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malleability and easy visualization under fluo-
roscopy) and have fibers attached made from 
a variety of materials (i.e., nylon, dacron, 
wool).2 The intravascular deployment of coils 
causes intimal damage, resulting in release 
of thrombogenic factors, thereby promoting 
thrombosis.3

Coils are available in various shapes (i.e. 
helical, straight, tornado, 3d, diamond), sizes 
(0.035” or macro coils and 0.018”-0.010” or 
micro-coils) and lengths (1 mm to 60 cm). The 
size and length of the selected coil to be used 
depends on the vessel that is embolized. Fur-
thermore, coils can be classified on the basis 
of their delivery system as pushable or detach-
able.

Coils are permanent embolization agents 
that cause mechanical vessel occlusion 

through thrombus formation. The inception 
of coil technology in 1970s as an emboliza-
tion agent has revolutionized the non-surgical 
management of bleeding and the expansion 
to other vascular pathologies arrived very 
quickly.

The first coil that was developed was a 
5-cm-long curled segment of a 0.038-inch 
guide wire with strips of wool attached to 
its surface.1 Scientific advancement over the 
course of time led to the creation of different 
types of coils, which are now available in ev-
eryday clinical practice. The vast majority is 
made from platinum due to its properties (i.e. 
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tion of electrical current to result in detach-
ment of the coil from the delivery wire it is 
affixed to. These coils were initially used in 
neuroradiology but are now also used in pe-
ripheral interventions.

There are several advantages that detach-
able coils offer. Firstly, repositioning of the 
coil within the vasculature before the final de-
ployment is possible. This allows a more pre-
cise and controlled deployment of coils during 
embolization, reducing the risk of coil migra-
tion and non-targeted embolization with its as-
sociated complications. Furthermore, longer 
and fewer coils may be employed and reduce 
the overall procedure cost.

The advantages of detachable coils over the 
pushable ones in clinical use according to the 
literature evidence are exposed in the follow-
ing paragraphs.

Results of clinical studies 
with detachable coils

Internal iliac artery embolization prior to 
EVAR

Kim et al.7 carried out a retrospective re-
view on 40 patients with aortic aneurysms to 
assess the effectiveness of detachable inter-
lock microcoils for the embolization of the 
internal iliac artery previous to endovascular 
abdominal aneurysm repair for the prevention 
of type II endoleaks. In 16 patients emboliza-
tion of the internal iliac artery was required. 
In 13/16 patients detachable interlock mi-
crocoils were used whereas in the remaining 
3 a plug was used instead. all the coil cases 
were technically successful, with no occur-
rence of procedure-related complications. In 
all cases, type ii endoleak was not observed 
with computed tomographic angiography 
during the median follow-up of 3 months 
(range 1-27 months) and the median clinical 
follow-up of 12 months (range 1-27 months). 
Only 2 out of 13 patients were found to have 
had clinical side effects (such as buttock 
pain), but the side effects resolved upon fol-
low up, and no long-term complications were 
reported.

Pushable coils

Pushable coils are loaded into the carrying 
catheter and then literally pushed-out of the 
catheter. When the coil reaches the distal end 
of the catheter cannot be pulled back and has 
to be deployed. The endovascular commu-
nity to treat a variety of vascular pathologies 
has used pushable coils for decades. How-
ever is case of coil deployment in an errone-
ous site the coil needs to be snared and this 
is not always possible. Therefore, the use of 
pushable coils may lead in some challenging 
cases to non-target vascular blockage.4 To 
overcome this issue, detachable coils were 
developed.

Detachable coils

detachable coils may be pulled back even 
though when most of the coil is out of the car-
rying catheter. detachable coils involve the 
proximal end of coil attached to an end of the 
pusher wire and the coil is released by a de-
tachment mechanism that may be mechanical 
or electrical.3

Mechanical detachment is usually based 
on an interlocking or a screw release mecha-
nism. The interlocking mechanism involves 
a small arm on the distal end of pusher wire 
latched on to the interlock arm located on 
the proximal end of the coil. Following in-
terlocking, the two ends remain connected 
whilst still inside the lumen of the carrying 
catheter. It is following the passage outside 
the catheter tip that the two interlocking arms 
separate causing the coil to be detached from 
the pusher wire and be deployed. While still 
interlocked, the coil position can be readjust-
ed prior to final deployment.3, 5 The screw-
release mechanism involves the proximal 
coil end and the end of the wire attached via 
their respective spiral threads. a mandrill is 
passed through the wire and the coil. The 
coil is fastened onto the wire in a clockwise 
rotation and therefore to detach the coil, the 
wire needs to be manipulated counter clock-
wise.3, 6

electrical detachment relies on the introduc-
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higher than the other reported in literature and 
suggest that detachable coils and in particular 
hydrogel coated ones thanks to their propri-
eties should be considered more often.

Renal arteriovenous malformations

Treatment for renal AVMs has evolved from 
open nephrectomy to embolization. Extreme 
precision is required in such cases to avoid 
coil migration in the venous territory and to 
avoid any ischemic complications to the renal 
parenchyma. Mechanically-detachable coils 
have been used in the past to embolize renal 
avFs.11

Mori et al.12 in the early days of use of de-
tachable coils reported a case of a 70-year-old 
female patient with a large idiopathic renal 
arteriovenous fistula (AVF) that was treated 
with detachable coils. The authors had to use a 
“pre-framing technique” technique of anchor-
ing with a micro catheter in order to avoid the 
risk of migration — even of the detachable de-
vice — due to the extremely high flow. The 
microcatheter was coiled in the fistulous tract 
with proximal balloon occlusion. The 0.018” 
microcoil was then then loaded in the micro 
catheter and, by the gradual withdrawal of the 
catheter, deployed. This technique requires a 
small side branch in the fistula that can be used 
to support the tip of the micro wire over which 
the micro catheter can be coiled. altit et al.13 
treated very large renal avFs with multilobu-
lated arterial aneurysms using Microplex-18 
framing microcoils (Terumo, Somerset, NJ, 
USA) followed by Azur Hydrocoils (Terumo) 
in two sessions. Sundarakumar et al.14 de-
scribed a new method, in a case report of a 
45-year-old male patient, for treatment of renal 
avF with solely idC coils.

Pelvic and extremity arteriovenous malforma-
tions

The pelvis is a relatively common site for 
high flow AVMs. The most common pattern is 
a multivessel supply from the hypogastric ar-
tery, inferior mesenteric artery, middle sacral 
and common femoral branches with drainage 

Gastroduodenal artery embolization

dudeck et al.8 performed a prospective ran-
domized study on 50 patients with the use of 
standard pushable coils vs interlock detachable 
coils for the embolization of the gastroduaode-
nal artery (GDA) prior to selective internal ra-
diotherapy (SIRT). The parameters that were 
evaluated were procedure time, radiation dose, 
number of devices, complications, and dura-
bility of vessel occlusion at follow-up angi-
ography. Firstly, contrary to the pushable coil 
group, no coil migration occurred with the use 
of interlock coils. This confirmed the role of in-
terlock detachable coils for precise controlled 
embolization, with the ability to retrieve or re-
position the coil before final delivery. This trial 
further revealed significantly shorter interven-
tion time with a smaller amount of contrast 
and thus radiation dose needed with the use of 
interlock coils as compared to the group where 
pushable coils were used. A fewer number of 
coils were needed to obtain embolization us-
ing detachable interlock coils as compared the 
pushable ones.

Park et al.9 in a prospective study of 50 
patients compared pushable and detachable 
coils during embolization of the GDA prior 
to hepatic artery infusion chemotherapy. The 
authors’ reiterated similar results with the use 
of detachable coils to be associated with fewer 
coils, shorter intervention duration and greater 
precision during deployment.

Pulmonary arteriovenous malformations

Soft detachable microcoils have been in-
creasingly applied in the embolization of pul-
monary arteriovenous malformations (PAVMs) 
because they can be repositioned, offer more 
precise deployment, and prevent systemic coil 
migration. osuga et al.10 reported their expe-
rience with the use of detachable coils (bare 
and hydrogel coated) in a retrospective study 
of 7 patients with 9 simple-type PAVMs with 
relatively small feeders (medium of 4 mm), 
obtaining a median size reduction rate 95.0% 
(range 81.8-99.0%) during the median follow-
up period of 10 months. These results are 
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dures of VAA with detachable coils were re-
ported. They concluded that percutaneous 
transcatheter detachable coil deployment is 
an effective alternative to open surgery for the 
management of VAAs and may decrease the 
morbidity and mortality of the open surgical 
procedure while preserving flow in the native 
vessel.

The detachable coils made a huge difference 
when the “packing technique” has been adapt-
ed from neurointervention in the treatment of 
VAAs. This technique consists of filling the 
sac with coils, obtaining a certain density that 
affirms the complete exclusion of the lesion 
from the general circulation. Loffroy et al.19 
reported a technical success rate of 100% in 
12 thin neck pseudoaneurysms treated with the 
packing technique using detachable coils of 
different calibers and lengths. One patient with 
a secondary bleeding from arterio-digestive 
fistula underwent successful surgery. No major 
complications or late recanalization occurred 
during a mean 24.7 months of follow-up.

in another study Yasumoto et al.20 analyzed 
42 patients with vaa treated with packing 
technique using interlocking detachable coils 
of four different types, confirming 100% tech-
nical success, defined as absence of flow in 

into the hypogastric vein. One of the most 
complex but of highly effect treatment in this 
situation is a combined arterial and venous em-
bolization and this approach is most effective 
when there is an aneurysmally-dilated drain-
ing vein that can be accessed. Conway et al.15 
reported the results of embolization for high 
flow arteriovenous malformation with a domi-
nant outflow artery in 14 patients using de-
tachable coils and plugs. They obtained good 
results suggesting that this treatment should be 
considered in selective patients.

Visceral abdominal aneurysms

Visceral abdominal aneurysms (VAA) are 
rather rare however may be fatal if undiag-
nosed.16 The majority of VAA (about 78%) 
are detected as incidental findings in cross 
sectional examinations performed for different 
reasons.

Several endovascular embolization tech-
niques have recently been developed to man-
age aneurysms with heterogeneous anatomi-
cal features.17 detachable coils play a crucial 
role in such challenging procedures. Kasirajan 
et al.18 in 2001 first described a retrospective 
study, in which, twelve embolization proce-

Figure 1.—Embolization of a type II endoleak from the IMA with Onyx (ev3, Covidien Vascular Therapies, Irvine, CA, USA) 
and a single 5×200-mm detachable coil (Concerto™ Detachable Coil System, ev3, Covidien Vascular Therapies, Irvine, CA, 
USA). A microcatheter (Progreat, Terumo Corp.) was advance from the SMA to the IMA trough the arc of Riolan.
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may be more technically demanding and usu-
ally requires the combination of more than 
one technique (balloon- or stent assisted coil 
embolization). rossi et al.21 first reported a 3 
years of follow-up case of a 74-year-old pa-
tient with a 12-mm-wide neck renal artery an-
eurysm treated with the Penumbra Coil 400™ 
Embolization System (Penumbra Inc.). These 
detachable 0.020-inch coils are larger in diam-
eter than other micro coils and are inherently 

the aneurysm sac. The follow-up revealed coil 
compaction in two splenic aneurysms and one 
hepatic artery aneurysm; recanalization oc-
curred in 12 patients at 24±12 months, two of 
them with concurrent compaction. The author 
reported that the incidence of compaction and 
recanalization do not appear to be correlated 
with the aneurysm site, but only with density 
of packing and the aneurysm size.

Treatment of wide neck visceral aneurysms 

Figure 2.—Embolization of a type Ia endoleak after Nellix (Endologix Inc., Irvine, CA, USA) (positioning with Chimney 
renal graft in a patient previously treated with an Endurant (Medtronic Inc.). A single 7×300-mm detachable coil (Concerto™ 
Detachable Coil System, ev3, Covidien Vascular Therapies) was deployed and subsequently Onyx (ev3, Covidien Vascular 
Therapies) embolization was performed.

Figure 3.—Percutaneous retrograde embolization from superior gluteal artery for a type II endoleak. A) Under CT guidance 
the superior gluteal arterial was punctured and a 0.018” inch guide wire was advanced (arrow). Note a second wire (arrow-
head) which was deliberately inserted in the superior gluteal vein and was left in situ as reference. B, C) After the catheteriza-
tion of the aneurysm sac with a 2.7-Fr microcatheter (Progreat, Terumo Corp.), two 7×40-mm and 6×30-mm detachable coils 
(Ruby, Penumbra) were deployed.

a B C

a B C
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gic to other embolic agents (e.g., onyx, glue, 
thrombin). In cases of type II endoleaks many 
authors reported a direct puncture of the an-
eurysmal sac or of a gluteal artery under CT 
guidance with a subsequent successful embo-
lization with detachable coils.25

Discussion

In 1991 Guglielmi invented his eponymous 
coil and since then the development of new 
technologies and the best qualities of DSA al-
lowed to improve techniques which became 
little by little more precise and effective. The 
evolution from a pushable system to a de-
tachable one emerged a new approach that, 
especially in the fields of neurointerventional 
radiology, consented the safe and consistent 
treatment of vascular disease in a minimally 
invasive fashion even showing better results 
than surgery. a review by andaluz et al.26 of 
endovascular and microsurgical treatment 
of aneurysms spanning 1993-2003 using the 
national inpatient Sample demonstrated that 
the frequency of the endovascular procedures 
doubled, with steady numbers in comparison 
to surgical aneurysm repair procedures with 
clipping performed during that time.

The first commercially available detachable 
coil was relatively stiff for today’s standards, 
and the duration required for detachment ranged 
up to 45 minutes.27 The detachment mechanism 
allowed for controlled deployment, reposition-
ing and removal. later a three-dimensional coil 
better known as “framing coil”, was developed 
and considered as preferable when a pre-deter-
mined configuration is required. It acted as a 
scaffold that covers the wall of an aneurysm 
allowing a better and safer filling of the sac 
with the other coils. another step was the in-
troduction of smaller and softer coils (down to 
0.010” inch) based on filamentous core wires 
and or multiple irregular breakpoints, theoreti-
cally allowing a different behavior from small 
thin helices.28 another important development 
in the architecture and structure of coils was 
the addition of a polymer filament in the center 
of the coil that helped to maintain the desired 
physical characteristic of the implant.

softer due to the fact that come in long diam-
eters (softness increases by the third power of 
the diameter) and due to the reduced thickness 
of the nitinol stretch-resistant wire. The coil-
within-a-coil design increases the ability of the 
device to fill the aneurysmal sac with less risk 
of misplacement. In the mentioned case report 
each coil was detached only when it was con-
firmed angiography complete aneurysm exclu-
sion. The first coil, which was used to prevent 
coil migration through the neck into the parent 
artery, was the stiffest available and was sized 
deliberately slightly larger than the aneurys-
mal dome, thus creating a cage through which 
the other, more flexible coils could be safely 
deployed.

Favelier et al.22 reported another interest-
ing case report of a 56-year-old patient with 
history of kidney transplant and a large, wide-
neck pseudoaneurysm at the anastomotic site 
that appeared three-years post transplantation. 
Bare stent “caging” technique was used in 
combination with detachable coils with a very 
satisfactory result.

Endoleaks

Standard endovascular treatment options 
for type Ia endoleaks include the insertion of 
an aortic cuff to extend graft coverage more 
proximally, or placement of a large-caliber 
balloon-expandable stent inside the proximal 
graft to improve the seal. If an endoleak per-
sists despite these measures or if the placement 
of an aortic cuff is not technically possible 
transcatheter embolization needs to be consid-
ered instead.

Coil deployment is a good treatment op-
tion as reported with good results with both 
detachable and pushable ones even though the 
latter are burdened by a significant risk of mi-
gration.23 When dealing with type i endoleaks 
coils could migrate far in peripheral arteries, 
causing complication and hampering the re-
trieval.24 More over when dealing with large 
endoleaks, coiling the whole lumen requires a 
large number of coils; in such cases, the use 
of long detachable coils allows to reduce the 
number of devices used, and could be syner-
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The general review of the literature has 
shown that the main benefits of these devices 
are the ability to accurately position reduc-
ing the risk of complications, with reduction 
of coils positioned, minor procedural time 
and lesser ionizing radiation exposure in 
front of a higher cost compared to the push-
able coil.7-9, 14, 20, 21 The release of detachable 
coils may be particularly difficult in tortuous 
vessels, where this type of coil meets greater 
resistance to progression compared to normal 
coil.

Coil embolization technologies success is 
rapidly changing the landscape of endovascu-
lar options for treatment of acute or elective 
conditions. Continued innovation and refine-
ment of endovascular devices and techniques 
will ultimately improve technical success rates, 
reduce procedure-related complications, and 
broaden the endovascular therapeutic spec-
trum for varied arterial districts, aneurysms or 
avMs morphology. The advance in microcoils 
and microcatheter technology has enabled se-
lective embolization of small or tortuous ves-
sels, where insertion of the regular delivery 
catheters is considered difficult or harmful. Es-
pecially, soft detachable microcoils, although 
they are expensive, have been increasingly ap-
plied in avM and visceral pseudoaneurysms 
embolization, because they can be reposi-
tioned, offer more precise deployment, and 
prevent systemic coil migration.

In the VAA exclusion with packing tech-
nique it is crucial to achieve a high packing in-
dex value around 24% and the detachable coils 
can be positioned subsequently to the pushable 
coils after the aneurismal sac as been partly 
filled and when it is higher risk of coil migra-
tion. In the VAA exclusion with the sandwich 
technique the detachable coils can be posi-
tioned at the beginning of embolization like an 
anchor for subsequent pushable coils release, 
reducing the migration risk.

The cost of detachable coils is higher than of 
the pushable ones, due to design differences, 
the largest implantable volume and the pres-
ence of additives. However, detachable coils 
are available in variety of length allowing the 
use of a fewer number comparing with push-

The manufacturing material most common-
ly used is platinum. lately, coils with com-
bined materials have also been produced. The 
rationale of this choice is trying to improve 
their embolization performance: fibered coil, 
bioactive coils and hydrogel coils are the prin-
cipal modified coils actually available. Fibered 
coils are made with a polymer attached that 
would allow stopping blood flow by increas-
ing hemostasis and thrombosis. although their 
design is of great interest, fibered coils are not 
widely used and further studies are necessary 
to assess their use. Bioactive coils are covered 
externally with substances that stimulate and 
accelerate the wound healing cascade and cel-
lular ingrowth into the coil conglomerate and 
into the aneurysm.29, 30

Packing density has been associated with a 
lower rate of recurrence by multiple authors 
with the most recent data from randomized 
controlled HelPS trial;31 this result explains 
the rationale why softer and modified coils 
have been developed. in this setting hydrogel 
coils enable to better fill the sac during aneu-
rysm embolization, thus increasing the pack-
ing density of the coil mass.

For most vascular territories, the operator 
performing an embolization procedure must 
choose between two different approaches hav-
ing two very different final outcomes: 1) em-
bolize widely and/or permanently, with poten-
tial compromise of end-organ perfusion; or 2) 
perform a more localized procedure such that 
the perfusion of distal territories is preserved. 
The former is generally less challenging and 
more rapidly applied in emergency situations, 
but the latter may be preferred to preserve or-
gan function especially in young patients’ with 
bleeding from traumas.

There is a large body of experience and lit-
erature concerning the embolic management 
of individual vascular territories, but, to our 
knowledge, no comprehensive overview on 
peripheral use of detachable coils has previ-
ously been assembled. This document is an 
overview that combines the pooled knowledge 
and standard practice at large-volume institu-
tions with extensive, on-going experience in 
emergency and elective conditions.
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209-15.

20. Yasumoto, K. osuga, Yamamoto H, ono Y, Masada M, 
Mikami K, et al. Long-Term Outcomes of Coil Packing 
for Visceral Aneurysm: Correlation between Paking Den-
sity and Incidence of Coil Compaction or Recanalization. 
J Vasc Interv Radiol 2013;24:1798-807.

21. rossi M, varano gM, orgera g, rebonato a, laurino 
F, de nunzio C. Wide-neck renal artery aneurysm: pa-
renchymal sparing endovascular treatment with a new 
device. BMC Urol 2014;14:42.

22. Favelier S, Kretz B, Tanter Y, Loffroy R. Stent-assisted 
detachable coil embolization of a late-onset wide-necked 
anastomotic renal allograft artery pseudoaneurysm. J 
Vasc Surg 2012;56:1131.

23. Sheehan MK, Barbato J, Compton CN, Zajko A, Rhee 
R, Makaroun MS. Effectiveness of coiling in the treat-
ment of endoleaks after endovascular repair. J Vasc Surg 
2004;40:430-4.

24. Lee K, Park HS, Lee T. Rescue therapy of inadvertent 
coil migration for endovascular treatment of type II en-
doleak. Vasc Specialist Int 2016;32:22-5.

25. Parlani g, Simonte g, Fiorucci B, de rango P, isernia 
G, Fischer MJ, et al. Bilateral staged CT guided gluteal 
artery puncture for internal iliac embolization in a patient 
with type II endoleak. Ann Vasc Surg 2016 Jul 13. [Epub 
ahead of print]

26. Andaluz N, Zuccarello M. Recent trends in the treatment 
of cerebral aneurysms: analysis of a nationwide inpatient 
database. J Neurosurg 2008;108:1163-9.

able, and in determinate setting such as large 
aneurysm or avM their use can be limited to 
the initial phase for safer covering the wall of 
the lesion, permitting successive filling of the 
cavity with other embolic agents. even the use 
of modified coils, such as the hydrogel poly-
mer coils allow to expand, increasing their di-
ameter resulting in greater filling and vascular 
occlusion, so that a fewer number of coils are 
required to achieve embolization with a de-
crease of the total cost.

We may conclude that, according to our ex-
perience and the evidence from the literature 
detachable coils offer better results than push-
able ones and nowadays they need to be part 
of the everyday interventional radiology arma-
mentarium. The use of pushable coils should 
be limited to territories of low risk. The evo-
lution however will be in the detachable ones 
that will become more “intelligent”, in order to 
satisfy the needs of modern clinical practice.
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