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SYSTEMATIC REVIEW AND META-ANALYSIS

Patent Ductus Arteriosus Stent Versus
Surgical Aortopulmonary Shunt for Initial
Palliation of Cyanotic Congenital Heart
Disease with Ductal-Dependent Pulmonary
Blood Flow: A Systematic Review and
Vieta-Analysis
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BACKGROUND: In patients with ductal-dependent pulmonary blood flow, initial palliation includes catheter-based patent ductus
arteriosus (PDA) stent or surgical aortopulmonary shunt (APS). This meta-analysis aimed to compare outcomes between PDA
stent and APS.

METHODS AND RESULTS: A comprehensive literature search yielded six retrospective observational studies. Pooled adjusted
hazard ratios (HR) were included to control for covariates and assess time to event analysis. Of 757 patients, 243 (32.1%)
underwent PDA stent and 514 (67.9%) underwent APS. Pulmonary atresia with intact ventricular septum and expected bi-
ventricular repair were more common with PDA stent compared with APS (39.6% versus 21.2%, P<0.001 and 57.9% versus
46.6%, P=0.007, respectively). There was no statistically significant difference in mortality between PDA stent and APS (HR,
0.71; [95% Cl, 0.26-1.93]; P=0.50). PDA stent was associated with lower risk of postprocedural complications (odds ratio [OR],
0.45; [95% ClI, 0.25-0.81]; P=0.008), mechanical circulatory support (OR, 0.27; [95% ClI, 0.09-0.79]; P=0.02), and shorter
intensive care unit length of stay (-4.03days; [95% ClI, —5.99 to —2.07]; P<0.001), hospital length of stay (-5.54 days; [95% ClI,
-9.20 to —1.88]; P=0.003), and duration of mechanical ventilation (-3.41 days; [95% ClI, —5.29 to —1.52]; P<0.001). There was
no difference in pulmonary artery growth or hazard of unplanned reintereventions.

CONCLUSIONS: PDA stent has a similar hazard of mortality compared with APS. Benefits to PDA stent include shorter dura-
tion of mechanical ventilation, shorter hospital length of stay, and fewer complications. Differences in patient characteristics
exist with more patients with pulmonary atresia with intact ventricular septum and expected biventricular repair undergoing
PDA stent.
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CLINICAL PERSPECTIVE

What Is New?

* In cyanotic congenital heart disease with
ductal-dependent pulmonary blood flow, patent
ductus arteriosus stent is associated with fewer
complications and shorter length of stay.

e There is no significant difference in mortality
or unplanned reinterventions to treat cyanosis
after patent ductus arteriosus stent compared
with aortopulmonary shunt.

What Are the Clinical Implications?

e Patent ductus arteriosus stent may be favora-
ble to surgical aortopulmonary shunt secondary
to similar mortality and reintervention rates and
multiple benefits in postintervention care.

e Randomized control trials are needed to further
determine which strategy is superior in different
types of congenital heart disease with ductal-
dependent pulmonary blood flow.

Nonstandard Abbreviations and Acronyms

APS aortopulmonary shunt

DDPBF ductal-dependent pulmonary blood
flow

PA-IVS pulmonary atresia with intact
ventricular septum

SMD standardized mean difference

flow is crucial in patients with cyanotic congenital
heart disease (CHD) and ductal-dependent pulmo-
nary blood flow (DDPBF). Historically, this was achieved
through a surgical aortopulmonary shunt (APS)."? APS
may promote pulmonary artery growth and thus allow
for the next stage palliation or corrective procedure to
be performed in the future. However, there remains a
significant risk of morbidity and mortality with this sur-
gical procedure.®~" Over the last decade, PDA stent has
emerged as a viable alternative to APS.8° Ductal stent is
a less invasive approach compared with APS and avoids
the need for cardiopulmonary bypass in the vulnerable
neonatal period which allows for faster recovery.®'0.!
Nevertheless, PDA stent also carries risks of procedural
complications and increased need for reinterventions.® "
Comparisons between the PDA stent and APS
have been limited primarily to single-center studies and
only a few recent multicenter retrospective studies.’
Limitations in statistical power may limit the conclu-
sions of many studies. Additionally, the management of
DDPBEF is evolving at many institutions towards using

Establishing a stable source of pulmonary blood
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PDA stent in select patients and there is a critical need
for an objective appraisal of the current evidence.”? A
meta-analysis increases the number of observations
resulting in better statistical power and objectively as-
sesses the level of evidence. Thus, this study aimed
to conduct a systematic review and meta-analysis to
compare mortality risk and clinical outcomes after PDA
stent and APS in cyanotic CHD with DDPBF.

METHODS

This systematic review and meta-analysis were per-
formed according to the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses statement.'®
The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request. This systematic review followed a
protocol that was developed a priori. We performed
a comprehensive search from PubMed and Embase
databases. Keywords and detailed vocabulary were
used to search for studies that evaluated mortality,
procedural outcomes, and postprocedural compli-
cations after PDA stent and APS in patients with cy-
anotic CHD and DDPBF. APS procedures included
Blalock-Taussig-Thomas shunts and other systemic-
pulmonary artery shunts. Inclusion criteria were as fol-
lows: (1) comparative study design between PDA stent
and APS, (2) subjects with single ventricle physiology
or biventricular CHD (i.e. tetralogy of Fallot) and DDPBF,
and (3) at least 10 subjects who had undergone PDA
stent. Only studies published between 2005 and 2020
were included.

Definitions of Outcomes

Outcomes were defined as mortality, postprocedural
extracorporeal mechanical oxygenation (ECMO), in-
tensive care unit (ICU) length of stay (LOS), total hos-
pital LOS, duration of mechanical ventilation, and
procedural complications. Procedural complications
were defined as injuries that were directly related to
the PDA stent or APS procedure. Additionally, rates of
unplanned reintervention to treat cyanosis were com-
pared. Unplanned reinterventions included unplanned
surgical or catheter-based procedures focused on
the APS, PDA stent, or pulmonary arteries to increase
pulmonary blood flow because of the development of
clinically concerning cyanosis. Planned reinterventions
in the absence of cyanosis, such as routine catheteri-
zations for surveillance or hemodynamic assessment,
were not evaluated because of the lack of consistent
reporting. Lastly, pulmonary artery size and symme-
try after PDA stent or APS were evaluated by assess-
ing the measured Nakata index and symmetry index,
respectively. The Nakata index is defined as the sum
of the cross-sectional area of the pulmonary arteries
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divided by the body surface area. The pulmonary ar-
tery symmetry index is defined as the ratio of the area
of the smaller pulmonary artery to the larger pulmonary
artery. Expected biventricular repair was defined as a
subsequent definitive surgical repair that consisted of
anatomic repair.'* Single-ventricle physiology was de-
fined as subsequent surgical repair that consisted of a
palliative superior cavopulmonary anastomosis.'
When multiple studies from the same authors or in-
stitutions reported the same outcome, the study with
the greatest number of subjects was included in the
data analysis. This allowed for the inclusion of the max-
imal number of patients for each outcome measure.

Data Extraction

Five authors (ST, D.P, S.K., S.B., TA) separately
and independently screened all identified studies
using study title, abstract, and full-length articles to
determine whether the study met the screening crite-
ria. Data were extracted independently by 2 authors
(S.T. and S.K.). Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia) was
used to allow for screening by multiple reviewers simul-
taneously and for data extraction. Discrepancies be-
tween 2 reviewers about study eligibility were reviewed
by a separate author (T.A.) and discrepancies between
2 reviewers about data extraction were reviewed by a
separate author (D.P).

Methodological Quality and Risk of Bias
Assessment

No randomized trials were identified. Risk of bias of
the observational studies was evaluated using the
Newcastle-Ottawa tool.'”® This tool included an as-
sessment of how participants were selected from the
population of interest, how comparable study sub-
jects were, how the outcome was assessed, and the
length and adequacy of follow-up when applicable.
Studies were classified as having high-risk (1-3 points),
intermediate-risk (4-5 points), or low-risk of bias (6—9
points). All discrepancies were resolved by a second
reviewer (T.A.).

Statistical Analysis

All statistical analyses were performed using R soft-
ware, version 4.0.3 (The R Foundation, Vienna,
Austria). For studies that reported median and the first
and third quartiles, the sample mean and SD were
determined according to Cochrane Handbook for
Systematic Reviews of Interventions.'® Common diag-
noses of tetralogy of Fallot and pulmonary atresia with
intact ventricular septum (PA-IVS) and biventricular and
single ventricle repair were compared with Chi-square
test with Yates’ continuity correction. Continuous
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variables were analyzed as mean differences with 95%
Cl. For event rate data, odds ratio (OR) with 95% CI
was calculated using the total number of events and
patients as reported in the individual studies. For mor-
tality outcome and risk of unplanned reinterventions,
hazard ratios (HR) were measured to account for the
timing of events."” Furthermore, while not all studies
adjusted for covariates, adjusted HR that controlled
for other important covariates in multivariable survival
analysis were applied to minimize bias. As we antici-
pated the presence of heterogeneity among studies,
random-effects models were applied to pool effect
sizes. The DerSimonian-Laird estimator was per-
formed to estimate the between-study variance and
the Jackson method was used to calculate 95% CI.'®
Further, fix-effects models were performed to assess
the robustness of the results. Sensitivity analyses were
also implemented to assess the robustness of the re-
sults: the restricted maximum likelihood estimator was
applied for continuous outcome data and the Paule-
Mandel estimator was performed for binary outcome
data. Q-profile method was used to estimate a Cl for
the between-study variance.'® Statistical significance
was defined as P<0.05.

Publication bias was assessed using a visual fun-
nel plot and the Egger tests. Further, the “trim and fill”
method was used to examine whether hypothetical
missing studies substantially changed the estimates.?°

RESULTS

The initial search yielded 2312 studies and all abstracts
were reviewed. The full text was reviewed for 16 arti-
cles and 6 studies met inclusion criteria for the analysis
(Figure 1).%21-2% Included studies are summarized in
Table 1. In total, 757 patients had DDPBF, 243 (32.1%)
patients underwent PDA stent, and 514 (67.9%) pa-
tients underwent surgical placement of APS. The av-
erage age at initial intervention was 20days for PDA
stent and 27 days for APS (P=0.18). PA-IVS was more
common in the PDA stent group compared with the
APS group (39.6% versus 21.2%, P<0.001). There was
no significant difference in the proportion of patients
with the diagnosis of tetralogy of Fallot between the
2 groups (8.9% versus 14.2%, P=0.196). Two studies
categorized a total of 594 patients based on expected
future biventricular versus single ventricle repair. There
was a higher proportion of expected biventricular re-
pair in the PDA stent group compared with the APS
group (57.9% versus 46.6%, P=0.007). Additionally, 2
studies categorized patients based on the presence
of antegrade pulmonary blood flow. Patients with PDA
stent were more likely to have antegrade pulmonary
blood flow compared with patients with APS (52.3%
versus 38.2%, P<0.001).
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Records identified through database search

Duplicates removed

(n=2312)

Titles and abstracts screened
(n =1985)

\ 4
Full-text studies assessed for eligibility

(n=327)

Irrelevant studies excluded
(n=1969)

Full-text articles excluded (n = 10)

(n=16)

Studies included in meta-analysis
(n=6)

Wrong setting (3)

Wrong study design (3)

Wrong outcomes (3)

Duplicate sample population (1)

Figure 1.
study selection.

Procedural Complications

Procedural success for PDA stent was reported in 3
studies with a pooled success rate of 85%. Common
procedural complications after APS included perio-
perative bleeding, surgical wound exploration, and
arrhythmia.'*2'-2% | Less commonly reported compli-
cations included stroke, thrombosis, early reopera-
tion, ventricular dysfunction, mediastinitis, multiorgan
dysfunction, seizure, lung collapse, chylothorax, and
pulmonary congestion and hemorrhage.'*?'-23 For
patients who underwent PDA stent, procedural com-
plications included ductal spasm and access-related
vascular injury.* Arrhythmias were less commonly
noted (1.6%) and reported by one study.'* Rare com-
plications associated with PDA stent were stent mi-
gration, bacteremia, right ventricular perforation, and
duct dissection, all of which were reported as single in-
stances. Four studies compared procedural complica-
tions. The rate of complications was 10.9% in the PDA
stent group and 21.3% in the APS group. PDA stent
was associated with a lower risk of procedural com-
plications when compared with APS (OR, 0.45; [95%
Cl, 0.25-0.81]; P=0.008; ’=0%) (Figure 2A), which was
consistent in the fixed-effects model (OR, 0.43; [95%
Cl, 0.24-0.76]; P=0.004) and the sensitivity analysis
(OR, 0.45; [95% Cl, 0.25-0.81]; P=0.008).

Reinterventions

Four studies compared unplanned reinterventions to
treat cyanosis after PDA stent or APS. The pooled pro-
portion of unplanned reintervention rate was 22.7%
in the APS group compared with 25.6% in the PDA
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for

stent group. PDA stent was associated with a higher
hazard for unplanned reinterventions to treat cyanosis
when compared with APS although this did not reach
statistical significance (HR, 1.39; [95% CI, 0.70-2.78];
P=0.35; ’=68%) (Figure 2B). Similar findings were ob-
served in the fixed-effects model (HR, 1.16; [95% Cl,
0.82-1.64]; P=0.40) and in the sensitivity analysis (HR,
1.44; [95% ClI, 0.65-3.19]; P=0.37).

Length of Stay and Duration of
Mechanical Ventilation

Two studies reported data on ICU LOS and 4 stud-
ies reported data on total hospital LOS. Patients with
a PDA stent had an ICU LOS that was 4.03days
shorter than those with APS (95% ClI, —5.99 to —2.07;
P<0.001; P=66%) (Figure 3A), which was similar in the
fixed-effects model (mean difference: —4.08; [95% Cl,
-5.22 t0 —2.94]; P<0.001) and in the sensitivity analy-
sis (mean difference: —4.03; [95% ClI, —5.99 to —-2.07];
P<0.001). PDA stent was associated with shorter total
hospital LOS by 5.54days (95% CI, —-9.20 to -1.88;
P=0.0083; ’=78%) (Figure 3B), confirmed by the fixed-
effects model (mean difference: —4.36; [95% CI, —5.85
to —2.87]; P<0.001) and sensitivity analysis (mean dif-
ference: —7.21; [95% CI, —14.01 to -0.41]; P=0.038).
Additionally, 3 studies reported the duration of postpro-
cedural mechanical ventilation. There was a mean dif-
ference of 3.41 days (95% Cl, —5.29 to —1.52; P<0.001;
’=88%) in the duration of postprocedural mechanical
ventilation, favoring PDA stent (Figure 3C). A consistent
finding was observed in the fixed-effects model (mean
difference: —2.26; [95% Cl, —2.67 to —1.85]; P<0.001).
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A
PDA Stent APS
Study Events Total Events Total Odds Ratio OR 95% CI Weight
McMullan, 2014 0 13 3 42 0.10 [0.00-53.93] 0.9%
Amoozgar, 2012* 1 15 7 20 0.13 [0.01-1.23] 7.0%
Mallula, 2015 * 1 13 6 16 0.14 [0.01-1.35] 6.7%
Glatz, 2018™ 14 106 54 251 —— 0.56 [0.29 —1.05] 85.4%
Random effects model 147 329 0 0.45 [0.25-0.81] 100.0%
Heterogeneity: /% = 0%, t* = 0, P = 0.41 ol ' ! !
0.050.1 05 1 2 10
Favors PDA stent Favors APS
B
Study TE seTE Hazard Ratio HR 95% Cl Weight
Glatz, 2018 ™ . 029 0.26 —-: 0.75 [0.45-1.25] 32.7%
McMullan, 2014 0.06 0.57 : 1.06 [0.35-3.23] 19.5%
Bentham, 2018 041 0.29 - 1.50 [0.85-2.64] 31.4%
Mallula, 2015 * 1.75 0.67 —'-— 5.75 [1.65-21.36] 16.3%
Random effects model 1.39 [0.70-2.78] 100.0%
Heterogeneity: /% = 68%, t° = 0.3113,P = 0.03 R '
0.1 051 2 10
Favors PDA stent Favors APS

Figure 2. Forest plot showing results of meta-analysis of complications and hazard of unplanned reinterventions between
patent ductus arteriosus stent and aortopulmonary shunt.

A, Comparison of the odds of complications between patent ductus arteriosus stent and aortopulmonary shunt. Complications
include perioperative bleeding, surgical wound exploration, and arrhythmias after aortopulmonary shunt and ductal spasm and
access-related vascular injury after patent ductus arteriosus stent. B, Comparison of the hazard of unplanned reinterventions to treat
cyanosis between patent ductus arteriosus stent and aortopulmonary shunt. APS indicates aortopulmonary shunt; HR, hazard ratio;

OR, odds ratio; PDA, patent ductus arteriosus; seTE, standard error of treatment estimate; and TE, treatment estimate.

In the sensitivity analysis, PDA stent demonstrated
shorter postprocedural mechanical ventilation but
did not reach statistical significance (mean difference:
-5.09; [95% ClI, —10.70 to 0.51]; P=0.07).

Mortality and ECMO Support

The pooled mortality rate was 8.2% in the PDA stent
group compared with 11.8% in the APS group. There
was no statistically significant difference in mortality
hazard between PDA stent or APS groups although
the hazard was lower in the PDA stent group (HR, 0.71;
[95% CI, 0.26-1.93]; P=0.50; P=54%) (Figure 4A). Two
studies reported outcomes of postprocedural ECMO
support. ECMO support was less frequent after PDA
stent compared with APS (OR, 0.27; [95% CI, 0.09-
0.79]; P=0.02; P=0%) (Figure 4B). Sensitivity analyses
showed similar findings (HR, 0.71; [95% CI, 0.27-1.91];

J Am Heart Assoc. 2022;11:e024721. DOI: 10.1161/JAHA.121.024721

P=0.49 for mortality and OR, 0.27; [95% ClI, 0.09-0.79];
P=0.02 for ECMO support). The fixed-effect models
demonstrated consistent findings as well (HR, 0.80;
[95% Cl, 0.44-1.43]; P=0.49 for mortality and OR, 0.27;
[95% CI, 0.09-0.79]; P=0.02 for ECMO support).

Pulmonary Artery Size and Symmetry

No significant difference was found in the Nakata
index between PDA stent and APS groups (stand-
ardized mean difference [SMD], 0.09; [95% ClI, —0.20
to 0.37]; P=0.55) (Figure 5A). There was also no dif-
ference in pulmonary artery symmetry as measured
by the symmetry index between the 2 groups (SMD,
0.38; [95% CI, -0.26 to 1.03]; P=0.25) (Figure 5B).
Further, fixed-effects models showed consistent re-
sults (SMD, 0.14; [95% ClI, —0.07 to 0.35]; P=0.20 for
the Nakata index and SMD, 0.17; [95% CI, —0.03 to
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Figure 3. Forest plot showing results of meta-analysis of length of stay and duration of mechanical ventilation between

patent ductus arteriosus stent and aortopulmonary shunt.

A, Comparison of the intensive care unit length of stay, (B) total hospital length of stay, and (C) duration of mechanical ventilation
between patent ductus arteriosus stent and aortopulmonary shunt. APS indicates aortopulmonary shunt; MD, mean difference; and

PDA, patent ductus arteriosus.

0.37]; P=0.10 for the symmetry index). Similar findings
were observed in the sensitivity analysis (SMD, 0.08;
[95% CI, —-0.21 to 0.38]; P=0.57 for the Nakata index
and SMD, 0.46; [95% ClI, -0.53 to 1.45]; P=0.36 for
the symmetry index).

Quality Assessment and Publication Bias

Allincluded studies were of low risk of bias with scores
>6 points on the Newcastle Ottawa scale (Figure S1).
Publication bias was illustrated in the funnel plots
(Figure S2). The additional analyses using the “trim
and fill” method suggested that hypothetical “missing”
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studies did not substantially change our pooled esti-
mates (Figure S3).

DISCUSSION

This meta-analysis evaluated a large body of published
literature and 6 studies were included for the analysis
of outcomes after PDA stent and APS in patients with
cyanotic CHD and DDPBF (Figure 6). Additionally, this
analysis also adjusted for covariates when possible.
This study demonstrated no statistically significant dif-
ference in risk of mortality or unplanned reinterventions
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Figure 4. Forestplot showingresults of meta-analysis of mortality and extracorporeal membrane
oxygenation support between patent ductus arteriosus stent and aortopulmonary shunt.

Comparison of the (A) hazard of mortality and (B) rate of extracorporeal membrane oxygenation support
between patent ductus arteriosus stent and aortopulmonary shunt. APS indicates aortopulmonary
shunt; HR, hazard ratio; OR, odds ratio; PDA, patent ductus arteriosus; seTE, standard error of treatment

estimate; and TE, treatment estimate.

to treat cyanosis between the 2 approaches.
Numerically the hazard for mortality was higher in APS
while the unplanned reintervention hazard was higher
in the PDA stent group. PDA stent was associated
with fewer procedural complications, shorter ICU and
hospital LOS, and fewer days of mechanical ventila-
tion. Importantly, there was no statistically significant
difference in pulmonary artery size and symmetry be-
tween the 2 groups. Furthermore, this study also dem-
onstrates that the diagnosis of PA-IVS, expected future
biventricular repair, and antegrade pulmonary blood
flow were more common in the PDA stent group com-
pared with APS group.

Although the analysis showed a numerically lower
hazard for death with the PDA stent, this did not reach
statistical significance. Additionally, PDA stent was
associated with less procedural complications, post-
procedural ECMO support, mechanical ventilation and
shorter hospital LOS. The APS procedure carried up to
a 21% rate of procedural complications compared with
11% after PDA stent. Procedural complications are typ-
ically less catastrophic and life-threatening in the PDA
stent group. Thus, it was not surprising that there was
less need for ECMO support and mechanical ventila-
tion after PDA stent along with a shorter ICU and hos-
pital LOS. Other studies have also shown that the PDA
stent approach is associated with lower cost of care
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compared with APS.?6 The effect of the initial palliation
strategy on longer-term outcomes including neurode-
velopmental outcomes is yet to be determined.

In this meta-analysis, there was no significant dif-
ference in the rate of unplanned reintervention to treat
cyanosis between the groups, although it was numer-
ically higher in the PDA stent group. The increased
rate of reinterventions after PDA stent described in
the literature is secondary to the inclusion of planned
reintervention procedures. As many studies did not
include separate planned intervention rates in the
comparison, we could not perform a meta-analysis
on the rate of planned interventions. The timing of
reinterventions may also be different between the
groups. Bentham et al. described that the majority
of interventions in their APS group occurred in the
early interstage period (need for early shunt revision
or change to another source of pulmonary blood
flow) and late interstage period (need for APS stent).2*
Reinterventions after PDA stent were predominantly
late, comprising of catheter-based procedures to
re-stent or balloon dilate the existing PDA stent as
neointimal proliferation within the stent may occur.
Reinterventions are typically planned to prolong the
time between initial palliation and the next palliative
procedure or definitive surgery and may account for
a proportion of late-occurring procedures.
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Figure 5. Forest plot showing results of meta-analysis of pulmona
and aortopulmonary shunt.
Comparison of pulmonary artery growth using the (A) Nakata index and

ry artery growth between patent ductus arteriosus stent

(B) pulmonary artery symmetry index between patent ductus

arteriosus stent and aortopulmonary shunt. APS indicates aortopulmonary shunt; SMD, standardized mean difference; and PDA,

patent ductus arteriosus.

It is important to note that this study found that
PDA stent was more common in patients with PA-IVS,
with expected biventricular repair, and with antegrade

pu
Hs.t
Ex

Imonary flow. Patients with PA-IVS tend to have a
raight” ductus arteriosus making it easier to stent.?’
pected biventricular repair and antegrade pulmonary

e

Aortopulmonary shunt

No Difference in Mortality

No Difference in Pulmonary
Artery Growth

No Difference in Unplanned
Reintervention Rates

Neonate with Ductal Dependent Pulmonary Blood Flow

Patent ductus arteriosus stent

Less Complications

Less Need for ECMO and
Mechanical Ventilation

Shorter ICU and Hospital
Length of Stay

Figure 6. Summary of meta-analysis results.

ECMO indicates extracorporeal membrane oxygenation; and ICU, intensive care unit.
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flow offers the advantage of having a dual pulmonary
blood flow source resulting in more stable hemody-
namics during PDA stent procedure and perceived
fewer procedural complications.'>#

With the increased experience with PDA stents,
placement of a PDA stent is feasible and safe in more
types of CHD anatomy; some centers have started
performing PDA stent for all cyanotic infants with
DDPBF.'22829 Furthermore, a PDA stent may be the
preferred option in neonates with multiple comorbidi-
ties or those who may be high risk for cardiac surgery.
However, it is important to recognize that a surgical APS
may be the best option for palliation when PDA stent is
not achievable, particularly in complex PDA morphol-
ogies that prohibit stent placement.®® Ultimately, the
patient’s clinical history, ductus arteriosus anatomy,
and surgical risk factors should be carefully assessed
and the decision between APS and PDA stent should
be individualized, taking institutional experience into
consideration.

Recently, another meta-analysis by Alsagheir and
colleagues pooled the data from 6 studies to assess
whether PDA stent was associated with better outcomes
compared with APS.3" The data from our meta-analysis
was consistent with Alsagheir et al.,, showing better
postoperative morbidities after the PDA stent including
shorter postprocedural hospitalization and fewer proce-
dural complications. The midterm mortality was better
in the PDA stent group in the previous meta-analysis as
opposed to our study where there was no statistically
significant difference in mortality. However, Alsagheir
et al. pooled relative risk ratios and unadjusted relative
risk for mortality, which does not adjust for covariates
and does not account for the time to event. To address
this, we only reported hazard ratios to account for time
to event and adjusted ratios to account for covariates.
Our findings are consistent with Glatz et al., which was
the largest multicenter study to date included in this
meta-analysis and showed no statistically significant
difference in adjusted hazard of mortality."* Our meta-
analysis also differs from the previous meta-analysis in
that pulmonary artery size and symmetry were evalu-
ated with the Nakata index and the pulmonary artery
symmetry index. This further supports the finding that
pulmonary artery growth may not differ between in-
tervention groups. Additionally, this meta-analysis also
demonstrated group differences in common cardiac di-
agnoses and in the proportion of expected biventricular
or single ventricular repair in this population.

Limitations

Given the nature of this clinical question, all studies in-
cluded in this meta-analysis were retrospective stud-
ies. Retrospective studies are prone to confounders
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and covariates may not have been considered in some
studies, but we have attempted to decrease the ef-
fect of confounders and covariates in our analysis by
using adjusted HRs and ORs. Additionally, although
PDA stent has become more prevalent, the majority
of patients included in this study underwent surgical
APS. This may be affected by center variability and
preference to perform APS versus PDA stent, which
would introduce selection bias to the included stud-
ies. Lastly, the cohorts are not equally representative
of all cyanotic CHD with DDPBF patients. Not all types
of CHD with DDPBF were evaluated, given the low in-
cidence of certain diagnoses and the heterogeneity
in data reporting. However, we were able to compare
rates of APS and PDA stent among patients with 2
common types of CHD with DDPBF, with expected bi-
ventricular repair, and with antegrade pulmonary blood
flow to provide insight into how anatomy may influence
decision making. Given limitations inherent to obser-
vational studies, the COMPASS trial (Comparison of
Methods of Pulmonary Blood Flow Augmentation in
Neonates: Shunt Versus Stent) is being performed by
the Pediatric Heart Network.

CONCLUSIONS

This meta-analysis demonstrated that PDA stent has a
similar hazard of mortality compared with APS. There
are benefits to PDA stent, including shorter duration
of mechanical ventilation support, shorter hospital and
ICU LOS, and fewer procedural complications. The ex-
isting literature supports differences in patient charac-
teristics with more patients with PA-IVS and expected
biventricular repair undergoing PDA stent.
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Figure S1. Newcastle Scales.
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MODIFIED NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and
Outcome categories. A maxinmmum of two stars can be given for Comparability

No. | Criterion Decision rule Score (*=1, | Location
no*=0) in text
SELECTION
1 Representativeness | a) Consecutive eligible participants were selected, participants
of the exposed were randomly selected, or all participants were invited to 0
cohort participate from the source population®
b) Not satisfying requirements in part (a). or not stated.
2 Selection of the a) Selected from the same source population™®
non-exposed cohort | b) Selected from a different source population 1
¢) No description
3 Ascertainment of a) Structured injury data (e.g. record completed by medical staff)*
exposure b) Structured interview™
¢) Written self-report 1
d) No description
- Demonstration that | a) Yes®
outcome of interest | b) No or not explicitly stated
was not present at 1
the start of the
study
COMPARABILITY
1 Comparability of a) Study controls for previous injury®
cohorts on the basis | b) Study controls for age®
of the design or
analysis Nore: Exposed and non-exposed individuals nust be matched in 0
the design and/or confounders nmst be adjusted for in the
analysis. Alone statements of no differences between groups or
that differences were not statistically significant are not sufficient.
OUTCOME
1 Assessment of a) Independent or blind assessment stated, or confirmation of the
outcome outcome by reference to secure records (e.g. imaging, structured
injury data, etc.)®
b) record linkage (e.g. identified through ICD codes on database 1
records)®
¢) Self-report with no reference to original structured injury data
of imaging
d) No description
2 Was follow-up long | a) Yes (=3 months)*
enough for b) No (=3 months) 1
outcomes to occur?
3 Adequacy of follow | a) Complete follow up — all participants accounted for®
up of cohorts b) Subjects lost to follow up unlikely to infroduce bias (<15%
lost to follow up, or description provided of those lost®) 1
c) Follow up rate <85% and no description of those lost provided
d) No statement
SCORE: 4]
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Note: A study can be awarded a maximuum of one star for each numbered item within the Selection and
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No. | Criterion Decision rule Score (*=1, | Location
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SELECTION
1 Representativeness | a) Consecutive eligible participants were selected, participants
of the exposed were randomly selected, or all participants were invited to 1
cohort participate from the source population™
b) Not satisfying requirements in part (a). or not stated.
2 Selection of the a) Selected from the same source population®
non-exposed cohort | b) Selected from a different source population 1
¢) No description
3 Ascertamment of a) Structured myury data (e.g. record completed by medical staff)*
exposure b) Structured interview® 1
c) Written self-report
d) No description
4 Demonstration that | a) Yes™®
outcome of interest | b) No or not explicitly stated
‘was not present at 1
the start of the
study
COMPARABILITY
1 Comparability of a) Study controls for previous injury™®
cohorts on the basis | b) Study controls for age®
of the design or
analysis Nore: Exposed and non-exposed individuals must be matched in 1
the design and/or confounders nmst be adjusted for in the
analysis. Alone statements of no differences between groups or
that differences were not statistically significant are not sufficient.
OUTICOME
1 Assessment of a) Independent or blind assessment stated, or confirmation of the
outcome outcome by reference to secure records (e g imaging. structured
injury data, etc)*®
b) record linkage (e.g. identified through ICD codes on database
records)*® 1
¢) Self-report with no reference to original structured injury data
of imaging
d) No description
2 Was follow-up long | a) Yes (=3 months)®
enough for b) No (<3 months) 1
outcomes to occur?
3 Adequacy of follow | a) Complete follow up — all participants accounted for®
up of cohorts b) Subjects lost to follow up unlikely to introduce bias (<15%
lost to follow up. or description provided of those lost™) 1
c) Follow up rate <83% and no description of those lost provided
d) No statement

SCORE: 8
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COHORT STUDIES

Note: A study can be awarded a maxinmim of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability

No. | Criterion Decision rule Score (*=1, | Location
no*=({) in text
SELECTION
1 Representativeness | a) Consecutive eligible participants were selected, participants
of the exposed were randomly selected, or all participants were invited to
cohort participate from the source population™ 1
b) Not satisfying requirements in part (a). or not stated.
2 Selection of the a) Selected from the same source population™
non-exposed cohort | b) Selected from a different source population 1
c) No description
3 Ascertainment of a) Structured mjury data (e.g. record completed by medical staff)*
Exposure b) Structured interview®
c) Written self-report 1
d) No description
- Demonstration that | a) Yes®
outcome of interest | b) No or not explicitly stated
was not present at 1
the start of the
study
COMPARABILITY
1 Comparability of a) Study controls for previous injury*®
cohorts on the basis | b) Study controls for age™®
of the design or
analysis Note: Exposed and non-exposed individuals st be matched in 1
the design and/or confounders nmst be adjusted for in the
analysis. Alone statements of no differences between groups or
that differences were not statistically significant are not sufficient.
OUTCOME
1 Assessment of a) Independent or blind assessment stated, or confirmation of the
outcome outcome by reference to secure records (e g imaging, structured
injury data, etc.)*
b) record linkage (e g identified through ICD codes on database
records)® 1
c) Self-report with no reference to original structured injury data
or imaging
d) No description
2 Was follow-up long | a) Yes (=3 months)®
enough for b) No (=3 months) 1
outcomes to occur?
3 Adequacy of follow | a) Complete follow up — all participants accounted for®
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No. | Criterion Decision rule Score (*=1, | Location
no*=0) in text
SELECTION
1 Representativeness | a) Consecutive eligible participants were selected, participants
of the exposed were randomly selected, or all participants were invited to
cohort participate from the source population™ 1
b) Not satisfying requirements in part (a), or not stated.
2 Selection of the a) Selected from the same source population®
non-exposed cohort | b) Selected from a different source population 1
c) No description
3 Ascertamnment of a) Structured mnjury data (e.g. record completed by medical staff)*
exposure b) Structured interview™ 1
c) Written self-report
d) No description
- Demonstration that | a) Yes*®
outcome of interest | b) No or not explicitly stated
was not present at 1
the start of the
study
COMPARABILITY
1 Comparability of a) Study controls for previous myury*
cohorts on the basis | b) Study controls for age®
of the design or
analysis Nore: Exposed and non-exposed individuals must be matched in 0
the design and/or confounders nmst be adjusted for m the
analysis. Alone statements of no differences between groups or
that differences were not statistically siemificant are not sufficient.
OUTCOME
1 Assessment of a) Independent or blind assessment stated, or confirmation of the
outcome outcome by reference to secure records (e.g. imaging, structured
injury data, etc.)®
b) record linkage (e.g identified through ICD codes on database 1
records)®
c) Self-report with no reference to original structured injury data
or imaging
d) No description
2 Was follow-up long | a) Yes (=3 months)®
enough for b) No (<3 months) 1
outcomes to ocour?
3 Adequacy of follow | a) Complete follow up = all participants accounted for®
up of cohorts b) Subjects lost to follow up unlikely to infroduce bias (<15%
lost to follow up, or description provided of those lost™) 1
c) Follow up rate <85% and no description of those lost provided
d) No statement
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Note: A study can be awarded a maxinmm of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability

No. | Criterion Decision rule Score (*=1, | Location
no*={) in text
SELECTION
1 Representativeness | a) Consecutive eligible participants were selected, participants
of the exposed were randomly selected, or all participants were invited to
cohort participate from the source population™ 1
b) Not satisfying requirements in part (a). or not stated.
2 Selection of the a) Selected from the same source population®
non-exposed cohort | b) Selected from a different source population 1
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3 Ascertamment of a) Structured injury data (e.g. record completed by medical staff)*
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c) Written self-report
d) No description
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Was not present at 1
the start of the
study
COMPARABILITY
1 Comparability of a) Study controls for previous mjury™®
cohorts on the basis | b) Study controls for age®
of the design or
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the design and/or confounders nmist be adjusted for in the
analysis. Alone statements of no differences between groups or
that differences were not statistically significant are not sufficient.
OUTCOME
1 Assessment of a) Independent or blind assessment stated, or confirmation of the
outcome outcome by reference to secure records (e.g. imaging, structured
injury data, etc.)®
b) record hinkage (e.g identified through ICD codes on database 1
records)®
c) Self-report with no reference to original structured injury data
or imaging
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2 Was follow-up long | a) Yes (=3 manths)*
enough for b) No (<3 months) 1
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lost to follow up, or description provided of those lost™) 1
c) Follow up rate <-85% and no description of those lost provided
d) No statement

SCORE:




F. Santoro 2009

MODIFIED NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
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Note: A study can be awarded a maxinmm of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability

No. | Criterion Decision rule Score (*=1, | Location
no*=0) in text
SELECTION
1 Representativeness | a) Consecufive eligible participants were selected, participants
of the exposed were randomly selected, or all participants were invited to 0
cohort participate from the source population™
b) Not satisfying requirements in part (a). or not stated.
2 Selection of the a) Selected from the same source population®
non-exposed cohort | b) Selected from a different source population 1
¢) No description
3 Ascertamment of a) Structured injury data (e.g. record completed by medical staff)*
exposure b) Struchured interview™
c) Written self-report 1
d) No description
- Demonstration that | a) Yes®
outcome of interest | b) No or not explicitly stated
was not present at 1
the start of the
study
COMPARABILITY
1 Comparability of a) Study controls for previous injury™®
cohorts on the basis | b) Study controls for age®
of the design or
analysis Note: Exposed and non-exposed individuals must be matched in 0
the design and/or confounders mmst be adjusted for in the
analysis. Alone statements of no differences between groups or
that differences were not statistically significant are not sufficient.
OUTCOME
1 Assessment of a) Independent or blind assessment stated, or confirmation of the
outcome outcome by reference to secure records (e.g. imaging, structured
injury data, etc.)®
b) record linkage (e.g. identified through ICD codes on database 1
records)®
c) Self-report with no reference to onginal structured injury data
or imaging
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2 Was follow-up long | a) Yes (=3 months)*
enough for b) No (=3 months) 1
outcomes to occur?
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c) Follow up rate <<83% and no description of those lost provided
d) No statement
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Figure S2. Funnel Plots.

A. Complications

Standard Error

Standard Error

25 20 15 10 05 00

3.0

0.0

0.1

0.3

0.6

@
T T I
1e-03 1e-01 1e+01
Odds Ratio
Unplaned reinterventions
Q
l°]
T I I I
0.5 1.0 2.0 5.0

Hazard Ratio




Standard Error

Standard Error

Intensive care unit length of stay

0.0

0.2

0.4

0.8

Mean Difference

Hospital length of stay

Mean Difference

10




Standard Error

Standard Error

Duration of mechanical ventilation

2.0 1.5 1.0

25

-12 -10 -8 -6 -4 -2 0

Mean Difference

Mortality

0.2

04

06

0.8

0.2 0.5 1.0 2.0

Hazard Ratio



Standard Error

Standard Error

Extracorporeal membrane oxygenation

0.4

0.8

01 0.2 0.5 1.0
Odds Ratio
Nakata index
o
o
0"

N [e]
o
@
g
<+ o
P o]

T T T

-0.5 0.0 0.5

Standardised Mean Difference




Standard Error

Pulmonary artery symmetry index

0.0
|

0.1

0.2

0.4

Standardised Mean Difference

1.5




Figure S3. ‘Trim and Fill’ Analysis.
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C. Hospital length of stay
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K. Mortality
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M. Pulmonary artery symmetry index
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