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Objective: This article presents the long-term results of our patients with a diagnosis of hypoplastic left heart
syndrome (HLHS), hypoplastic left heart complex (HLHC), and variants who received a biventricular repair
following hybrid stage | with ductal stenting and bilateral pulmonary artery banding.

Methods: Between June 1998 and June 2013, a total of 154 patients with hypoplastic left heart structures un-
derwent a hybrid stage | procedure. Forty patients were debnitely treated by creating a biventricular circulation.
Median age and body weight of patients before hybrid stage | were 8.5 days (2-40) and 3.0 kg (1.6-3.8), respec-
tively. The diagnoses were HLHS with mitral and aortic stenosis (), HLHC (n! 15), HLHC with inter-

rupted aortic arch (n 9), critical aortic stenosis with hypoplastic aortic arch {n 4), imbalanced
atrioventricular septal defect with hypoplastic aortic arch (8), double-outlet right ventricle with hypoplastic
aorticarch (1 2), and d-transposition of the great arteries with interrupted aortic afcHljnMedian age at the

time of biventricular correction was 6.7 months (1.6-13.8). The patients were treated with direct biventricular
correction, including repair of intracardiac defectd (r82), Norwood/Rastelli or Yasui (h 4), arterial switch

(n! 2), Rastelli (n 1), and RossbKonno {n 1) operations with ascending aortic/aortic arch reconstruction.

Results: All patients survived hybrid stage I. Median survival after biventricular correction is 7.9 years (0.9-
14.9). Overall mortality was 28 (4 patients) at 4 weeks, 5 weeks, 6 weeks, and 4 months after biventricular
correction, respectively. One patient had to be switched to univentricular circulation and another patient under-
went orthotopic heart transplantation 3 and 4 months after biventricular correction, respectively.

Conclusions:The Giessen hybrid approach is an alternative to the conventional strategy to treat neonates with
HLHS, HLHC, and variants. Biventricular repair after hybrid stage | is feasible and can be performed with satis-
factory long-term survival. (J Thorac Cardiovasc Surg 2014-11)

obstructive left-sided lesions. For certain cases with, for
“B Supplemental material is available online. example, almost absent left ventricular cavity, the therapeutic
route of a univentricular palliation is well debned. In recent
years, early prenatal diagnosis, immediate postnatal recovery

The management of a OOsmall left heart®O continues to HipProstaglandins, and novel strategies for extracorporeal
challenging area in congenital heart disease. Numerougirculation in conjunction with rePned techniques for surgical

studies have attempted to determine suitable candidatd@lliation or hybrid strategy and intensive care management
for a biventricular repair in the newborn peridd. have resulted in remarkable improvements in the outcome

Patients with a small left heart belong to a spectrum of &' pat'e”tséf(s_ o
wide variety of possible combinations of hypoplastic/ A demanding controversy, however, exists in the manage-
ment of the subset of patients with borderline small left heart
From the Pediatric Heart Center Giessen, Justus-Liebig University, GiessenDl, fOr example, a hypoplastic left heart complex (HLHC).
Germany. HLHC comprises small/obstructive left-sided lesions,
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PATIENTS AND METHODS
Abbreviations and Acronyms Between June 1998 and June 2013, a total of 154 patients with diagno-
ses of HLHS, HLHC, and variants received an initial hybrid approach with

BVC ! biventricular correction o . . : _
surgical bilateral pulmonary artery banding and interventional stenting of

HLHC ! hypoplast@c left heart complex the arterial duct in the Pediatric Heart Center Giessen in Germany. The
HLHS ! hypoplastic left heart syndrome ethics committee of the Justus-Liebig University, Giessen, approved this
VSD ! ventricular septal defect retrospective study.

The surgical and interventional methods for the stage | hybrid approach
has been described previousy:* In short, per our actual modibed
strategy, newborn infants with an initial diagnosis of HLHS or borderline
biventricular approach in this patient group may indeed beeft ventricular structures receive postnatal hemodynamic stabilization by
complicated, with multiple interventions and operations dur-low-dose prostaglandin infusion or by the hybrid stage | as a high--
ing follow-up as a result of repeated obstructive lesions oprgency approach. Gross neurologic and further multiorgan assessment is

hiah talit t . itabl didate accomplished in our intensive care unit to exclude severe syndromes
éven high morality ratés In unsuitablé candi S with prognostic relevance. Surgical off-pump bilateral pulmonary artery

Therefore, predictive scores have been developed to eaggnding, normally using a 3.5-mm polytetraRuoroethylene prosthesis (in
decision making in this subsét. These scores, however, a normal-weight newborn infant, 3.0 mm when birth weigi5 kg), is
have substantial limitations and are less reliable |f, for in_perfo.rmed within 3 to 5 days The'reafter, interventional pgrcutangous
stance, patients lie at a level that is close to the discriminan?ten“”g of the ductus arteriosus using a 7- to 10-mm stent is electively
cut-off \'/alue2 Furthermore, these scores are not fully ca abIemStiIUtEd’ mostly within the next 24 to 48 hours.

R ! > y cap Considering the retrospective analysis from the group of 154 patients, a
of predicting long-term outcome of patients even when thecohort of 33 patients who were determined to have borderline/hypoplastic
success of uni- or biventricular correction has been predicteit ventricular structures and 7 patients with HLHS were amenable to
accurately. Overall, long-term outcome data, particu|ar|yrec¢ive a biventricular circulation after a hybrid stage | procedure. Thege
about patients who are managed with biventricular I,ep(,jlii.patlents were operated between May 1999 and April 2013. Most of this

limited. Additi V. th tential for th tual d | tohort (n! 24) met the criteria for a diagnosis of HLHC.

are limited. itionally, _e potenta OI‘_ e eventualdevel-  1q gepnition of HLHC in this study includes the following criteria:
opment of an adequate size of left ventricular structures that
are clearly hypoplastic in the neonatal period is difbcult to” Borderline/obstructive left-sided structures that may involve
predict when there is considerable pressure, in the neonatal - left-ventricular end-diastolic volume &f 20 mL/n?
period, to commit to a dePnitive surgical strategy. - aortic valve siz& 5 mm in a normal-weight full-term newborn infant

Alternatively, therapies that aim to avoid major neonatal D'UCTgfg;’:liv:niocit:ézlg&dnV;"t’ﬁes;cz)\?v;?tg;g;o'7'
surgery requiring cqrdlopulmonary bypass have beer_‘ pro- Antegrade Row to the ascending aorta up to the coarctation.
posed, such as hybrid treatment not only for hypoplastic left
heart syndrome (HLHS) but also its variantsThis strategy o )
. | bil | | bandi di atresia with the presence of a ventricular septal defect and 2 adequately
involves |_atera pulmonary art_ery anding an mt_erven-sized ventricles.
tional stenting of the ductus arteriosus (hereafter hybrid stage patient data have been gathered using a retrospective analysis of patient
I)inthe neonatal period. Therefore, the eventual performanceharts, operative reports, and electronically saved echocardiographic im-
of a Norwood-type procedure for the aortic arch repairages. Al patients rgceived echocardiogra_phic evalua_tion befor_e hy_brid
including the superior cavopulmonary connection (Giesseﬁtage | and corrective surgery by experienced pediatric cardiologists.

. . . . Because all patients were monitored with regular visits in our outpatient
comprehensive stage Il operation) or a biventricular correc-

’ I > cardiology clinic, information about long-term morbidity and mortality
tion is deferred until the age of 4 months or 6 to 8 months,are available for the entire group. Interventions after the biventricular
respectively. Excellent survival rates after the hybrid stage korrection were debned as any surgical or interventional procedure that
have already been report&MeanwhiIe, long-term results was required because of a cardiac or hemodynamic problem.

ofthe Comprehensive stage Il seem promising. In our sampl Median age of patients before hybrid stage | was 8.5 days (2-40). Me-
gian weight and body surface area before hybrid stage | procedure were

of 154 patients, hyb”d stage I and |r_1ter§tage mo_rtal'ty rate%.o kg (1.6-3.8) and 0.2 ™(0.13-0.23), respectively. These patients
are 1.26 and 6.P6, respectively. Survival inthe entire cohort (n1 40) had the diagnoses HLHC {n15), HLHC with interrupted aortic
is 7™ at the 15-year follow-up (unpublished data). One ofarch (n! 9), critical aortic stenosis with hypoplastic aortic arch
the main advantages of the hybrid approachis to retain the pdd! 4). imbalanced atrioven_tricular se_ptal d_efect with a hypoplast_ic aortic
tential of borderline hypoplastic left hearts to receive a biven-2¢h (1! 2), double-outlet right ventricle with a hypoplastic aortic arch
. . . (n! 1), double-outlet right ventricle with an interrupted aortic arch
fmcular correctlo_n.(BVC) l.,lr.ltll the age of 6 to 8 months. More (n! 1), and d-transposition of the great arteries with an interrupted aortic
important, the critical decision on a neonatal procedure can bgrch (n 1). Furthermore, 7 patients who were born with HLHS with mitral
delayed without compromising the survival of patients by and aortic stenosis (including 1 patient with aortic atresia and a ventricular
keeping open the option of a uni- or biventricular circulation. septal defect) postnatally predestined for univentricular palliation were
Herein. we report our experience and the iong_termlater on switched to biventricular repair. Discrete or long-segment coarcta-
. . . . tion of the aorta was present in 21 (5%% of the patients. There were no
outcome _m 40 _pa'uents with HLHS’ HLHC, _and variants other patients who were initially considered for a biventricular repair and
who received biventricular correction following postnatal fajled to receive a biventricular circulation or were omitted from this

palliation with a Giessen hybrid stage | approach. analysis.

The only exception to the dePbnition above is the diagnosis of aortic
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TABLE 1. Characteristics of patients who received biventricular correction after hybrid stage | with outcome data

Patient no. Cardiac diagnosis Age at BVC (mo) Type of BVC Interventions post-BVC Outcome
1 HLHC, IAA, VSD 4.8 Direct A
2 HLHC, IAA, VSD, hypAoA 1.6 Direct AOA reco. (4 'y 6 mo) A
3 HLHS (AS, MS) 9.7 Direct A
4 IAVSD, AA, hypAoA 8.7 Norwood/Rastelli A
5 HLHS (AS, MS, M), LV 6.2 RossbKonno A
dysfunction, EFE
6 HLHS (AS, MS), coronary bstula 6.7 Direct PMI (4 d) A
7 HLHS (AS, MS) 5.3 Direct A
8 HLHS (AS, MS) 5.1 Direct HTx (4 mo) A
9 HLHC, IAA, VSD 9.4 Norwood/Rastelli RPA stent. (4 y) A
10 D-TGA, VSD, hypAV, hyp AoA 7.2 Rastelli A
11 HLHC, hypAoA, VSD 10.8 Direct D
12 AS, hypAa 7.7 Direct A
13 AS, hypAoA, VSD 8.1 Direct D
14 HLHC, EFE 9.5 Direct A
15 HLHC, IAA, VSD 13.8 Norwood/Rastelli A
16 HLHC, IAA, VSD 7.2 Direct A
17 AS, hypAoA, VSD 8.3 Direct Dilation Aolst (4 y 6 mo) A
18 HLHC, IAA, VSD 5.2 Direct A
19 HLHS, VSD 6.6 Direct SAS res. (1y 6 mo) A
RossbKonno (4 y)
20 HLHC, IAA, VSD, hypAoA 11.0 Direct A
21 DORYV, hypAoA 4.8 Arterial switch D
22 HLHC, VSD, hypAoA 2.1 Direct A
23 AS, hypAoA, VSD, RVvOTO 3.5 Direct AoA reco. (8 d) A
24 HLHC, VSD, hypAoA 4.7 Direct A
25 HLHC, VSD, hypAoA 6.6 Direct RPA reco. (4 d) A
26 HLHC, VSD, hypAoA 8.0 Direct A
27 HLHC, IAA, multiple VSD, 6.7 Direct A
hypAoA
28 HLHC, VSD, hypAoA 7.6 Direct A
29 HLHC, hypAoA, RV hypertrophy 6.5 Direct A
30 HLHC, hypAoA, EFE 25 Direc¢t TV reco. (1 mo) D
31 IAVSD, hypLV, IAA 1.7 Direct with AV-Canal correction A
32 DORYV, IAA, hypAoA 5.0 Arterial switch LPA/RPA stent. A
Aolst stent. (4 mo)
33 HLHC, VSD, hypAoA 7.5 Direct A
34 HLHC, IAA, VSD 9.0 Norwood/Rastelli A
35 HLHC, VSD, hypAoA 13.7 Direct SAS res. (9 mo) A
36 HLHC, VSD, hypAoA 2.7 Direct A
37 HLHC, hypAoA 11.0 Direct A
38 HLHS (AS, MS), VSD 7.4 Direct A
39 HLHC, VSD, hypAoA 3.8 Direct A
40 HLHC, hypAoA, EFE 7.5 Direct Switch to UVC (3 mo) A

BVC, Biventricular correctionHLHC, hypoplastic left heart comple¥AA, interrupted aortic arch/SD, ventricular septal defecs, alive; hypAoA hypoplastic aortic archhoA
aortic archHLHS, hypoplastic left heart syndromAS aortic stenosigyiS, mitral stenosisiAVSD, imbalanced atrioventricular septal defe&#), aortic atresiaMI, mitral insuf-
bciency;LV, left ventricle; EFE, endocardial PbroelastosBMI, pacemaker implantatiot Tx, orthotopic heart transplantatioRPA right pulmonary arterystent, stenting;
D-TGA d-transposition of the great arterids;pAV hypoplastic aortic valvel, dead;hypAa hypoplastic ascending aortaplst aortic isthmusSAS subaortic stenosises,
resectionDORYV double-outlet right ventricleRVOTQ right ventricular outBow tract obstructioreco, reconstructionRV, right ventricle;TV, tricuspid valve;hypLV hypo-
plastic left ventricleLPA, left puimonary arterylJVC, univentricular circulation. *Intraoperative conversion to univentricular palliation.

We intended to keep a restrictive interatrial communication consideringhypertension and arterial desaturation. A left atrial pressure up to 15 mm
further postnatal left ventricular growth potential in patients with a higher Hg and a gradient over the interatrial communication between 5 and 10
probability of biventricular repair. The immediate intensive care course ofmm Hg seemed to be tolerable in this setting.
the patient after stage | would be alarming in case of an overrestrictive atrial  Table 1shows characteristics of patients who have received a biventricular
septum with the development of out-of-proportion postcapillary pulmonary correction Figure 1presents the spectrum of diagnoses in this patient group.
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HLHS and variants after Giessen Hybrid Stage |, n=154, since 1998

=

Patients with Biventricular Correction, n=40

HLHS (AS, MS) D-TGA/AA
=7 n=1
HLHC DORV/IAA
n=15 or hypAoA
n=2
HLHC/IAA iAVSD
n=9 hypAoA
n=2
Critical AS
hypAoA
n=4

4 patients (10 %) with EFE
21 patients (52.5%) with discrete or long segment CoA

FIGURE 1. Hypoplastic left heart diagnoses within the group of the patients who received biventricular corretittég. Hypoplastic left heart syn-
drome;AS aortic stenosigylS mitral stenosisD-TGA d-transposition of the great arterié8A, interrupted aortic archiiLHC, hypoplastic left heart com-
plex; DORV double-outlet right ventriclehypAoA hypoplastic aortic archjAVSD, imbalanced atrioventricular septal defe@FE, endocardial
bbroelastosisSCoA coarctation.

Echocardiographic Measurements brachiocephalic trunk with moderate hypothermia Q& 30¢'C was insti-
E|ectronica”y saved echocardiographic studies of all patients were reIUted inall patients. In patients with adequate size of the aSCending aortadur-
viewed without the knowledge of each patient®s outcome. Two echocardi#?g biventricular repair, selective myocardial perfusion was added to the
graphic studies that had been performed before hybrid stage | and befof@rcuit except during intracardiac repair (in this cohort, 6 patient8s15
biventricular correction were included in the analysis. The postBhybridAortic arch reconstruction was performed using a preformed curved xeno-
stage | echocardiography was derived from available echocardiography rékericardial patch/conduit (Biolntegral Surgical, Inc, Canada) after the year
ports, images, and sequences. In order to avoid bias, a single echocardiog002 because of our experience with the use of aortic and pulmonary homo-
rapher performed an actual repeat analysis and recorded the measuremefifafts for aortic reconstruction showing extensive calciPcations at Fontan
from the electronically available images and sequences. Besides catego§ompletion. This is a commercially available curved patch specibcally
cal variables, measurements of morphometric parameters were performéigsigned for a use in Norwood-type procedures. With the No-React
ofR3ine. Annular diameter of the aortic valve was measured in systole fron{Biolntegral Surgical) treatment (heparin-based proprietary detoxibcation
the parasterna| |0ng_axis view. Left ventricular and r|ght ventricular end_and biomodibcation of glutal’aldehyde-tl’eated tissue that stabilizes tissue
diastolic lengths were measured from the apical 4-chamber view. Thesgross-linking and prevents release of aldehydes), this patchiis free of calcib-
were dePned as the direct distance from the middle of each atrioventriculafation at Comprehensive Stage Il and Fontan completion.
valve to the most apical endocardial extension of each ventricle. Left ven-  The applied surgical procedures during the biventricular correction and
tricular to right ventricular length ratio was calculated for each patient. the number of treated patients are as follows: direct biventricular correction
End-diastolic mitral valve diameter was measured from the 4-chambe#ncluding repair of intracardiac defects(n32), Norwood/Rastelli (Yasui)
view. Discriminant scores were calculated retrospectively for each patienfPeration (n! 4), arterial switch operation (h 2), Rastelli operation

based on the echocardiograms before hybrid stage | and biventriculah! 1), and RossBKonno procedure with ascending aortic/aortic arch recon-
correction according to Colan and colleagtes. struction (n! 1). Concomitantly, we performed ventricular septal defect

(VSD) closure in 27 cases (6749, VSD enlargement in 2 cases%8,
reconstruction of the branch pulmonary arteries in 20 caseX J5fight

Medi P—— t biventricul i 6 7ventricular outBow tract reconstruction in 6 cases¥90subaortic resec-
edian-age of patients at the ime ot biventricular CoIrection Was . /i, iy 3 cases (7%), aortic valve reconstruction in 3 cases (. mitral

T ) PO R T an'd T area was B.0 kglalve reconstruction in 5 cases (1209, tricuspid valve reconstruction in 2
(3.0-9.6) and 0.32 f(0.18-0.43), respectively. Standard surgical procedurescaSes (8), and closure of a coronary bstula in 1 case¥%@)5An atrial
during biventricular correction included bilateral pulmonary artery de- eptal communication of 2.8 to 4 mm {n 10) and a ventricular septal
banding, stent removal from the ductus arteriosus with reconstruction Oiommunication M 1 were.left open in 11 cases (2%3

the pulmonary artery on the site of the stent and reconstruction of the aortic '

arch. Pulmonary arteries were reconstructed using autologous pericardiumif )

needed at the sites of the bilateral bandings. During the last few years, a sinStatistical Analysis

ple Hegar dilation or intraoperative balloon dilation was mostly adequate All data were stored and analyzed with the SPSS software package
for the relief of narrowing on the pulmonary arteries due to bandings. Selec{version 15.0; SPSS Inc, Chicago, lll). Descriptive statistics were computed
tive cerebral perfusion by direct or prosthesis-aided cannulation of thefor variables of interest.

Surgical Techniques for Biventricular Correction
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Data are presented as median (range) in most cases and otherwise spedock. In 4 cases, interventional procedures with either sim-
iPed. In dependence of distributions, the paired t test or the MannBWhitney e halloon dilation or stent placement in the aortic isthmus
U test was used for comparison W|th|r_1 the groups between 2 tlme points. r pulmonary vessels were required.
scores were calculated for each patient using a noncommercial software
that was based on former publications with nomografrs. Actuarial
survival and freedom from intervention after biventricular correction
were calculated using the KaplanbMeier equationP Aalue of< .05
was considered signibcant.

Development of Left Ventricular Structures
Figure 3 presents the development of left ventricular
structures (absolute values and Z scores) in comparison
- with the measurements at the time of hybrid stage | and bi-
- ure ventricular correc_tion. _ _
- : ) . - .7 co thé The absolute diameter of the aortic valve increased from
- : - a median of 0.55 cm (0.30-0.80) at hybrid stage | to 0.7 cm
- (0.3-0.9) before biventricular correction. The mitral valve
- annulus was 1.2 cm (0.65-1.70) at hybrid stage | and
- ) B ) _ o ] increased to 1.5 cm (0.9-2.0) before biventricular
Ja- correction.
lian  The median aortic valve Z score w&.13 §7.14 to
- - - — - — _4-9) 0.77) before the performance of hybrid stage | and devel-
- , — S~ . - ' opedtoamedian Z score $f1.21 ¢ 8.87 to$ 0.08) before
2eksihe performance of biventricular correctioR { .04). A
- — — — — "‘?'y-less pronounced trend was observed in mitral valve Z score
; . . pitalfor which the median was 0.5% .97 to 2.42) at stage | and
o was found to be 0.985(2.35 to 2.64) before biventricular
correction P! .05).
Interventions After Biventricular Correction The median ratio of left ventricular to right ventricular
The type and timing of the interventions after biventric- length was 0.90 (0.69-1.10) at hybrid stage | and found to
ular correction are listed ifable 1 Figure 2 B, shows be 0.92 (0.73-1.33) before biventricular correction
freedom from intervention during the follow-up after biven- (Figure 4 A).
tricular correction. The application of the discriminant model that was pub-
Atotal of 16 interventions in 12 (3®) patients had to be lished by Colan and colleaguieis 2006 revealed a median
performed during the entire follow-up. From these cases, 1@core of$ 0.72 & 2.80 to 1.75) for our group before the per-
were surgical procedures: 1 late switch to univentricularformance of hybrid stage | procedure. A repeated calcula-
circulation in a patient with HLHC and endocardial bPbroe-tion before the biventricular correction showed that the
lastosis, 1 orthotopic heart transplantation, 2 aortic arclsame cohort had a median score of 1.8243 to 3.79;
re-reconstructions; surgical interventions on the left ven-P< .001) FFigure 4 B). The cutoff for an accurate prediction
tricular outBow tract had to be performed in 3 patients: 1of outcome was postulated to [#0.65 by the authors.
RossbKonno procedure and 2 subaortic membrane reseBefore hybrid stage I, 18 patients in our cohort were above
tions. Further interventions included 1 pulmonary veinthis level, and so a biventricular correction seemed to be
dilation, 1 aortic arch dilation, 1 right pulmonary artery feasible for this group; however, before biventricular
reconstruction, 1 tricuspid valve reconstruction, and 1 earlycorrection, the discriminant scores of 35 patients were
pacemaker implantation due to high-grade atrioventricularcalculated to be above the critical level $D.65.

T T T T T T T T T T T T T T
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> w8 BVC (n=40), 16 Interventions in 12 patients after BVC, 4 deaths
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FIGURE 2. A, KaplanbBMeier survival analysis for patients with HLHC and variants after biventricular correction. B, Freedom from subsequent surgery or
intervention for patients after biventricular correcti@VC, Biventricular correction.
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FIGURE 3. Scatter and box plots showing the development of aortic and mitral valve Z scores and their diameters in comparison of time points before
hybrid stage | and before biventricular correction. Numbers below the plots represent the median (minimum and maximum) for each parametentEach pati
is symbolized wittplled circlein theupper2 bgures. In théiower bgures, different types sfymbolgplled/unbllecindshapeyare used to identify patients

before stage I, and the values correspond to the measurements before biventricular coBéagier).Hybrid stage I;BVC, biventricular correction.

*P< .05.

DISCUSSION when a primary major surgery has to be performed in the
Management of the OOsmall left heartOO depends on theelenatal period. Alternatively, an initial hybrid approach
gree of underdevelopment of the left ventricle and/or itswith bilateral pulmonary artery banding and ductal stenting
components. The wide spectrum of variable degrees of unmay be performed without the need of an early decision and
derdevelopment of left heart structures may complicate thenajor surgery.”
critical strategic decision of pursuing a uni- or biventricular Besides predictive scores for the estimation of success
approach. The imminent question remains whether the lefwith either a uni- or biventricular approach, simple echocar-
ventricle is capable of sustaining the systemic circulationdiographic measurementsNsuch as critical levels of an in-
when such a baby is presented in the neonatal period. A codexed mitral valve area of 4.75 &m?, left ventricular
rect and timely strategic decision is needed, particularly fodength to heart long axis ratio of 0.8, or an indexed aortic
the intermediate group so as to achieve an optimal outcomeoot size of 3.5 cm/fflhave been postulated as predictors

6 The Journal of Thoracic and Cardiovascular Surgery: - 2014


Shlomo Gabbay



Yerebakan et al Congenital Heart Disease

14 - p=0.26 4 - P<0.001
13 ¢ 3
[}
o 127 5 2
® @
= 41 [ — |
£ - : g
2 10 £
o [ E 0
f
> 0o ! 8 -
= a
= °
- 084 '
! -2
0,7 :
3
0,6 -
Stage | BVC Stage | BVC
0.90 0.92 -0.72 1.47
A (0.69 to 1.10) (0.73 to 1.33) B (-2.80 to 1.75) (-2.43t0 3.79)

FIGURE 4. LV/RV length ratio (A) and application of the discriminant score (B) by Colan and colleagoesir cohort before hybrid stage | and before
biventricular correctionRed linerepresents the critical cutoff & 0.65 above which a biventricular correction is favorable. Numbers below the plots indi-
cate the median (minimum and maximum) for each parameter. Each patient is representdktycaclein (A). In (B), different types osymbolgPplled/
unblledandshape} are used to identify patients before stage | and the values correspond to the measurements before biventricular t¢dfreefton.
ventricle; RV right ventricle;Stage ] hybrid stage IBVC, biventricular correction. P< .05.

of outcome after biventricular repairHowever, none of from centers that combine bilateral banding and ductal
these parameters serves as a guidepost alone for a correstenting in the operating room. The third, but more impor-
decision making in the neonatal period, and especially dant, fact is that (about 3@) in newborn infants with
wrong decision to establish a biventricular circulation in aHLHS, there may be a requirement for a manipulation of
patient with a borderline but insufbcient left ventricular the atrial septal communication, which may be performed
size and/or function may lead to an extremely unfavorableconcomitantly but prior to ductal stenting.
outcome. Furthermore, it is also important to mention that By pursuing the Giessen hybrid approach and subseque
predictive calculations reach their limits of accuracy in pa-operation for a uni- or biventricular approach at the age of 4
tients who belong to the intermediate group of left heart hy-to 8 months, there was no mortality after hybrid stage | in
poplasia, and these scores fail to estimate the long-termour cohort. Overall, 4 patients died after biventricular
effects of any strategy. correction. One patient with HLHS (severe aortic and mitral
Because all of our patients with HLHS, HLHC, and var- hypoplasia) and endocardial Pbroelastosis after having
iants received an initial hybrid approach, patients in thisreceived the initial hybrid stage | in our center had to be
nonselected cohort belong to a wide spectrum of hypoplasswitched to a univentricular circulation after the perfor-
tic left heart variants similar to the usual clinical setting. mance biventricular correction resection of endocardial b-
However, most of the patients had the diagnosis of a hypobroelastosis in another center. He is now alive after
plastic left heart complex, which is debned as a ductf+ontan completion.
dependent lower body circulation but almost always an Surgical reinterventions (10 operations) had to be per-
antegrade Row through the ascending aorta with borderlinéormed in 8 patients (2%) after biventricular correction.
left heart structures. Higher rates of failure and reoperations have been reported
Usually we brst perform bilateral pulmonary artery band-in similar cohorts with early biventricular corrective sur-
ing, which is followed by ductal stenting in the catheteriza- gery. The most frequent reason for a reoperation seems to
tion laboratory within the next 24 to 48 hours via a be obstructions in the left ventricular outBow tract even
transfemoral approach. The main reason for this alternativevith adequate growth of the left heart observed during
approach is to delineate the precise anatomy of the aortdollow-up.** In our group, this occurred in 3 cases,
ductal junction, which varies considerably case by case inncluding 1 RossbKonno operation and 2 resections of a
the catheterization laboratory instead of in the operationsubaortic membrane.
theater. Additionally, a wide variety of stents is available Recent reports have also claimed high frequency of the
in Europe, in particular, self-expandable stents CE markecdheed for pulmonary artery interventions following hybrid
for ductal stenting in newborn infants, which can be placedtherapy with bilateral pulmonary artery bandifigWe
according to the unique anatomy of the aorto-ductal regioncannot conbrm this Pnding because only 3 patients needed
Another advantage of this approach is to actively preventin intervention with stenting or a reoperation due to pul-
inadvertent placement of the ductal stent too far into the demonary artery problems following biventricular repair.
scending aorta. This problem has already been describethe reason may lie in the fact that pulmonary artery
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narrowing if existent was addressed during biventricularapplication of the score in a group of borderline patients
repair either with patch enlargement or intraoperativemay not reveal as accurate discrimination of outcome as
balloon dilation. when it is applied to patients at the extremes. This bnding
Growth of left ventricular structures after early biventric- is important, strongly pronouncing the challenges in an in-
ular correction or neonatal aortic valve intervention hastermediate group of patients.
been shown by other$:*® In our study, we showed an  Schwartz and colleaguésetrospectively analyzed 72
increase of aortic valve and mitral diameters and Z scorepatients with more than 2 left ventricular obstructive lesions
at the time point of biventricular correction in comparison or hypoplasia who underwent biventricular correction
to the measurements before hybrid stage I. A comparableiithout former catheter or surgical intervention. They
tendency was present in the measurement of left ventripostulated among other factors the presence of a moderate
cular to right ventricular inBow length ratio. However, the or large ventricular septal defect as a strong predictor of fail-
left ventricular inBow length Z score was slightly below ure after biventricular correction even with a correlation of
the value of the measurement before hybrid stage I. Thisncreasing size of the ventricular septal defect and aortic
is an interesting Pnding because it may mean that evewmalve without a reasonable explanation. In our series, 27 pa-
with a borderline left ventricular cavity in the echo- tients had a ventricular septal defect, and 3 of them belong
cardiographic measurement, a biventricular correction cato patients who died after biventricular correction. The
be established with good outcome in this group. Thesame study showed that an antegrade Row through the
prerequisite for this success seems an adequate growtscending aorta was a risk factor for biventricular correc-
of the aortic valve and corrective surgery by addressingion, which is in contrast to our perspective and experience
all obstructive lesions in the left ventriclebBaortic because the majority of our patients had antegrade Row
bloodstream. This fact has already been described in ththrough the ascending aorta documented by Doppler
rebned Rhodes score, which improved the accuracy of thechocardiography.
discriminant model when aortic annulus Z score was The presence of endocardial Pbroelastosis was declared as
included in the equation instead of the aortic rootariskfactorforthe outcome by impairing left ventricular dia-
diameter: Further groups suggested unfavorable resultsstolic function*®°In our series, 4 patients had endocardial
for patients with ventriculo-aortic junction of less than 5 Pbroelastosis. One of these had to be converted to uni-
mm, a left ventricular inBow dimension of 25 mm, and a ventricular circulation after biventricular correction;
mitral valve diameter of 9 mm’ In our series, 20 patients another patient with accompanying psychomotor deve-
had an aortic valve diameter of 5 mm or less (1 deathopment retardation received a RossbBKonno procedure
with syndromic features and aortic valve diameter of 4during biventricular correction and developed postcapillary
mm), 17 patients had a left ventricular length of 25 mm pulmonary hypertension but is doing well with conservative
or less, and 7 patients had a mitral valve diameter of 9medical therapy at the 11-year follow-up. As mentioned
mm or less. Left ventricular to right ventricular inBow above, 1 other patient with systemic syndrome and endocar-
length ratio below 0.8 has also been postulated as a criticalial Pbroelastosis died 5 weeks postoperatively. Aformer 2.5-
level favoring a univentricular approactwe had 9 patients kg newborn infant with HLHC and endocardial Pbroelastosis
with an left ventricular to right ventricular length ratio of isdoingwell 9 years after biventricular correction. We also do
0.8 or less in our series. From this subgroup, 1 patienbelieve that the presence and grade of endocardial Pbroelas-
who had endocardial Pbroelastosis died after early convettosis has to be taken cautiously into account by pursuing
sion to univentricular circulation because of several epi-the biventricular pathway.
sodes of bacterial pneumonia, liver failure with severe In conclusion, the hybrid strategy emerges for patients
coagulation derangement, and shunt thrombosis 5 weeksith HLHS and variants especially with borderline left
postoperatively. If the application of the discriminant scoreventricle fulblling the criteria of HLHC as a reasonable
to our group would have been accepted as a guide for thalternative to conventional strategy with direct biventricular
decision in the neonatal period to pursue a univentriculatreatment or neonatal performance of a Norwood-type palli-
or biventricular strategy, only 18 patients would lie aboveation. This is the brst study to analyze long-term outcome in
the postulated cutoff of$0.65 favoring biventricular patients with borderline left ventricle who have been treated
correction. This number of patients has almost doubledwith initial hybrid strategy and subsequently corrected with
before we performed biventricular correction, with 35 pa- biventricular circulation. The advantages of this approach
tients having a score higher th&h0.65. The change in include delaying the critical decision/operation for a uni-
the discriminant score was statistically signibcant. Thisventricular palliation or a biventricular correction without
Pnding again proves the advantage of the hybrid approacltompromising but potentially improving survival of these
which allows for a potential growth of the left-sided struc- patients. Hence, allowing time for the growth potential of
tures when a discriminant score is to be instituted for the dethe left ventricle avoiding a major surgery in the neonatal
cision. As stated by the authors of the original paper, theperiod, we can keep both uni- and biventricular pathways
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as alternatives at the age of 4 to 8 months with satisfactory!-
long-term outcome. Our experience suggests following
important factors in achieving a favorable outcome for pa-12.
tients with borderline left ventricular structures who should
receive biventricular correction: prst, hybrid treatment with
intense perioperative collaboration with pediatric cardiol-
ogy; second, relief of all left-sided obstructing lesions and
when needed creation of an interatrial septal communica®
tion during biventricular repair; and third, consequent
follow-up of patients, including liberalized indication for 15.
cardiac magnetic resonance imaging (available in our cen-
ter since 2008) for the assessment of left ventricular strucie.
tures before comprehensive stage Il or biventricular
correction. 17
Limitations of the Study

The limitations of the study are its retrospective design,*®
reassessment of echocardiographic data from original bui,
electronically saved echocardiographic sequences, lack of
debnitive criteria in the beginning of the series to debne
the diagnostic group of patients (eg, HLHS vs HLHC vs
aortic stenosis with hypoplastic aortic arch), which had to
be completed in the retrospective reevaluation. The tech-

nical quality of the echocardiograms varied but were notPiscussion

absolutely limiting in acquiring the desired measurements.
Only limited but essential echocardiographic data have ye
been acquired. The developments of further echocardio-

graphic parameters such as indexed mitral valve area, Ie&c

pave no disclosures.
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Dr Kristine Guleserian (Dallas, Tex) Thank you very much. |
I would like to thank you, Dr Yerebakan, and your colleagues

hieve biventricular repair for hypoplastic left heart variants,

ventricular end-diastolic volume, or aortic root diameter, the majority of which in your series were hypoplastic left heart

etc and their potential effects on the outcome cannot bgg
shown with the available data.

mplex, after primary hybrid palliation.
This approach is in contrast to the left ventricular recruitment

strategy reported by the Boston group in which the circulation is

a

I
)

References initially supported with standard single-ventricle palliation while
1. Rhodes LA, Colan SD, Perry SB, Jonas RA, Sanders SP. Predictors of survival istaged procedures are subsequently undertaken to relieve inRow
neonates with critical aortic stenosiSirculation. 1991,84:2325-35 and outRBow tract obstruction and resect endocardial bbroelastosis
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10.
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when present in order to promote blood Row through the left
ventricle.

Clearly the determination of the feasibility and long-term suc-
cess of biventricular repair for borderline left ventricle is complex
and must include a very thoughtful assessment of morphometric
and functional parameters, hemodynamic data, surgical options,
and perhaps, most importantly, results in individual and institu-
tional experience.

We always want to make a correct decision and the use of
scoring systems or the application of the discriminant model to

Hybrid approach for hypoplastic left heart syndrome: intermediate results afterWhich you referred is certainly helpfuj but may not always be ac-
curate in cases that may be at the OOcutoffOO or for a heterogeneous

the learning curveAnn Thorac Surg2008;85:2063-70

. Tchervenkov Cl, Tahta SA, Jutras LC, Beland MJ. Biventricular repair in neo-

nates with hypoplastic left heart complednn Thorac Surg1998;66:1350-7

. de Leval MR. The Fontan circulation: What have we learned? What to expect?

Pediatr Cardiol 1998;19:316-20

. Quaegebeur JM, Jonas RA, Weinberg AD, Blackstone EH, Kirklin JW. Out-
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Akintuerk H, Michel-Behnke |, Valeske K, Mueller M, Thul J, Bauer J, et al.
Stenting of the arterial duct and banding of the pulmonary arteries: basis for com
bined Norwood stage | and Il repair in hypoplastic left he@itculation. 2002;
105:1099-103

patient population.

I have three questions for you, but brst | would like to clarify
one thing for the audience:

Do you perform any primary Norwood procedures at your insti-
tution or are you exclusively performing hybrid procedures for all
hypoplasts and their variants?

_ Dr Can Yerebakan (Giessen, Germany) must confess | am
exposed to this new therapy, hybrid therapy, since last year when
| joined the group in Giessen. My Prst experience with congenital
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heart surgery was during my fellowship in the team of Dr Richard Dr Yerebakan. There were 20 interventions between stage |
Jonas in Washington, DC, where | could see this classic treatmergnd stage Il that were performed in these 40 patients. Of course,
of Norwood palliation. In Giessen, we do not ever perform thewe had to consider the learning curve, because this therapy is per-
classic Norwood operation. So the presented group and also tHermed in Giessen since 1998. In the beginning, second stent
hypoplastic left heart syndrome group is a group of patients thaplacement in the ductus and dilation of the stents in the ductus re-
is not preselected. So this is real life in Giessen: every patiengion were interventions that were performed occasionally. No sur-
with a borderline left heart or hypoplastic left heart syndrome isgical but percutaneous interventions were performed between
directed to the hybrid procedure either with initial stabilization stage | and biventricular corrections.

or with urgent Stage | procedure. Dr Giovanni Stellin (Padova, Italy) Congratulations for your

Dr Guleserian. Thank you for that claripcation. results. In your experience, you have included 6 patients with in-

Based on your predictions, the majority of the 40 patients iden-terrupted aortic arch and atrial septal defect. In that model, usually
tibed underwent successful biventricular repair. And | think it is the right ventricle is the normal size. So | think it is inappropriate
fair to say that we oftentimes learn more from our failures thanto speak about hypoplastic left heart complex when you have a
our successes, so | wonder in hindsight whether you uncoveredormal left ventricle. So | wonder whether those 6 patients should
any predictors of these less good outcomesNnamely déhths be probably excluded in your experience and be another topic of
following biventricular repair in those 4 initial nonsurvivors as patients.
well as in the 2 patients who underwent transition to univentricular  Dr Yerebakan. Whether these patients should be excluded, am
physiology or transplantation. I right?

Dr Yerebakan. | think | cannot give you any statistical analysis  Dr Stellin. Yes. Because there is a normal left ventricle, so you
on that. But as we saw, the presence of endocardial Pbroelastosisinnot really talk about a hypoplastic left heart complex. In this
seems to be an important predictor, which is also clearly describeéhstance, the left ventricle has to be hypoplastic. Well, you have
in the literature. As | said, | have no statistics on that. There werea ventricular septal defect; most likely, the left ventricle is normal,
only 4 patients with endocardial Pbroelastosis; probably this numso you should probably have excluded those patients.
ber is too low to create any signiPcance. Nevertheless, syndromic Dr Yerebakan. Then | am right and may refer to the literature
patients too seem to be at risk. Two of the nonsurvivors in thisand our experience. | must say the clear line between hypoplastic
group had systemic syndromes. And | think in these patientdeft heart complex and the more severe or milder spectrum is pretty
with borderline left ventricle, we follow the strategy of keeping hard to determine. | think it is a combination of left heart obstruc-

the atrial septum quite restrictive if possible. tive lesions or small left-sided structures that preclude going
Dr Guleserian. Thank youNthat nicely leads into my next straight to a biventricular correction. So you can add these patients
question. if you want.

Dr Yerebakan. And we try to keep the atrial septum quite Dr Stellin. Well, there is a clear debnition that has been made in
restrictive in order to promote growth of the left ventricle struc- an article, which was written by Christo Tchervenko, and it clearly
tures. Patients who do not tolerate this situation most probablyNdebned the hypoplastic left heart complex. So in the alternative,
this, of course, requires an analysisNare patients who are turnegou should call it something else.
toward a univentricular pathway. Dr Christopher A. Caldarone (Toronto, Ontario, Canada)

Dr Guleserian. So that leads into my next question, and that is, That was a very nice presentation. What you are describing is a
you left an atrial septal communication in about 25% and, in fact,surgical cohort selected from the group of patients who underwent
the defect ranged fromN bilateral pulmonary artery banding and ductal stenting. | think we

Dr Yerebakan. This is during biventricular correction. | was would be interested to know though about all the patients in whom
referring to stage |. At stage |, we try to keep the atrial septumyou used the strategy to defer a 1-ventricle/2-ventricle decision.
restrictiveNwe do not open the atrial septum intentionally as far Presumably, there were some other patients who you thought
as the patients tolerate it. So, we observe the patient within thenight be suitable for 2-ventricle repair but did not. So how suc-
next few days in the intensive care unit and then decide whethecessful is this strategy when you a priori identify that the indication
to proceed with an interventional procedure. for the procedure is a 1-ventricle or 2-ventricle decision deferral.

Dr Guleserian. But in this series, when you did your biventric- That is question No. 1.
ular repair, about 25% still had an atrial septal communication Question No. 2, can you be more specibc with regard to your
ranging from 2.8 to 4 mm. And as we know, optimal atrial septal management of the atrial septum. Specibcally, what left atrial pres-
restriction has achieved balance between left ventricularsure by echo gradient would you be willing to tolerate, and were
throughput and left atrial hypertension. So in any of those patientsthere any patients in whom that gradient got too big? You did an
did you have to enlarge the atrial septal defect? atrial septostomy and then took them out of the running for 2-

Dr Yerebakan. No, there was no case we had to enlarge. ventricle repair, in which case they would not have been reported

Dr Guleserian. As for my last question, you have nicely here.
described the common and expected surgical and catheter-basedDr Yerebakan. With regard to your Prst question, we do not do
interventions necessary in the group following biventricular repair,this analysis a priori, so we do not decide whether a patient is going
so | wonder whether any surgical or catheter-based intervention® have a univentricular or biventricular repair. This is decided
were necessary following the hybrid procedure but before the bi-only when we had the opportunity at the age of 4 to 8 months,
ventricular repair? In other words, were any interventions for theas | said, and a median of 6.7 months. So the decision is made basi-
branch pulmonary artery bands or ductal stent necessary? cally on the growth of the left ventricle structures and on the
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experience of the group as to which patients would tolerate a bi- And the other thing is, often you do not have a restrictive atrial
ventricular correction. So in order to say that, we had to make aseptal defect, so how do you think you really promote growth of
prior analysis before going to biventricular repair, and | do notthe left-sided structures, like in a very unbalanced atrioventricular
have those data. septal defect or in a nonrestrictive atrial septal defect, if you do not
This study is a continuing study, and a retrospective one, so have an intracardiac connection at the ventricular level, a ventric-
cannot tell you about exact numbers where one would say left venular septal defect.
tricular pressure is that and we would go ahead and open the atrial Dr Yerebakan. So with regard to the second question maybe at
septum. In these patientsNyou speak about stage I, rightNso afterrst. | do not advocate that we really promote growth. | mean
Stage | there was no requirement in this group to enlarge the atrigherefore to say we have to have hard data on this.
septum. And if the patients developed postcapillary pulmonary hy- But what we see is when we apply the new discriminant score
pertension and did not really tolerate the situation with a restrictivethat was published in 2006 by Colan et alNthis is with regard to
atrial septum, we would see it in the intensive care unit. Then weyour Prst questionNwhat we gain with this approach is, you see,
would proceed; probably our cardiologist, would perform a percu-patients pretty much, as we expected, lie at the discriminant value
taneous procedure to enlarge the atrial septum. But | cannot telbf minus 0.65. So 18 patients would only be amenable for biven-
you numbers with regard to this study what it could be the cleartricular correction if we would opt for a decision in the neonatal
indication to say we would do or not. In this group, that was notperiod. In contrast, when we go to the time of the biventricular
the case. correction, this score goes up to 1.47, which means that the number
Dr Caldarone. Well, | can commiserate with you because when of patients doubles. So we then have growth of the left ventricle
we look at our records and try to identify the subset of patients instructures, as we see with the score, and are sure, or let us say
whom a 2-ventricle repair was considered, it is hard to discernmore sure, which patients would tolerate a biventricular correction.
So if we are going to really evaluate the use of hybrid management Another reason why we choose this approach is there are data in
for 1-ventricle/2-ventricle decision making, as a community we arethe literature that tells us that in patients with complex heart dis-
really going to have to identify those patients up front and say theyease, the brain maturation is delayed.
are in this track and then monitor our outcomes to see how success- And second, the effects of a cardiopulmonary bypass and eve
ful or unsuccessful we are. | think that is the only way we are evethypothermic circulatory arrest in the newborn period has detri-
going to really be able to assess this niche use of hybrid technologynental effects of the neurologic outcome. And what we have
Dr Yerebakan. | absolutely agree with your comments and the justNI am wrapping it upNjust to show you, short results of the
scientibc way to do it. My data also have the drawbacks of a retroneurologic outcome; these are preliminary data. This is a stud
spective design, so | am not really able to give clear data for youfrom the literature where we see that 40% of patients lie below
question. the plus directional indicator of 70. In our patients, just prelimi-
Dr Sabine Daebritz (Duisburg, Germany)lt is a very inter-  nary, unpublished data, in 19 patients in comparison to a hypoplas-
esting approach. However, what is the rationale of doing thistic left heart syndrome patients with conventional repair, only 5%
particularly in the real hypoplastic left heart complex patients. of our patients lie below the discriminate score of 70. And also
What do you really gain? The decision is anyway very difbcult, with the minus directional indicator, this is the same case. So we
and there are no hard data to know whether a biventricular repaihave avoided neonatal major surgery, with cardiopulmonary
is going to work or not. The hypothesis is that it is probably bypass and we have at least seen in the preliminary data a satis-
most likely working in the neonate because there is some potentidlying neurologic outcome with this approach. But, as | said, this
of even growth of the heart right after birth. So what do you really is just an alternative and only an institutional preference; nobody
gain by adding this step in between? has to do it.
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APPENDIX E1. DETAILED DESCRIPTION OF anomaly) and hypoplastic aortic arch/aortic valve has been
CASES WHO DID NOT SURVIVE BIVENTRICULAR treated with arterial switch operation and reconstruction of
CORRECTION the ascending aorta and aortic arch. She required postopera-

Two of the patients had syndromic features, 1 hypotrophidive venoarterial (3 weeks) and subsequent venovenous
newborn infant (birth weight 2.5 kg) with a diagnosis of (3 weeks) extracorporeal oxygenation therapy (ECMO) and
HLHC, and dysplastic aortic and pulmonary valves, haddied as a result of a progressive right ventricular failure
Robinow syndrome and died 4 weeks after direct(severe pulmonary hypertension), cerebral infarction, and
biventricular correction of unknown reason. Another progredient liver failure during the second ECMO therapy 6
newborn infant (birth weight: 2.3 kg) had microcephaly andweeks postoperatively. A patient with HLHC, hypoplastic
dissymmetry of the head with a cardiac diagnosis of sever@ortic arch, and endocardial Pbroelastosis had to be converted
valvar and subvalvar aortic stenosis and hypoplastic aortito univentricular circulation using a DamusbKayebStansel
arch. He was waiting for the performance of a RossbKonnanastomosis and systemic to pulmonary shunt implantation
procedure due to restenosis of the aortic valve after direcafter an attempt of direct biventricular correction. Postopera-
biventricular repair following failed interventional aortic tively, he required 1 week of ECMO support but died as a
valve dilation attempt. He died because of a progressiveesult of several episodes of bacterial pneumonia, liver failure
dilation of the left ventricle 4 months postoperatively. One with severe coagulation derangement, and shunt thrombosis
patient with double-outlet right ventricle (TaussigbBing 5 weeks postoperatively.
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TABLE E1. Characteristics of patients who died after biventricular correction after hybrid stage |

Diagnosis Syndrome BW (kg) AV Zscore MV Zscore LV length Z score Reason of death

HLHC, hypAoA, VSD Robinow syndrome 2.53 $0.79 0.49 $0.26 Unknown

AS, hypAoA, VSD Unknown syndrome 2.3 $3.75 0.94 $1.29 LV failure

DORYV, hypAoA, coronary N 35 $0.61 0.46 $1.43 RV failure, liver failure, cerebral

anomaly infarction on ECMO

HLHC, hypAoA, EFE N 33 $2.13 0.48 $3.28 Shunt thrombosis, liver failure
under ECMO after conversion
to UVC

BW, Birth weight; AV, Aortic valve;MV, mitral valve;LV, left ventricle;HLHC, hypoplastic left heart compleRypAoA hypoplastic aortic arch/SD, ventricular septal defecS
aortic stenosisDORYV double-outlet right ventricleRV, right ventricle;ECMO, extracorporeal oxygenation theraffE, endocardial bbroelastosidVC, univentricular cir-
culation.
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000 Long-term results of biventricular repair after initial Giessen hybrid approach
for hypoplastic left heart variants
Can Yerebakan, MD, Josephine Murray, MS, Klaus Valeske, MD, Josef Thul, MD, Hatem
Elmontaser, MD, Matthias Mueller, MD, Valesco Mann, MD, Stefan Ostermayer, MD, Heiner
Latus, MD, Christian Apitz, MD, Dietmar Schranz, MD, and Hakan Akintuerk, MD, Giessen,
Germany

Long-term outcome in patients with a borderline left ventricle who received biventricular
correction at the age of 6 to 8 months after hybrid stage | procedure in the neonatal period is
promising. The hybrid approach is a reasonable alternative to conventional neonatal univentricular
palliation or biventricular repair in patients, especially with a borderline hypoplastic left heart.
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