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Carotid artery cut-down technique for ductus arteriosus stenting

Duktus arteriyozus stenfleme icin karofis arter cut-down teknigi
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ABSTRACT

Background: This study aims to evaluate early and mid-term
outcomes of ductal stenting via carotid artery surgical cut-down
technique in neonates.

Methods: Between January 2015 and January 2022, a total
of 17 neonates (12 males, 5 females; median age: 14 days,
range, 5 to 34 days) who underwent carotid artery surgical
cut-down technique for ductal stenting were retrospectively
analyzed. Diagnoses of the patients, demographics, procedural
success/failure, access-related complications, and neuroimaging
findings were recorded.

Results: The primary indication for ductal stenting was
pulmonary atresia in all patients. All patients who underwent
carotid cut-down had vertical anatomy, with or without
tortuous ductal anatomy, and they were not suitable for the
femoral approach. The median body weight was 3 (range,
2 to 3.4) kg. Fifteen of the 17 interventions (88.2%) were
successful. Two patients whose stenting failed underwent a
systemic-to-pulmonary shunt operation. The early in-hospital
mortality rate was 17.6% (n=3). No neurological or access-
related complications were observed in any of the patients.

Conclusion: Stenting the ductus arteriosus with challenging
anatomy is feasible and safe with carotid artery cut-down,
particularly in small neonates. Based on our study findings, this
technique may offer an effective and less invasive alternative to
the systemic-to-pulmonary shunt operation.

Keywords: Common carotid artery, congenital heart disease, patent
ductus arteriosus, pulmonary atresia.
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Amag¢: Bu c¢aligmada, yenidoganlarda karotis arter cerrahi
cut-down teknigi ile duktal stentlemenin erken ve orta donem
sonuglar1 degerlendirildi.

Calisma plani: Ocak 2015 ve Ocak 2022 tarihleri arasinda duktal
stentleme icin karotis arter cerrahi cut-down teknigi uygulanan
toplam 17 yenidogan (12 erkek, 5 kiz; medyan yas: 14 giin,
dagilim, 5-34 giin) retrospektif olarak incelendi. Hastalarin
tanilari, demografik ozellikleri, islem basarisi/basarisizlig,
girisime bagli komplikasyonlar ve norogoriintiileme bulgulari
kaydedildi.

Bulgular: Tim hastalarda duktal stentlemenin birincil
endikasyonu pulmoner atrezi idi. Karotis cut-down uygulanan
hastalarin tiimii, tortiiyoz duktal anatomi olsun veya olmasin
vertikal anatomiye sahip olup, femoral yaklagim icin uygun
degillerdi. Medyan viicut agirligr 3 (dagilim, 2-3.4) kg idi. On
yedi girisimin 15'i (%88.2) basarili oldu. Stentlemenin bagarisiz
oldugu iki hastaya sistemik-pulmoner sant ameliyat1 uygulandi.
Erken hastane mortalite orani %I17.6 (n=3) idi. Hastalarin
hi¢birinde norolojik veya girisime bagli bir komplikasyon
gozlenmedi.

Sonug¢: Zorlayic1 anatomiye sahip duktus arteriyozusun
stentlenmesi, ozellikle kiiclik yenidoganlarda karotis cut-down
ile uygulanabilir ve giivenlidir. Calisma sonuglarimiza gore,
bu teknik sistemik-pulmoner sant ameliyatina etkili ve daha az
invaziv bir alternatif sunabilir.

Anahtar sozciikler: Ana karotis arter, dogumsal kalp hastalig1, patent
duktus arteriyozus, pulmoner atrezi.
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Ductal stenting, which was first described in
1991 by Coe and Olley!"” in an animal study and
was first published in 1992 by Gibbs et al.”! in
a clinical study, has offered a good alternative
to systemic-to-pulmonary artery shunts (SPSs) in
neonates with pulmonary atresia. Currently, ductal
stenting is the first treatment of choice for initial
palliation in many centers.’-*! Femoral access is the
standard approach for ductal stenting. Yet, it may be
challenging in some cases, particularly those with
vertical and tortuous ductal anatomy.

Access to the vertical ductus and advancement of
the stent via the retrograde route may be difficult due
to the acute angle of the ductus originating from the
aortic arch. Longer procedure time and smaller vessel
diameter due to the low body weight also increase
the risk of vascular complications. In such patients,
the only alternative to the SPS operation may be to
use an alternative access for ductal stenting, such as
the axillary or carotid artery, which provides a more
direct route. Therefore, the popularity of alternative
routes has been increasing.®! However, there is no
consensus on the preferred route (axillary or carotid) or
access technique (percutaneous or surgical cut-down).
Some authors prefer the percutaneous technique,
which requires some compression to be applied after
removing the catheter to control bleeding. The risk
of cerebral or arm ischemia is the drawback of this
approach due to the high risk of thrombosis, hematoma,
or pseudoaneurysm formation.''? Qur technique of
choice is carotid artery cut-down. Carotid arteries are
easy to manipulate even in neonates due to the larger
diameter than the femoral artery. Moreover, access is
quick and easy, with a small neck incision, given the
superficial location. Then, repairing the vessel hole
with a simple fine stitch after catheter removal, to
avoid the risk of compression-related complications, is
safe and feasible.

In the present study, we aimed to evaluate early
and mid-term outcomes of ductal stenting via carotid
artery cut-down technique.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Acibadem Mehmet Ali Aydinlar
University Atakent Hospital, Department of
Pediatric Cardiovascular Surgery between January
2015 and January 2022. Medical records of patients
who underwent ductal stenting were recorded. A
total of 119 neonates underwent ductal stenting for
ductus-dependent pulmonary circulation. Of them,
17 (14.2%) (12 males, 5 females; median age: 14 days,
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range, 5 to 34 days) who underwent carotid artery
surgical cut-down technique for ductal stenting were
included. Indications for the carotid approach were
challenging ductal anatomy, comprising a vertical
ductus position and/or tortuous anatomy, and potential
failure to secure access via the femoral approach. If
the ductus had more than one tortuosity, we directly
decided to use the carotid approach. Alternatively,
we normally attempted to engage the stent-to-ductus
by taking the femoral approach (venous or arterial);
in case of an unsuccessful attempt with this method,
we, then, turned to the carotid approach. Diagnoses of
the patients, demographics, procedural success/failure,
access-related complications, and neuroimaging
findings were recorded.

Procedure

To provide a better placement of a ductal
stent, prostaglandin EIl infusion was stopped
24 h before catheter intervention with close clinical
follow-up. However, in patients who did not tolerate
discontinuation of prostaglandin El, prostaglandin El
infusion was resumed, until the wire traversed into the
ductus. All procedures were performed under general
anesthesia and orotracheal intubation. Procedures
were carried out with full cardiac monitorization.
Preoperative transthoracic echocardiography (TTE)
was used to determine the ductal anatomy and select
which carotid artery would be used. Patients received
intravenous 100 U/kg of heparin immediately before
sheath placement, and we kept the activated clotting
time (ACT) over 200 sec. The side arm of the sheath
was connected to a transducer with saline with 1 U
heparin per mL. The carotid artery was prepared with
a small oblique neck incision. The needle puncture
side in the anterior wall of the common carotid artery
was secured with a “U” stitch with a 7-0 prolene
suture. Carotid artery cannulation was performed
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Figure 1. The schematic drawing shows a “U”-shaped
suture placement just the width of the Seldinger needle. This
surgical-assisted vascular access is called the semi-Seldinger
technique.

ECA: External carotid artery; ICA: Internal carotid artery.
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Table 1. Diagnoses of patients

n %
Pulmonary atresia/heterotaxy 5 29.4
Pulmonary atresia/VSD 5 29.4
Pulmonary atresia/tricuspid atresia 3 17.6
Pulmonary atresia/IVS 2 11.8

Pulmonary atresia/DORV 2 11.8

VSD: Ventricular septal defect; IVS: Intact ventricular septum;
DORYV: Double-outlet right ventricle.

using the semi-Seldinger technique with the 4F sheath
in all cases (Figure 1). After completing the procedure,
the purse suture was tied to close the puncture site.
Vascular clamping was not used in any part of the
procedure, including sheath withdrawal and primary
repair. Cefazolin prophylaxis was received for 24 h.

The ductus was screened with the left lateral
view and right or left anterior oblique angle. All
ductus arteriosus (DA) had a vertical and/or tortuous
morphology, and we measured the ductal length
after the wire traversing to gain a more accurate
measurement. All patient’s DA narrowest part at the
pulmonary side was smaller than 3 mm. Therefore,
we selected a stent larger than 3 mm and decided
on the size according to the children’s body weight.
In patients weighing less than 3 kg, we decided on a
3.5-mm-diameter stent; in patients weighing 3 to 4 kg,
we chose a 4-mm-diameter stent. The stent length was

extended 1 to 2 mm more than the ductal length. All
patients received a 5 mg/kg dose of acetylsalicylic
acid starting 4 h from successful stenting, and heparin
infusion was stopped 24 h after the procedure.

The patients were followed in the pediatric cardiac
intensive care unit (ICU). Stent patency and cardiac
evaluation were carried out by clinical examination,
oxygen saturation (SpO2) level, chest X-ray, and
echocardiography immediately after the procedure, on
the first day after the procedure, before discharge and,
if re-evaluation was needed. Seven days after discharge,
all patients were scheduled for re-examination with
a chest X-ray and echocardiography. All patients
were followed monthly after the first control, until
reintervention or surgery. The need for reintervention
or surgery was determined based on the patient's
growth, SpO; level, and cardiac pathology. Cardiac
catheterization or computed tomography (CT) scan
was used for screening before surgery. Early mortality
was defined as death before discharge or death within
one month from surgery.

RESULTS

Diagnoses of the patients are shown in Table 1.
All 17 neonate patients had vertical and/or tortuous
ductal anatomy, which was challenging to access
with the femoral approach. Four patients were under
2.5 kg, and three were between 2.5 and 3 kg. The
median body weight was 3 (range, 2 to 3.4) kg.
Ductal stenting via carotid cut-down was performed

Table 2. Demographic and clinical characteristics of patients

Variables n % Median ~ Range
Number of patients 17
Number of interventions 17
Sex

Female 5 294
Weight (kg) 3 2-34
Age at intervention (days) 14 5-34
Vertical DA 17 100
Successful intervention 15 82.3
CNS complication 0
Vascular and wound complications 0
ICU stay (days) 1-31
Hospital stay (days) 1-33
Hospital mortality 3 17.6
Follow-up time (months) 47.5 1-84

DA: Ductus arteriosus; CNS: Central nervous system; ICU: Intensive care unit.
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in three patients following an unsuccessful femoral
attempt. Two patients underwent ductal stenting via
carotid cut-down due to ductal stent narrowing after
initial stenting (on Day 20 and at one month). Two
patients underwent the procedure for the left DA after
successful right DA stenting. Finally, 15 of the 17

Table 3. Details of the interventions and outcomes

interventions (88.2%) were successful. The median
length of ICU stay was 2 (range, 1 to 31) days, and the
median length of hospital stay was 6 (range, 1 to 33)
days.

Stent migration occurred in one patient and
unsuccessful stent deployment in another. Both patients

No. Ageatfirst Weight Diagnosis Stenting- Reintervention/ Last Hospital Late
intervention  (kg) related time interval procedure mortality mortality
(days) complication
1 14 27 RAI-CAVSD-PA - - Ductal stenting Yes -
2 6 3 VSD-PA Stent SPS surgery/day of Rastelli - -
migration to catheterization
pulmonary
artery
3 5 3 RAI-CAVSD-PA- - SPS surgery/ SPS surgery - Yes
VA discordance 3.5 months
4 10 3 RAI-CAVSD-PA - - Ductal stenting - Yes
34 27 VSD-PA - - Glenn shunt - -
6 7 34 IVS-PA - SPS surgery/ Fontan - -
2 months completion
7 20 3 VSD-PA - - Rastelli + PAP - -
8 27 3 TA-PA - - Fontan - -
completion
9 8 3 TA-PA Pulmonary PDA ligation + PDA ligation + Yes -
overflow SPS surgery/2 days SPS surgery
10 15 2.6 VSD-PA - - Rastelli - -
11 9 24 VSD-PA - mBT shunt/ Rastelli - -
9 months
12 14 3 IVS-PA Stent SPS surgery/ SPS surgery - Yes
narrowing 2 days
on the
pulmonary
side
13 29 2.4 RAI-CAVSD-PA- - - Ductal stenting - Yes
VA discordance
14 20 3 TA-PA - SPS surgery + SPS surgery + PAP Yes
PAP/5 months
15 10 2 RAI-CAVSD-PA Stenting SPS surgery/day of SPS surgery Yes -
failure catheterization
16 22 32 DORYV - PA - SPS surgery/ Glenn shunt - -
2 weeks
17 12 25 TOF-type DORV - - Unifocalization - -
+ RV-PA conduit

replacement +
conduit banding/
5 months

RALI Right atrial isomerism; CAVSD: Complete atrioventricular septal defect; PA: Pulmonary atresia; VA: Ventriculoarterial; SPS: Systemic-to-pulmonary shunt;
IVS: Intact ventricular septum; VSD: Ventricular septal defect; TA: Tricuspid atresia; PDA: Patent ductus arteriosus; PAP: Pulmonary artery plasty; TOF: Tetralogy of
Fallot; DORV: Double-outlet right ventricle; RV-PA: Right ventricle-to-pulmonary artery.
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whose ductal stenting failed underwent SPS surgery,
and one died during hospital stay (Table 2).

Early mortality

Early mortality occurred in three patients (17.6%).
One patient who was diagnosed with right atrial
isomerism and pulmonary atresia died the day after
SPS surgery due to unsuccessful ductal stenting.
Another patient was diagnosed with right atrial
isomerism and pulmonary atresia and underwent
two successful ductal interventions. The first was
performed via the femoral vein to the right DA,
and the second was completed two days after initial
stenting to the left DA via the carotid approach. This

PacliaticNDa

Figure 2. (a) A three-dimensional neck computed tomography
image showing no stenosis in the left common carotid artery,
which was performed during pulmonary artery screening
in a patient before Glenn shunt surgery. (b) A conventional
angiography image showing the patent left common carotid
artery which was performed during a pulmonary angiogram in a
patient before total correction surgery.

patient died two months after the procedure due to
septic complications. The remaining patient diagnosed
with tricuspid atresia with pulmonary atresia had
pulmonary overflow and died despite ductal closure
and an SPS operation one week later. All other patients
had an uneventful post-procedural recovery with early
extubation, indicating that they had a shorter ICU and
hospital stay.

Follow-up

Five patients died during follow-up. Two of them
who were diagnosed with right atrial isomerism
and pulmonary atresia died at home after discharge
(after one and 29 months). The patient who died
29 months after stenting was lost to follow-up; the
date of death was found in the national death database.
Other three patients died after second-stage surgery.

The Rastelli operation was successfully performed
in four patients and the Glenn procedure in four
patients. Of the latter two patients, both had successful
Fontan completion after the Glenn procedure,
and one underwent unifocalization and right
ventricle-to-pulmonary artery conduit implantation.

No neurological complications were observed
in any of the patients due to ductal stenting.
Transfontanellar ultrasound (US) examinations were
performed on a regular basis in all patients. Carotid
Doppler US showed the patency of all carotid arteries.
In five patients, the carotid arteries were screened
with CT angiography, additional with pulmonary
artery imaging, and all carotid arteries were
normal. In seven patients, the carotid arteries were
screened during preoperative invasive angiography
before total correction and for a second- and/or
third-stage procedure, and all patients had normal
carotid arteries. Details of the interventions and
outcomes are given in Table 3. Figure 2a illustrates
a three-dimensional CT screening, and Figure 2b
illustrates a conventional angiography screening
before a second-stage operation.

DISCUSSION

Ductal stenting has offered an alternative to surgery
in suitable patients with ductal-dependent pulmonary
circulation in recent years.** However, patients' low
body weight and vertical or tortuous anatomy of the
ductus present challenges while attempting ductal
stenting via the femoral approach. Surgical carotid
cut-down-assisted cardiac catheterization was first
described as an alternative route by Azzolina et al.¥
in 1973. Since then, interventional cardiologists have
gained experience in cardiac catheterization-based
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interventions and become familiar with using US
guidance. Percutaneous access to the carotid and
the axillary artery has become widespread in the
United States and European countries with an
acceptable success rate.”!" However, decannulation
of the sheath and bleeding control remain common
problems resulting in hematoma, thrombosis, and
pseudoaneurysm.®!%121 These complications may be
seen less while using the carotid approach than the
femoral approach, but still, complications such as
thrombus and pseudoaneurysm can lead to severe
cerebral injury and even death. These complications
may not be related to the success of the vessel
access. The main reason for these morbidities is the
management of sheath removal and the long duration
of the procedure, which is a result of challenging ductal
anatomy. In this study, we retrospectively analyzed
the outcomes of 17 ductal stenting procedures via the
surgical cut-down-assisted carotid approach. There
was no bleeding, hematoma, pseudoaneurysm, cerebral
events, or access-related reintervention. All carotid
arteries were screened with both carotid Doppler US
and CT or conventional angiography, and there was
no narrowing or thrombus formation. Considering
that most patients have a single ventricle physiology,
three in-hospital mortalities (n=2 heterotaxy syndrome
and n=l tricuspid and pulmonary atresia) may be
reasonable.

In the present study, we primarily investigated
access-related complications and the feasibility and
safety of ductal stenting via carotid artery cut-down
for neonates. Currently, the percutaneous approach
has become widespread to reduce surgeon dependency
and vascular injury.”? Yet, the carotid approach offers
advantages as an alternative to SPS surgery or in
case of an unsuccessful attempt, particularly in small
neonates and patients with challenging ductal anatomy
such as vertical and tortuous DA. In contrast to
recent studies of the percutaneous approach, in our
literature review of the percutaneous approach,!'>!"! we
found no vascular access-related complications such as
hematoma, surgical re-exploration, or pseudoaneurysm.
The authors usually reported mild or no stenosis
in a small proportion of their patients. Similar to
these reports, we observed no such complications.
However, Breatnach et al.® reported access-related
complications in three of 20 (15%) (n=2 partial
dissections and n=1 pseudoaneurysm) using the
percutaneous axillary artery approach. Choudhry et
al.l? reported pseudoaneurysms in 2 of 18 (11.1%)
patients using the percutaneous carotid approach.
Furthermore, Polat® reported complications in seven of
30 patients who underwent cardiac catheterization via
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the percutaneous carotid approach. Five complications
(n=2 non-occlusive thrombi, n=1 mild luminal carotid
narrowing, and n=2 hematomas) did not require
surgical intervention, but two (n=1 pseudoaneurysm
and n=1 hematoma that jeopardized the upper airway
tract) were treated surgically. Satisfactory results may
be gained with an experienced surgical team back-up.
We never clamped or snared the carotid arteries in
ductal stenting. All procedures were performed using a
4-Fr sheath, and “U”-shaped purse-string sutures were
placed just a needle width apart. This is the so-called
semi-Seldinger technique, which has been used
particularly in extracorporeal membrane oxygenation
(ECMO) applications and peripheral cannulation
requiring cardiac surgery for many years.'$!! The
main idea of this technique is to use the Seldinger
method after surgical exploration of the vessel. The
decision on whether to use classic “U”-shaped sutures
or double-pledgeted horizontal “U” sutures!”! is at the
surgeon's discretion based on their experience.

Controversy surrounds the percutaneous
approach in adult cardiovascular diseases. For many
years, surgical femoral exposure has been used
to access the femoral artery in the non-surgical
treatment of aortic aneurysms and transaortic
valve implantation. Currently, adult cardiac teams
mostly use Perclose ProGlide™ and ProStar™ XL
(Abbott Vascular, CA, USA) to reduce percutaneous
access-related complications. Still, many articles
report the superiority of surgical exposure.?0:2!
Furthermore, some authors have proposed that
surgical femoral exposure is cost-effective and
safer than percutaneous access with closure devices.
200 In this regard, ductal stenting may be more
hazardous than adult percutaneous procedures, since
vascular-related complications are more difficult
to handle in neonates and infants than in adults. In
addition, the market does not provide suitable-sized
closure devices for pediatrics. Despite all of this,
manual compression after sheath decannulation in
percutaneous carotid procedures does not seem to
be safe. While inadequate compression may lead
to bleeding, hematoma, and pseudoaneurysm, too
much compression of the carotid artery may lead to
carotid artery thrombosis and reduced cerebral flow.
Our carotid artery approach with minimal surgical
exploration and no vessel clamping, similar to that of
Cakici et al.,”? seems to be safer than percutaneous
intervention.

The other alternative approach, instead of using
the femoral artery for cardiac intervention, is to
use the axillary artery. The main reason to prefer
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the axillary over the carotid approach is to avoid
cerebral injury. Meanwhile, studies have reported
that carotid artery access does not reduce cerebral
perfusion significantly. Lahiri et al.?*! reported that
cerebral perfusion does not change significantly
during cardiac catheterization via the carotid artery
or after sheath removal. Additionally, they reported
that no patient had a documented neurologic deficit
following the procedure. Buesing et al.**! examined
that carotid artery ligation did not increase cerebral
injury or neurodevelopmental impairment in ECMO
survival patients who underwent the procedure via
a carotid artery. Since neonates and infants have
excellent collateralization, performing procedures via
a carotid artery, even in larger ECMO cannula and
carotid artery ligation, does not alter the neurological
outcomes significantly. Similar to these reports,
cerebral injury has not been documented for any of
our participants in roughly four years of follow-up.
Also, the axillary artery approach with blind arterial
access may cause vascular complications such as
hematoma, pseudoaneurysm, and dissection.?*

The main limitation to this study is its single-center,
retrospective design. Although this study has a
large patient group, further multi-center, large-scale,
prospective studies are needed to draw more reliable
conclusions on this subject.

In conclusion, in small neonates with challenging
ductal anatomy, ductal stenting with carotid access
should be keptin mind. Surgical-assisted carotid artery
approach may offer a safe and feasible alternative to
percutaneous approaches. The risks of access-related
complications are low. Further comparative studies
are needed to decide the most optimal approach for
these challenging patients.
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