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Abstract

Patent ductus arteriosus stenting for ductal-dependent pulmonary blood flow is a technically
challenging neonatal procedure to maintain a stable pulmonary circulation. Pre-procedural
computed tomography imaging aids in outlining ductal origin, insertion, size, course and
curvature. Computed tomography imaging may add value to procedural outcomes and reduce
overall procedural morbidity in neonatal patent ductus arteriosus stenting. We conducted a
single centre retrospective chart review of neonates with ductal-dependent pulmonary blood
flow who underwent patent ductus arteriosus stenting between January 1, 2014 and June 31,
2020. We compared patients variables between patients who underwent pre-procedural com-
puted tomography imaging to those who did not. A total of 64 patients were referred for patent
ductus arteriosus stenting with 33 (52%) obtaining pre-procedural computed tomography
imaging. Average age [19 days; range 1–242 days (p= 0.85)] and weight [3.3 kg (range
2.2–6.0 kg; p= 0.19)] was not significantly different between the groups. A diagnosis of pulmo-
nary atresia was made in 42 out of 64 (66%) patients prior to patent ductus arteriosus stenting.
The cohort with pre-intervention computed tomography imaging had a significant reduction in
the total number of access sites (1.2 versus 1.5; p= 0.03), contrast needed (5.9 versus 8.2 ml/kg;
p= 0.008), fluoroscopy (20.7 versus 38.8 minutes; p = 0.02) and procedural time (83.4–128.4
minutes; p= 0.002) for the intervention. There was no significant difference in radiation burden
between the groups (p= 0.35). Pre-procedural computed tomography imaging adds value by
aiding interventional planning for neonatal patent ductus arteriosus stenting. A statistically sig-
nificant reduction in the number of access sites, contrast exposure, as well as fluoroscopic and
procedural time was noted without significantly increasing the cumulative radiation burden.

Introduction

Patent ductus arteriosus stenting represents a viable alternative to surgical shunts for initial
short-term palliation of neonates with critical congenital heart disease in need of stable postnatal
pulmonary circulation.1 Patent ductus arteriosus stenting for ductal-dependent pulmonary
blood flow is a technically challenging neonatal procedure to maintain a stable pulmonary cir-
culation. Pre-procedural planning with cross-sectional imaging for patent ductus arteriosus
stenting in a neonate with ductal-dependent pulmonary blood flow using computed tomogra-
phy has been previously described.2,3 Patent ductus arteriosusmorphology for stenting have also
been previously described as straight (type 1), “mildly” tortuous with one turn (type 2) and very
tortuous with>1 turn (type 3).3 Some consider type 3 ducts not amenable for stenting but others
have found procedure times and need for multiple stents did not differ based on patent ductus
arteriosus type or ductal tortuosity index.3

Planning vascular access in order to deliver the patent ductus arteriosus stent in the straight-
est trajectory is a fundamental part in the success of the procedure.4 In mid-2018, a routine pre-
procedural computed tomography imaging prior to patent ductus arteriosus stenting was imple-
mented at our institution for ductal-dependent pulmonary blood flow lesions with the initial
goal of better understanding the optimal access site. The objective is to determine if pre-pro-
cedural computed tomography scanning added value by improved success or by reducing the
number of access sites attempted, by reducing procedural time, contrast volume, fluoroscopy
time and adverse events.
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Materials and methods

This study was a retrospective chart review of all neonates with
ductal-dependent pulmonary blood flow referred to the catheter-
isation lab for patent ductus arteriosus stenting at Children’s
Medical Center in Dallas, Texas, between January 1, 2014 and
June 31, 2020. Neonatal patent ductus arteriosus stenting as a
method of palliating patients with ductal-dependent pulmonary
blood flow was started in high-risk cases in 2011. By 2014, it
was established as the primary method for all patients and with
the interventionalists’ learning curve completed.

Institutional Review Board at UT Southwestern Medical Center
approval was obtained for retrospective analysis of patient data.
Patient demographic information as well as pre-catheterisation
imaging and catheterisation data was collected. Pre-procedural
imaging was performed via a 256-slice Dual Source Siemens
SOMATOM Flash computed tomography (Siemens Healthcare,
Munich, GR). Interventional procedures were performed in a
Phillips Alluraclarity (Philips Healthcare, Best, NL) or Siemens
Q.zen (Siemens Healthcare, Munich, GR) biplane fluoroscopy
lab. Radiation burden estimates were calculated using previously
accepted dose conversion coefficients and k-factor coefficients.5–8

Radiation conversion coefficients for biplane fluoroscopy (0.26)7

and computed tomography (0.026)8 were used to estimate the
overall exposure in millisieverts. All other statistical methods were
done using GraphPad Prism software (Graph Pad Software Inc.,
version 9) including Chi-square test and paired t-test.

This study included only those patients referred for patent duc-
tus arteriosus stenting for ductal-dependent pulmonary blood flow
lesions. Patients who underwent concomitant interventions were
excluded to avoid confounding results. Neonates with ductal-
dependent systemic blood flow were also excluded. No neonates
with ductal-dependent pulmonary blood flow were excluded based
on patient demographics, genetics, anatomy or prior intervention.
The assigned attending interventionalist for the case determined
the need for pre-procedural computed tomography imaging and
not necessarily determined by transthoracic echocardiogram’s
assessment of ductal tortuosity and/or suggestion of the need for
non-traditional access sites (carotid artery, axillary artery, etc.).
Unlike previously published work on this subject,2 no 3D recon-
structed models were printed for any of these cases; however,
3D volume rendering of computed tomography images was
routinely performed. All computed tomography procedures were
performed using a single high-pitched helical (FLASH) acquisition
with angiography triggered manually with the region of interest in
the descending aorta. All computed tomography procedures were
performed free breathing and without sedation.

If deemed necessary by the interventionalist, prostaglandins
were stopped prior to transfer to the catheterisation lab to allow
for decreased intraluminal ductal diameter, thus facilitating stent
placement with appropriate apposition. All procedures were per-
formed with the patient intubated and mechanically ventilated.
The majority of patients underwent percutaneous access with
United States of America guidance; however, surgical carotid
artery cutdown was performed on selected patients at the interven-
tionalist’s discretion.

The basic procedure involved first obtaining vascular access
with stable sheath position followed by a pre-intervention angio-
gram to establish landmarks. After review of angiography, a wire
was advanced across the patent ductus arteriosus followed by stent
placement. In some cases, a microcatheter or double wire tech-
nique was used to further aid the process. Bare metal coronary,

non-drug eluting stents were used in the majority of patients
(62/66 = 94%) during this study period. All patients were contin-
ued on heparin for 72 hours. Outpatient anticoagulation therapy
post procedure was based on interventionalist preference with at
least aspirin prescribed.

After successful stent deployment, all patients were transferred
to our cardiac intensive care unit for observation with follow-up
echocardiogram performed to establish a new baseline.

Results

A total of 77 patients with ductal-dependent pulmonary blood flow
were referred to the catheterisation lab for patent ductus arteriosus
stenting. All patients had a transthoracic echocardiogram per-
formed prior to referral. Thirteen patients were excluded from this
study based on additional catheter-based interventions at the time
of patent ductus arteriosus stenting (pulmonary valve radiofre-
quency ablation, ductus venosus stenting for obstructed TAPVR
and right ventricular outflow tract stent). Of the remaining 64
patients, 31 (48%) had no pre-intervention computed tomography
imaging and 33 (52%) presented to the catheterisation labwith pre-
intervention computed tomography imaging (Table 1) to aid with
vascular access planning. Average age [19 days; range 1–242 days
(p= 0.85)] and weight [3.3 kg; range 2.2–6.0 kg (p= 0.19)] were
not significantly different between the two groups. A diagnosis
of pulmonary atresia was made in 42 out of 64 (66%) patients prior
to patent ductus arteriosus stenting. Access site used for stent
deployment is outlined in Table 2 as follows: left carotid artery
14 (22%), left axillary artery 13 (20%), right carotid artery 11
(17%), right femoral artery 10 (16%), left femoral artery 7
(11%), right femoral vein 7 (11%), and left femoral vein 2 (3%).
Total patient radiation burden is outlined in Table 3 based on pre-
viously accepted dose conversion coefficients and k-factor coeffi-
cients7,8 to best estimate the effective radiation dose inmillisieverts.
Total radiation burden for patients who did not receive pre-pro-
cedural computed tomography imaging was not significantly dif-
ferent than those who did have cardiac cross-sectional imaging
(0.92 versus 1.07 millisieverts, respectively (p= 0.35)). Case exam-
ples of the most common approaches are outlined in Figure 1. Of
those patients who underwent carotid artery approach (n= 25),
percutaneous carotid artery access was utilised in 68% (n= 17)
and surgical carotid artery cutdown was utilised in 32% (n= 8).

Out of 77 cases, 2 (3%) patent ductus arteriosus were not ame-
nable to stenting because of extreme tortuosity (type 3 patent duc-
tus arteriosus, ductal tortuosity index ~450; Fig 5) and large size of
the patent ductus arteriosus. Out of the 64 patients included in
our study, there were 13 (20%) procedure-related complications
including stent migration/embolisation (n= 4; 6%), need for blood
transfusion due to significant blood loss (n= 4; 6%), significant
hypotension requiring epinephrine (n= 2; 3%), patent ductus arte-
riosus thrombus (n= 1; 2%), carotid artery pseudoaneurysm (n= 1;
2%) and carotid artery dissection (n= 1; 2%). No procedure-related
mortalities occurred. Of note, 85% (11/13, X2 = 8.5, p= 0.003) of
the complications listed occurred in patients who did not receive
pre-procedural computed tomography imaging. The complications
were evenly distributed across the study time period.

A comparison of patients with and without pre-procedural
computed tomography imaging is further outlined in Table 1.
Pre-procedural computed tomography imaging led to a signifi-
cant reduction in the average total number of access sites (1.2
versus 1.5; p = 0.03), contrast needed (5.9 versus 8.2 ml/kg;
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p = 0.008), fluoroscopic (20.7 versus 38.8 minutes; p = 0.02) and
procedural sheath time (83.4−128.4 minutes; p = 0.002) for the
intervention. Examples of the procedures are summarised in
Figure 2 (left axillary artery) and Figure 3 (left carotid artery).
Furthermore, Figure 4 shows the difficulties when attempting to
stent a significantly tortuous type 3 patent ductus arteriosus that
does not straighten after traversing with a wire and stent.

Discussion

With the growing body of literature supporting the short- and
long-term benefits of patent ductus arteriosus stenting,9–12 focus
is rightly shifting toward improving morbidity associated with
the procedure. To our knowledge, this is the first study evaluating
outcomes related to pre-procedural computed tomography imag-
ing for pulmonary-dependent patent ductus arteriosus stenting.
Patent ductus arteriosus stenting is a procedure that requires
meticulous pre-interventional planning and real-time operator

resourcefulness. Appropriate infrastructure and skillset are imper-
ative to allow for themultiple approaches necessary for successfully
performing complex ductal stenting. With increased utilisation of
pre-procedural cross-sectional imaging and planning, we have
seen a dramatic shift in the ease of the procedure (less access sites,
contrast use, and procedural/fluoroscopic time) as well as the
reduction in patient complications.

Innovative indications for computed tomography imaging are
emerging rapidly in the congenital cardiac population to help plan
and direct interventions. A recent intraclass correlation coefficient
study was performed to compare pre-procedural computed
tomography imaging to selective catheter angiograms for ductal
dimensions.13 Overall, there was moderate agreement between
pre-intervention straight (intraclass correlation coefficient =
0.68) and actual (intraclass correlation coefficient = 0.65) lengths
for computed tomography versus fluoroscopy. Interestingly, the
group also showed poor agreement (intraclass correlation coeffi-
cient= 0.39) when comparing patent ductus arteriosus straight flu-
oroscopic length measurements pre- and post-stent placement.
This discrepancy shows that ductal morphology, tortuosity and
reactivity vary tremendously from patient to patient and pre- to
post-stenting. Further work is needed to understand the relation-
ship between pre-procedural modelling and ductal reactivity dur-
ing this procedure.

Table 1. Demographic and procedural data comparing the two groups of PDA-stented patients with and without pre-procedural cardiac CT imaging. There is a
statistically significant reduction in the total number of access sites, contrast needed, fluoroscopic and procedural sheath time for the intervention

n = 64 Overall n = 33 (52%) CT patients n = 31 (48%) No CT patients

Age at Cath (days) 19 ± 15.2 18 ± 14.3 20 ± 16.1 p = 0.85

Weight at Cath (kg) 3.3 ± 0.6 3.2 ± 0.6 3.4 ± 0.6 p = 0.19

Number of access sites 1.3 ± 0.6 1.2 ± 0.5 1.5 ± 0.6 p = 0.03

Contrast (ml/kg) 7 ± 3.2 5.9 ± 2.4 8.2 ± 3.9 p = 0.008

Fluoro time (minute) 29.5 ± 30.5 20.7 ± 17.3 38.8 ± 36.0 p = 0.02

Sheath time (minute) 105.2 ± 59.6 83.4 ± 49.3 128.4 ± 63.8 p = 0.002

Table 2. Summary of access sites used for PDA stent deployment

PDA access site for intervention

Left carotid artery (LCA) 14

Left axillary artery (LAM 13

Right carotid artery (RCA) 11

Right femoral artery (RFA) 10

Left femoral artery (LFA) 7

Right femoral vein (RFV) 7

Left femoral vein (LFV) 2

Total 64

Table 3. Summary of radiation burden comparing the two groups of PDA
stented patients with and without pre-procedural cardiac CT imaging

n =31 (48%) n = 33 (52%)

Fluoro only patients (mSv) Fluoro þ CT patients (mSv) p-value

Biplane-fluoroscopy

0.92 ± 1.8 0.54 ± 0.2 0.1

CT

n/a 0.53 ± 0.6 n/a

Cumulative radiation

0.92 ± 1.8 1.07 ± 0.47 0.35

Figure 1. Case examples of the most common vascular access sites used for PDA
stent deployment.
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Unlike previously published reports,2 we elected to utilise only
3D reconstructed volume-rendered images rather than 3D-printed
models. The decision to 3D print may be institutional-dependent,
but we found 3D printing added unnecessary delay with minimal
additional procedural planning value.

The significant improvements in fluoroscopy time and contrast
reduction are likely due to pre-procedural planning. As noted
above, there was no use of 3D models, and only one case utilised
overlay14 guidance. Not surprisingly, in this case, there was signifi-
cant distortion from the wire after crossing the patent ductus arte-
riosus, limiting the effectiveness of the overlay. The pre-procedural
computed tomography assists in choosing the best access site with
the most direct line to the duct, which leads to technically easier
and more efficient patent ductus arteriosus crossing. The more
direct line also makes stent delivery over the wire, often a challenge
in tortuous ducts, more successful. The fluoroscopic camera detec-
tor angles to outline the aortic and PA ends of the patent ductus
arteriosus with angiography are also known before the case, which
leads to shorter and more efficient procedures.

Further investigation is needed for factors that may predict pat-
ent ductus arteriosus that are not amenable to stenting. In our sin-
gle centre study, increased ductal tortuosity index in type 3 patent
ductus arteriosus was associated with the increased difficulty of the
procedure. This was most evident when the patent ductus arterio-
sus would not straighten when crossed with a wire, as seen in

Figure 5. Due to the limited number of patients with this ductal
configuration in our cohort, we are not able to comment on the
direct relationship at this time. Future studies will look at the rela-
tionship of ductal tortuosity index, patent ductus arteriosus
straightening with wire across, and a ratio of ductal tortuosity
index to the patent ductus arteriosus measured length from the
anterior to posterior dimension. It is not currently recommended
to stent if patent ductus arteriosus tortuosity remains despite
attempts to straighten with equipment. Anecdotally, this increases
the difficulty of the procedure and likelihood of stent embolisation.

This was a retrospective review of a single centre’s experience
with patent ductus arteriosus stenting using pre-procedural com-
puted tomography scans. The majority of patients with pre-inter-
vention computed tomography imaging included the latter half of
the cohort. This may arguably bias the results as the intervention-
alists gained even more experience with the procedure and have a
better understanding of ideal patent ductus arteriosus stenting out-
comes. However, we elected to exclude the first several years of
ductal stenting experience to, at least partially, account for the
learning curve.

Comparing total effective ionising radiation dose between
patients who had pre-procedural computed tomography imaging
and those who were only exposed via biplane fluoroscopy is impor-
tant. It was a challenge to accurately report this value due to the
different units used between the two modalities [(computed

Figure 2. Neonatal PDA stenting approach and procedure. (a) Pre-procedural cardiac CT 3D reconstruction showing a “corkscrew” PDA. (b) Patient was approached via the left
axillary artery (LAA) to left subclavian artery (LSCA) for PDA stenting. (c) Successful delivery of a 3.5 mm × 23mm Vision Multilink stent.

Figure 3. Neonate with discontinuous pulmonary arteries and bilateral PDAs. (a) Pre-procedural cardiac CT 3D reconstruction shows the left carotid artery (LCA) as the best
approach to stent both PDAs via one access site. (b and c) Both PDAs are stented via the LCA. One stent [Xience 3.5 mm× 18mmdrug eluting stent (DES)] was placed in the left PDA
and two stents were placed in the right PDA (Xience 3.5 mm × 18mm DES × 1 and 3.5 mm × 8 mm Vision Multilink stent x1).
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tomography = dose length product = milligray × centimetre
(mGy*cm); biplane fluoroscopy = dose area product =microgray
× metres2 (μGy*m2))]. Based on our best estimates, there was no
significant difference between the biplane fluoroscopy only
patients (no computed tomography) and those who received a
pre-procedural computed tomography for patent ductus arteriosus
stent planning (p= 0.35, Table 3). We continue to work with the
radiation physicist at our institution to understand the best pro-
spective design to compare these important variables for future
studies, as we recognise the importance of cumulative radiation
exposure on neonates.

Furthermore, each interventionalist was allowed autonomy
with each case. The request for pre-procedural computed tomog-
raphy imaging and/or chosen access site was on an individual basis

without necessarily requiring group consensus. Due to variability
in practice pre- and post-intervention, there may be an unknown
element of individual bias in an approach that cannot be accurately
quantified. A total of five different attending interventionalists per-
formed the procedures in this study.

Conclusion

Pre-procedural computed tomography imaging aids interven-
tional planning for neonatal patent ductus arteriosus stenting
for ductal-dependent pulmonary blood flow with reduction
in overall procedural morbidity. A statistically significant
reduction in the number of access sites, contrast exposure, as
well as fluoroscopic and procedural time was noted without

Figure 5. Neonate with an extremely tortuosity type 3 PDA with
a ductal tortuosity index of approximately 450. Despite appropri-
ate vascular access planning, the stent is not able to overcome
the tortuosity of the PDA. This patient was referred for a modified
Blalock−Taussig shunt directly from the catheterisation lab.
Orange line= straight PDA length; white line= actual PDA length.

Figure 4. Series of images showing difficulties when stenting a tortuous PDA that does not straighten after traversing with a wire/stent. (a) Upper panel starts with a hand
injection at the aortic end of the PDA from the femoral approach showing a type 3 PDA with a ductal tortuosity index (DTI) of approximately 400. The wire and stent would
not advance from the femoral approach so a right carotid artery approach was attempted. Notice that the PDA did not straighten out and multiple stents (3.5 mm × 23, 14,
12, 12 mm Vision Multilink stents) were required to traverse the full length of the tortuous PDA. (b) Lower panel shows another example of a tortuous PDA unsuccessfully
approached from the femoral artery (type 3; DTI ~250). In this example, the patient was re-approached via the left axillary artery to the left subclavian artery (LSCA) and
the PDA straightened out with wire and stent across. This delivery was made much simpilier because of the straightening of the PDA with only one long stent required
(3.5 mm × 23 mm Vision Multilink). Orange line = Straight PDA length; White (solid) line = Actual PDA length; White (dashed) line = Ideal site of access for PDA stenting virtually
represented on CT 3D reconstruction.
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significantly increasing the cumulative radiation burden. Future
studies are needed to assess the overall radiation burden for
patients who have a computed tomography versus those who
go to the catheterisation lab with no cross-sectional imaging.
With continued advances in cross-sectional imaging, we plan
to further analyse patent ductus arteriosus characteristics to
predict those that are not amenable to stenting.
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