Solutions for
TGA, VSD and LVOTO

Victor O Morell, MD
Eugene S Wiener Professor and Chair

Pediatric CT Surgery
Children’s Hospital of Pittsburgh




Disclosure

e Xeltis Pulmonary Valve Conduit




Heterogeneous Group of Patients
Important to define:

e LVOTO * RVsize

— PV annulus size (Z-score) + AVV straddling

— Morphology of the PV * Great vessels spatial
— Subvalvar obstruction relationship
e VSD type * Coronary anatomy

— Location/size
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Anatomy
RV volume
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Anatomy
AVV: Straddling
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Abnormal TV attachments
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Great Vessels




Coronary Arteries
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Surgical Options

Rastelli Repair (1969)

Aortic translocation/Bex-Nikaidoh Procedure
(1980/84)

Lecompte Intraventricular Repair (REV Procedure)
(1988)

ASO/VSD closure/resection of LVOTO

Single Ventricle
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ASO with LVOT resection




STS Congenital Heart Surgery Data Summary
All Patients

u\l Duke Clinical Research Institute
N\ / Participant 50051
STS Period Ending 06/30/2017

Table 4: Primary diagnosis by anomaly, Last 4 Years(Jul 2013 - Jun 2017) - cont.

Participant STS
Primary Diagnosis N % of All N % of All
Single ventricle, Other 3 0.2% 365 0.3%
Single Ventricle + Total anomalous pulmonary venous connection (TAPVC) 2 0.1% 180 0.1%

TRANSPOSITION OF THE GREAT ARTERIES

Congenitally corrected TGA 5 0.3% 122 0.1%
Congenitally corrected TGA, IVS 0 0.0% 91 0.1%
Congenitally corrected TGA, IVS-LVOTO 0 0.0% 25 0.0%
Congenitally corrected TGA, VSD 3 0.2% 232 0.2%
Congenitally corrected TGA, VSD-LVOTO 0 0.0% 196 0.2%
TGA, IVS 26 1.5% 2,073 1.7%
TGA, IVS-LVOTO 1 0.1% 29 0.0%
TGA, VSD 8 0.5% 1.367 1.1%
TGA, VSD-LVOTO 3 0.2% 1359 0.3%




STS Congenital Heart Surgery Data Summary
All Patients

u Duke Clinical Research Institute

Participant 50051
STS Period Ending 06/30/2017

Tabié 5: Primary procedure by anomaly, Last 4 Years (Jul 2013 - Jun 2017) - cont.

Participant STS
Overall | Mortality

Primary Procedure N % of All N % N % of All_| % Mort.
Mustard 0 0.0% - - 18 0.0% 0.0%
Atrial baffle procedure, Mustard or Senning revision 2 0.1% 0 0.0% 29 0.0% 3.4%
Rastelli 3 0.2% 0 0.0% 203 0.2% 3.0%
REV 0 0.0% - - 9 0.0% 11.1%
Aortic root translocation over left ventricle (Including Nikaidoh procedure) 4 0.2% 0 0.0% 76 0.1% 2.6%
TGA, Other procedures (Kawashima, LV-PA conduit, other) 0 0.0% - - 5 0.0% 20.0%
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ORIGINAL ARTICLE

D-Transposition of the Great Arteries with Ventricular Septal
Defect and Left Ventricular Outflow Tract Obstruction

(D-TGA/VSD/LVOTO): A Survey of Perceptions, Preferences,
and Experience
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Procedure that should be considered
the first option
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Total number of Rastelli, Nikaidoh, and REV performed
per year on average stratified by surgeons experience in the field
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What worries
clinicians the most after each procedure?
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Anatomy
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ELSEVIER European Journal of Cardio-thoracic Surgery 31 (2007) 879 - 887

www. elsevier.com/locate/ejcts

The optimal procedure for the great arteries and left
ventricular outflow tract obstruction.

An anatomical study™
Mark Hazekamp®, Francisco Portela, Margot Bartelings

Departments of Cardiothoracic Surgery and Anatormy, Leiden University Medical Center, Leliden, The Netherlands
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azekamp et al, 2007

Tabde 2
Aratomicl charncterntics and suggestions for surgical repak in specimens with TGA/VSD and LVOTOD
Number Bk aomaly o WoTO fovt procedre Alomat ve VO evdwgement  Comment Moaltion geat  Coromary
rocedure NECeANy with Arteviey aratomy
Raweltn?
"w TOANVDANOTO  Porimembaanous Otatructive, dyplastic, blcugsd | Nikadoh | REV Matolh Yeu RV Ranelll Wi AOria right W IR
wibpu monary Suimonary valver annlar lypoplashy A I 8 wrall Ry artevor
an TOAVIDAVOTO  Perimembanows | Obstructive, dyplatic, bicugsd | Unitvent 1l pathwiy Resection of the AOria anterior 1L 2R
wihpumonary puimonary valve, annmlar astiet wptum b
Mypoghasa; stradeting mitral recenry bat wil
valve; cleft antonor mitral loaflet WAL I detachment
of the mitre valwe
LY TOANVIDANOTO  Perimembanous Straddivg mitral valve, cleft Urivertroui v pa thway elief of lVOTO Aoria anterir  1LCk IR
wibpu monary artevior mitral leafet et be pert ormed
WRAOW damage 10
the mitrst walve
ne TOANVDANOTO  Perimembranou AN poseromadion muscle; conus ASD with V5D closure s na Side by side 1R NGk
Wit monary resection of chetructive
muncle e
nn TOANVIDANOTO  Perimemibranou AMterosepial tail, hypertrophy na Aora right WCx IR
wihpudmonary of the LY mterar wall resection of chstructive artevior
muacle twue
L1 TOANVDANOTO  Perimemiranous Ateror mitrsl valve rolation and Senning with V30 clossre Usivertricdry na Both Nkoadoh and Aoria right LLLER L)
wibpu monary malattachment of the anterior and ssidual LYOTO 0wy MY Rartelll mposable e or
i by muncle, incomglete o the YOI cavrat
et anteror mitral leaflet e redeved withas
dmage to the meral
lve
e TOANVDANVOTO  Perimemibranous NOaphd catra thve pumonay Nikaddoh REV Matelh ! MY Rastelll wii AOria right (LS )
wibpdmonary valve, mnteror mErs malattachment R I e el Ry Arteor
N TOGAVSDAVOTO  Perimemiranow BOapid pumonary valee, Nikadoh na Y Ragelll mpoable AOria right W IR
wbpu monary forous Nage. avterer mitral e to mitral artevier
malattachment mal st tachment on
astket wplum
W TOANDORV/IVOTO  Perimemibranous Acowmory mErd valve Uswe ASD with V5D closure na Side by vide 1RILC
(Duweg Birg) wihpud monary and sesection of sccewery
- Uaue
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Table 2
Anatomical charactenstics and suggestions for surgical repar n specimens with TGA/VSD and LYOTO
Number  Bnic anomaly vso woTo Dot procecure Al bernati ve V5D etagoment  Comment Position great  Coronary
procedure necowary with arteries aratommy
Rastell &
0 TGANSD/AVOTD  Musculsr Aneurpsmatic thsee of ASD with VSD closure na. Aorta gt 2LCxR
subpdmonary Membranous septum and resection of anerion (single coromary
aneurywmatic tinee ostium)
nn TGANVIDAVOTO Mol Blcungid Sypimtic pulmonary ASO with V3D clowre na. AOtta rigt HCe-2R
swhpdmonary valve, malaligrment and resection of outlet anterior
outlet septum weptum; shavirg of
the pumosary vaive
e TOANVDAVOTD MUl Pulrmanary annuba hypoplass, Nikaidon REV Raell You BEY Mantelh wik AOTta Mgt LAl
whdmonary ol nuctive coma et W 8 wmald Y arterior
an TGADORY/IVOTO  Munculr From ndge; AL ASD with VIO clowre and na Sie by e R nCx
(Tauswg Dirg) whpsdmonary rewction of Mbromaaculas
v
am TOANVDANOTD  Doubdy commitiod  Unicommissr sl pudmonesy valve; Nibaoon RV Ragell Yeu MY Manelh wik Aorta leh e IR
malaligament outlet septum resuil i a small RY anterior {gadronpd
(destrocardia)  aortic velve)
440 1GANVDAVOTD Doubly commatind  Blaagid pudmonary valve; Nikatdon REY Rantelb Mo Both Nbaadoh and Aorta gt WCe 2R
(15 TCGANVD/AVOTD  Pervmembranous Cbstrective conal turnel; REV/ Rastelll Whaoh seoms Mo REV Raselh wilk give Side by side TR 2
subaortic anterior | bicuspld valve not possible sraght connection LY Ao
STe0 TCGANDANOTD  Perimembr anous Malaligr outiet sept ASO with VD clowre and partial na. Side by vide AL B &
whaortic revection of autlet wptum
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European Journal of Cardio-Thoracic Surgery 50 (2016) 617-625 ORIGINAL ARTICLE
doi:10.1093/ejcts/ezw058  Advance Access publication 23 March 2016
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correction of d-transposition of the great arteries with ventricular septal defect and left ventricular outflow tract obstruction. Eur ) Cardiothorac Surg 2016;50:617-25.
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Surgical management protocol

In light of the frequent complications associated with placement
of right ventricular to pulmonary artery conduits, we opted for
repair on arterial level whenever the LVOTO could be addressed
by resection of obstructive tissue and/or valvular repair. In cases
with complex multilevel LVOTO, we performed intraventricular re-
routing.

We aimed to allocate the appropriate surgical strategy for the
individual patient based on the diagnosed intra- and extracardiac
anatomy. The treatment algorithm was based on the anatomical
substrate of the LVOTO, size, haemodynamic characteristic and
position of the most relevant VSD, AV valve anatomy and the
coronary artery pattern (suitability for coronary transfer or root
translocation).

Decision-making algorithm:

- transoesophageal echocardiography in theatre,

- evaluation of the coronary anatomy after sternotomy,

- evaluation of the size and the position of the VSD through the
tricuspid valve,

- transection of both great arteries,

- evaluation of the RVOT and the VSD through the aortic valve,

- evaluation of the LVOTO through the PV,

- if ASO is contemplated, the PV repair is performed first,

- LVOTO is resected through the PV,

- final evaluation of the LVOT through PV (-2z measured by
Hegar dilators are accepted).
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Figure 1: Mortality after intraventricular rerouting (Group A) and repair on ar-
terial level (Group B).
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European Journal of Cardio-Thoracic Surgery 44 (2013) 1085-1094

doi:10.1093/ejcts/ezt283  Advance Access publication 25 June 2013

ORIGINAL ARTICLE

Anatomical factors determining surgical decision-making in patients
with transposition of the great arteries with left ventricular outflow
tract obstruction’

Preferred
Age

<30days

4-6 months

Osami Honjo', Yasuhiro Kotani', Tara Bharucha, Luc Mertens, Christopher A. Caldarone,
Andrew N. Redington and Glen Van Arsdell*

O. Honjo et al. / European Journal of Cardio-Thoracic Surgery
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Outcomes After Anatomic Repair for D-Transposition of the
Great Arteries With Left Ventricular Outflow
Tract Obstruction

Sitaram M. Emani, MD; Rebecca Beroukhim, MD; David Zurakowski, PhD; Frank A. Pigula, MD;
John E. Mayer, MD; Pedro J. del Nido, MD; Tal Geva, MD; Emile A. Bacha, MD

Background—D-transposition of the great arteries (TGA) with left ventricular outflow tract obstruction (LVOTO) may be
treated with arterial switch operation (ASO) with or without LVOT intervention, as well as non-ASO anatomic repairs,
such as aortic translocation or Rastelli procedure. We evaluated midterm results of repair for TGA/LVOTO at our institution.

Methods and Results—Eighty-eight patients with TGA/LVOTO who underwent anatomic repair were retrospectively
reviewed. LVOTO was defined as pulmonary valve (PV) z-score =—2.0 or LVOT gradient =20 mm Hg in the presence of
anatomic subvalvar stenosis. Risk factors for LVOT reintervention were determined by logistic regression. There was no
hospital mortality and 1 late mortality. Patients undergoing Rastelli procedure were more likely to require surgical
reintervention for LVOTO compared to the other groups (P=0.015). Patients undergoing ASO alone had a higher rate of late
LVOT reintervention compared to those who had concomitant ASO/LVOT intervention (P=NS). In those undergoing
Rastelli, a larger PV z-score was a predictor of LVOT reintervention (P=0.012). PV z-scores significantly decreased before
repair in patients undergoing delayed repair (P=0.005); however, they increased significantly after neonatal ASO (P<0.001).

Conclusions—Patients with TGA/LVOTO who undergo Rastelli repair have a high rate of LVOT reintervention. Higher
preoperative PV z-score is a risk factor for reintervention in this group. Patients with mild/moderate LVOTO undergoing
ASO alone without LVOT intervention may have an increased risk of LVOT reintervention. In neonates who are
candidates for ASO, delay of repair is associated with diminution in size of PV, which may subsequently reduce their
suitability for ASO. (Circulation. 2009;120[suppl 1]:S53-S58.)
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Emani et al, 2009
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Emani et al, 2009

* Most patients with PV z-scores of >3 and
resectable LVOT obstruction should be
considered candidates for an ASO/LVOT

resection

* For PV annular z-score <3, unicommissural PV, or
unresectable LVOTO, the aortic translocation is
preferred.

 Palliation with a Blalock-Taussig shunt should be
avoided in favor of neonatal repair if the patient
is deemed a candidate for ASO.




Nikaidoh or Rastelli?
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doi:10.1510/icvts. 2009.223982

INTERACTIVE
CARDIOVASCULARAND
THORACIC SURGERY

Interactive CardioVascular and Thoracic Surgery 10 (2010) 900-905

www. icvts.org

Institutional report - Congenital

The impact of the length between the top of the interventricular
septum and the aortic valve on the indications for a biventricular
repair in patients with a transposition of the great arteries or a
double outlet right ventricle”

Yasuhiro Fujii**, Yasuhiro Kotani*, Masami Takagaki*, Sadahiko Arai*, Shingo Kasahara®,
Shin-ichi Otsuki®, Shunji Sano®




Fijii et al, 2010

Group A; IVS-AV length of <80% of normal LVDd.
Group B; IVS—AV length of >80% of normal LVDd.
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Fijii et al, 2010

of nom

RVEDV (%

100

P=0.165

 Alarge RV allows the

‘ placement of a sufficiently
larger rerouting patch in
the RV without impairing

the function of the RV




Fijii et al, 2010

* In conclusion, the IVS—-AV length was found
to be a significant risk factor for mortality
and postoperative cardiogenic events.
However, a larger RVEDV may somewhat
compensate for the risk of mortality. The
IVS—AV length should be taken into
consideration when selecting the optimal
surgical procedures for these patients.




Abnormal AVV attachments
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Case report

Aortic translocation for the management of transposition of the great
arteries with a ventricular septal defect, pulmonary stenosis,
and hypoplasia of the right ventricle

Victor O. Morell *, Peter A. Wearden

Section of Pediatric Cardiothoracic Surgery of the Heart, Lung and Esophageal Surgical Institute, University of Pittsburgh Medical School,
Children’s Hospital of Pittsburgh, Pittsburgh, PA, United States
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= > TGA/VSD/PS

Rastelli

Nikaidoh




LVOT

Nikaidoh Rastelli
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Strategy for biventricular outflow tract reconstruction:
Rastelli, REV, or Nikaidoh procedure?  JTCvs 2008

Sheng-Shou Hu, MD, PhD, Zhi-Gang Liu, MD, PhD, Shou-Jun Li, MD, Xiang-dong Shen, MD, Xu Wang, MD,
Jin-ping Liu, MD, Fu-Xia Yan, MD, Li-qing Wang, MD, and Yong-qing Li, MD

“Postoperative echocardiography demonstrated physiologic
hemodynamics in the left ventricular outflow tract and normal heart
function in the Nikaidoh group. Abnormal flow pattern in the left
ventricular outflow tract was noted in both REV and Rastelli groups.
There were no late deaths or reoperations in any group during follow-up.
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Have any of your patients developed recurrent

LVOTO?
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LVOTO

« “ Awareness of
LVOTO has led us to
frequently include
VSD enlargement
(resection of the
anterosuperior
margin)
concomitant with
the Rastelli
procedure”

Kreutzer et al.,d Thorac Cardiovasc Surg 2000;120:211-

23




ATS 2009

The Rastelli Procedure for Transposition of the
Great Arteries: Resection of the Infundibular
Septum Diminishes Recurrent Left Ventricular
Outflow Tract Obstruction Risk

Bahaaldin Alsoufi, MD, Abid Awan, MD, Ahmad Al-Omrani, MD,
Mamdouh Al-Ahmadi, MD, Charles C. Canver, MD, Ziad Bulbul, MD,
Avedis Kalloghlian, MD, and Zohair Al-Halees, MD

King Faisal Heart Institute, King Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia
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RVOT




Raju et al, 2015
Nikaidoh

Freedom from RV-PA connection

100%

87.7:83%

80 4210 4%

40 2220 8%
RV-PA condutt

Log-rank test. P =034

i 2 3 4 § & 7 8 % 1w
Follow-up (years)

% Children’s |« .
) | L PMC




Have any of your

patients developed recurrent RVOTO?
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* The only technique
of RVOT

reconstruction with
good late results was
direct anastomosis

Kreutzer et al.,J Thorac Cardiovasc Surg 2000;120:211-23




SURVIVAL
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Surgery for malposition of the great arteries:
the REV procedure

Duccio Di Carlo**, Yves Lecompte®, Biagio Tomascos, Laurence Cohen®, Pascal Vouhé®

Overall survival (Kaplan-Meier)
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Graph 1. Overall survival (Kaplan-Meier) after the REV operation
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Freedom from Death

Yeh, et al 2007
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As a staff surgeon

have you done any Rastelli, Nikaidoh, or REV?
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Conclusions

* In patients with TGA/VSD/PS good outcomes
can be achieved with any of the multiple

surgical procedures

— The most important factor is choosing the correct
technique for the “anatomy”

14

* Not “one” procedure ideally fits “all patients

— Surgeons need to be familiar with all techniques




Conclusions

ASO/LVOTR

Rastelli

REV
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* ASO/LVOTR

Conclusions

— Resectable LVOTO

— PV annulus >-2 to -3

— “reasonable PV”

— Avoid BT shunt




Conclusions

* Rastelli/REV

— VSD close to Aorta
e Short intraventricular tunnel
* Preserve RV volume
— Important to resect infundibular septum

e Reduce recurrent LVOTO




Conclusions

 Nikaidoh

— For patients with complex anatomy
* Inlet, restrictive, multiple VSD
* Significant distance from VSD to Ao
* Abnormal AVV attachments

* Hypoplastic RV




Conclusions

* RVOT

— Avoid Conduits

— Direct RV to PA connection significantly decreases
RVOT reoperations
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