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Abstract
Objective-To assess the incidence and
subsequent management of misplaced
devices as a complication of therapeutic
embolisation procedures.
Design-Retrospective review of case
notes, cardiac catheterisation reports,
and angiograms.
Setting-Tertiary referral centre for con-
genital heart disease.
Patients-205 consecutive children and
adults undergoing therapeutic embolisa-
tion for congenital heart disease in the 10
years up to 1 April 1993. This group had
231 therapeutic embolisation procedures
at 241 sites using coils, umbrella devices,
or detachable balloons.
Main outcome measures-Incidences of
misplacement and retrieval of the device;
morbidity and mortality.
Results-The incidence of misplacement
was 3% (10/332) of devices deployed and
4.3% (10/231) of procedures performed.
Retrieval from distal pulmonary arteries
was not attempted in two patients, but
transcatheter retrieval of coils and
umbrellas from systemic and pulmonary
vessels, using snares or retrieval baskets,
was successful in the remaining eight.
There were no deaths or serious sequelae
related to the procedure, but one patient
required femoral arteriotomy for
removal of an umbrella device retrieved
only as far as the groin. In four of the five
most recent cases, the misplaced device
was retrieved and the therapeutic
embolisation was completed at the same
procedure.
Conclusions-Misplacement of a device
during therapeutic embolisation is a
recognised complication that can be
satisfactorily dealt with by transcatheter
retrieval without recourse to surgery.

Table 1 Summary of all therapeutic embolisation procedures and devices used

Embolisation No of No of No of No of
devices patients procedures sites devices deployed

Rashkind umbrellas 177 201 201 201
Coils 21 23 32 122
Detachable balloons 8* 8* 9* 9
Total 205* 231* 241* 332

* One patient with coronary fistula had both coils and a balloon deployed at the same site.

For retrieval to be successful it is impor-
tant to have a wide selection of retrieval
equipment available and to be conver-
sant with its use.

(Br HeartJ_ 1994;72:470-475)

Transcatheter retrieval of foreign bodies such
as fragments of catheters or guidewires inad-
vertently released into the cardiovascular sys-
tem during cardiac catheterisation or the
placement of central venous lines is well
established and almost always circumvents
the necessity for major surgery.' 2 Trans-
catheter therapeutic embolisation techniques
entail the deliberate placement and release of
devices within the cardiovascular system to
effect the occlusion of an artery or fistula. In
congenital heart disease coils, umbrellas, and
detachable balloons are the most commonly
used devices. Although effective, they have
the disadvantage that once passed out from
the catheter or released from the delivery sys-
tem they are potentially irretrievable. They all
carry the possible complication of the device
becoming misplaced to a site other than that
intended. Hence the variety of different types
and shapes of foreign bodies that may require
retrieval has increased, but modification of
transcatheter retrieval techniques has facili-
tated a high rate of their successful retrieval.
We report our experience over the past 10

years in the management of patients in whom
occlusion devices of various types have
become misplaced within the cardiovascular
system, and we discuss the techniques and
equipment needed for their retrieval. It is cru-
cial for paediatric cardiologists practising
transcatheter embolisation to become familiar
with retrieval equipment and techniques.

Patients and methods
Patient and catheterisation laboratory records
for the 10 years up to 1 April 1993 were
reviewed retrospectively. During this period
231 procedures involving transcatheter
implantation of various embolisation devices
were carried out in 205 patients with congen-
ital heart disease. Table 1 summarises these
procedures. Ten procedures (4 3%) were
complicated by misplacement of the emboli-
sation device, and transcatheter retrieval was
attempted in eight of these patients. We
report the management of these 10 patients.
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Table 2 Patients with misplaced devices

Case Embolisation Site of
No Age Weight (kg,) Diagnosis device displacement
1 67 yr 60 Right coronary fistula Detachable balloon LPA
2 74yr 13-5 MIAPCA 5 mm 0-025 inch coil LPA
3 il yr 22-7 MAPCA 8mm steel coil RPA
4 11 yr 39-5 Modified Blalock shunt 6 mm controlled delivery coil LPA
5 3 yr 16-2 Arterial duct 8 mm steel coil Aortic bifurcation
6 3 yr 13-9 Arterial duct 3 mm 0-018 inch platinum coil Popliteal trifurcation
7 10j yr 47-9 Arterial duct 17 mm umbrella Aortic bifurcation
8 10 yr 28-6 Arterial duct 12 mmn umbrella RPA
9 20nmnth 11-3 Arterial duct 12mmumbrella RPA
10 10 yr 28-6 Arterial duct 12 mm umbrella LPA

LPA, left pulmonary artery; MAPCA, major aortopulmonary collateral artery; RPA, right pulmonary artery.

Table 3 Results

Embolisation Migration Retrieval Screening Proce-dure Occlusion Complications
Case device site device time (min) time completed and comments

1 Detachable LPA Not --No Not
balloon retrieved retrieved

2 mm coil LPA Not - - Yes Not
retrieved retrieved

3 8 mm coil RPA Basket 39* 60* Yes Nil
4 6mm coil LPA Snare 63 190 Yes Nil
5 8 mm coil Aortic Basket 11 55 No Nil

bifurcation Nil
6 3 mm coil Popliteal Snare 30 180 No Nil

trifurcation
7 17 mmAortic Basket 30 220 No Femoral

umbrella bifurcation arteriotomy
8 12m RPA Basket 162 330 Yes Nil

umbrella
9 12mmRPA Basket 60 240 Yes Nil

umbrella
10 12mm LPA Snare 27 (11.8*) 100 Yes Nil

umbrella

Figure 1 Retrieval of a steelc
previous day from the right pul
has been positioned on the righi
retrieval basket through the rigj
coil once they were drawn comi

positioned in a collateral artery

* Transcatheter retrieval only. Other times are for the therapeutic intervention and retrieval combined. LPA, left pulmonary
artery; RPA, right pulmnonary artery.

RASHKIND DUCT OCCLUDERS whose median age was 3-2 years (range 7
One hundred and ninety nine Rashkind months to 67 years). Two further Rashkind
umbrella devices (Bard USGI) were duct occlusion umbrella devices were
implanted in the arterial duct in 175 patients, implanted without complication in atrial baf-

fle fenestrations after the modified Fontan
.............op.eration.

In four patients the duct occluder became
misplaced almost immediately. Misplacement
~~was to the aortic bifurcation in one patient

~and to the pulmonary arterial tree in three
.patients, the device lodging in the right pul-
.monary artery in one patient and the left pul-

monary artery in the two others.

~EMBOLISATION COILS
Twenty one patients (median age 6 years,
range 2 months to 50 years) underwent 23
coil embolisation procedures, at which 32
separate sites were treated and 122 coils
deployed. The sites treated consisted of nine
vessels feeding six coronary artery fistulas, 13
major aortopulmonary collateral arteries in
seven patients, one pulmonary arteriovenous
malformation, five small patent arterial ducts,
and four Blalock-Taussig shunts after their
incomplete surgical ligation.

Five embolisation coils became misplaced
in five patients (4% of all coils deployed, 16%
of all sites treated). Of these, two were
intended for patent arterial ducts, two for
major collateral arteries, and one for a residu-
ally patent Blalock-Taussig shunt. The mis-
placement rates for the different sites were
thus 40% (215) for arterial ducts, 15% (2/13)

oilplaedinnortpulonry olateal rtry hefor major collateral arteries, and 25% (1/4)
fmonary artery in case 3. Note that 'a transseptal type sheath for Blalock-Taussig shunts with no recorded
tpulmonary artery, which facilitated the passage of the incidence of misplacement for the coronary
Fhr ventricle and outflow tract and protected the basket and fitls(/)othpumnrateovos>ltely into the sheath. Further coils- remain correctlyfstas(/)othpumnrateivos
P(arrow). malformation (0/1).
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Figure 2 Retrieval of a displaced Rashkind umbrella (12 mm) in the ight pulmonary artery in case 8 by a Dotter basket
passed through an 11 French sheath (arrow).

DETACHABLE BALLOONS
Nine detachable balloons were deployed at
nine sites in eight patients, whose median age
was 14 years (range 4-67 years). Four bal-
loons were used to embolise four feeding
arteries in four coronary fistulas, including
one treated with embolisation coils combined
with a detachable balloon. The other sites
treated were two aortopulmonary collateral
arteries in one patient and three residually
patent Blalock-Taussig shunts in three
patients.

Only one balloon became misplaced (11%
of those deployed). This had been placed in a
very short feeder vessel of a large iatrogenic
coronary artery fistula draining to the right
ventricle (complicating previous valve
surgery), but it spontaneously deflated and
migrated to the lung periphery.

Table 2 summarises the clinical details of
the 10 patients with misplaced devices.

TECHNIQUE FOR TRANSCATHETER RETRIEVAL
When misplacement was noted to have
occurred and retrieval of the migrated device
was considered to be necessary, transcatheter
retrieval of the device was always attempted
in preference to surgery. In two cases in
which misplacement occurred after the
embolisation procedure had been completed,
cardiac catheterisation was repeated for
retrieval immediately after the first procedure
for umbrella occlusion of the arterial duct in
one case and on the following day in the
other case of a patient with embolisation of
aortopulmonary collateral arteries. In the
remaining six cases the retrieval procedure
was a continuation of the initial procedure
rather than a separate one. In all cases general
anaesthesia was either instituted or contin-
ued.

The exact location of the migrated device
was established using angiography by hand
injection through a suitably positioned angio-
graphic catheter. When necessary, additional
vascular access was established. Femoral ves-
sels were used in every case. In one patient,
anterograde catheterisation of a femoral
artery was required to retrieve a coil from the
popliteal artery trifurcation. Table 3 lists the
equipment used for retrieval. The snares used
for retrieval were commercially produced
Nitinol "Gooseneck" snares (Microvena,
Vadnais Heights, Minnesota). Retrieval bas-
kets were also commercially produced and
of several different styles and sizes-for
example, Dotter intravascular retrieval set
(Cook, Bloomington, Indiana). Usually, a
long transseptal sheath of sufficient gauge (8
or 11 French) to accommodate the migrated
device when grasped by the retrieval snare or
basket was positioned as close as possible to
the misplaced device before the retrieval
snare or basket was introduced (fig 1).

Results
Transcatheter retrieval was successful in all
eight patients in whom it was attempted.
Retrieval was not attempted in two patients
because it was considered neither feasible nor
necessary. One of these subsequently had sur-
gical ligation of the feeder to her coronary
artery fistula, which had reopened on defla-
tion of the balloon, but the balloon was left
fully deflated in the lung periphery with no
adverse consequences. In the other patient it
was only appreciated several days after the
procedure that a 5 mm coil had migrated to
the peripheral lung field from a collateral ves-
sel when a radiograph taken after the proce-
dure was reviewed. The vessel in which this
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Figure 3 Attempted coil occlusion ofa residually patent Blalock shunt after the modified
Fontan procedure in case 4. The coil delivery catheter (arrow) remained in place with its
tip in the pulmonary arterial end of the shunt but the controlled delivery coil could not be
retracted into it. A Nitinol snare introduced through a sheath positioned in the other
femoral vein was successful in retrieving the coil and implantation offurther coils at the
same procedure brought about complete occlusion of the shunt.

coil was lodged remained patent at routine
follow up angiography four months later.
The results for the 10 patients with

migrated devices are summarised in table 3.
Retrieval was achieved using basket type
retrieval devices in five patients and with
snares in three. There were no deaths or seri-
ous complications associated with migrated
devices or their retrieval, but one patient
required femoral arteriotomy to remove a

Rashkind umbrella of 17 mm; this was

retrieved only as far as the groin. In this
patient the sheath used was too small to allow
the umbrella device to be pulled completely
inside it.
Two patients had radiological screening

times in excess of 60 minutes. In one of
these, a Rashkind device of 12 mm had
migrated to a distal branch of the right pul-
monary artery. It was difficult to manipulate a

catheter into the appropriate branch and sub-
sequently follow it with a suitable long
sheath. A large Dotter retrieval basket failed
to grasp the device but a small Dotter basket
(5 cm) did (fig 2). After retrieval of the

migrated device, a Rashkind device was suc-

cessfully implanted in the arterial duct at the
same procedure. The other patient had resid-
ual patency of a Blalock shunt after a modi-
fied Fontan operation. Occlusion was

attempted using a slightly undersized con-

trolled release coil, but there was little nar-

rowing of the shunt against which to lodge
the coil. The coil prolapsed out of the shunt

into the pulmonary artery when it was beyond
the point at which -it could be withdrawn into
the catheter and had to be retrieved with a
snare (fig 3). Subsequently, at the same pro-
cedure, coils were successfully lodged in a
stable position. It would have been better to
occlude this shunt with a detachable balloon.

Discussion
Although, in our experience, misplacement of
embolisation devices was uncommon, it was
the most common significant complication
occurring in transcatheter embolisation pro-
cedures related to the heart. Other workers
reported comparable rates of misplacement
for similar procedures.34 An early extensive
review by Bernhardt et al of outcome after
migration of foreign bodies within the cardio-
vascular system suggested that it was a poten-
tially serious complication.5 Of 62 patients
with catheter fragments accidentally
embolised to the pulmonary arteries, 17 out
of 28 in whom the foreign body was not
removed died, but all 34 in whom the foreign
body was removed survived.5 In a review of
220 cases, including those collected by
Bernhardt et al, Fisher and Ferreyro, reached
similar conclusions.56 There were 16 deaths
from sepsis, perforation, arrhythmia, or
thrombosis as a direct consequence of the
foreign body among the 73 patients in whom
removal was not initially attempted, but no
deaths related to removal of the foreign body
in the remainder. When completeness of fol-
low up was taken into account they estimated
a risk of death or serious complication of 71%
in those in whom removal of the foreign body
was not initially attempted. Bias towards
reporting of eventful cases, limited reports of
follow up of those with retained fragments,
and difficulties extrapolating outcome from
one type of foreign body in a specific group of
patients leads us to doubt that the morbidity
and mortality from migrated therapeutic
embolisation devices left in situ is as high as
these reports suggest. Nevertheless, they do
emphasise the potential dangers from
migrated devices when left in situ. Therefore,
every effort should be made to avoid this
complication in the first instance, and when it
cannot be avoided, retrieval of the foreign
body is usually indicated. Transcatheter tech-
niques for retrieval are usually preferable to
surgery because the procedure related mor-
bidity is presumed to be less and the location
of the foreign body can be monitored
throughout the retrieval procedure. There
have been several reports of successful
retrieval of misplaced guidewire and catheter
fragments, including those complicating
coronary angioplasty, by transcatheter tech-
niques, but no substantial series dealing
specifically with interventional procedures in
congenital heart disease. Our experience indi-
cates a similar high success rate for retrieval
of transcatheter embolisation devices used in
and around the heart.
The most appropriate equipment for

retrieval of a migrated embolisation device
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depends on the shape and size of the device,
the site to which it has migrated, and the
experience of the operators with different
types of equipment. The ability of the
retrieval system to grasp or snare the foreign
body is an obvious prerequisite for success. It
is also essential that the retrieval system can
be manipulated to the site of migration, that
it continues to function despite the curves in
its length necessary for placement, and that it
can be safely withdrawn with the foreign body
in its grasp from the site of migration and out
through the skin. It is also important to avoid
perforating or damaging the cardiovascular
system and/or dislodging the foreign body to
a less favourable site.
Most retrieval devices fall into one of three

categories: snares, retrieval baskets, and
grasping forceps. Simple but effective snares
can be fashioned by hand from a loop of
guidewire threaded through a length of
catheter.9 Advantages of such home made
devices are that they are inexpensive and that
the materials to make them are available in
every catheter laboratory. However, manufac-
tured snares such as the Nitinol gooseneck
snare (Microvena) and similar snares pro-
duced by other manufacturers are easier to
manipulate in the small vessels to which for-
eign bodies tend to migrate and have a much
smaller gauge (4 French) than the home
made equivalent, allowing the use of smaller
sheaths. The angulation of the snare loop
perpendicular to the shaft of the catheter and
their availability in a range of sizes are addi-
tional advantages.

Retrieval basket catheters-for example,
the Dotter intravascular retrieval set-similar
to those used to remove stones from the bil-
iary and urinary systems have been widely
used in the cardiovascular system.7 Although
their profile is generally larger than those of
snares, requiring the use of a larger sheath
system, they will sometimes grasp objects that
cannot be snared with a simple loop. The
optimum size and construction of the basket,
including the number of wires making up the
basket, vanes with the individual situation.
Occasionally, it will be necessary to try a
selection of different baskets before being
successful.

Various types of grasping forceps mounted
on flexible shafts, the most widely available of
which are myocardial biopsy forceps, have
been used for transcatheter retrieval.810
Because of their sharp surfaces and thick
shaft, we have not considered standard
myocardial biopsy forceps to be satisfactory
for transcatheter retrieval, though others have
used grasping forceps specifically designed for
this purpose (of which we have no experi-
ence).II

For the retrieval of coils, especially those
made from fine gauge wire, we generally
advocate the use of a snare in the first
instance because this allows the use of a
smaller diameter sheath. Once the snare has
been tightened around a free end of the coil,
generally there is no difficulty in pulling the
coil into the sheath and out of the body.

Where a snare fails, a Dotter basket may
prove more successful. Gently twisting the
basket in contact with the coil may encourage
loops of the coil to pass between the wires of
the basket so that they can be grasped.

Rashkind umbrella devices, especially the
17 mm size, become bulky once opened.
Furthermore, the stiff proximal and distal
prongs can endanger the vascular endothe-
lium or endocardium if the device is not with-
drawn with sufficient care. It is particularly
important, if correct positioning is lost, to try
to avoid the uncovered device entering the
right ventricle and becoming trapped in tra-
beculations or chordae because open heart
surgery will then be required for safe
removal.4 12 The right ventricle is one of the
most dangerous sites at which a foreign body
may lodge.13 Therefore it is vital to avoid any
possibility of displacing a migrated device
from a safer site to the right ventricle. To this
end, devices retrieved from branch pul-
monary arteries should be pulled securely
into a sheath before any attempt is made to
withdraw them through the right ventricle. In
our series, one umbrella of 12 mm was
retrieved using a Nitinol snare to firmly grasp
one prong of the umbrella and pull the whole
umbrella inside an 11 French sheath. In the
other cases, however, retrieval baskets were
used to retrieve Rashkind umbrellas. With a
retrieval basket, there are the alternative
options of either grasping a single prong of
the umbrella device and compressing the
device by countertraction from the sheath or
of grasping the whole device in the basket and
using the basket itself to compress the device
and facilitate entry into the sheath.

Before the migrated object is approached
with the retrieval instrument, it is important
to delineate the surrounding anatomy by
angiography. With objects that have migrated
to branch pulmonary arteries, there may be
considerable difficulty in locating and enter-
ing the correct branch, and screening in more
than one plane will usually be necessary to
achieve this. When possible, and especially at
more difficult sites, a long large bore sheath,
such as an 11 French or 8 French Mullins
transseptal sheath, should be placed, using
appropriately shaped catheters and
guidewires, close to the object. This has the
advantage that the retrieval instrument, which
generally has little steerability itself, can be
advanced up the sheath to the site of migra-
tion. Once the object has been grasped or
snared the sheath can be advanced over it,
avoiding premature release or damage to the
vascular endothelium as it is withdrawn.
Altematively, if as is sometimes the case, it is
not possible to advance the sheath over the
object, the object may be withdrawn into the
sheath. If a large enough sheath can reason-
ably be used, the retrieved object can be with-
drawn through its hub and the vascular access
maintained. If, however, it is not feasible to
use such a large sheath, it may be necessary
to withdraw the sheath and the retrieval
instrument and foreign body within it as a
whole. In this case, vascular access will be
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lost and it may not be possible to continue
with the original procedure. Where only the
hub of the sheath prevents complete with-
drawal of the retrieval instrument and foreign
body, the sheath may be cut at the groin to
allow withdrawal and then exchanged over a
wire to maintain vascular access. We do not
recommend attempting to withdraw the
retrieved foreign body through the vessel wall
and skin without the protection of a sheath
large enough to contain it. Although this has
proved satisfactory, but not ideal, for frag-
ments of catheters or wires,7 14 the risk of vas-
cular damage with foreign bodies of more
complex shape such as the Rashkind device is
likely to be greater.
New devices for placement in the cardio-

vascular system and modifications of old ones
are continually being developed and some of
the new developments, such as controlled
release mechanisms for embolisation coils
relate directly to avoiding the complication of
early misplacement. Both the avoidance of
misplacement and the ease of transcatheter
retrieval should be important design consid-
erations.

CONCLUSION
The primary strategy for dealing with the
problem of migrated embolisation devices
should be prevention. However, it seems
unlikely that improvements in technique and
equipment design can ever eliminate this
problem, and those practising transcatheter
interventional techniques should have avail-
able a range of retrieval devices and know

how to use them. Migrated occlusion devices
usually need to be recovered and tran-
scatheter retrieval will usually be the most
appropriate method.
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