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ABSTRACT
Background. Multiple conduits for right ventricular outflowetct reconstruction exist, though the ideal
conduit that maximizes outcomes remains controgkeidie evaluated long-term outcomes and compared
conduits for right ventricular outflow tract recanstion in children with truncus arteriosus.
Methods. Records of patients who underwent truncus artesiospair at our institution between 1981 and
2018 were retrospectively reviewed. Primary outc®imeluded survival and freedom from catheter
reintervention or reoperation. Secondary analysakiated the effect of comorbidity, operation era,
conduit type, and conduit size.
Results. One-hundred patients met inclusion criteria. Med@low-up time was 15.6 years (interquartile
range, 5.3-22.2 years) Actuarial survival at 30sj&yyears, 10 years, and 15 years was 85%, 724, 72
and 68%, respectively. Early mortality was assedatith concomitant interrupted aortic arch (HR; 5.4
95% CI, 1.7-17.4p=0.005).

Median time to surgical reoperation was 4.6 year$8; interquartile range, 2.9-6.8 years).
Right ventricle to pulmonary artery continuity westablished with an aortic homograft (n=14),
pulmonary homograft (n=41), or bovine jugular veomduit (n=36) in most cases. Multivariate analysis
revealed longer freedom from reoperation with theite jugular vein conduit compared to the aortic
homograft (HR 3.1; 95% CI, 1.3-7.@=0.02) with no difference compared to the pulmortanograft.
Larger conduit size was associated with longerdive® from reoperation (HR 0.7; 95% Cl, 0.6-0.9;
p<0.001).
Conclusions. The bovine jugular vein conduit is a favorable aaihébr right ventricular outflow tract
reconstruction in patients with truncus arteriosLsncomitant interrupted aortic arch is a risk dador

early mortality.
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Glossary of Abbreviations

BJVC
ECMO
IAA
IQR
RV-PA
RVOT
TA
TA-IAA

Bovine jugular vein conduit
Extracorporeal membrane oxygenation
Interrupted aortic arch

Interquartile range

Right ventricle - pulmonary artery

Right ventricular outflow tract

Truncus arteriosus
Truncus arteriosus with interrupted aortich




Truncus arteriosus (TA) is a rare congenital cardialformation characterized by a single arterial
trunk that arises from the base of the heart, @esrthe interventricular septum, and supplies the
systemic, pulmonary, and coronary circulations.cbinprises an estimated 0.21-0.34% of all cases of
congenital heart disease and presents with a sigett aortic arch or an interrupted aortic archAjlA
18-36% and 11-14% of cases, respectivédher associated conditions include DiGeorge syme;
atrioventricular septal defect (ASD), aortic coaticin, and coronary artery anomalies.

The ideal conduit for right ventricular outflow ¢t RVOT) reconstruction during TA repair remains
controversial. The aortic homograft was used infittsé successful repair of TA and is still utilén
some institutions, though use of the aortic homibdpas largely fallen out of favor due to a propgns
for obstruction, early stenosis, and adherencenmsnding structures which increases difficulty of
reoperatiorf* Improved outcomes with longer freedom from condygfunction and decreased graft
calcification are reported with the pulmonary homadig’® However, significant regurgitation and
stenosis leading to early reoperation have beeardeoted:®

Due to concerns of limited durability, availabilignd cost of homografts, attention has turned to
alternative approaches. Some studies report béaleditcomes using directght ventricle to
pulmonary arteryRV-PA) anastomosis for TA repailRVOT reconstruction using porcine xenografts
has been accomplished, though successful operateraften documented in older patients with
recommended use beyond the neonatal pétibtie valved bovine jugular vein conduit
(BJVC; Contegra, Medtronic, Minneapolis, MN) demiwates hemodynamic and tissue handling
properties similar to homografts, with additionahkfits of natural continuity between the valve and
conduit, less obstruction and regurgitation, anifable long-term results when compared to other
conduit types$:***°However, concerns of stenosis, thrombus formatiad, endocarditis have been

reported-®%



Given the controversy regarding the optimal confhrifT A repair, we aimed to compare survival and
reintervention outcomes by conduit type for RvVO@amstruction in children undergoing TA repair at

our institution.

PATIENTSAND METHODS

Patients

All patients who underwent TA repair between Novemb981 and April 2018 at Riley Hospital
for Children at Indiana University Health in Ind&polis, Indiana were included. Electronic medical
records were retrospectively reviewed. This studg approved by the local institutional review board
and due to the retrospective nature of this sttiiyneed for informed consent was waived.

Patients were grouped according to TA anatomy fsateby Collett and Edwards
classificatior™ Conduit function was assessed using transthoeatiocardiography with color and
spectral Doppler patterns per the American Sodéfchocardiography. Conduit failure was defined by
moderate or greater valve incompetence and/or B¥aRA gradient greater than or equal to 40 mmHg.
In agreement with the Society of Thoracic Surgd@TsS) definition, early mortality was defined as
death within the first 30 postoperative days oiimtythe same hospitalization in which initial repaias
performed. Primary outcomes included overall swalifreedom from catheter reintervention, and
freedom from reoperation. Secondary analyses wanfenmed to evaluate the effect of

comorbidity, operation era, conduit type, and cdinsiae.

Surgical technique

Our technique of repair for truncus arteriosuskeen previously describédomograft size was

determined by upsizing the conduit 1-2 sizes frbengulmonary valve Z-score for the patient. Each



conduit was cut as short as possible posteriordythe left pleural space was opened widely to avoid
sternal compression of the valve and prevent condlie regurgitation.
Satistical analysis

Data were analyzed using SPSS for Windows versiofSPSS, Inc., Chicago, IL) and R version
3.5.0 (R Foundation for Statistical Computing, \fianAustria). Categorical data are listed as ngfa)
continuous data are listed as median [interquaditge (IQR)]. The Kaplan-Meier product limit metho
and Cox proportional hazards regression methods used for analysis of survival, freedom from
catheter reintervention, and freedom from reopenafilultiple regression analysis was performed as
conditional backward stepwise proportional hazaegsession. Mortality and operative reintervention
were identified as competing risks, necessitatiregdevelopment of a cause-specific Cox proportional

hazard model for each outcome.

RESULTS
Patient demographics

During the study period, 103 patients with TA wexaluated at our institution. Of these, 3 patients
were excluded due to initial TA repair performedatoutside hospital (n=2) or definitive treatmerth
heart transplantation (n=1). The remaining 100gnds$i with primary repair in infancy were included i

the analysis. Patient demographics are summariz&dble 1.

Operative details

In 84% of patients, TA repair was performed infing 100 days of life, with a median age of 33
days (IQR 20-71 days). The median weight at opamatias 3.2 kg (IQR 2.8-4.0 kg). Total
cardiopulmonary bypass duration ranged from 83t minutes (mean, 183 + 73 min). Aortic cross-
clamp duration ranged from 23 to 247 minutes (m88art; 40 min). RV-PA continuity was established
with a cryopreserved aortic homograft (n=14), crgserved pulmonary homograft (CryoLife, Inc.,

Kennesaw, GA) (h=41), bovine jugular vein conddibitegra, Medtronic Inc., Minneapolis, MN)



(n=36), valved heterograft conduit [woven Dacroafgcontaining a glutaraldehyde-preserved porcine
valve (Medtronic, Inc., Minneapolis, MN)] (n=4), mwvalved polytetrafluoroethylene (PTFE) tube (W.L.
Gore & Associates, Inc., Naperville, IL) (n=3),®@ore-Tex monocusp (W.L. Gore & Associates, Inc.,
Naperville, IL) (n=1). In one case, direct anastsindo the right ventricle was performed according
the technique described by Barbero-Marcial andciasss’ Median conduit diameter size was 12 mm
(IQR 11-12 mm).

Five patients underwent truncal valve repair attittne of initial TA repair. Aortic root replacement
was performed in 1 patient using a 12 mm aortic ¢unaift. A second patient underwent an aortic root
replacement with concomitant Nicks aortic annutdaegement® Aortic valvuloplasty was performed in

2 patients. One child underwent aortic valvulopglagith conversion to aortic root replacement.

Trends over time

Subgroup analysis by operation era revealed siginif trends over time at our institution (Table
2). Earlier eras were associated with increasediadaveight at initial repair and decreased 30-day
survival compared to operations performed in lates. Our preference of conduit material for RvOT
reconstruction technique has also changed over Tilme aortic homograft, Dacron valved porcine
conduit, non-valved PTFE tube, and direct anastisrieshniques were used in the 1980s and early
1990s. The pulmonary homograft was the conduihofae in the 1990s and the second most common
conduit used in the 2000s. Since 2000, the BJV(hkaa our conduit of choice for RVOT reconstruction
for TA repair (Figure 1).

Delayed sternal closure was performed for 43 pttighsignificant association between delayed

sternal closure and operation era was found, vathyeéd sternal closure occurring more often witarla



operation eragpk0.001). No instances of mediastinal infectiondwaiing delayed sternal closure were

reported.

Follow-up
Excluding 26 patients who died in the first 2 poperative years, patients were followed for a
median of 15.6 years (IQR 5.3-22.2 years). No pati@as lost to follow-up. Actuarial survival at 30

days, 5 years, 10 years, and 15 years was 85%, 72%, and 68%, respectively.

Mortality

A total of 30 mortalities (30%) occurred after tocus arteriosus repair (Table 3). There were 1§ earl
mortalities (16%) that occurred at a median inteof& days (IQR 0-18 days) after TA repair.
Cardiovascular complications were the most comnause of early mortality, occurring in 12 patients
(75% of early deaths). Univariate analysis reveals@nificant relationship between early mortadind
cardiopulmonary bypass duratiqee(.001), aortic cross-clamp duratiger(.001), concomitant neo-
aortic valve repairg<0.01), operations performed in the 1980s0.006), and TA-IAA (=0.001).
Statistical significance of the hazard associatibhA-IAA was maintained on multivariate analysidR
5.4; 95% confidence limit, 1.7-17.4+0.005) (Table 4).

Late mortality occurred in 14 patients (14%). Gégl, 10 patients (71%) died within the first 2
postoperative years, with an additional 4 deatlesiwing at postoperative years 3, 12, 14, and 17.
Mortality due to cardiovascular complications ocedrin 1 patient who experienced cardiac arrest on
postoperative day 61 following an apneic eventomidy, though surgical repairs were intact. Additiona
causes of late mortality included acute respiratlisjress syndrome (21%) and sepsis (29%), none of

which appeared to be related to the type of impldusardiac material.



Mor bidity

Early reoperations, defined as cardiac reoperafmmsvents other than delayed sternal closure
during the post-TA repair hospitalization, occuried 1 patients. Indications for early re-operation
included re-exploration for mediastinal bleeding @ardiac tamponade in 8 patients; low cardiacudutp
syndrome status-post delayed sternal closure atigmi; and open cardiac massage for low cardiac
output in 2 patients, 1 of whom succumbed to cardraest. Postoperative ECMO support was required

for 14 patients, 1 of whom died while on ECMO suppo

Reintervention

Median time to surgical or catheter reinterventias 3.8 years (n=61; IQR 0.7-6.4 years) and
actuarial freedom from surgical or catheter reigation was 88%, 77%, and 44% at 6 months, 1 year,
and 5 years, respectively. Between TA repair arditht reoperation for RVOT reconstruction, cagnet
reintervention was performed in 23 patients. Mediaadom from catheter reintervention in these 23
patients was 0.6 years (IQR 0.2-2.3 years). Indinatfor catheter reintervention included condailuire
(n=5), branch pulmonary artery stenosis (n=10), lastti conduit failure and branch pulmonary artery
stenosis (n=8). Several variables were analyzgiantial risk factors for catheter reinterventibat no

significance was identified on univariate and nwaltiate analyses (Table 5).

Reoperation

RVOT reoperation occurred in 58 patients. Mediaretto surgical reoperation was 4.6 years (IQR
2.9-6.8 years). Actuarial freedom from reoperati@s 88%, 43%, and 5% at 1, 5, and 10 years,
respectively. In most cases, the primary indicatmmeoperation was conduit failure (n=55). Two
patients underwent RVOT reconstruction at the tfn@ortic valve repair but did not meet full critefor
conduit failure. One patient underwent reoperatioe to endocarditis on a 20-month-old 12 mm BJVC.
No patient died during reoperation. Currently, BBignts are alive and have not yet required reatjuer,

with median freedom from reoperation of 3.2 ye#dx(2.1-6.7 years).
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Kaplan-Meier analysis demonstrated a significalati@nship between conduit material and freedom
from reoperation (Figure 2). Following initial TA&pair, patients who received a BJVC experienced
longer freedom from reoperation overall comparegdatients who received either an aortic or pulmgnar
homograft p=0.05).

Univariate and multivariate analyses revealed aifsogint relationship between conduit material and
freedom from reoperation. Compared to the BJVdepts who received the aortic homograft exhibited
shorter freedom from reoperation (HR 3.1; 95% aterice limit, 1.3-7.7p=0.02), but no significant
difference was observed with the pulmonary homadHR 1.8; 95% confidence limit, 0.9-3,6:0.10).

A competing risks model of mortality and freedomnfr reoperation in relation to conduit material
revealed a similar relationship regarding freedoomfreoperation. Compared to the BJVC, the aortic
homograft underperformed (HR 3.8; 95% confidenast)il.1-14.0p=0.04) while no significant
difference was observed with the pulmonary homadkiR 2.1; 95% confidence limit, 0.8-5,870.15).
Larger conduit size was associated with decreadskaf reoperation compared to smaller conduit size

(HR 0.7; 95% confidence limit, 0.6-0.8<0.001) (Table 6).

COMMENT

This study serves as an extension upon our prevepgt of TA repair at Riley Hospital for Children
at Indiana University HealthTo our knowledge, this is the largest single-ceimeestigation of the
effect of conduit material on freedom from reintmtion in children with TA. Previous published rego
on RVOT reconstruction with the BJVC demonstratefable results™’ In the present study, RVOT
reconstruction with BJVC exhibited longer freedawnf reoperation compared to the aortic homograft,
with no difference compared to the pulmonary horafigGiven the increased cost, decreased supply,
and limited size availability of aortic and pulmop&omografts, the BJVC offers a favorable altareat
for RVOT reconstruction.

Among 36 patients who received the BJVC at inifidlrepair, 1 case (2.8%) of endocarditis was

reported. At our institution, the rate of endocasdin the BJVC is lower in the truncus arteriosus
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population, possibly due to younger patient agaitil repair and time to reoperation. We recently
published a retrospective institutional review 86BJVCs placed during RVOT reconstructid total
of 21 cases (6.6%) of endocarditis were reportelf,di which were managed with antibiotic therapy
alone. Mery et al. evaluated risk factors for eradditis and reintervention among 792 valved corsduit
placed during RVOT reconstructiohAlthough the BJVC was identified as a risk fadtarendocarditis,
it was associated with a lower risk for reinteri@mtand replacement compared to other conduit types
We have observed long-term favorable outcomesth@BJVC at our institution, though our observed
rate of endocarditis with the BJVC is consisterthwaither report$?*

In our prior report published in 2001, several ptitd risk factors for early mortality were idermgifl,
yet only operation era and IAA were significantronltivariate analysis. Indeed, 17 years later, both
variables remain significant risk factors for earlprtality. As operation technique and surgical
experience evolved, operative mortality has deecgtaslater decades. Associated IAA is a risk fafiio
early mortality following initial TA repair in thisnd other previous repof?° Conversely, others do
not identify IAA as a risk factor, and favorablentpterm results with one-stage repair of TA-IAA bav
been reportedf:** While uncommonly performed, concomitant neo-aoréitve repair was associated
with early mortality similar to other reports®® In contrast, a recent multicenter study of 216eps
reported no significant association with late midstaor major adverse cardiac event in 37 patievite
underwent concomitant truncal valve repai

Previous studies have indicated that conduit siag imfluence conduit longevity and overall freedom
from reoperation. RVOT reconstruction using a cadinsige with a Z-score between +1 and +3 leads to

increased durability and hemodynamic funcfi@maller sizes have been associated with conduit
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failure and shorter time to reinterventiri’*° In the present study, conduit size was not astastiaith
early mortality or freedom from catheter reintertvem but was associated with freedom from
reoperation. Compared to smaller conduits, largeduits were associated with decreased risk of
reoperation. However, caution is advised againspusxcessively large conduits which may lead to
obstruction (distal conduit buckling), turbuleravit, or regurgitation.

There are several important limitations of thigdgtuDue to the rarity of truncus arteriosus, thisly
is limited by sample size. As a retrospective stimfprmation availability is limited to archive@écords
and follow-up echocardiographic information wasvaiable for several patients. Also, records were
recovered at a single institution where surgicethtéque and expertise may impact long-term results.

In conclusion, our experience provides encouralging-term results for RVOT reconstruction in
children with truncus arteriosus. Early mortalildwing initial repair has significantly declined later
operation eras, though risk may remain elevatguhtients with TA-IAA. Due to favorable cost, suppl
and long-term results, the BJVC is an ideal conaughoice for RVOT reconstruction in patients with

TA. Additional multicenter studies are needed tlidede these findings on a larger scale.
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Table 1: Patient demographics

n
Se»
Male 48
Femal 52
Truncus arteriost anatom'
Type | 44
Type Il 43
Type Il 8
Type IV 0
Undefinec 5
Truncal valve anatomy
Bicuspid aortic valve 7
Tricuspid aortic valve 77
Quadricuspid aortic valve 16
Comorbidity
DiGeorge syndrome 23
Interrupted aortic arch, type A 4
Interrupted aortic ary, type E 6
Right-sided aortic arc 22
Patent ductus arterios 18
Caronary arter anomal 9
Hypoplastic aortic arc 4
Coarctation of the aor 3

18



Table 2: Patient demographics and operative outcomes by era

19

Eraof initial operation

1981-1989 1990-1999 2000-2009 2010-2018
(N=10) (N=44) (N=23) (N=23)
Age (days) 102.5 (7-613, 29 (5732 26 (7-56) 40 (3-245,
Weight (kg) 5.9 (3.412.6 3.3(1.69.6) 3.0(2.¢-4.1) 3.4 (2.-5.4)
Delayed sternal 0 (0%, 8 (18% 17 (74% 18 (78%
closure
Conduit Type AH: 4 (40% AH: 9 (20% PH: 10 (43% AH: 1 (4%

Conduit size
30-day survival

PH: 1 (10%)
PX: 3 (30%)
NI: 1 (10%)
DA: 1 (10%)

12.0 (8.619.0
6 (60%

PH: 30 (68%)
BJVC: 1 (2%)
PX: 1 (2%)
MC: 1 (2%)
NVG: 2 (5%)
12.0 (9.¢19.0

29 (66%

BJVC: 13 (57%)

12.0 (10.+12.0
15 (65%

BJVC: 22 (96%)

12.0 (9.614.0
20 (87%

Numerical data are listed as median (range), catedalata listed as n (%)

AH: aortic homograft; BJVC: bovine jugular venownduit; DA: direct anastomosis; MC: monocusp;

NVG: non-valved graft; PH: pulmonary homograft; R¥rcine xenograft



Table 3: Mortality after TA repai
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Cause of death

Early mortality

N

=16

Late mortality
N=14

Unable to wean from bype

Unable to wean from mechanical ventila:

Pulmonary hypertensive cri
Cardiac arre:

Cardiogenic shoc

Acute respiratory distress syndrc
Sepsi

Cerebral herniatic

Unknowr

N

R O N O O A B B

o
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Table 4: Risk factors for early mortali
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Variable Univariate Multivariate
p value HR 95% ClI p value

Age at operatiol 0.5¢
Weight at operatic 0.1¢€
TA-IAA 0.001 5.4 1.7-17.4 0.005
Coronary artery anome 0.1¢
Conduit materie

Aortic homograt 0.0¢ 2.2* 0.€-8.C 0.2t

Pulmonary homogre 0.61 0.6* 0.2-2.2 0.4C
Conduit siz 0.4¢
Decadé

1980s 0.006

1990s 0.46

2000s 0.65

*Compared to bovine jugular vein conduit (BJVC)
'Compared to 2010s

TA-IAA: Truncus arteriosus with interrupted aoréicch



Table 5: Risk factors foicatheter reinterventic

Variable Univariate Multivariate
p value HR 95% C p value
Age at operation (day 0.3¢
Weight at operation (k 0.8¢
TA-IAA 0.9¢
Coronary artery anome 0.87
Conduit materie
Aortic homograt 0.2¢ 0.4* 0.1-2.C 0.2¢
Pulmonary homogre 0.1¢ 0.6* 0.2-1.c 0.1¢
Conduit siz 0.9¢
Decadé
1980s 0.99
1990s 0.08
2000s 0.18

* Compared to bovine jugular vein conduit (BJVC)

'Compared to 2010s

TA-IAA: Truncus arteriosus with interrupted aoréicch
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Table 6: Risk factors for reoperatit
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Variable Univariate Multivariate
p value HR 95% ClI p value

Age at operation (day 0.2¢
Weight at operation (k 0.3C
TA-IAA 0.2¢
Coronary artery anome 0.2t
Conduit materie

Aortic homogral 0.038 3.1 7.7 0.015

Pulmonary homogre 0.3t 1.6 - 0.09¢
Conduit siz 0.001 0.7 0.€-0.¢ <0.001
Decadé

1980s 0.40

1990s 0.62

2000s 0.15

* Compared to bovine jugular vein conduit (BJVC)

'Compared to 2010s

TA-IAA: Truncus arteriosus with interrupted aoréicch
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FIGURE LEGENDS
Figure 1. Era analysis of conduit material used for RVOT restouction
Figure2: Kaplan-Meier analysis of freedom from reoperatidor{ic: aortic homograft; BJVC: bovine

jugular venous conduit; Pulmonary: pulmonary horaétyr



Number of patients
ISR w
g o g

7

S

 Aortic homograft
= Pulmonary homograft

Bovine jugular venous conduit
Dacron porcine valved
= Gore-Tex monocusp
= Non-valved PTFE tube

M Direct anastomosis

1981-1989 1990-1999 2000-2009 2010-2018
Year




Journal Pre-proof

1.0
Conduit material
0.8
B -+ BIVC
£
£ ~ Aortic
£ o6
g ~* Pulmonary
g
2 " Total
&
£ 04
Z
=
0.2
0.0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number at risk Time (years)
BIVC % 25 18 17 12 9o 8 7 5 2 1 1 o 0o o o0
Aortic 4 8 8 6 6 2 1 1 o o o o 0o 0o 0 o0
Pulmonary 4 28 27 25 20 14 1 6 5 4 2 2 2 1 o 0
Tow { o1 61 53 48 38 25 20 14 10 6 3 3 2 1 0 0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (years)



