Original paper

Percutaneous retrieval of centrally embolized fragments
of central venous access devices or knotted Swan-Ganz
catheters. Clinical report of 14 retrievals with detailed
angiographic analysis and review of procedural aspects

tukasz Kalinczuk®, Zbigniew Chmielak?, Artur Debski?, Cezary Kepka!, Piotr N. Rudzifiski', Sebastian Bujak!,
Mirostaw Skwarek!, Andrzej Kurowski?, Zofia Dzielinska!, Marcin Demkow!

'Department of Coronary and Structural Heart Diseases, The Cardinal Stefan Wyszynski Institute of Cardiology, Warsaw, Poland

’Department of Interventional Cardiology and Angiology, The Cardinal Stefan Wyszynski Institute of Cardiology, Warsaw, Poland

3Department of Anesthesiology, The Cardinal Stefan Wyszynski Institute of Cardiology, Warsaw, Poland

Abstract

Adv Interv Cardiol 2016; 12, 2 (44): 140-155
DOI: 10.5114/aic.2016.59365

Introduction: Totally implantable venous access systems (TIVAS), Swan-Ganz (SG) and central venous catheters (CVC) allow
easy and repetitive entry to the central cardiovascular system. Fragments of them may be released inadvertently into the cardiovas-
cular system during their insertion or as a result of mechanical complications encountered during long-term utilization.

Aim: To present results of percutaneous retrieval of embolized fragments of central venous devices or knotted SG and review

the procedural aspects with a series of detailed angiographies.

Material and methods: Between January 2003 and December 2012 there were 14 (~0.025%) successful retrievals in 13 patients
(44 +16 years, 15% females) of embolized fragments of TIVAS (n = 10) or CVC (n = 1) or of dislodged guide-wires (n = 2) or knotted

SG (n=1).

Results: Foreign bodies with the forward end located in the right ventricle (RV), as well as those found in the pulmonary artery

(PA), often required repositioning with a pigtail catheter as compared to those catheter fragments which were located in the right
atrium (RA) and/or great vein and possessed an accessible free end allowing their direct ensnarement with the loop snare (57.0%
(4/7) vs. 66.7% (2/3) vs. 0.0% (0/3); p = 0.074 respectively). Procedure duration was 2-3 times longer among catheters retrieved
from the PA than among those with the forward edge located in the RV or RA (30 (18-68) vs. 13.5 (11-37) vs. 8 min (8-13); p = 0.054
respectively). The SG catheter knotted in the vena cava superior (VCS) was encircled with the loop snare introduced transfemorally,
subsequently cut at its skin entrance and then pulled down inside the 14 Fr vascular sheath.

Conclusions: By using the pigtail catheter and the loop snare, it is feasible to retrieve centrally embolized fragments or knotted

central venous access devices.
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Introduction

The necessity for the use of vasopressors, chemo-
therapy, and parenteral nutrition, as well as the need for
hemodynamic monitoring (Swan-Ganz catheter — SG) or
for extracorporeal therapies, and finally the demand for
cardiac pacing, all require central venous access (central
venous catheter — CV(C). Central venous access is man-
datory for long-term parenteral therapy, with common
use of totally implantable venous access systems (TIVAS)
[1-3]. These are designed for simple and repetitive entry

to the venous system. Totally implantable venous access
systems consist of a reservoir compartment (port), which
as a whole is surgically placed in a subcutaneous pocket
(usually in the upper chest). Its self-sealing silicone sep-
tum is directed towards the skin surface, allowing nee-
dle puncture of its rubber. The port is connected through
a connector lock with the catheter, which is tunneled be-
neath the skin toward the cannulated central vein. The
Seldinger technique is commonly used for the placement
of CVC and TIVAS, and refers to guide-wire (GW) insertion
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into the lumen of a central vein, as a conduit for subse-
quent intravascular device placement. Errant positioning
and resultant kinking of the GW, along with its withdraw-
al through the inserting needle, can result in accidental
shear-off of the distal GW part, with its consequent cen-
tral embolization into the caval vein, heart chamber or
pulmonary vasculature. Either the subclavian or internal
jugular vein, or infra- versus supra-clavicular site, and
finally the left- or right-sided location, are used for CVC
and TIVAS insertion. It creates a large diversity of arrange-
ments, with inherent advantages and drawbacks but only
little variation in long-term mechanical complications.
On the other hand, a defective alignment between the
TIVAS’s port and catheter (‘Cath-Lock mechanism’), as
well as TIVAS insertion near the costoclavicular ligament
exposing the catheter’s section on a repetitive compres-
sion between the first rib and the clavicle (the pinch-off
syndrome — POS), are risk factors of the catheter’s rup-
ture with its distal part central embolization [4, 5]. Inter-
estingly, the SG pulmonary artery catheter, which is soft
and balloon-tipped to be inertly propelled by the flow of
blood into the pulmonary artery (PA) avoiding fluoroscop-
ic guidance, for the same reasons has an increased risk
of accidental knotting. Guide-wire loss during insertion of
the CVC occurs approximately twice in several thousand
procedures [4]. The relative prevalence of distal emboli-
zation of a CVC catheter fragment (0.1%) or part of the
TIVAS catheter (up to 4%), as well as the frequency of SG
knotting (1 per 500 consecutively inserted but constitut-
ing 2/3 of all reported knotted intravascular devices), is
low [1, 6-9]. However, with their widespread usage, the
absolute number of cases of distal embolization of their
parts, as well as the frequency of SG knotting, is of high
clinical importance. Furthermore, there is high incidence
of bacterial contamination of intravenous polyethylene
catheters left in place over 48 h (40.7%) compared to
those remaining sterile if in situ for < 48 h, and serious
adverse events (including death) related to the distal for-
eign body’s embolization have been reported. All of these
factors necessitate their removal, even years after the
event [10, 11]. In 1971 Dotter et al,, for the first time, re-
viewed collected case reports documenting 100 cases of
centrally embolized broken-off fragments of CVC or GW,
of which 29 were retrieved with transluminal catheteriza-
tion instead of surgery [12]. Nowadays, open cardiotomy
and arteriotomy of the PA for retrieval of embolized cath-
eters have been replaced solely by percutaneous tech-
niques, using either dedicated or homemade devices.

Aim

The aim of our study was to report our experience
with 14 percutaneous retrievals of centrally embolized
fragments of central venous access devices or knotted
SG catheters, along with detailed angiographic analysis
and a discussion of procedural aspects.

Advances in Interventional Cardiology 2016; 12, 2 (44)

Material and methods

At the single institution of the tertiary referral in-
terventional cardiologic centre providing specialized
services for affiliated health centers, a retrospective
analysis was performed on 55 858 consecutive percuta-
neous procedures (36 619 diagnostic and 19 239 ther-
apeutic procedures), performed from January 2003 to
December 2012. There were 14 transcatheter retrievals
in 13 patients identified, referred due to the diagno-
sis of a centrally embolized catheter fragment of TIVAS
(n = 10) or CVC (n = 1), or embolized CVC guide-wire
(n = 2) or knotted SG catheter (n = 1). There were 3 cath-
eter fragments of Polysite Mini 3000 Series retrieved
(Teleflex Medical Europe Ltd., Athlone, Co. Westmeath,
Ireland), 3 fragments of PowerPort BARD (Bard Access
Systems, Inc., Salt Lake City, USA), 2 fragments of Celsite
access port (B. Braun Medical; B.P. 331; 92107 Boulogne;
France), 2 fragments of Ambix Intraport (Fresenius Kabi
AG, Bad Homburg, Germany) and 1 fragment of Brovi-
ac CVC (C. R. Bard, Inc., Murray Hill, New Jersey). Also,
one complete and one fragment of a “)”-tip GW were
retrieved, both from Hydrocath Assure CVC (Argon Crit-
ical Care Systems Singapore Pte. Ltd., Singapore). Also,
a knotted standard 4-lumen SG catheter was retrieved
(Edwards Lifesciences LLC, Irvine, CA, USA).

A chest X-ray (CXR) was made immediately after the
inadvertent disappearance of the entire GW encountered
during an inappropriate handling of the introducer set
(n = 1), as well as just after the acknowledgement that
the large fragment of the “J”-tip GW was lost due to acci-
dental severing on the needle’s bevel during its inappro-
priate withdrawal through the needle (n = 1). Knotting of
the SG was suspected when a proper PA waveform could
not be obtained despite the numerous catheter maneu-
vers employed, along with insertion of more than 40 cm
of its length, with final CXR confirmation.

In the case of embolized fragments of TIVAS, a com-
mon presentation of this was the difficulty in irrigation
and with blood withdrawal as well as the resistance to
fluids infusion, with a positive response to the patient
position changes. In the above scenario CXR was done to
define the exact mechanism of the complication and to
locate a catheter fragment. All the foreign bodies were
radio-opaque, and their angiographic appearance was
carefully analyzed to identify the forward (initially most
distal to the vein entrance) and the trailing edge (initially
proximal to the vein entrance). The primary causes of for-
eign body embolization were attempted to be recognized
based on a careful analysis of the catheter edge contour
(sharp vs. distorted, in order to differentiate the occur-
rence of POS), and an analysis of alterations in the align-
ment site (searching for the ‘Cath-Lock mechanism’).

Patients were informed of potential complications in-
cluding knotting, valve leaflet damage and the possibility
of surgical intervention. Under local anesthesia the com-
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mon femoral vein was punctured and an 8 Fr or larger
standard sheath was inserted. In the case of all retrievals,
primarily the custom-made loop snare was delivered to
the region of interest with a 6 Fr JR 3.5 Launcher guiding
catheter (Medtronic, Inc., Minneapolis, MN USA) to en-
snare the free-end of the foreign body, which was then
pulled down inside the vascular sheath or close to its tip
and then retrieved outside in toto. There were 2 types
of loop snares used: (1) the Amplatz GooseNeck Snare
Kit (ev3 Endovascular, Inc., Plymouth, MN, USA), which
is @ mono-plane system with a super-elastic snare con-
structed of nitinol cable and a gold plated tungsten loop
remaining true 90° to the lumen of the guiding catheter,
and (2) the Multi-Snare (pfm medical ag, K6ln, Germa-
ny), with the unique design of its loop offering addition-
al coaxial plane allowing lateral retrieval. These were
available in a range of sizes (loop diameter of 15-3 and
4-40 mm, respectively), and their selection was at each
operator’s individual discretion. When the free end of the
embolized catheter could not be identified, its prior repo-
sition was performed using the 6 Fr pigtail catheter (Bos-
ton Scientific Corporation, Marlborough, MA, USA), which
was placed alongside the embolized catheter and rotated
repeatedly to enfold it. Otherwise, it was passed above
and coaxially to the migrated catheter along the 0.0889-
c¢m guidewire, which was then withdrawn so as to bend
the pigtail curve that hooked the catheter’s mid-shaft,
allowing it gentle manipulations aimed at liberating its
free end. No heparin or antibiotics were given and no
contrast medium was used. All procedures were fluoros-
copy guided. The radiation exposures (median measur-
able dose area product, DAP), as well as procedural and
fluoro durations, were all recorded on a prospective basis
and evaluated thereafter from the radiology reporting
database. The length of all the retrieved foreign bodies
was measured and archived. Institutional review board
exemption was obtained for retrospective review of pro-
cedure records and the patients’ medical charts.

Statistical analysis

Categorical data are presented as frequencies and
compared with Fisher’s exact test. Normally distributed
variables were compared with Student’s t-test and are
presented as mean + 1 SD. The Mann-Whitney and Kru-
skal-Wallis ANOVA tests were used for comparisons of
variables with other than normal distribution; these are
presented as medians with minimal and maximal values
(min-max). A p value < 0.05 was considered significant.
Analysis was performed with the SPSS 16.0 (SPSS, Inc.,
Chicago, IL).

Results

Two male and 11 female patients were studied, in
whom 14 foreign bodies were retrieved, each during the
single-staged procedure (~0.025% of all diagnostic and
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therapeutic interventions done during the 10-year-long
study period). The basic patients’ clinical characteristics
and details on the type, location, length of the emboli-
zed foreign body, and relevant procedural data are pre-
sented in Table I. Patient #5 complained of a recurrent
twinge of chest pain, whereas patient #8 suffered from
sustained supraventricular tachyarrhythmia. The others
were clinically asymptomatic for the embolization. The
most common indication for CVC/TIVAS placement was
neoplasm (n = 9/13, 69%). The majority of these cathe-
ters have the forward edge found in the RV (7/13, 54%),
whereas in the other 3 it was located in the RA (3/13,
23%) and the other 3 catheter fragments of TIVAS were
situated as a whole in the PA (the knotted SG catheter
was pulled up into the VCS). All the foreign bodies were
successfully removed using either the loop snare alone
(n = 8, 57%) or after their prior repositioning with the
pigtail catheter (n = 6, 43%). The foreign bodies with the
forward edge located in the RV, as well as those found
in the PA, need more often to be initially repositioned
compared to those located in the RA or great vein (57.0%
(n=4/7) vs. 66.7% (n = 2/3) vs. 0.0%; p = 0.074 respec-
tively). The median length of retrieved foreign bodies was
14.9 cm (6.8-30.0). On average, there were insignificant
length differences among catheters retrieved from the PA
vs. those with the forward edge in the RV vs. those with
the forward edge in the RA (12.7 (6.8-18.4) vs. 15.6 (6.9—
22.0) vs. 14.4 cm (13.3-30.0); p = 0.509 respectively). The
catheter fragments of TIVAS were shorter than the em-
bolized GW fragments and the retrieved single CVC frag-
ment (13.0 (6.8-20.2) vs. 26.0 (22.0-30.0) vs. 19.1 cm,
p = 0.053 respectively). The overall median procedure
duration was 13.0 min (7-68), and it was on average ~2
times longer among catheters retrieved from the PA than
among those with the forward edge in the RV vs. those
with its location in the RA (18.0 (7-30) vs. 13.0 (11-68)
vs. 8.0 min (8-13); p = 0.230 respectively). Procedure du-
ration was on average more than 2 times longer if reposi-
tion was needed (30.0 (12-68; n = 5) vs. 12.0 min among
procedures with no reposition (7-18; n = 9), p = 0.060
respectively). The longest procedures (> 30 min) were
those done in patients with foreign bodies anchored as
a whole within cavities of the right heart and/or hepatic
vein (patient #5 and Figure 6; patient #9 and Figure 11,
respectively). The other longest procedure was in patient
#11, in whom an embolized 18-cm long catheter without
an apparent free end was found in the PA (Figure 13). The
median fluoroscopic time was 6.1 min (0.47-42.0), and it
was longer for catheters retrieved from the PA vs. those
with the forward edge in the RV as compared to those
with its location in the RA (6.3 (6—42) vs. 6.4 (2.2-26.4)
vs. 2.3 min (0.5-6.1), p = 0.225 respectively). The median
DAP was 575 pGy-m? (25-8457); its value was lowest for
the foreign bodies with the forward edge located in the
RA vs. its location in the PA vs. its presence in the RV
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Figure 1. Digital CXR presented in inverse mode with subtracted view (A — anteroposterior and B — lateral view)
taken due to resistance that occurred after a forceful and inadvisable GW withdrawal with an introducer needle
still being inserted into the subclavian vein. It revealed embolization of a large GW fragment (Broviac) probably
due to its shear off at the beveled needle tip. 1 —the 1% right rib, 2 — the right clavicle, black arrow — indicates
proximal end of the GW fragment, which has no contact with the skin surface and is located within the lumen
of the VCS, white arrow — indicates “)” tip of the GW, engaged in the RV outflow tract

(142,5 (25-1758) vs. 500 (409-8457) vs. 554.5 uGy-m?
(209-5788), p = 0.482 respectively). Dose area product
values were the same for the foreign bodies requiring
prior reposition and those retrieved with the snare alone
(534 (409-5788) vs. 548.5 pGy-m? (25-8457), p = 0.833
respectively). No thrombus formation was detected at-
tached to the retrieved fragments, and none of these
fragments were torn during the retrieval.

Discussion

Most aspects of the presented subject have been
thoroughly investigated by previous scientists. The origi-

Figure 2. The Polysite Mini 3000 Series catheter
intracardiac migration, with its trailing edge lo-
cated in the right brachiocephalic vein (white ar-
row) and its forward edge lodged in the tricuspid
annulus (Figure 3). CXR gave an insight into the
most frequent mechanism of TIVAS’s catheter
distal embolization, relying on its disconnection
from the injection port (black arrow) just at the
anastomosis site (‘Cath-Lock mechanism’). Note
that both the port’s ending and the catheter’s
proximal tip are not distorted (see the magnified
pictures: A and B, correspondingly)

Advances in Interventional Cardiology 2016; 12, 2 (44) 145
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Figure 3. The forward catheter’s edge (Polysite) was lodged in the tricuspid annulus (A, white arrow); however,
in the VCS (*) the catheter’s free end was identified (trailing edge, B, white arrow) allowing the Amplatz Nitinol
goose-neck snare (black arrow) to be advanced transfemorally (from the right site) through the vena cava infe-
rior (VCI) (*) and the RA ("), using a 6 Fr JR guiding catheter. When the foreign body was encircled by the loop,
the snare was tightened and rotated by an angle of 180° in the RA cavity (C-D) and then the catheter-snare
complex was pulled down till it rested against the tip of a 10 Fr vascular sheath, and then this arrangement,
with the unsheathed catheter, was gently withdrawn in toto through the vessel wall upon the skin surface

(E, dotted arrow)

nality of this article lies in it being the first presentation
of Polish ‘real life’ practices in percutaneous retrieval of
embolized fragments or knotted central venous access
devices, supported with a series of detailed angiogra-
phies magnifying this practical insight.

Most of the presented percutaneous retrievals were
on embolized TIVAS catheters. A retrospective analysis of
1500 consecutive patients, with a high proportion of
TIVAS implantations for chemotherapy of solid tumors,
showed an average catheter life of 284 days (range:
2-1563 days). Common complications reported after
TIVAS in the above analysis were infections (4.8%), throm-
bosis (3.2%) and surprisingly low numbers of catheter
fracture (0.2%) or its disconnection (0.2%), compared to
those quoted in the introduction [1]. This might be ex-
plained by the fact that unlike those who routinely use
the Seldinger technique, the quoted authors applied the
cut-down technique for TIVAS insertion, relying on surgi-
cal isolation of the cephalic vein at the delto-pectoral
groove and inserting the catheter through a small venot-
omy. In the authors’ opinion, the low-cost open cut-down
technique protects against the POS, as the catheter’s
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passage between the first rib and the clavicle is ruled out
[13]. At the same time, the authors who are advocates of
the Seldinger technique indicate that for POS prevention,
catheters should be inserted into the subclavian vein at
the junction of the outer and middle thirds of the clavicle,
just lateral to the thoracic outlet (lateral to the mid-cla-
vicular line). The clinical manifestation of the POS syn-
drome is TIVAS functional occlusion, responding to the
postural changes. Because raising the arms or shrugging
opens the costoclavicular angle, the CXR to search for
significant radiographic findings among patients with
POS suspicion should be taken with the patient upright
and then with the patient’s arms by the side [7]. Further-
more, since TIVAS disruption occurs most frequently
0.5 to 1 year after its insertion, which is similar to the
history of our patient #5, it is recommended to perform
CXR every half year to assess the grade (0-3) of angio-
graphic severity of catheter distortion (Figure 8) [14, 15].
The other commonly reported location of the TIVAS cath-
eter fracture is at the site of its anastomosis with the in-
jection port (Figure 2) [2]. This particular place is exposed
to repetitive bending forces, especially with medial TIVAS
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Figure 4. Another example of Polysite Mini 3000 Series catheter disconnection from the injection port implant-

L o b

ed medially in the left infraclavicular region. The catheter’s forward edge originating in the drainage area of
the VCS passed through the RA and down into the VCI (A, white arrow), whereas the trailing edge passed into
the RA and lodged against the RV myocardium (A, black arrow). Note that neither edge was distorted (see the
magnified pictures, correspondingly). The Amplatz Nitinol goose-neck snare (B) was advanced from the right
femoral vein and grasped the catheter at its distal free end (C), which was then pulled down (D)

insertion and thus allied POS (Cath-Lock mechanism) [2,
3]. It is also proposed to tie a suture around the proximal
part of the catheter at its entrance, to fix it securely. The
real incidence of CVC catheter fragment embolization is
claimed to be higher than reported, and it occurs often as
a complication of catheter extraction, due to its breakage
or separation from the hub, or due to severing while cut-
ting the fixation suture [5, 6]. It could also result from the
POS, even if the CVC is inserted into the internal jugular
vein [16-18]. Currently documented anatomic sites of
the foreign body lodgment are similar to those reported
previously, and depend on the catheter’s length, weight,
and the material stiffness, with the unusual location, e.g.
in the left atrium via the atrial septal defect [3, 19]. In
1970 Bernhardt et al., for the first time, reviewed Ameri-
can literature and identified several case reports describ-
ing the clinical after-effects of intracardiac catheter em-
bolization. Remarkably, out of a total of 62 subjects
studied, there were 28 in whom removal was not done,
and 17 of those (61%) died of related sepsis, perforation,
thrombosis, arrhythmias or myocardial necrosis, whereas
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there were no deaths among the other 34 subjects in
whom removal was performed, either surgically (in the
majority) or using a non-surgical technique [20]. In an-
other large scale review of 220 documented cases of
catheter embolism, the associated morbidity was 71%
and the mortality 38%, when a catheter fragment was
not removed [21]. Interestingly, it was shown that the
catheter piece could bounce to and fro on the tricuspid
valve, with its ends making whipping motions, which po-
tentially could cause mechanical damage to the valve
and initiate endocarditis even in the absence of preexist-
ing valvular disease [22]. Whereas the literature clearly
advocates early extraction after an acute occurrence of
catheter embolization, there are reports of an incidental
finding of catheter fragments after an uneventful and an
asymptomatic period of 9 or 14 years since embolization
[23, 24]. At the same time, late percutaneous retrievals
performed in a chronic setting years after embolization in
asymptomatic patients were proved to be feasible [25,
26]. Patients with embolized foreign bodies are often in
a poor general condition and are particularly vulnerable
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Figure 5. The 17.0 cm long Polysite Mini 3000 Series catheter fragment became disconnected and lodged

b |

entirely in the PA, with its forward edge located in the right main pulmonary branch (white arrow, A) and the
trailing edge hanging downward in the pulmonary trunk, just above the pulmonary valve leaflets (black arrow,
A). The forward edge was free floating and of favorable position, therefore allowing the Amplatz Nitinol goose-
neck snare to properly expand and successfully ensnare the catheter fragment (B and C). Then the grasped
catheter was pulled down across RV outflow tract (D and E), then the tricuspid valve (F) and finally the VCI (G)

to sepsis or thrombosis. Thoracotomy and open heart
major surgery for cardiac foreign body removal are by
definition more invasive, time consuming, and expensive
than percutaneous retrieval and were reported to carry
a mortality rate of 10%. However, no deaths or major
complications have been reported as a result of percuta-
neous removal of an embolized catheter, with the suc-
cess rate ranging from 87% to 98% [5, 15, 27, 28]. A large
variety of techniques and devices for intravascular
non-surgical foreign bodies retrieval are available, includ-
ing wire snares, Dormia baskets, hook-shaped catheters
and grasping forceps. Today wire snares are the most
commonly used and successful if there is a free-floating
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catheter edge and enough space to expand the loop (Fig-
ures 2-5, 10, 12). If the ends of the embolized fragment
are firmly wedged in the myocardial wall, preliminary
maneuvers are performed to orient the object in a man-
ner suitable for snaring, usually with a pigtail catheter. Of
course, the possibility that the object may migrate from
a safer site to a more tortuous and complicated course
exists (Figures 6, 9, 11, 13, 14) [29]. In the case of ab-
sence of dedicated wire snares, physicians familiar with
catheterization procedures might use a double-over GW
(0.014 inch) and place it inside the regular angiographic
catheter through its proximal lumen (even diagnostic
catheters can be used providing they have a 0.035 inch
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Figure 6. An embolized 83-mm long catheter fragment of Celsite Access Port, with both its lodging sites found
in the right heart. Both edges were inaccessible for the snare, with the forward edge firmly impinged in the RV
apex (white arrow) and the trailing edge lying anteriorly in the low RA (black arrow). Therefore, a 6 Fr pigtail
catheter was used to reposition the forward fragment’s edge; however, this encirclement turned out to fail
(A-D). Then, it was successfully maneuvered to wind around the opposite, trailing catheter’s edge, liberating it

into the VCI, where it was easily snared (E-G)

internal diameter), then selectively retract one end of the
GW protruding from the proximal lumen of the introduc-
ing catheter, sliding a movable metal wire in and out of
the distal end of the catheter [30]. Interestingly, in order
to guarantee a wide circular sweep, and to avoid a tight
angle formation of a diamond shape of a midsection of
a guide-wire folded in half, it should be inserted into the
guiding catheter the other way; both ends of the GW
should be introduced into the distal end of the catheter
and advanced until the circular loop of the GW band proj-
ects from the patient end of the catheter [31]. The disad-
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vantage of the above homemade snares is that they fre-
quently open parallel and adjacent to the foreign body,
requiring multiple attempts to deflect the snare around
the catheter fragment. Catheters with a curved tip might
help to overcome this disadvantage [32]. In 1971 Dotter
et al. removed the errant 8 cm long polyethylene CVC
catheter from an RA using a homemade snare. Due to
failed attempts to ensnare the catheter fragment with
a single loop, the authors advanced several inches of thin
tubing into the RA and thus created a complex, com-
pound and convoluted loop, which facilitated catching
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Figure 7. An incident of inadvertent GW loss during Hydrocath Assure CVC percutaneous insertion into the
right internal jugular vein using the Seldinger technique. The patient was immediately referred for percutane-
ous extraction of the GW, but CXR (A) revealed that the proximal GW tip was located only a few millimeters
inside the connector entrance (magnified B and B’). Therefore the CVC hub was cut flush and the guide-wire
was grasped with forceps and easily retrieved

Figure 8. Radiologic sign of the POS syndrome sequel. Note the Broviac Expert CVC’s catheter transection locat-
ed exactly in the area of the 15 right rib (1) and near the right clavicle (2), signifying the occurrence of catheter
compression leading to its distortion (white arrows) and subsequent rupture. In the upper row are presented
the 3 consecutive angiographies (A—C) taken during the catheter percutaneous removal. Correspondingly in the
lower row are presented the same but magnified pictures of the catheter’s edge, which is indented (2.5x zoom)
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Figure 9. Broviac CVC catheter fragment of 19 cm length, with its intracardiac lodging site in the inferior wall of
the RV myocardium (forward edge, white arrow) and its trailing edge found in the right subclavian vein (Figure 3).
A5 Fr pigtail catheter was introduced from the right femoral vein into the VCS (black arrow) and hooked the
catheter fragment (black arrow), which was pulled down, liberating the catheter’s forward edge (B-E). Then,
the Amplatz Nitinol goose-neck snare, which is of a right angle design (F, white arrow), was inserted transfem-
orally but contralateral and easily encircled the catheter’s free-end, which was pulled down inside the 14 Fr

vascular sheath (F-J)

the foreign body. The authors postulated that the design
and manner of homemade assemblies are tailored to the
specific problem and could be constructed on an ad hoc
basis, using materials ordinarily at hand [12]. At the same
time, the novel, custom-made Multi-Snare (pfm medical
ag, Koln, Germany), due to its unique but simple design,
offers the additional perpendicular plane of sweep. A ma-
jor advantage of forceps (endomyocardial bioptome)
with their grasping capability over snares or baskets is
the ability to seize a foreign body at its middle portion,
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which eliminates the need for repositioning [19]. Discor-
dant with our experience, a few authors postulate that it
is important to avoid the snared foreign body being ex-
posed ‘bare’ to the RV cavity with its tortuous outflow
tract. In their opinion, the foreign body could otherwise
lodge in the intraventricular structures [33]. This could be
prevented by using long trans-septal sheaths of a suffi-
cient gauge (8 or 11 Fr), positioned as close as possible to
the embolized device, which is finally drawn completely
into the sheath [34]. Also, this could help to negotiate the
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Figure 10. Angiographic appearance of the intracardiac lodging site and 85-mm length of the migrated Ambix
Intraport catheter fragment are both similar to the respective features presented in Figure 6. But, contrary to
the one presented earlier, the loop retriever alone with its operational right angle design (white arrow) success-

fully snared the catheter (B-C)

i, -
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Figure 11. The 156-mm long PowerPort BARD catheter fragment lodged with its forward edge in the RV (white

arrow) and its trailing edge migrated in the hepatic vein (black arrow). Both edges were inaccessible for the
snare. A 6 Fr pigtail catheter hooked the embolized catheter fragment at its mid portion and both edges were
still firmly impinged at their prime localizations. Therefore, the loop retriever (20-mm @) was used to snare
the tip of the pigtail catheter. The foreign body was pulled tightly against the sheath, and thereafter the whole
assembly was pulled down and withdrawn as a unit (A-C)

tortuous course of the RV cavity and its outflow tract
when using rigid baskets or forceps. Finally, “the double
wire technique” during the retrieval procedures is some-
times recommended. In this method, after a vascular
sheath is placed, a second GW is advanced through it
into the vessel. Then, the sheath is withdrawn and rein-
serted over only one of the two wires. The sheath thus
contains one wire and sits adjacent to the one wire,
which acts at the same time as a “buddy wire” and “safe-
ty wire”. This arrangement helps to minimize potential
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injury to the internal vascular wall during the removal of
a whole sheath-snared-catheter complex, and also al-
lows immediate reentry of the vessel over the second
wire (Figure 3) [35]. We agree that continuous fluoro-
scopic guidance is necessary during all retrieval proce-
dures, especially during the moment when the snared
catheter fragment is pulled down and withdrawn, to
avoid its unexpected kinking. The mean length of the
embolized catheter fragments reported in the literature
(14.3 £2.6 cm) is similar to our results, along with concor-
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dant mean procedure and fluoroscopy times, as well as
DAP values [3, 13, 36].

A limitation of our study is that neither the actual
time of the insertion and thus duration of the interval
between the dislodgment and percutaneous retrieval of
the foreign body, nor the cause of catheter embolization
in each studied subject, could be determined. In conclu-
sion, by using the pigtail catheter and the loop snare it
is feasible to retrieve centrally embolized fragments or
knotted central venous access devices.
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Figure 12. An example of a knotted SG catheter
placed in the right internal jugular vein (inverse
mode of digital CXR, A). A tight knot is located in
the VCS. The snare which was introduced trans-

femorally easily encircled the SG’s proximal edge.
Then, the catheter was cut at its entrance and sub-
sequently pulled down as a whole with the snare
inside the 14 Fr vascular sheath. Finally, it was
withdrawn outside through the sheath’s hub (B-D)

AR Y
Figure 13. The 184-mm long fragment of PowerPort BARD catheter embolized distally into the right PA, with
one of its edges firmly lodged in the ascending branch of the PA (white arrow) and the other lodged in its
descending branch (black arrow). Therefore, a 6 Fr pigtail catheter elegantly hooked the mid segment of the
migrated fragment (grey arrow) and was pulled toward the left side, liberating both edges (B). Then the pigtail
catheter was substituted with a JR4 guiding catheter, which was advanced into the descending branch of the
PA, allowing the loop to be extended and to encircle the free end of the catheter fragment, with its final suc-
cessful retrieval (D and E)
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Figure 14. One of the shortest presented, a 69-mm long Ambix Intraport catheter fragment, was entirely
wedged in the RA, with its forward edge lodged in the tricuspid annulus (white arrow) and its trailing edge
lying anteriorly in the mid RA (black arrow). A 6 Fr pigtail catheter was passed above the migrated catheter’s
fragment, along the 0.889-cm (0.035 inch) GW, which was advanced into the VCS. Then, the GW was with-
drawn so as to bend the pigtail curve, which firmly hooked the catheter’s mid-shaft. Then the pigtail catheter
was pulled down, releasing the trailing edge of the migrated catheter, allowing its successful ensnarement and
subsequent entire catheter retrieval
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