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1 | INTRODUCTION

For congenital heart lesions with ductal-dependent pulmonary

Abstract

Background: Infants with ductal-dependent pulmonary blood flow (PBF) often un-
dergo a palliative procedure to provide a stable source of PBF prior to definitive pal-
liation or repair. In the current era, a surgical shunt or ductal stent is used to provide
PBF. We aimed to review the current literature comparing ductal stents to surgical
shunts.

Methods and Results: Four small, single-center studies and two larger multicenter
studies were identified comparing ductal stent to surgical shunt. Combined, these
studies showed ductal stent resulted in similar or improved pulmonary artery growth,
fewer complications, shorter length of stay, less diuretic use, and improved survival
compared to surgical shunt. Despite inherent minor variability among the studies,
ductal stent appears to be associated with more frequent reinterventions.
Conclusions: Surgical shunts remain essential to the care of these patients, but ductal
stent is a reasonable alternative, and may provide some advantages in select patients
with ductal-dependent PBF.
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thereby avoiding a median sternotomy or lateral thoracotomy, poten-

tially avoiding exposure to cardiopulmonary bypass, and potentially

allowing for more symmetric growth of the pulmonary arteries.”

blood flow (PBF), an initial palliative procedure to provide a more
stable source of PBF is often required prior to undergoing a more
definitive palliation or repair. A surgical shunt, most commonly the
modified Blalock-Taussig shunt (BTS), has been a widely used initial
palliative surgical procedure to provide PBF in those with ductal-de-
pendent pulmonary flow. Despite its widespread use, the BTS has
been associated with high morbidity and mortality,*> prompting al-
ternative procedures to be sought for PBF.

In 1992, stenting of the patent ductus arteriosus (PDA) was de-
scribed as an alternative to BTS placement to provide PBF, and the use
of this technique has expanded considerably since that time.*® Patent
ductus arteriosus stenting has the advantages of being less invasive,

The previously touted potential disadvantages of PDA stenting in-
clude procedural complications unique to this procedure (primarily
vascular access related), concerns regarding stent longevity, and po-
tential problems related to the ductal stent during subsequent surgi-
cal procedures.lz*13

Few studies have directly compared the PDA stent to the BTS,
and most of these studies have been done at single centers, have had
small numbers, and/or have only looked at specific lesions.1%1416
Two larger multicenter studies have recently been published com-
paring the PDA stent to the BTS.*8 The key components of the six
available head-to-head studies are summarized in Table 1, and these

studies will be reviewed in detail in this article. Overall, the literature
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suggests that PDA stent palliation can be a reasonable alternative
to surgical BTS in select patients, and these studies are discussed in

further detail below.

2 | REVIEW OF RELEVANT PUBLICATIONS

Four small studies were previously performed comparing the PDA
stent to the BTS (or other surgical shunts), and will be individually
reviewed in brief in the following paragraphs. Though these studies
were all single center with relatively small cohort sizes, overall they
showed no disadvantage of the PDA stent compared to the BTS in
terms of pulmonary artery growth, survival, or reinterventions, and
some studies showed some advantages of the PDA stent. In two stud-
ies, the PDA stent was associated with shorter length of stay (LOS)
than BTS. One study showed a higher rate of acute complications and
reinterventions in the BTS group, and the same study showed more
common postdischarge reinterventions with a shorter time interval to
reintervention in the PDA stent group.

A 2009 study by Santoro et al'® looked at pulmonary artery
growth following palliation with a PDA stent compared to a BTS at
a single center between 2003 and 2009. The size of each group was
small with 13 patients in the PDA stent group, and 14 patients in the
BTS group. Both groups experienced significant growth of the pul-
monary arteries as measured by the Nakata index and McGoon ratio,
with no difference between the groups in terms of overall pulmonary
artery growth. The PDA stent group did, however, promote more sym-
metric growth of the pulmonary arteries as measured by left pulmo-
nary artery/right pulmonary artery diameter ratio.

A 2013 study by Amoozgar et al** compared the safety, effi-
cacy, complications, and short-term outcomes of neonates who
underwent PDA stenting to those who underwent surgical shunt
(primarily BTS) from 2009 to 2011. Like the previously discussed
study, there were small numbers in this study with 18 patients in
the PDA stent group, and 20 patients from a different center in
the surgical shunt group. A PDA stent was successful in 15 of the
18 patients. This study showed no difference in pre- or postproce-
dure oxygen saturations, left pulmonary artery diameter, McGoon
ratio, or Nakata index, but did show a larger right pulmonary artery
diameter in the PDA stent group. The PDA stent cohort was also
demonstrated to have ashorter mean hospital LOS compared to the
surgical shunt cohort.

A 2014 study by McMullan et al*® evaluated the safety and the du-
rability of a PDA stent as an alternative to a BTS from 2002 to 2011
at a single center. The numbers in the PDA stent group were similar
to other studies at 13 patients, with a slightly larger BTS group (42
patients). There was no survival difference between the PDA stent
and the BTS groups. There was no difference in time to second stage
palliation or definitive repair, and there was no difference in postpro-
cedural systemic oxygen saturation. There was also no difference in
the number of interval reinterventions to maintain adequate PBF, and
no significant differencein the time to reintervention in those that did
undergo reinterventions.
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A 2015 study by Mallula et al*> compared the PDA stent to the
surgical shuntin patients with pulmonary atresia with intact ventricu-
lar septum (PA/IVS) from 2006 to 2013. There were 13 patients who
underwent PDA stent and 16 patients who underwent surgical shunt
placement (10 central and 6 modified BTS). The baseline character-
istics were similar between the 2 groups except for the PDA stent
group being larger at the time of intervention. The PDA stent group
had a shorter duration of mechanical ventilation, and lower median
hospital LOS. Acute complications and acute reinterventions were
more common in the surgical shunt group; however, postdischarge re-
interventions were more common in the PDA stent group, along with
ashortertimetoreintervention. Although valuable, these four studies
all have important limitations due to their single center nature, small
cohort sizes, and nonrandomized assignment to treatment strategies.
In these circumstances, there is a substantial risk of bias due to con-
founding by indication, whereby differencesin patient characteristics
influence both the assignment to treatment strategy and the out-
comes of interest.

More recently, there have been 2 larger, multicenter studies pub-
lished comparingthe PDA stentto BTS: one U.S. study, and one British
study. Because of their size and multicenter nature, these studies were
able to make adjusted comparisons of outcomes to account for differ-
ences in baseline characteristics of the patients in each treatment
group, inan attempt to mitigate bias due to confounding by indication.
Neither study utilized a prospective randomized assignment to palli-
ative strategy, however. Both studies showed that the PDA stent is a
reasonable alternative to the BTS palliation in select patients. These
two studies are reviewed in greater detail below.

The first is a U.S. study published by Glatz et al in 2018 that
compared the outcomes between the BTS and the PDA stent when
used as palliation for infants with ductal-dependent PBF. A relatively
large multicenter cohort was utilized to allow for adjustment by po-
tential patient-level confounding factors. This was a retrospective
review of patients from four centers that comprise the Congenital
Catheterization Research Collaborative (CCRC) who had either a BTS
(from January 2012 through November 2015) or PDA stent (from
January 2008 through November 2015). The primary outcome of this
study was a composite of death or unplanned reintervention for cya-
nosis. Thesecondary outcomesincludedtheindividual components of
the primary outcome, other reinterventions, intensive care unit (ICU)
and hospital LOS, diuretic use at hospital discharge, procedural com-
plications, and pulmonary artery size at last follow-up prior to defini-
tive surgical repair.

There were 106 patients in the PDA stent group and 251 pa-
tients in the BTS group. There were differences in treatment strat-
egies across centers, and some differences in patient-level factors.
The PDA stent group included a larger number of PA/IVS (44%) pa-
tients, while the BTS group included more patients with pulmonary
atresia in the setting of ventricular septal defect (39%). There were
more patients with expected 2-ventricle physiology (60%) and an-
tegrade PBF (61%) in the PDA stent group. There were no differ-
ences in gestational age, birth weight, genetic syndromes, or other
comorbid conditions between the groups. There was no difference
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in pre-intervention ventricular function or atrioventricular valve re-
gurgitation by echocardiography between the groups.

The unadjusted analysis favored the PDA stent group with regard
to the primary composite outcome of death or unplanned reinterven-
tion for cyanosis. It also favored the PDA stent group in terms of un-
planned reintervention for cyanosis when the individual components
of the composite outcome were examined separately. There was less
use of diuretics at discharge and shorter total hospital and ICU LOS
in the PDA stent group. The PDA stent group had larger and more
symmetrical pulmonary arteries at later follow-up. The BTS group was
favored in terms of other reinterventions (planned reinterventions or
unplanned reinterventions to treat issues other than cyanosis), which
occurred more frequently in the PDA stent cohort. Other outcomes
examined in the unadjusted analysis showed a difference in the type
of definitive surgical repair with more patients in the BTS group un-
dergoing a superior cavopulmonary connection. The PDA stent group
was older at the time of subsequent repair with a longer time interval
between initial palliation and the definitive repair, contradicting the
prevailing assumption that PDA stenting is less durable than surgi-
cal shunt. There was no difference in the need for pulmonary artery
plasty at the time of definitive surgical repair, or in the rate of subse-
quent surgical or transcatheter pulmonary artery intervention.

Importantly, this study also performed an adjusted comparison
of outcomes between the groups using propensity score adjustment
techniques. The elements of the propensity score represented base-
line differences between the groups and included: center, expected
ultimate physiology (1 or 2 ventricle), presence of antegrade PBF,
diagnostic category, preintervention inotrope use, and preinterven-
tion invasive ventilation. The adjusted analysis showed no difference
between the groups with regard to the primary outcome. Similarly,
there was no difference between the components of the primary out-
come when examined separately. However, there was less diuretic
use, fewer procedural complications, and shorter ICU LOS in the PDA
stent group in the adjusted analysis. Further, the PDA stent group had
larger and more symmetrical pulmonary arteries at later follow-up.
The BTS group continued to have a lower risk of reinterventions in
the adjusted analysis.

The second large multicenter study is a 2018 United Kingdom
(U.K.) study published by Bentham et al. This study included patients
identified from the National Congenital Heart Disease Audit from
9 U.K. centers, < 30 days of age with ductal-dependent PBF from
January 1, 2012 to December 31, 2015. The primary outcome was
survival to next stage surgery (either palliation or repair). The second-
ary outcomes were survival to 30 days, to discharge, and to 1 year,
and need for postprocedural extracorporeal membrane oxygenation
(ECMO).

There were 83 patients in the PDA stent group, and 171 patients
in the BTS group. PDA stenting was successful in 70 of the 83 pa-
tients. There were no baseline differences between the groups in
terms of age, weight, diagnosis, or comorbidities. The unadjusted
analysis in this study showed the BTS group was intubated more

commonly postprocedure, had longer LOS in the hospital and ICU,

had longer mechanical ventilation, had lower oxygen saturation
postprocedure, and had higher hemoglobin. There were more rein-
terventions before repair in the PDA stent group.

This study also performed an adjusted analysis using a propen-
sity score. The components of the propensity score in this study were
age, weight, procedure (elective or emergency), antegrade PBF, sin-
gle-ventricle status, and prematurity. The adjusted analysis showed
that patients in the PDA stent group had increased odds of surviving
before repair compared to the BTS group. The PDA stent group had
decreased odds of receiving postprocedural ECMO, though this did
not meet statistical significance (p valve of 0.058). The adjusted anal-
ysis showed no significant difference in reintervention between the

groups.

3 | DISCUSSION

In the current era, the BTS is still widely used in patients with ductal-
dependent PBF. Given the continued high morbidity and mortality as-
sociated with the BTS over time, PDA stent placement has emerged
as an alternative to surgical shunt palliation. Though the BTS will un-
doubtedly continue to be an important option for many patients, the
literature suggests that when PDA stenting is successfully performed,
it is an acceptable alternative to surgical shunt placement and may, in
fact, provide several advantages. The studies reviewed herein dem-
onstrate that PDA stent is associated with lower mortality and less
morbidity than surgical shunt. Further, PDA stent palliation has been
shown to result in similar or improved growth of the pulmonary ar-
teries, decreased duration of mechanical ventilation, decreased ICU
LOS, and in some cases hospital LOS, decreased diuretic burden, and
lower rates of acute complications. Some studies suggested that the
PDA stent may be associated with a higher number of reinterven-
tions, but this was not uniformly identified. Moreover, in at least one
large study there was no difference in unplanned reintervention rates
with either palliative strategy. It is important to note, however, that
none of these studies are truly “intent to treat,” and instead focus
largely on outcomes of patients who successfully receive a particular
treatment strategy. In these retrospective studies, it is impossible to
comprehensively assess the outcomes of all patients who may have
been considered for, or had an attempt at, PDA stent placement but
ultimately did not undergo this procedure because of anatomic con-
cerns, institutional bias, or technical failure. Despite this inherent limi-
tation to the existing body of literature notwithstanding, we conclude
that, although the BTS will continue to be an essential tool in the care
of patients with ductal-dependent PBF, the use of a PDA stent ap-
pears to be an acceptable alternative palliative strategy in select pa-
tients, though prospective evaluation and longer term follow-up are
necessary.
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