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Abstract

Background: Infants with truncus arteriosus typically undergo repair by repurposing the truncal
valve as the neo-aortic valve and using a valved conduit homograft for the neo-pulmonary valve.
In cases where the native truncal valve is too insufficient for repair, it is replaced, but this is a
rare occurrence with a paucity of data, especially in the infant population. Here, we conduct a
meta-analysis to better understand the outcomes of infant truncal valve replacement during the
primary repair of truncus arteriosus. Methods: We systematically reviewed PubMed, Scopus,
and CINAHL for all studies reporting infant (<12 months) truncus arteriosus outcomes
between 1974 and 2021. Exclusion criteria were studies which did not report truncal valve
replacement outcomes separately. Data extracted included valve replacement type, mortality,
and reintervention. Our primary outcome was early mortality, and our secondary outcomes
were late mortality and reintervention rates. Results: Sixteen studies with 41 infants who under-
went truncal valve replacement were included. The truncal valve replacement types were homo-
grafts (68.8%), mechanical valves (28.1%), and bioprosthetic valves (3.1%). Overall early
mortality was 49.4% (95% CI: 28.4–70.5). The pooled late mortality rate was 15.3%/year
(95% CI: 5.8–40.7). The overall rate of truncal valve reintervention was 21.7%/year (95% CI:
8.4–55.7). Conclusions: Infant truncal valve replacement has poor early and late mortality as
well as high rates of reintervention. Truncal valve replacement therefore remains an unsolved
problem in congenital cardiac surgery. Innovations in congenital cardiac surgery, such as partial
heart transplantation, are required to address this.

Truncus arteriosus is a congenital cardiac defect in which the arterial trunk and semilunar valves
fail to separate during embryogenesis, resulting in a single artery that supplies the systemic,
pulmonary, and coronary circulations.1–3 Repairing truncus arteriosus typically involves sepa-
rating the pulmonary arteries from the aorta, reconstructing a right ventricular outflow tract
using a valved conduit or homograft for the neo-pulmonary valve, closing the ventricular septal
defect, and repurposing the truncal valve as the neo-aortic valve. Concomitant anomalies may
require additional intervention at the time of initial repair. Clinically significant truncal valve
insufficiency is one such anomaly. Truncal valves with moderate or greater insufficiency require
intervention during initial repair because these patients can otherwise progress to profoundly
decompensated heart failure secondary to neo-aortic valve insufficiency.4 Prior studies have
reported between 12 and 28% of primary truncus arteriosus repairs requiring concomitant
truncal valve intervention.5–8

Truncal valve intervention can be divided into two broad categories: repair and replace-
ment. Truncal valve repair is generally preferable to replacement because repaired valves
grow with the patient. Despite this, patients undergoing truncal valve repair still require high
rates of reintervention compared with patients not requiring truncal valve intervention.5,6,8

Repair can be achieved using a variety of surgical techniques and is generally attempted
in cases of moderate insufficiency with a truncal valve that is structurally amenable to repair.9

In cases of severe truncal valve insufficiency, truncal valve replacement may be required
during the primary repair of truncus arteriosus.10–12 In studies reporting patients undergoing
truncal valve replacement at the time of initial truncus arteriosus repair, outcomes have
been mixed and patient numbers in individual studies are too few for robust statistical
analysis.

While many studies have sought to evaluate the impact of truncal valve intervention on
patient outcomes,5,6,13 there is a paucity of literature analysing outcomes for the subset of these
patients requiring truncal valve replacement during the primary repair of truncus arteriosus.
Therefore, to better characterise the outcomes of these patients, we performed a meta-analysis
of published outcomes.
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Materials and methods

Study strategy

This systematic review and meta-analysis follow the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines.14 PubMed, Scopus, and CINAHL
Complete were searched from inception until 2021 for studies
evaluating outcomes after truncus arteriosus repair with concomi-
tant truncal valve replacement. The queries for each database are
described in detail in the Supplemental Materials. The search was
conducted on 17 December, 2022. Search results were filtered by
title using the key words as a reference, then potentially eligible
articles were accessed and filtered according to predefined inclu-
sion and exclusion criteria. The references of each included article
were also screened to identify additional relevant studies.

Inclusion and exclusion criteria

The main criterion for inclusion was: all studies reporting out-
comes of truncal valve replacement in infants and neonates during
the primary repair of truncus arteriosus, defined as less than 12
months of age. This particular age range was chosen because trun-
cus arteriosus is repaired early in current practice.10,12 Criteria for
exclusion were: articles with non-infant study populations, articles
that did not report separate outcomes for those undergoing truncal
valve replacement, and articles where no truncal valve replacement
occurred during the primary operation. Moreover, if there were
multiple studies from the same centre, only themost recent ormost
complete study was included to avoid duplication of cases.

Outcome measures

The primary outcome was early mortality, defined as death within
the first 30 days after the index operation. Secondary outcomes
were late mortality occurrence rates (%/year, defined as death
occurring>30 days after the index operation per patient-year)
and reintervention occurrence rates (%/year, defined as total num-
ber of reported reinterventions per patient-year). Follow-up in
patient-years was determined by multiplying the reported mean
ormedian follow-up time by the total number of patients. If studies
did not report separate follow-up times for patients undergoing
truncal valve replacement, the median reported follow-up time
was assumed to be the same as the follow-up time for the entire
study population. Two authors verified and extracted the data from
the included articles to populate a predefined database with all rel-
evant variables for this meta-analysis.

Statistical analysis

Data analysis was conducted using R version 4.0.5 (The R
Foundation), and themeta (version 6.0) R package was used to per-
form a meta-analysis of proportions and relative risks to evaluate
early mortality and a meta-analysis of rates to evaluate late mortal-
ity and reintervention rates.15 Individual proportions of the
included studies were transformed using the Freeman–Tukey dou-
ble arcsine transformation16 and aggregated using the
DerSimonian–Laird random effects method.17 This result was then
converted into a pooled proportion using the inverse Freeman–
Tukey double arcsine transformation.18 The Clopper–Pearson
method was used to generate 95% confidence intervals. Relative
risks were pooled using inverse variance weighting and the
DerSimonian–Laird random effects method. For all corresponding

2×2 tables with zero cell counts, 0.5 was added only to the number

of events for continuity correction. The Freeman–Tukey double
arcsine transformation was unable to be used for rate calculations
because the reported rates returned too small of a transformed pro-
portion to invert.19 Therefore, the log transformation was used in
the calculation of rates. For studies reporting no events, 0.5 events
were assumed for the sake of continuity correction. For rate calcu-
lations, a normal approximation was used to calculate 95% CI.
Estimations and overall effect sizes were illustrated using forest
plots. The heterogeneity of each meta-analyzed value was deter-
mined using the Cochran’s Q test and the I2 index.20,21 Visual
inspection of funnel plots and the Egger test were used to test
for publication bias.22 Additionally, survival and freedom from
reintervention were examined using interval censored Kaplan–
Meier analysis through the survival (version 3.4-0) R package.23

Results

Literature search

Three hundred and thirty records were identified from the initial
literature search, and 153 records were duplicates (Fig 1).
Screening revealed that 132 studies were relevant to the analysis.
Of these studies, 18 were excluded because they had a non-infant
study population, 82 were excluded because truncal valve replace-
ment was not performed during the primary repair, 12 were
excluded because they did not report separate outcomes for truncal
valve replacement, and 7 were excluded because there were later or
more complete studies from the same centre. Three additional
studies were identified form references, yielding a total of 16 stud-
ies for inclusion in the meta-analysis.6,7,10,24–36 These studies com-
prised a total of 41 infants undergoing truncal valve replacement at
the time of primary repair for truncus arteriosus. Of these, 15 were
single-center studies and 1 was a multi-institutional data-
base study.

Study characteristics

A total of 16 studies were included in the meta-analysis of early
mortality, summarised in Table 1. These studies comprised a total
of 908 patients undergoing repair of truncus arteriosus, with 41
undergoing concomitant truncal valve replacement. Each of the
included studies reported≤8 truncal valve replacements in infants.
Eight studies originated in the United States, two from the United
Kingdom, one from Japan, one from France, one from Belgium,
one from Canada, one from Australia, and one from the
Congenital Heart Surgeons Society database. Twelve of the 16 stud-
ies specified the type of valve replacement used, comprising
32 patients. Mechanical valves were used in 9 patients, homograft
replacements were used in 22, and a bioprosthetic valve was
used in 1.

Patient characteristics

The pooled pre-operative patient characteristics are summarised in
Table 2. The majority of patients in this study were neonates, and
most had severe truncal valve insufficiency. Most studies did not
report truncal valve stenosis. The majority of patients were not
reported to have other associated cardiac diagnoses. The most
commonly reported associated cardiac diagnosis was interrupted
aortic arch in four patients, followed by anomalous coronary
anatomy in two patients.
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Primary outcome

All 16 studies were available to evaluate early mortality after trun-
cal valve replacement at initial truncal arteriosus repair, compris-
ing a total of 41 patients. Meta-analysis revealed a pooled early
mortality rate of 49.4% (95% CI: 28.4–70.5) (Fig 2, Table 3).
Additionally, Kaplan–Meier analysis indicated a 1-month mortal-
ity of 49.4% (95% CI: 32.0–62.4) (Fig 3). Among individual studies,
early mortality ranged from 0 to 100%, and there was no significant
heterogeneity between the included studies (I2= 0%; Cochran’s Q
test p= 0.76). The funnel plot (Supplemental, Figure S3) and Egger
test (p= 0.20) did not indicate publication bias.

Of these 16 studies, 8 were included for the evaluation of relative
risk of early mortality in infants undergoing truncal valve replace-
ment and truncus arteriosus repair compared to those only under-
going truncus arteriosus repair without truncal valve replacement.
Two studies were excluded because they lacked a truncus arteriosus
repair control group,24,27 and six were excluded because they did
not report separate outcomes for infants in the control group.
The relative risk of truncal valve replacement in infants at the time
of truncus arteriosus repair is 4.79 (95% CI: 1.75–13.13; p< 0.01)
(Fig 4). There was significant, moderate heterogeneity between the
included studies (I2= 57%; Cochran’s Q test p= 0.0220).
Additionally, the funnel plot (Supplemental Figure S4) and the
Egger test (p = 0.58) did not demonstrate publication bias.

Late mortality

Nine of the 16 included studies were available for the evaluation of
late mortality (Table 3). Among these patients, the linearised late
mortality rate was 15.3%/year (95% CI: 5.8–40.7). Additionally,
Kaplan–Meier analysis indicated a 1-year survival of 34.8%
(95% CI: 22.5–54.0). Although the Egger test was insignificant

(p= 0.20), the funnel plot of late mortality rates showed two out-
liers (Supplemental, Figure S5). These outliers were the studies by
Elkins et al.24 and Henaine et al.,34 both of which had considerably
short mean follow-up times compared with other included studies,
which is the likeliest explanation for this finding. There was no sig-
nificant heterogeneity between the included studies (I2= 39.3%;
Cochran’s Q test p= 0.11).

Reintervention

The same 9 of 16 studies used to evaluate late mortality rates were
available to evaluate reintervention rates (Table 3). For these
patients, the linearised reintervention rate was 21.7% (95% CI:
8.4–55.7). Kaplan–Meier analysis demonstrated a 1-year freedom
from reoperation of 77.0% (95% CI: 59.9–99.1). Again, the Egger
test (p = 0.30) was insignificant for publication bias. However, the
funnel plot did demonstrate one outlier: the study by Henaine
et al.34 Again, the likely explanation for this finding is the relatively
short follow-up time of patients in this study. There was sta-
tistically significant, moderate heterogeneity (I2= 57.2%;
Cochran’s Q test p= 0.0156) between the included studies. This
is also likely the result of the short follow-up time of the
Henaine et al.34 study, leading to a comparatively inflated reinter-
vention rate (Table 3).

Discussion

The purpose of this study was to systematically collect and analyse
outcomes of infants (<12 months) undergoing concomitant trun-
cal valve replacement during the primary repair of truncus arterio-
sus. This study found that truncal valve replacement during the
primary repair of truncus arteriosus carries a considerably high

Figure 1. Preferred reporting items for systematic review and
meta-analyses flow diagram depicting the study selection
process.
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early mortality and late mortality rate. Reintervention rates follow-
ing this surgery are also substantial. The findings of this study
underscore the dismal outcomes associated with unrepairable

pre-operative truncal valve regurgitation warranting truncal valve
replacement. Overall, the present analysis suggests that despite sig-
nificant advances in the surgical treatment of truncus arteriosus

Table 1. Characteristics of studies included in the analysis.

Date of publi-
cation Reference Study origin Date range

No. TA
repairs

No. undergoing TV
replacement

Valve
type

(H/M/B)
Follow-up (mean,

year)

1990 Elkins et al. United States of
America

1986-1989 4 4 4/0/0 0.2

1992 Yaku et al. Japan 1978-1989 12 1 – –

1993 Bove et al. United States of
America

1986-1992 46 5 3/2/0 3.0†

1995 Jacobs et al. United States of
America

1990-1993 3 1 1/0/0 –

1995 Rubay et al. Belgium 1990-1994 1 1 1/0/0 –

1998 McElhinney
et al.

United States of
America

1975-1995 77 8 4/4/0 1.5

1999 Williams et al. Canada 1953-1997 148 6 – 5.5*†

2000 Jahangiri et al. United States of
America

1992-1998 50 1 1/0/0 –

2001 Brown et al. United States of
America

1978-2000 60 4 1/3/0 9.4*†

2001 Mavroudis
et al.

United States of
America

1995-2000 3 1 1/0/0 4.5

2001 Danton et al. United Kingdom 1988-2001 61 1 1/0/0 –

2006 Konstantinov
et al.

CHSS 1987-1997 50 2 2/0/0 –

2008 Henaine et al. France 1986-2003 153 3 2/0/1 0.3

2010 Vohra et al. United Kingdom 1964-2008 32 1 – –

2018 Naimo et al. Australia 1979-2016 180 1 1/0/0 13.0§

2020 Seese et al. United States of
America

2004-2016 28 1 – 7.2*

Abbreviations: No., number; TA, truncus arteriosus; TV, truncal valve; H, homograft; M, mechanical valve; B, bioprosthetic valve; CHSS, Congenital Heart Surgeons Society database. Follow-up is
specific to patients undergoing TV replacement unless otherwise noted.
“-“ = not reported. “*” = median. “†” = not separately reported, assumed to be same as overall study population. “§” = not separately reported, assumed to be the same as population
undergoing concomitant TV interventions.

Figure 2. Forest plot of early mortality follow-
ing truncal valve replacement (CI, confidence
interval; ES, effect size).
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over the past 60 years, truncus arteriosus repair with concomitant
truncal valve replacement continues to be an unsolved problem in
congenital heart surgery.

Early mortality

In the present analysis, patients undergoing truncal valve replace-
ment during the initial repair of truncus arteriosus were found to
have a significantly higher early mortality than those undergoing
truncus arteriosus repair without truncal valve replacement. This
discrepancy in outcomes is likely multifactorial, including
increased perioperative acuity or prolonged aortic cross clamp
and cardiopulmonary bypass times.4,5 Moreover, valve implants
do not grow, therefore mandating serial re-operations to replace
the implants with larger implants as the children grow. Truncal
valve insufficiency has also been known to be a risk factor for early
mortality following the initial repair of truncus arteriosus. Ebert
and colleagues reported that a majority of patients experiencing
early mortality after truncus arteriosus repair at their institution
had significant pre-operative truncal valve insufficiency, leading
the authors to recommend truncal valve replacement in cases asso-
ciated with severe pre-operative truncal valve insufficiency.12

Despite this, not every patient undergoing truncal valve replace-
ment in this analysis had severe insufficiency. In the earliest study
in this series, Elkins and colleagues24 asserted that the truncal valve
should be replaced during primary repair for any clinically

significant pre-operative stenosis or insufficiency. Other studies
reporting truncal valve replacement in the absence of severe insuf-
ficiency did not provide a rationale for performing the replace-
ment. It can only be speculated that these centres used a similar
decision-making process to that of Elkins and colleagues, which
is supported by the fact that all reported patients had either a
degree of truncal valve insufficiency, stenosis, or a combination
of both.

Few of the included studies detailed the cause of death for indi-
vidual patients experiencing early mortality. Elkins and col-
leagues24 reported an early death in a neonate with moderate
truncal valve insufficiency and diabetic hypertrophic cardiomy-
opathy that was unable to wean from bypass and died shortly after
repair. Another neonate with severe truncal valve insufficiency
reported by Bove and colleagues10 also died within hours of repair,
likely as a result of coronary artery occlusion. Similarly, Rubay and
colleagues27 reported an early death from sudden haemodynamic
decompensation in a non-neonatal infant with mild truncal valve
insufficiency and an interrupted aortic arch. Rubay et al.,27

Jahangiri et al.,29 andDanton et al.32 reported patients experiencing
early mortality from right ventricular failure, congestive heart fail-
ure, and left ventricular failure, respectively. Lastly, Henaine and
colleagues34 reported two early deaths of patients that both died
from low cardiac output syndrome.

Late mortality and reintervention

Late mortality and reintervention rates of patients in the present
analysis were substantial. As noted by many authors of the
included studies, these rates are likely associated with the valve
replacement itself.7,24,31 Prosthetic valves pose some risk associated
with anticoagulant usage and prosthetic valve endocarditis.29,37

More importantly, in this young patient population, replacement
valves fail as the patients outgrows their valves, requiring reinter-
vention in the form of valve exchange.29,31 Several valve exchanges
can be expected over the course of the patient’s life, and each
exchange is associated with a risk of mortality.

The causes of late death were varied. Elkins et al.24 reported one
late death 2 months after the operation resulting from
Staphylococcus aureus bacteremia. McElhinney et al.7 reported
one patient with a mechanical valve replacement died 8 months
after operation due to the valve being lodged open, resulting in free

Table 2. Summary of pre-operative characteristics of patients in the included
studies.

Variable No. %

Age at operation

Unspecified 13 31.7

Neonate 21 51.2

Non-neonatal infant 7 17.1

Pre-operative TV insufficiency

Unspecified 6 14.6

Mild 5 12.2

Moderate 6 14.6

Severe 24 58.5

Pre-operative TV stenosis

Unspecified/none 33 80.5

Mild 5 12.2

Moderate 1 2.4

Severe 2 4.9

Associated cardiac diagnoses

Unspecified/none 33 80.5

Interrupted aortic arch 3 7.3

Coronary anomaly 1 2.4

Coronary anomaly and IAA 1 2.4

Diabetic HCM 1 2.4

Pulmonary artery hypoplasia 1 2.4

Non-confluent pulmonary arteries 1 2.4

Abbreviations: No., number; TV, truncal valve; IAA, interrupted aortic arch; HCM, hypertrophic
cardiomyopathy.

Figure 3. Kaplan–Meier analysis of survival following truncal valve replacement. The
shaded area represents the 95% confidence interval.
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insufficiency. Henaine et al.34 reported that one patient died 7
months after the initial repair and was found to have valve throm-
bosis at autopsy.

Reinterventions were described in several studies. McElhinney
et al.7 reported that two neonates each initially received a homo-
graft and subsequently underwent replacement of the homograft
with a mechanical valve due to severe insufficiency. These replace-
ments occurred 6 months post-operatively in one patient and 13
months post-operatively in the other. Mavroudis et al.31 similarly
reported a neonate initially receiving a homograft replacement,
who received two subsequent homograft replacements at 4 months
and 4.5 years post-operatively. Henaine et al.34 reported one neo-
nate initially receiving a homograft replacement subsequently
required replacement 3 months post-operatively due to valve fail-
ure. The same patient developed endocarditis and received a
Bentall procedure 6 weeks after this reintervention.

The choice of valve used was largely divided between truncal
valve replacement using amechanical valve or truncal root replace-
ment using a cryopreserved homograft with coronary reimplanta-
tion. In the present analysis, homografts comprised the majority of
truncal valve replacements. Homografts are advantageous in that
they are non-thrombogenic and thus do not require anticoagula-
tion.11 Additionally, homografts offer favourable haemodynamic
profiles in the immediate post-operative period.11,24,31 However,
homografts have low durability in young patients, and reinterven-
tion is often required to address progressive valvular insuffi-
ciency.38,39 Mechanical valves were the second-most common
valve type used in this analysis. In general, mechanical valves offer
improved durability over homografts with lower rates of reinter-
vention.37 However, mechanical valves are thrombogenic and
require life-long anticoagulation. Only one patient in the present
analysis received a bioprosthetic valve. Bioprosthetic valves are

Table 3. Results of meta-analyzed outcomes for patients undergoing TA repair with concomitant truncal valve replacement.

Citation Early mortality, % Late mortality, %/yr Reintervention, %/year

Elkins et al. 1990 25.0 (0.6, 80.6) 122.4 (3.1, 679.5) 0.0 (0.0, 449.9)

Yaku et al. 1992 100.0 (2.5, 100.0) – –

Bove et al. 1993 20.0 (0.5, 71.6) 0.0 (0.0, 24.6) 0.0 (0.0, 24.6)

Jacobs et al. 1995 100.0 (2.5, 100.0) – –

Rubay et al. 1995 100.0 (2.5, 100.0) – –

McElhinney et al. 1998 50.0 (15.7, 84.3) 16.2 (2.0, 58.6) 16.2 (2.0, 58.6)

Williams et al. 1999 50.0 (11.8, 88.2) 9.1 (0.2, 50.7) 9.1 (0.2, 50.7)

Jahangiri et al. 2000 100.0 (2.5, 100.0) – –

Brown et al. 2001 50.0 (6.8, 93.2) 0.0 (0.0, 19.5) 15.8 (3.3, 46.2)

Mavroudis et al. 2001 0.0 (0.0, 97.5) 0.0 (0.0, 82.0) 44.4 (5.4, 160.5)

Danton et al. 2001 100.0 (2.5, 100.0) – –

Konstantinov et al. 2006 50.0 (1.3, 98.7) – –

Henaine et al. 2008 66.7 (9.4, 99.2) 133.3 (3.4, 742.9) 266.7 (32.3, 963.3)

Vohra et al. 2010 100.0 (2.5, 100.0) – –

Naimo et al. 2018 0.0 (0.0, 97.5) 0.0 (0.0, 28.4) 0.0 (0.0, 28.4)

Seese et al. 2020 0.0 (0.0, 97.5) 0.0 (0.0, 51.2) 0.0 (0.0, 51.2)

Overall 49.4 (28.4, 70.5) 15.3 (5.8, 40.7) 21.7 (8.4, 55.7)

Cochran’s Q test p = 0.76 p = 0.11 p = 0.0156

I2 index I2= 0.0% I2 = 39.3% I2 = 57.6%

Egger test p = 0.20 p = 0.20 p = 0.30

Data for proportions are formatted as percentage (95%CI). Data for rates are formatted as percentage per year (95%CI). “-“ indicates that variable was not reported in study. In rate calculations,
studies with no reported events were assumed to have an occurrence of 0.5 events for continuity correction.

Figure 4. Forest plot of relative risk of early
mortality in infants undergoing truncus arterio-
sus repair with concomitant truncal valve
replacement compared to truncus arteriosus
repair only (TVR, truncal valve replacement;
TAR, truncus arteriosus repair; CI, confidence
interval).
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not typically used in current practice because they carry high rates
of early failure.37 As suggested by the high reintervention rates
reported in this analysis, regardless of the valve type used, patients
will inevitably require reintervention later in life as they outgrow
the replacement.24,29,31

Several alternatives to truncal valve replacement have been used
to address truncus arteriosus with an unrepairable truncal valve. In
response to poor outcomes seen with replacement, Henaine and
colleagues recommend attempting truncal valve repair first and
only resort to truncal valve replacement if the patient is unable
to be weaned from cardiopulmonary bypass.34 Certain types of
truncal valve repair may potentially be a viable alternative for
replacement. While many variations of leaflet-sparing truncal
valve repair exist, the leaflets of severely insufficient truncal valves
are often dysplastic and thus provide an inadequate substrate to
perform a durable repair. The Ozaki technique, in which the native
leaflets are excised and replaced with leaflets constructed from glu-
taraldehyde-fixed autologous pericardium, could be considered in
Truncus arteriosus repair with severe truncal insufficiency. Ishidou
and colleagues40 reported performing the Ozaki technique during a
truncus arteriosus repair for a patient with severe truncal insuffi-
ciency. The patient was alive and stable 1 year after the operation,
and echocardiography showed moderate insufficiency and mild
stenosis of the reconstructed valve. The authors acknowledge that
this repair may offer limited durability due to leaflet sclerosis and
somatic growth of the annulus but may be used as a bridge to valve
replacement later in life. When faced with multiple complex car-
diac defects, transplantation may be the most attractive option. For
example, Akintuerk and colleagues41 reported transplanting the
heart of a patient with a severe truncal valve insufficiency and
an interrupted aortic arch. The patient survived the surgery and
was discharged 4 weeks after undergoing transplantation. Due
to the scarcity of donor organs, transplantation will not always
be feasible.42 Recently, surgeons have corrected truncus arteriosus
with severe truncal valve insufficiency by performing a partial
heart transplantation,43,44 wherein the pulmonary and aortic roots
of a donor heart otherwise unsuitable for orthotopic heart trans-
plantation were used to perform the primary repair. The patient
remained alive after over 6 months, and echocardiographic mea-
surements show that the transplanted valves have grown with
the patient.45 The durability of this method of repair remains to
be seen, but present results are optimistic. Ultimately, to circum-
vent the need for available donors, tissue engineering would be the
ideal solution in providing a growing heart valve. Despite this, no
tissue-engineered heart valve has yet succeeded in clinical
translation.46

Limitations

This study has several limitations inherent to its design as a system-
atic review and meta-analysis. Primarily, the analysis is limited by
the reporting and quality of the included studies. The retrospective
design of the included studies may have resulted in selection bias,
particularly when reporting late mortality or truncal valve reinter-
vention rates. The present analysis is also potentially subject to
selection bias because non-published data were not considered.
The rates of late mortality and reintervention cannot be reliably
extrapolated outside the range of follow-up times of the included
studies. Rates may be slightly overestimated as a result of using a
continuity correction. This study was unable to account for con-
comitantly present abnormalities that may have influenced patient
outcomes. Errors related to data collection may be possible,

although two reviewers independently verified the extracted data
to safeguard against this.

Conclusion

The repair of truncus arteriosus with concomitant truncal valve
replacement in infants has poor early and late mortality, as well
as substantially high rates of reintervention. As such, truncal valve
replacement remains an unsolved problem in congenital cardiac
surgery. Innovations in congenital cardiac surgery, such as partial
heart transplantation or tissue engineering, are required to address
this difficult subset of patients.
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