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Article 

Transcatheter Embolization of Systemic-to-
Pulmonary Collaterals – A New Approach Using 
Concerto™ Helix Nylon-Fibered Microcoils 
Jochen Pfeifer *, Martin Poryo, Anas Gheibeh, Axel Rentzsch and Hashim Abdul-Khaliq 

Department of Pediatric Cardiology, Saarland University Medical Center, D-66421 Homburg/Saar, Germany  
* Correspondence: jochen.pfeifer@uks.eu 

Abstract: Background: Systemic-to pulmonary collaterals (SPC) are common in congenital heart disease 
(CHD). Particularly in single ventricle anatomy and Fontan circulation, SPC can both complicate the 
postoperative course and lead to clinical deterioration in the long term. Treatment of SPC is controversial. The 
aim of our study was (1) to analyze retrospectively patients who underwent SPC embolization using 
Concerto™ Helix nylon-fibred microcoils (CHM) and (2) to describe the interventional technique. Methods: In 
this a single-center retrospective observational cohort study, we analyzed clinical and imaging data of all 
patients who underwent transcatheter embolization of SPC using CHM from January 2016 to December 2023. 
Results: In 38 consecutive patients (65.8 % male, median age 41 months, range 2 – 490), a total number of 141 
CHM had been implanted into 64 SPC in 49 procedures. The majority were arterial SPC (n = 59/64) originating 
from the thoracic aorta or its branches; 5/64 were veno-venous SPC. Primary closure succeeded in all 
procedures. The CHM diameters ranged from 3 to 8 mm, with 5 mm being the most commonly used diameter. 
The mean coil / SPC ratio was 2.6 (range 1.3 – 5.3). CHM implantation was performed via 4 French sheaths. 
Both detachment and stable positioning was simple and safe. Neither non-target embolization nor coil 
migration occurred. One complication occurred with a minor vascular injury without clinical relevance. 
Conclusion: CHM are easy to use and appropriate for SPC embolization in all age groups, including infants, 
with a low complication rate. The coils are particularly suitable for closure of collaterals with small diameter 
or tortuous course. 

Keywords: Systemic-to-pulmonary collaterals; major aorto-pulmonary collateral arteries; 
embolization; coil; congenital heart disease; single ventricle; Fontan circulation 

 

1. Introduction 

Systemic-to-pulmonary collaterals (SPC) are frequently encountered in congenital heart disease 
(CHD). Also referred to as “major aorto-pulmonary collateral arteries (MAPCA)”, arterial SPC 
usually originate as irregular vessels from the thoracic aorta or its branches, namely, from the 
subclavian, internal mammary, thyroid, or carotid arteries [1]. Venous SPC often derive from the 
caval or other main thoracic veins. Typically, SPC occur in cyanotic CHD with impaired pulmonary 
perfusion, especially in univentricular physiology. Chronic hypoxaemia as well as reduced or non-
pulsatile pulmonary blood flow and inflammatory effects are assumed to promote the development 
of SPC [2,3]. Moreover, premature neonates and infants can be affected by arterial collaterals. In 
noncyanotic CHD, SPC are rare [4]. Nevertheless, the pathogenetic factors are still not completely 
understood.  

Irregular collaterals emerge in a great variety of shapes, sizes, and number. They may present 
as unifocal or multifocal singular vessels as well as highly branched collateral networks. Due to the 
markedly different individual characteristics, a general classification of SPC is difficult [5,6]. 

In case of collateral-dependent pulmonary perfusion such as in selected types of pulmonary 
atresia, arterial SPC develop already during the embryonic phase and are considered as essential 
SPC. Non-essential SPC may evolve at any stage in complex CHD from infancy to adulthood. The 
latter collaterals are responsible for excessive pulmonary blood flow resulting in hyperaemia and 
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increased pulmonary pressure with the risk for haemoptysis or severe haemorrhages [7]. As well, 
cardiac volume and pressure overload may occur [8].  

Treatment of non-essential arterial and venous SPC is handled very differently [2]. In many 
centres, SPC are the target of consistent percutaneous embolization. For transcatheter occlusion, 
different devices are used such as coils, vascular plugs, duct and septal occluders, or particles [2,8–
10]. Selecting the appropriate method of SPC embolization is a challenge that depends on the location, 
size and course of the collaterals as well as the availability of devices suitable in size. Individual 
solutions have to be chosen. SPC with small diameters that can nevertheless supply extensive 
collateral networks as well as tortuous SPC may particularly be difficult to embolize. In these cases, 
Concerto™ Helix nylon-fibred microcoils (CHM) are used in our institution, which to our knowledge 
has not yet been reported. 

The aim of our study was to describe the technique and to evaluate the applicability, efficacy, 
safety and potential complications of using CHM for embolization of SPC. The patient population as 
well as the sizes and numbers of the implanted coils, primary outcome, and any complications of the 
embolization were analyzed. 

2. Materials and Methods 

2.1. Study Design 

This retrospective single-centre study was performed at a tertiary care medical centre (Saarland 
University Medical Center), after approval from the local ethics committee of the Saarland, 
Saarbruecken, Germany (file number 154/23). 

We included all patients who underwent transcatheter embolization of SPC using Concerto™ 
Helix nylon-fibered microcoils (CHM; Micro Therapeutics, Inc., ev3 Neurovascular, Irvine, CA, USA) 
in our institution from January 2016 to December 2023. The mechanically detachable CHM consist of 
a platinum alloy and are provided with nylon fibres. They are available in various diameters (from 2 
to 10 mm) and lengths (from 3 to 30 cm). Figure 1 shows a CHM. 

 

 
Figure 1. Concerto™ Helix nylon-fibered microcoil (source: Concerto Coils Brochure, medtronic.com) 

Parents or patients of legal age had given written informed consent for the intervention. Based 
on the retrospective nature of this data analysis, written informed consent for the study was waived. 

We reviewed the relevant patients’ files as well as the angiographic records and post-
interventional x-rays in order to obtain the following data: 
- patients’ characteristics (sex, body weight, age at intervention), 
- ventricular morphology (biventricular or univentricular anatomy), 
- preceding surgery, 
- origin and diameter of the embolized SPC, 
- number and size of the implanted CHM, 
- oversizing of the CHM, 
- primary success of the embolization, 
- follow-up, 
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- complications (vascular injuries, haemorrhage, coil migration, non-target embolization, 
thrombosis, embolism, mortality). 

2.2. Catheterization and Transcatheter Embolization 

Under sedation, percutaneous catheterization was performed via femoral vessel puncture and 
insertion of 4 French sheaths. Four French angiographic catheters (Multipurpose A Special or MPA 2 
or Pigtail; Cordis Corporation, Miami Lakes, FL, USA) were used for angiography of the thoracic 
aorta and its branches respectively the caval and the brachiocephalical veins as well as the SPC in 
order to locate the collaterals and to measure their diameters. SPC were assessed as relevant if they 
supplied pulmonary parenchyma, if pulmonary vascular contrast was visible, or if there was an 
antegrade pulmonary perfusion washout [9,11]. To achieve probing of the SPC as deep as possible, 
guide wires (0.014’’, Whisper™ ES or LS; Abbott Medical, Santa Clara, CA, USA) and microcatheters 
(Rebar™-18; Micro Therapeutics, Inc., ev3 Neurovascular, Irvine, CA, USA) were used. Through the 
latter, the CHM were pushed and deployed into the target vessel aiming at a densely packed coil 
formation. They were then mechanically released by retracting the restraining wire within the pusher. 
The correct position and the required configuration of the CHM were fluoroscopically assessed 
during the intervention. Following, the residual contrast medium flow and potential extravasation 
were controlled by selective SPC angiography to review the effectiveness as well as potential vessel 
injury. Successful closure was defined as total or subtotal occlusion (i.e., minimal residual contrast 
shunt). Heparin (100 IU per kilogram body weight) and antibiotic prophylaxis were administered 
during the procedure. Post-interventionally, the patients were monitored in hospital for 48 hours 
before discharge. A sports ban was imposed for 4 weeks depending on age. Clinical follow-up and 
echocardiography were carried out after 4 weeks and 3 months, thereafter in individual intervals. 

Possible coil migration was evaluated by follow-up chest x-ray or in subsequent angiographies. 
CHM have been preferred over other devices (e.g., different coils or vascular plugs) in SPC with 

small diameters (≤ 4 mm) as well as with tortuous morphology or if probing was only possible using 
microcatheters. The lengths of the landing zones are usually difficult to measure in tortuous and 
curved SPC. Therefore, they were mostly estimated in relation to the diameter. Multiple CHM were 
inserted if the landing zones were not completely filled by the first one or to occlude additional 
collateral branches. The CHM has to be oversized in order to ensure a stable coil position within the 
target. Notably, there are no strict recommendations regarding the sizing. 

Microsoft© Excel 2016 was used for the statistical analyses. Data analysis is purely descriptive. 
The data is given as an absolute number and percentage or median and range. 

3. Results 

3.1. Patients’ Characteristics 

In 38 consecutive patients (thereof 65.8 % male), CHM had been implanted into 64 SPC in a total 
of 49 procedures. In 29 patients only one procedure was performed. Two separate sessions were 
performed in 7 patients, and 3 sessions in 2 patients, each at different ages. The median age at the 
time of intervention was 41 months (range 2 - 490), and the median body weight was 13.2 kg (range 
4.2 – 64.0). The cases are described in detail in Table 1.
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Table 1. Case-based description of ventricular morphology, number and origin of the collaterals, coil characteristics, complications, and follow-up time. 
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Of 38 patients, n = 31 (81.6 %) had CHD with single ventricle anatomy (Figure 2A). Regarding 
the procedures, a single ventricle heart was present in 81.6 % (n = 40/49). Cardiac surgery preceded 
in n = 47/49 (95.1 %) interventions (figure 2B), most of which cavo-pulmonary connections (PCPC) or 
total cavo-pulmonary connections (TCPC, Fontan circulation) (n = 34/49, 69.4 %). 

 
Figure 2. Patients’ ventricular morphology (A); patients’ previous operations (B); ASO = atrial switch 
operation; LV = left ventricle; PDA = patent ductus arteriosus; PCPC = partial cavo-pulmonary 
connection; RV = right ventricle; TAC = truncus arteriosus communis; TCPC = total cavo-pulmonary 
connection; TOF = tetralogy of Fallot; *Blalock-Taussig-shunt or central aorto-pulmonary shunt. 

3.2. Characteristics of the Target Vessels, Characteristics of the Used Coils, and Coil Oversizing 

Arterial SPC originating from the thoracic aorta or its branches were present in 92.2 % (n = 59/64); 
7.8 % (n = 5/64) were venous SPC from the superior vena cava or from the brachiocephalic vein 
(Figure 3). The median diameter of the target SPC was 1.95 mm (range 1.0 – 3.7). A total number of 
141 CHM were inserted. The coil diameters were 3 to 8 mm, with 5 mm (n = 50; 35.5 %) being the 
most commonly used; 3 mm was used in n = 7 (5.0 %); 4 mm in n = 32 (22.7%); 6 mm in n = 15 (10.6 
%); 7 mm in n = 24 (17.0 %); and 8 mm in n = 13 (9.2 %) (Figure 4). 

Median oversize of the coil diameter compared to the collateral diameter (CHM / SPC ratio) was 
2.6-fold (range 1.3 – 5.3). 

 

 
Figure 3. Distribution of the originating vessels of the systemic-to-pulmonary collaterals (SPC); BV = 
brachiocephalic vein; LCCA = left common carotid artery; LSA = left subclavian artery; LIMA = left 
internal mammary artery; RCA = right coronary artery; RSA = right subclavian artery; RIMA = right 
internal mammary artery; SVC = superior vena cava. 
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Figure 4. Size distribution of the used coil. 

3.3. Outcome, Complications, and Follow-Up 

The immediate technical success rate was 100 % with total or subtotal closure of the SPC in all 
patients. Figure 5 shows three angiograms illustrating embolizations of arterial SPC; Figure 6 shows 
a venous SPC embolization. In 24/49 (49.0 %) procedures, a small portion of the distal CHM formed 
a stretched instead of a coiled structure (see Figure 5B and 5D). However, the remaining proximal 
part of the CHM could be stably deployed even in these cases and formed the desired densely packed 
configuration. Neither non-target embolization nor coil migration occurred during the intervention 
or in the follow-up. In 47 of 49 cases, follow-up chest x-ray or fluoroscopy were performed where a 
persistently stable CHM position could be detected in all cases. Thrombosis or embolism did not 
occur. There were no serious vascular injuries, no need for additional hospitalization and no 
mortality. The duration of hospital stay (discharge after 48 hours of monitoring) was not longer than 
usual in our institution for patients undergoing interventional catheterization. 
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Figure 5. Angiograms of 3 different procedures showing the embolization of arterial systemic-to-
pulmonary collaterals (SPC): SPC originating from the right subclavian artery (A), embolized with 3 
coils (7, 8, and 8 mm) (B); SPC originating from the right subclavian artery (C), embolized with 3 coils 
(4, 4, and 5 mm) (D); SPC from the right internal mammary artery (E), embolized with 2 coils (both 5 
mm) (F). Arrows indicate the stretched configuration of the distal coil portion. 
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Figure 6. Angiograms of the embolization of a venous systemic-to-pulmonary collateral (SPC) 
originating from the left brachiocephalic vein (A) using 3 microcoils (4, 7, and 8 mm) (B). 

As a complication, there was one vascular injury in a patient who underwent CHM embolization 
of a SPC originating from the left subclavian artery (Table 1, procedure no. 10). After deploying of 
the first CHM (diameter 5 mm, oversize 3.1-fold), there was a contrast extravasation surrounding the 
target vessel. Two more CHM were promptly inserted into the proximal landing zone, whereupon 
no more extravasation was detectable (Figure 7). The patient was stable during the entire procedure 
as well as in the post-interventional monitoring. Clinical symptoms did not occur. The coils remained 
stable in the desired position. 

For all patients, median follow-up time was 63.0 months (range 0.5 – 96.0). During this time, no 
complications related to the SPC embolization occurred. Independently of the procedure, one child 
died three weeks later in connection with cardiac surgery. 

 
Figure 7. Angiograms of an embolization complicated by a vascular injury:  depiction of an arterial 
systemic-to-pulmonary collateral (SPC) from the left subclavian artery (A); perivascular extravasation 
(indicated by arrows) following the insertion of the first coil (5 mm) (B); implantation of 2 more coils 
(6 and 7 mm) into the residual landing zone with complete closure of the SPC and ceasing 
extravasation (C). Previously implanted coils can be seen on the left side of the images. 

4. Discussion 

Abnormal blood supply to the lungs in patients with severe congenital heart or vascular 
malformations leads to pulmonary hyperaemia and increased pulmonary resistance particularly 
when undergoing several stages of surgical palliation. Moreover, systemic-to-pulmonary collaterals 
(SPC) lead to increased pulmonary venous returns during cardiac surgery and cardiopulmonary 
bypass. Several approaches are used to close abnormal vessels during interventional catheterizations. 
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We report on our institutional experiences with a novel approach to transcatheter embolization 
of SPC using Concerto™ Helix nylon-fibered microcoils (CHM). With a total number of 141 CHM, 64 
SPC had been occluded in 38 consecutive patients. Embolization was successful in all cases. The 
duration of hospital stay was not prolonged compared to other interventional SPC embolization 
procedures in our institution. The vast majority of the SPC (n = 57/64) derived either from the aorta, 
the subclavian or internal mammary arteries which are also the most common origins according to 
the published literature [1,11]. There was one complication in the form of a vascular injury without 
clinical relevance. When probing SPC, it has to be taken into account that these are vulnerable vessels 
with abnormally thin vascular walls, and that vasoconstriction can occur during the intervention. 
Careful vessel probing should be performed using microcatheters aiming at distal coil implantation. 
Especially small SPC, which nevertheless may feed extensive collateral networks, as well as highly 
tortuous SPC can be embolized selectively using this technique. In spite of the above-mentioned 
complication, CHM appear to be particularly suitable due to their soft, flexible and adaptable 
structure. Severe complications did not occur in the described population. It is assumed that 
embolizations as distal as possible prevent recurrence of SPC which is achieved well using particle 
embolization according to previous studies [9]. In long landing zones with additional branches, 
several CHM should be inserted if necessary. Embolization of the entire internal mammary arteries 
as feeding vessels can be avoided by selective SPC closure. Brown et al. have previously reported on 
the favourable use of micro-catheters in difficult target vessels [12]. 

The delivery mechanism of the CHM was easy to operate, there were no complications 
associated with the coil release in the described population. The absence of screw threads in CHM 
facilitates the deployment. Notably, neither non-target embolization nor coil migration occurred. It 
appeared advantageous that the deployed CHM are densely packed within the SPC and thus adapt 
to the course of the SPC forming an almost “cast-like” structure. As a result, extensive vessel 
obstruction occurs without delay. The initial portion of the CHM may be inserted in a stretched shape 
without forming a coiled configuration. A possible cause for this may be that the SPC usually taper 
distally so that the coils cannot unfold. This does neither affect the stability nor the efficacy of the 
CHM as long as the main part takes the desired shape. Advantageously, the nylon fibres have been 
shown to promote faster thrombin generation, which should lead to definitive SPC closure [13,14].  

Both the tapering diameters of the collaterals and the potential vasoconstriction during the 
angiography make it difficult to select the appropriate CHM size. Therefore, the selection depended 
to a certain extent on the interventionalist’s experience. Coil oversizing results in stable positioning 
similar to other types of embolizing devices [10]. Given the 1.3 to 5.3-fold diameter of the CHM versus 
the SPC in our patients, a wide range of CHM / SPC ratios appears to be acceptable. The large 
selection of available CHM sizes has to be seen as an advantage especially because both the sizes and 
morphology of SPC are widespread. In long landing zones, either long or multiple CHM have to be 
used. Implantation close to the branching or even protruding into the feeding vessel must be strongly 
avoided in order to prevent dislocation and non-target embolization. As the CHM can be inserted via 
small catheters and thus via small vascular accesses, they are not only appropriate for children and 
adults of all age groups and body sizes, but also particularly for neonates.  

According to the published literature, the management of SPC is handled very differently by 
interventional cardiologists [2,15]. On the one hand, earlier studies suggested that SPC have no 
significant pathophysiological relevance or that new ones developed quickly after SPC closure 
anyway [16,17]. Furthermore, the haemodynamic significance of individual SPC is undoubtedly 
difficult to measure [18]. Some studies suggest that SPC can be better assessed by magnetic resonance 
imaging than by cardiac catheterization [19,20].  

On the other hand, recent studies have shown that SPC are associated with a higher morbidity 
in children with CHD. Especially for patients with PCPC and TCPC, SPC are deleterious and are 
therefore consistently embolized in many centres [9,11]. Dori et al. demonstrated a favourable 
decrease of pulmonary blood flow after closure of SPC in PCPC patients [21]. With underlying 
passive pulmonary perfusion in these patients, counter flow via arterial collaterals can lead to 
impaired pulmonary blood flow. Prolonged postoperative hospital stays and higher incidence for 
pleural effusion are described [22]. In the long term, failing Fontan circulation can be promoted [23–
25]. As veno-venous collaterals are associated with cyanosis and an increased risk for plastic 
bronchitis, they should also be embolized in these patients [26,27]. Moreover, SPC are responsible for 
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morbidity as well in other CHD, e.g. in children undergoing arterial switch operation [28,29]. The 
majority of patients in the population described above had univentricular anatomy (n = 31/38), and 
most SPC embolizations were preceded by PCPC or TCPC surgery. 

Of note, essential SPC have to be strictly differentiated as they have to be conserved in collateral-
depending pulmonary circulation respectively have to be surgically unifocalized [30,31]. 

There are several limitations in the present study. The numbers of both the patients and the 
procedures are still low. Although the SPC diameters were measured, the selection of the implanted 
coils depended on the experience of the interventionalist. A specific recommendation regarding the 
CHM sizes is difficult to provide; further studies with a larger population are necessary. Other 
limitations are the retrospective approach and the single-centre character of the study.  

We conclude that Concerto™ Helix nylon-fibered microcoils are simple and safe to use with a 
high efficacy and a low complication rate. They are suitable in embolization of systemic-to-
pulmonary collaterals, particularly with small diameters, highly tortuous morphologies, and variable 
landing zones. As they are inserted via small vessel accesses, they can be used in patients of a wide 
range of age groups and body weights.  
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Abbreviations 

CHD  congenital heart disease 
CHM  Concerto™ Helix microcoil(s) (nylon-fibered) 
MAPCA major aorto-pulmonary collateral arteries 
PCPC partial cavo-pulmonary connection 
SPC  systemic-to-pulmonary collateral(s) 
TCPC  total cavo-pulmonary connection 
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