

Neonatal Adult

Age of presentation depends on severity
of tricuspid and RV dysfunction



Newborn presentation

* TV dysfunction
* RV dysfunction

74

Functional (anatomical?)

pulmonic atresia

PDA dependence

 Elevated PVR

N

Congestive
heart failure +
RVOTO

N

Congestive heart
failure



Treatment protocol for Ebstein’s
anomaly In the neonate

PG E dependent

Failure t/; wean Successful wean
cyanosis Cyanosis + CHF CHF No treatment
Shunt alone Shunt+TV procedure TV procedure

| Single ventricle (RV
| “exclusion) TV repair/replacement

=1 % (BDG+TVR) RV exclusion

=TV repair/replacement
How | Manage Neonatal Ebstein’s Anomaly

Edward L. Bove, Jennifer C. Hirsch, Richard G. Ohye, and Eric J. Devaney



Univentricular approach
(Starnes procedure, 1991)

Indication:
* TV not amenable to repair

 Functional portion of TV is -2
Inadequate

* RVOT obstruction




Starnes procedure

TV closure with fenestrated ( 4 mm) patch at the
anatomic level of the tricuspid annulus.

Atrial septectomy

RVOT procedure — only PA division for patient with
pulmonary artery insufficiency.

Reduction atrioplasty

BT shunt



Starnes procedure




Biventricular repair of neonates
and infants

Treatment concept — biventricular repair
versus single-ventricle palliation



Biventricular repair (Knott-Craig, 1994)
surgical technique:

Reduction right atrioplasty ( true atrium)

TV repair: - reduction annuloplasty (annulus 12-14 mm)
- construction of monoleaflet TV

- augmentation of the functional
leaflet if deficient

ASD closure with 3 - 5 mm fenestration: unload RV; increase cardiac
output. Size of the fenestration inversely proportional to the effectiveness
of TV repair.

Creation of functional RVOT — use a small patch( RVOT — 7-8 mm in
neonate);pulmonary insufficiency is very poorly tolerated

Patients with suboptimal TV repair — RVOT should be repaired with valve
conduit



Anatomical variation of repair

Fenestrated atrial septal defect closure is shown

Once detached from the annulus, the anterior leaflet is freed from the underlying muscle

ridges at the os infundibuli level, and the annulus is reduced (A to B)

Knott-Craig C.J.etal.; Ann Thorac Surg 2002;73:1786-1793
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When the leaflets are reattached, the leaflets are effectively rotated counterclockwise
relative to the annulus, changing the orientation of the orifice to point towards the outflow
tract

| .
= WY o~~~ =

Knott-Craig C. J. et al.; Ann Thorac Surg 2002;73:1786-1793

THE ANNALS OF

Copvright ©2002 The Societv of Thoracic Suraeons THORACIC SURGERY



PEDIATRIC CARDIAC SURGERY:
The Annals nj'Tm

the CME relaied to
memher lu.'hluarpﬂ.om o the

CME Progeam is located online at I'Lupd.'mmﬁnwnﬂl.wu To take
ha.n:l-d.n you must kave either an 515 member or an individsal non-
joermal.

Repair of Neonates and Young Infants With

Ebstein’s Anomaly and Related Disorders

Christopher |. Knott-Craig, MD, Steven P. Goldberg, MD, Edward D. Overholt, M,
Edward V. Colvin, MD, and James K. Kirklin, MD

Diepariment of Tk ic and Cardi lar 5 Uni

and Divsion of Candoth

v of iklak

Center, (Hdal

City, Olab

- Surgery, Urivenaiy of Als

Background Seversd: necnakes and
infanas with Ebstoin’s :.ru:m:g usually die I'Hmutum
inservension. The mlaswve rsks and bemcfits of single-
wvemtgicle palliadon versus 2 iwo-vestricle sepair are us-
cenain. kn a recent series, 69% ey suvival with single-
wemtgicle palliztion was mporeed in 16 neonses with
Ebsteln’s anomaly. Our insdiutional bias bas been o do
1 wo-vemtricle repaidr in all such padenis.

Methods. We reviewed oer entise susgical experience
with 2 vwo-veniricle repair in the severely symgptomasic
neonaie in = 22} and young infast im = 5). The indica-
tions for operation were vendlaor dependence, severe
cantiac Failuwre, prosaplisdin-dependent cismslaion, and
gross cardinmegaly.

Resxlts. Between 1994 asd 2008, 27 coasecutlve pa-
tients with Ebsiein's anomaly enderwent operason As-
sociawd comosbidites included anatomic or Funcional
pulmonary stresia in = 18), venerioelar sepial defecs:
in = 31, small kft venericke (m = 30, hypoplastic branch
pulmonary arieries in = 3, previous candiac sargery

bstein's anomaly (EA) represends a dowmnward, oe
O?i:al displacemand of the ror and sepial leal-

the tricuspdd valve, with 2 sesubiant redendamt
al.ﬂ.a].-lmd. mmpoaent of the fght vemtrice sitexad
abowe the plane of the valve annulus. The arderior leafls
is 2bnosmally broad, ofien desceibed as sadlike, althowgh
still based 2 the true anmulus [1, 2. In the sympéomasc
neonate with B, the kading edge of the anterior leadlet
is ofsen apached o the free wall of the Mght vomrice.
Associated cardiac anooabies ssch 2 pulmonary atsesia
ase common, making a swe-veneside sepair wchedcally
wery difficult [3, 4]. Dusing the past three decades, many
repadrs have been developed im adubs 5] and older
childeon, with vasiztions on the theme of plication of the
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in = 4, signficant intracranial hemomhage @ = 31,
hepatic necmsés and renal insufficiency in = 39, and
malignant wchyarrhythmias la = 4). Operaticas coo-
sistod of eicuspid valve repair lm = 230 or valve replace-
ment in = 2, Blalock-Tawssdg shent only im = 1), and
bilsteral pubmonary anerioplasy with  bidirecsonal
Glenm in = 10 Hospital swrvival was 74%, and there have
boeen no late deaths dizring a median follow-up perind of
54 years (ramge, 0.2 o 12 yeans). Thmee patients requimd
wicuspid valve replacement during the Follow-up perind.
Late archythmia mquitdng medicadon is present in 1
patizat. All paticnss are curresily @n New Vork Hean
Association Functional class L
Conclesions. Two-wentrlcdle repadr currently has similar
carly survival compared with e-ventricle palliation.
? nr a better :‘h_t?mhgu: mplﬁﬂnn be
a.uu.dp.lud For a bonger Follow-wp period.
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medundant atralized Mght ventsicle and ulilration of the
sadllike amteror leaflet in comsirecion of 2 ompetend
moeocuspid valve [6-8]. Sympromatic neonates and vesy
voung infanis with BEA usually present as crtically ill,
unstable pasents, mos of whom will die in caddy infancy
withowt a surgical proedure [7]. In addition, neonaies
with severe tiospid regurgiason or gross cardiomey-
aly, and who am otherwise asympromatic, ar seporiad o
have am associaiod morality in iefancy of 45% [10, 11].
Single-syentride palliation of the neorate with EA was
first sugpested by Stames and associates in 1991 [12]. We
successfully did the fiss swo-vendricle repais in peo-
naies in 1994, and seponed those in 2000 In 2002, Sano
and cowoekoes [13] mepored 2 modified sechmigue of
single-ventrice palliaiion esing “vemtricular exclusion.”

Whien presented with a crigcally il neonake or young
infami with EA, the Ersi esendal susgical dedsion chai
needs 0 be made is whether a swo-ventside repair is
feasible, or whether palliation wiih embariasion on a
single-veneide pathway is the more seasonable ap-
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Our institutional bias has been to do
a two-ventricle repair in all such patients.

Between 1994 and 2006, 27 consecutive patients
with Ebstein’s anomaly underwent operation.



Table 1. Associated Comorbidities

Comorbidity

n

Pulmonary atresia (functional 7, anatomic 11) 18

Ventricular septal defect
Small left ventricle

Hypoplastic branch pulmonary arteries

Previous cardiac surgery

Grade lll or IV intracranial hemorrhage
Ischemic hepatic necrosis and renal failure

creatinine 1.5)

Malighant tachyarrhythmias

Three additional neonates responded well
to nitric oxide and prolonged anesthesia,
and were ultimately weaned from the
ventilator and discharged without surgical

intervention
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Takie 1. .'msauu Comoridities

Comorhidity
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Palmonary atresis {functional 7, asatomic 11}
Vestsicular septal defict

Small kel verdricle

Hypuplastiggbranch pulmenary arteries
[RASH TT—

Grade HI og I intracramial hemondags

lschemic meecroais and renal &ilure
{creaimine >1.3)

Maligmant lachyarriythmiae

proach. Tho mistive ssks and boneiis of single-vonerido
palliation compared with iwo-vemisicle repadr are unoes-
izin. In 2006 Reemasen and colleagees 4] wpdased their
resiilis of single-ventride palliation (clossre of the isous-
pid ceifice with a fonestesind paich, acsopulmonasy
shunt, and later Fostan completion) in 16 neconaies with
EA, with 65% carly servival Dur imstituidonal prefoe-
ence bas been to pedorm a iwo-vonisicle sepair in afl
nooazos and youny infamis with EA and simidlar dis-
orders. The resules of this approach are presented in
ibis manescHpd.

Paticats and Meathods

Between 198 and December 2006 we operated on 27
consecuEve Sympdomakic neonzsdos (n = 2 and young
infamis {m = 5) with EA, at Children's Hoapital of Okla-
homa and University of Alabama 2 Bismingham. Ap-
proval for ibds analysis was ocbiained from the institu-
domal eoview boards. This seees incledes 1 neonaio
eperaied on in Indianzpalis with joha Brown, MD, and 1
in Sam Déego with (lenn Pelletive, MD. Theee addisonal

Fg 1. Schaing smgic-stick satrulop iy {papdioy muscie
of anteriar eafle ghromph drthered wpial ieafiel

L\

Fig I Tricupidl anuloplasty siick placed in sremany sie and at
lacafion of exteropadre conmisenr. (ASD = aivial vepiel defect )

neonates respondad well s nitrc oxide and prolonged
anestbesd, and were ulEmately weansed Erom the vent-
lator and discharged without sergical insevendon. One
patiosd ssbsoquenily had 2 succossful sopaie at 8 months
of age. There were no neonates with Ubl's anomaly in
this sesins.

The indications For operation were vorsilaios dopen-
dence, prosiaglandin-dopendont croelstion, sovern cae
diac fadure, and gross cardiomegaly. Table 1 describes
the assoclited comorbiditios in oer paticnss, most com-
moely pulmonary atresia (n = 18, 67%), vemsricular sepial
defects (n = 3}, sall kdi veniricle (n = 3}, hypoplasac
branch pulmonary arteries (n = 31, previcwss casdiac
operation (n = 4l signifcant intmcranial hemoesbage
in = 1), schemir hapatic noceosds and renal insulliciency
{oreatining = 1.5 0 = 3), and maligrars tachyasrbyihmias
in = &) Recent dinical and echocardiography follow-=p
was complete. Median follow-up was 5.4 years (fange, 0.2
&0 12 yoars).

In ons patlent, ibe Slarmes repair was sucomssfully
taken down, and the pasent was convesed o 2 pwo-
venisick: repalr wiih ospid valve replacemend. An-
othes ceitscally il infand eramslesrod with omplete hoan
block, device dosure of an sirlal sepial defen, and prioe
tricusped valve seplacemen: with a tssue proschesis
Aber subsequend balloon disrugtion of the bicprmsihesis
ak the redorsing insStusion, tho patient undorwend suc-
crmaful mﬁn:al rephicemant of the tricuspdd valwe, re-
moval of the aeral septal defect devioe, and pasch closure
of the aesal septum. One pationd semained venslaioe
depandent despii paice Blalock-Taussiy shent and bal-
loon dilamasion of the pulmonary aneries before being
referred for 2 two-ventticle repadr. Another patient had
four prior siomotomics and ibreo Blilock-Tasssly shunss
befoee being referved for repair.

The essensal principles in owr two-ventricle sepair, as

Derwalnaded from s cometjourralb org by on Augu 1B, 2007

In one patient, the Starnes
repair was successfully
taken down, and the patient
was converted to a two
ventricle repair with
tricuspid valve
replacement.

Another critically ill infant
transferred with complete
heart block, device closure
of an atrial septal defect,
and prior tricuspid valve
replacement with atissue
prosthesis.

After subsequent balloon
disruption of the
bioprosthesis at the
referring institution, the
patient underwent
successful repeat
replacement of the
tricuspid valve, removal
of the atrial septal defect
device, and patch closure
of the atrial septum.
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Antegrade

Pulm. Flow
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REPAIR

Good RV

landin-dependant circul
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Anatomic
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Pulm. Atresia

Small RV

Small LV|3

TRANSPLANT

Stable

Functional

Pulm. Atresia

Unstable

B-T Shunt vs.
Starnes Repair

2-VENTRICLE
REPAIR

Starnes Repair
& Ligate MPA
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facing septal wall. The annuloplasty skwch is placed with
ong pledgered ard in the comnary sinus, tha sdar
pledgeted end at the location of the commissure be-
vwoan the ankarior and {if otherwisa present) possarior
leafles { Fg 2). Approncimation of the annuloplsty sivch
affeceivaly pardvions the wicuspid valw orihce inwo weo
openings, the “main” orifice and a meme “audal” or
“rightward” orifica (Fig 34). If the walve is then compe-
wnt, tha caudal orifice is closed, plicaking the arrialized
portion of the right venirick at the same ime as educing
e annular diamear (Fig 38) A more complex mpair is
mquired if the ansarior kaflet is dvsplsic, poorly fenes-
waved {reswicing right venericular infow), or mom
firmly tethered v the undertving mvoardium. In these
cazan, the laaflet is wkan dowm from the annulus [15 17]
freed up from is underlying avachmems (Fig 4), and
than raakiachad v the newly mduced annulus (Fig 5. 1
tha antarior kaflet does not reach the opposing wall, then
it can ba dewched from the anmulus and enlarged with
an auclogous pericardial patch o allow it w0 bridge the
gap (Fig €1 In two of our patents, a modified Blalock-
Taussig shunt was added w0 improve poswperative pul-
monary Hocd Bow. In all patens, the placement of a
peritonaeal dialysis cathewer has becomsa wary halphal in
draining pestoperative ascws, aiding diaphrmgmatc ex-
cumsion and postoparative pulmonary mechanics.
Poswperdvely, tha patiens initdally remain para-
bzad, sedaved, and ventilawd. Wa uss largs eidal vol-
urnes on the ventilator {12 w0 15 mlkg) because tha lungs
ara usually subopeimal, dhair full dewolopmant having
been dificult in a chest caowded by cardio ly. Wa
instrusa all measums v educe elevassd pulmonary
vasoubr resistanca, including inhaled niwic codda. Oy
gen camving capacis is optimized by mainwining a
hemawit of at least 45% o S0, as the ccygen satura-

Aan Thane Surg
OTMIT-A

vion may bo low (and welemed) for the Breed e & dave
afbar surgery. We hava found isoprowerencl infusion (0,05
pg - kg™ - min ™) b ba the most usaful inowropic agent
in the pariopemtive paricd.

Results

In all bur 2 pakerus, svo-venwrick mpairs wer per-
formad. In 1 paient with a small right veniricks and only
mild wicuspid mgurgitton, but with a presaglndin-
dependent ciraulation, a Blalock-Taussig shunt only was
done, This was wken down 6 months laser and a bidire-
tonal Clenn added. Another infant who had thres pre-
vicis Blalock-Taussig shumie dsowhare, bafore baing
referred for repair, had eosemnsive bilaseral parch augmen-
wkion of the pulmonary ameries and a bidirecional
Clenn.

Sevenw-four percent (20 of 27 patiens) survived w
hospial dischange. Recant follow-up was achieved in all
survivars. The median follow-up was SAvears (range, 0.2
2 12 vaars). There have been oo law deachs, All patients
ame ourmently in Mew York Heart Associaion chss |
funciicnal ssaws. Thes padenis have mgquired ericuspid
valve mplacement during the follw-up period. Biopros-
theses ware placed 2 w 4 vears afwr their inidal opera-
tion. Although 4 parienis had sympromatic tachyarrhyeh-
mias presperatively, and despiw tha wall-known
aseociation of EA with accessory pathway machydysrhyth-
mia [2, &), wa have had only 1 padene (5%, 1 of 20
patients) manifest a wansient tachvamrhvthmia requiring
mwdication during tha follow.up pariod

O tha 7 nonsurvivons, tha fackors associated with eheir
poor oukcoma were variahle. OF the 11 patents with
anatomic pulmonary awesia, 6 died (6% postwopera-
tivaly. Three patents required suppon with an exeacer-
poraal membmne coygenator pestoparatively—1 patent
experienced extracorporeal membrane coygenator pump
failure on the third poswperativa day: | mequined oowa-
corporeal membrare covgenator followed by ericuspid
vahva mplacamant, the funcion having besn desmed
“margimal” by echocardiogmphy: the third emracorpo-

Fig 7. Echasardiapems of & pafiest with ae snacoeplably el ift
vewricle, (LA = ke ammion; BA = right edrisan; BV = right
el |

Dreszlnaded from ot conetownalicng by on Aogua 18, 2007

Results:

1. In 2 patients BT shunt was added to
improve pulmonary blood flow

2. 2 patient underwent single-ventricle repair
(25 patient underwent two-ventricle repair)

3. 74% (20 from 27) survive to hospital
discharge & no late death

4. 3 patient have required tricuspid valve
replacement during follow-up period (5 from 27
patiens — TVR)

5.0f the 11 patients with anatomic pulmonary
atresia — 6 died (66%)

6. 3 patients required ECMO support
postoperatively (1 required ECMO followed by
tricuspid valve replacement). No patient survive
to hospital discharge.
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Patients with pulmonary atresia—representing
greater than 60% of the patient group in our
series—seem to fall into two general groups:

Fig £, Managevmen aigoriie af Ertei's pa-
s bared o amasizicd avamaiios wed over-
all wrebiliy, (E-T = Blslock- Tawarig: LV = isf
mentricis; MFPA = maix puiwanery arieng
Fulw. = paimonany; BV = might revisicie

Antegrade
Pulm. Flow

those who are relatively stable on the ventilator,
often with gross cardiomegaly, severe tricuspid

\“I ‘

|
%l
CARDIOVASCULAR

mal membrana oxygenator patent had hypoplastic pul-
monary arwenies, and undeneoent homograh replacemaent
of the pulmonary walve. Although this patent subse-
quantly had exellent hemodvnamics, she exparienoed a
sevare intracranial hemomrhage and suppon: was with-
drawn. Mo paient mquiring exracorpereal membrans
axygena or suppon survived o hospital dischargs. Two
patients had small lefe venwicks precperatively, and
sucoambsed v low cardiac supue aber surgery (Ag 7L
There was a wchnical emmerin 1 patient, irvolving injury
o the right coronary arsry during the reducion arrio-
plasey. Afrer this case, we adopied a policy of mandarory
marking of tha right comnary anery courss with a sar-
gical pen bafore making ame awicwomy. Fnalky, 1 crivi-
cally ill padent cama e e almady having sulfered o
gmde IV inracranial hemorrhage associated with Seph-
whovanows awrais sepricomia. This parient undenwant sar.
gery at 10 daws of life, but unforwnaely had a mcurrence
af tha intmcrnial hemomrhage, and despive a satsfacwory
mpair, the situaion was imetrievable and support was
withdrmen.

Comment

Since 1994 we have opemased on 27 aideally ill neonakes
or young infams and have bean abla w0 achisve early
survival mees that are similar © recent repons imalving
sinigle-venrick palliadon [4]. In our spinicn, it remains a
feasible, reasonable approach, and the benefits of having
a vwo-vaneride syewm will surel ba malized over da
course of a longer follow-up pericd. In contrast w0 the
meant mepart by Reamsen and assaciaes [4] of 16 pa.
tients with single-vanicle palliation in whom tha tricus-
pid valvawas notamenable @ repair, we falk comiforabla
mpairing all but 1 neonate. This patent had prostag-
landin-dependant circulakion and 24 wicuspid regurgi-
tation; wa eleckad o initally plce a small acropulme-

nary shunt, followed 4 months heer by a bidirectional
Clenn anaswmosia, with an eovallant resule

From our experience (74% survivall, it seems evident
that sama neonates may have had a beewr chance of
survival with an alernative operation. This was most
evident in patients with anaromic pulmenary awesia,
which was asscciated with a 65% monaliy. Many of
these patients had small pulmonary arseries; others had
diminutive funceional right ventrices. As the primary
chordae o the anerior leaflet often criginake from mdi-
maneary papillary muscles in the infundibulum, these
may @sily be injured during the conswuction of a right
vanencalar cudlow wac pach or pulmonary valve re-
plicement, making the wicuspid repair inadequate.

Tha dikmma mmaine how o decide which oparaion
is o=t suitable for cach patient from our experience, we
curmenthy feol combident in cur abilivy v epaic 3 neonaw
who has some prograde flow across the pulmenary valwe,
albwit while optimizing the pulmonary vascular resis-
ance with inhaled niric codde and a low-dosa infusion of
isoproserencl. Fgure & represents our managemeant algo-
rithm when approaching a patient with EA, based on
thiir assodassd anomalies, aswall as their overall clinical
sabiliy. Patdents with pulmonary awesia—representing
greater than 60 of the patient group in our series—seem
o all inex o general groups: these who an mhbvely
=table on the venibwor, often with gross cardiomegaby,
savans tricuspid regurgitatdon, and a dvsplisic (rather
than a wue EAJike) vahe and thess who are very
unsablo with ongoing progrossive mowbolic acidosie
and Funcricnal pulmorary awesia, often with reemogade
floww back through the pulmonary vabve. The former
usually do well with either a vwo-venirick mepair if they
hawe a decent size funcdenal right venwnicks, or just an
imitial shunt followaed by a 1%-wenwide repair at 4 1o 6
months of age if they have small funcismal right ven -
chkes; the later are probably best sarved with inikal
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*’l'mLml regurgitation, and a dysplastic (rather than a true
| EA-like) valve;
REPAIR (e ameron]

and those who are very unstable

, often with retrograde flow back
through the pulmonary valve.

The 1° group usually do well with either a two-ventricle
repair if they have a decent size functional right ventricle, or
just an initial shunt followed by a 1%-ventricle repair at 4 to
6 months of age if they have small functional right

ventricles

The 2 group are probably best served with Starnes

Single ventricle palliation



Neonatal Ebstein’s

« Patients with antegrade pulmonary flow &
good size functional RV — biventricular
repair

« Patient with pulmonary atresia (functional
or anatomical) and cyanosis — shunt In
neonatal period followed by definitive
repair at 4 — 6 months of age

« Patient with pulmonary atresia, cyanosis
and CHF — single ventricle palliation



Ebstein’s anomaly-adult patient
Indications for operation

Symptoms of dyspnea or + Cardio-thoracic ratio

right-sided heart failure > 0.65

(NYHA 11-1Y)

PrOgrESSive RV dilatation o Severe’ progressive
(before Significant RV Cyanosis
dysfunction)

Onset / progression of
arrhythmias

Earlier operation if good
TV repair is likely

« Reduced LV function

 Associated lesions



Echo assessment of TV

Anterior leaflet:
— At least 50% delamination of anterior leaflet

Multiple attachments of anterior leaflet ( most probably
mobilization will be inadequate and coaptation with septum
iIneffective);

— Free leading edge of anterior leaflet
Papillary muscle attachment to the leaflet prohibit good repair

TV displacement:

— If TV doesn’t view in the apical 4 chamber view (with a crux in
the view) — TV is severe displaced to outflow, functional RV is
small — better option replaced the valve

TV - Doppler underestimate TR: - RV pressure is low
- TR direction unusual



Surgical technique

Leaflet fully mobilized. Area of
atrialized ventricle to be plicated noted
by dotted lines.

Detachment of the anterior leaflet from the
tricuspid annulus.



Carpentier technique

Advantage of RV plication: improve transit of blood through the right side of
the heart; lessen compression on the LV

Disadvantage of RV plication: potential compromise of the coronary artery
supply to RV; risk of ventricular arrhythmias



Tricuspid valve repair

Pledgetted sutures drag the
anterior papillary muscle closer
to the septal leaflet to improve

coaption

Reconstructed tricuspid valve















1 2 repair for Ebstein anomaly

BDG provide pulmonary flow

BDG decrease RV volume overload
BDG support LV preload and output
Functional improvement of TV repair



Hemodinamic conditions for BDG
construction

LV EDP <15 mm Hg
« Transpulmonary gradient < 10 mm Hg
 Mean pulmonary pressure < 18 — 20 mm Hg



Indication for BDG

Physiological:

Inadequate RV function (cyanosis
+ | NYHA class)

Cyanosis at rest

Effort induced cyanosis (low threshold for
BDG)

Intraoperative RA/LA pressure > 1.5



Indication for BDG

Anatomical:
« Small TV orifice/TV stenosis on post-op TEE

* Residual TR



Indication for BDG

Patient with depressed LV
function (secondary to
RV dysfunction)

- LV EF < 25% - heart transplant

i LV E F - 2 5 — 35% ) B D G + Results of the 1.5-ventricle repair for Ebstein anomaly and
ompetent TV e —

- LV EF > 35% - biventricular
repair
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Tricuspid valve replacement




European Congenital Heart Association

150 patients; 13 centers; 1992 — 2005
Median age — 6.

80% - type B, C ( Carpentier classification)
60% - NYHA Il - IY

Procedure: TV replacement — 33%
TV repair — 27%
1 72 repair (46 pat) ( 50% - TV replacement;
50% - TV repair) — 26 %
Other — 14%



European Congenital Heart Association

Operative mortality — 13.3% ( 20 patients):

- TV replacement — 5
- TV repair — 3 pat
-17% -7 pat (15%)
- other — 5 pat
Mortality 0% after age 10 .

Risk factors: age/ palliative surgery associated
with younger age.




