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Abstract

In June 2012, Food and Drug Administration (FDA) issued a warning about the risk of catheter entrapment
associated with Onyx embolization. We used our experience, literature review, and FDA Manufacturer and
User Facility Device Experience (MAUDE) data review to identify five strategies to address catheter
entrapment: 1/. Surgical resection of vessel at point of entrapment of catheter and retraction from exterior
portion at the femoral region; 2/. Advancing and closing the loop of snare over the entrapped catheter fol-
lowed by retraction; 3/. Advancing the distal access catheter over the entrapped catheter and retraction with
forward movement of the distal access catheters; 4/. Inflation of balloon catheter coaxial to the entrapped
catheter with subsequent retraction; and 5/. Intravascular retention and internalization of microcatheter. In
the MAUDE data, there were 77 reports of catheter entrapment with Onyx embolization; microcatheter was
retracted by surgical excision in 15, endovascular snare or other retriever devices in 5, deliberately entrap-
ped inside the vessel using stent in 1, and left without intervention within intravascular compartment in 27

patients.
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BACKGROUND

The onyx liquid embolic system (Onyx) was approved
in the European Union in 1999. The Food and Drug
Administration (FDA) provided premarket approval
application (PMA) approval for the Onyx® Liquid
Embolic System (Micro Therapeutics, Inc) for presurgi-
cal embolization of brain arteriovenous malformations
(AVMs) in July 2005. Onyx is comprised of EVOH (eth-
ylene vinyl alcohol) copolymer dissolved in DMSO
(dimethyl sulfoxide), and suspended micronized tanta-
lum powder to provide contrast for visualization under
fluoroscopy. Subsequently, several studies have reported
the use of Onyx® embolization for treatment of brain
AVMs [1-4]. Onyx has nonadhesive properties, which
allow longer intranidal progression of the embolic agent
before solidification and presumably a low or no risk of
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catheter entrapment [5,6]. No occurrence of catheter
entrapment and one event of difficult catheter removal
was reported in 54 patients randomized to the Onyx
embolization in the multicenter trial comparing Onyx
with N-butyl-cyanoacrylate (NBCA) for presurgical
embolization of brain AVMs [7]. No occurrence of cath-
eter entrapment was reported in 117 patients analyzed in
a prospective European registry of Onyx embolization
for brain AVMs [1].

With wide spread use, anectdotal reports of catheter
entrapment have been published where the microcath-
eter is encased within a cast of Onyx and retrieval of
catheter after completion of Onyx injection is not possi-
ble [8,9]. Presumably, Onyx reflux around the micro-
catheter can form a highly viscous plug entrapping the
microcatheter during its retrieval [5]. In June 2012, FDA
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issued a warning about the risk of catheter entrapment
associated with the use of Onyx® [10]. We reviewed the
literature and data collected by FDA as part of its sur-
veillance methodology since such reports are usually
underreported and single center studies can only identify
and report upon a very small number of patients.

METHODS AND RESULTS
Case Report

In our experience, a 37-year-old man presented with
gradual worsening of headaches, nausea, vomiting, and
left sided ataxia for 2 months. A hemangioblastoma was
identified in right cerebellar hemisphere based on mag-
netic resonance imaging (MRI) appearance and diagno-
sis was confirmed with cerebral angiography. Preopera-
tive endovascular embolization was performed with
selective microcatheterization of arterial feeders from
the right posterior inferior cerebellar artery (Fig. 1A). A
6F Envoy guidecatheter was placed in the right vertebral
artery. Onyx-18 embolization of the arterial feeder was
performed using Echelon (Covidien ev3 Neurovascular,
CA) microcatheter placed through the guidecatheter.
Onyx was intentionally allowed to reflux to build a cast
of about 5-mm around the distal end of Echelon micro-
catheter. However, due to possible strictures in the vas-
culature and small size of the vessels within the tumor,
no significant penetration of Onyx within the tumor bed
was noted. The arterial feeder and its tributaries were
completely obliterated. When Onyx reflux was noted to
be more than 1-cm (1.2 cm) proximal to the microcath-
eter tip, embolization was discontinued and retrieval of
catheter was attempted. Catheter entrapment was noticed
and catheter was left in place for about 1 hour under
slight tension to dislodge from Onyx cast. Attempts
were continued for another hour to retrieve the catheter,
with a maximum pull of about 4 cm from its relaxed
position. Further tension on the vasculature was not con-
sidered safe and the catheter was left embedded in the
Onyx cast. The external portion of Echlon microcatheter
including hub was transected at the femoral region and
guidecatheter was removed with the introducer sheath
and external portion of microcatheter left in place in the
right common femoral artery. The tumor was surgically
excised and microcatheter was left in position within the
arterial feeders (Fig. 2). After 1 day following surgical
resection, the patient underwent introducer sheath place-
ment in left common femoral artery. A SIMMONS II
diagnostic catheter was introduced through the left fem-
oral sheath and a cerebral angiogram was performed to
document patency of arteries involved. No arterial
occlusion, dissection, or vasospasm was noted. The

Figure 1. Angiographic images of the hemangioblastoma
and arterial feeders into the vascular tumor bed.

A. Pre-embolization lateral view and feeding arteries
from posterior inferior cerebellar artery (arrow indicat-
ing the feeder of interest).

B. The entrapped microcatheter during retraction in
lateral view (arrow indicates straightening of posterior
inferior cerebellar artery loop and lack of arterial flow).
C. The entrapped microcatheter in relaxed position in
lateral view (arrow indicates reconstitution of posterior
inferior cerebellar artery loop and resteroration of arte-
rial flow).
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Figure 2. Postsurgical resection T2-weighted MRI trans-
verse section. The void anterior to the cerebellum is the
intravascular component of the entrapped microcath-
eter.

SIMMONS 11 catheter was subsequently placed into the
abdominal aorta. Rotational movement of the catheter
allowed entanglement of the existing microcatheter and
retraction of proximal internal and external segments
into the left iliac artery (Fig. 3). The femoral sheath on
right side was removed followed by manual compres-
sion to achieve hemostasis. Patient did not develop any
new symptoms throughout the hospital stay. At four
months follow-up, patient did not have new neurological
deficits and reported residual pain in right femoral
region.

LITERATURE REVIEW

We performed a search on PubMed from January 2000
to April 2014 with the keywords “retrieval,” “microcath-
eter,” and “Onyx.” A total of 11 articles were retrieved
of which five were pertinent. We performed another
search using the key words “catheter entrapment” and
“Onyx.” Two articles were identified of which one was
pertinent. Additional articles were identified through
bibliography of the select articles. There were four strat-
egies that were identified: 1. Surgical resection of vessel
at point of catheter entrapment and retraction from exte-
rior portion at the femoral region; 2. Advancing the loop
of snare over the entrapped catheter until the distal most
portion is reached and then retract the ensnared entrap-
ped catheter; 3. Advancing the distal access catheter
over the entrapped catheter and retraction of the micro-
catheter with slight forward movement of the distal
access catheters; and 4. Advancing a balloon catheter
coaxial to the entrapped catheter with inflation of the
balloon and retraction of the microcatheter. The second
and third approach may require transection of the exte-
rior portion and hub of entrapped microcatheter.

Walcott et al.[8] reported upon entrapment of the micro-
catheter (Marathon flow directed microcatheter; eV3
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Figure 3. Rotational movement of the catheter allowed
entanglement of the existing microcatheter and retrac-
tion into the left iliac artery.

Neurovascular, Inc., Irvine, CA, USA) in the Onyx plug.
After AVM resection, a single remaining feeding vessel
originating from the distal anterior cerebral artery sus-
pected to contain the entrapped microcatheter was iden-
tified using stereotactic guidance (BrainLab, Munich,
Germany). The vessel was then sectioned, and the
microcatheter (102 cm) was then extracted cranially
using gentle traction. Pandey et al.[11] reported upon a
patient in whom UltraFlow microcatheter entrapment
was associated with intraprocedural rupture of brain
AVM. During emergent surgical excision, the microcath-
eter was identified as a hard substance within the soft
vessel by palpation of the feeder with a forceps. After
coagulation of the feeder close to the nidus, the nidus
was removed. The groin was then exposed and gentle
traction was applied from the groin and the microcath-
eter was retrieved. Kelly et al.[12] reported upon an
Echelon-10 microcatheter (eV3 Neurovascular, Inc.)
entrapment in the right occipital artery because of reflux
and vessel tortuosity. The hub of the indwelling Echelon
microcatheter was cut off and a 2-mm Amplatz Goose
Neck microsnare (Microvena Corp., White Bear Lake,
MN) and rapid transit microcatheter were then advanced
over the indwelling Echelon microcatheter. The snare
and rapid transit microcatheter were advanced distally
into the occipital artery and the snare was retracted to
engage and remove the microcatheter. Alamri et al.[13]
reported the use of Amplatz 4-mm Gooseneck Micro-
snare(TM) (ev3, Plymouth, MN) in Excelsior 1018(TM)
microcatheter (Boston Scientific, Natick, MA) in 14
brain AVM feeders. The Marathon microcatheter was
cut just distal to the hub, and the Amplatz/Excelsior
combination was introduced along the length of the
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Marathon microcatheter to ensnare and retract the
embedded catheter. Microcatheter tip removal was suc-
cessful in all cases, except in one procedure where
microcatheter tip becoming detached and needing no
further intervention. Newman et al.[14] reported upon
two cases of catheter entrapment; in both instances, the
hubs of the microcatheters were transected and Concen-
tric Medical Outreach distal access catheters were then
advanced over the microcatheters and positioned at the
proximal aspects of the microcatheter-Onyx plugs.
Using the distal access catheter for countertraction, the
Echelon-10 microcatheters were then successfully
released from the Onyx plugs under fluoroscopic visual-
ization without significant distortion of the arteries. San-
tillan et al.[15] reported a case of Marathon microcath-
eter (eV3) entrapment within M3 branch of the middle
cerebral artery during Onyx-18 embolization. A balloon
microcatheter (Hyperform(TM), eV3) was advanced dis-
tally and inflated to provide distal counter tension,
allowing microcatheter retrieval without prominent dis-
tortion of the arteries [16].

Review of Manufacturer and User Facility
Device Experience Data

We analyzed data collected as part of MAUDE [17],
which consists of medical device reports (MDRs) of sus-
pected device-associated deaths, serious injuries, and
malfunctions. The FDA uses MDRs to monitor device
performance, detect potential device-related safety
issues, and assess benefit-risk assessments of these prod-
ucts. The data consists of voluntary reports since June
1993, user facility reports since 1991, distributor reports
since 1993, and manufacturer reports since August 1996.
The MAUDE database [17] is based on MDRs submit-
ted to the FDA by mandatory reporters (manufacturers,
importers, and device user facilities) and voluntary
reporters such as healthcare professionals, patients, and
consumers. Manufacturers and importers must submit
reports when they become aware of information that rea-
sonably suggests that one of their marketed devices may
have caused or contributed to a death or serious injury or
has malfunctioned. Device user facilities, including hos-
pitals, outpatient diagnostic or treatment facilities, nurs-
ing homes and ambulatory surgical facilities, must sub-
mit reports when they become aware of information that
reasonably suggests that a device may have caused or
contributed to a death or serious injury of a patient in
their facility. Death reports must be sent to the FDA and
the manufacturer, if known. We searched the MAUDE
database reports on Onyx embolic agent that may have
malfunctioned or caused a death or serious injury until
March 2013. All reports were reviewed by one of the
two reviewers’ who abstracted relevant data regarding
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devices and patients involved in the event. Additional
data were abstracted from textual information provided
on MEDWATCH forms.

There were 435 reports of ONYX embolization proce-
dures and complications associated with suspected
device-associated deaths, serious injuries, and malfunc-
tions. The indication of treatment was brain AVM in
317, aneurysm in 38, and unspecified in 85 reports.
Catheter entrapment was associated with intracerebral or
subarachnoid hemorrhage in 7, subdural hematoma in 2,
ischemic stroke in 3, and minor neurologic deficits in 6
patients. The microcatheter was retracted by surgical
excision in 15, retrieved with assistance using endovas-
cular ensnare or other retriever device in 5, deliberately
entrapped inside the vessel using stent in 1 , and left
without intervention within intravascular compartment
in 27 patients. Among the 27 patients in whom no inter-
vention was performed, 2 intracerebral hemorrhages, 2
subdural hemorrhages, 2 deaths, 1 ischemic stroke, and
2 minor neurologic deficits were reported. The overall
outcome of patients was classified in the reports was
death in 6, disability in 40, and/or requiring further inter-
vention or hospitalization in 25 patients.

DISCUSSION

We report characteristics of catheter entrapment during
Onyx embolization, and strategies used by physicians to
address the issue, and associated clinical adverse events.
We used our experience, literature review, and FDA
MAUDE data review to acquire the information. The lit-
erature review provided technical details regarding the
strategies used for retraction of entrapped catheter. In
most occurrences reported in the MAUDE data, the
catheter was left in vivo without any additional interven-
tion similar to our experience. Surgical excision of
microcatheter was performed in 15 of 74 catheter
entrapment occurrences. Catheter entrapment was asso-
ciated with intracerebral or subarachnoid hemorrhage (n
= 7), subdural hematoma (n = 2), ischemic stroke (n =
3), and minor neurologic deficits (n = 6) patients. There-
fore, catheter entrapment appears to be a clinically sig-
nificant event. It should be noted that MDR data alone
cannot be used to establish rate of events, evaluate a
change in event rates over time or compare event rates
between devices. The passive surveillance system has
limitations, including the potential submission of incom-
plete, inaccurate, untimely, unverified, or biased data.

Although infrequent, institutions, neurosurgeons, and
neurointerventionalists must be aware of the risk of
catheter entrapment with onyx embolization of brain
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AVMs and strategies to retract the entrapped catheter
from intravascular compartment. Intravascular retention
and internalization of microcatheter’s external portion
may be an acceptable option in many patients.
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