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Background/purpose: We aimed to assess the reported complications and event modes for the GuideLiner and
Guidezilla extension catheters.
Methods/materials: The US Food and Drug Administration (FDA) Manufacturer and User Facility Device Experi-
ence (MAUDE) database was queried for reported events.
Results: Of the 65 cases with reported GuideLiner-related issues, 15 (23%) involved the inability to pass equip-
ment through or damage to percutaneous coronary intervention (PCI) devices in the GuideLiner catheter, 38
(58%) involved GuideLiner catheter fracture, 9 (14%) involved coronary artery dissection, 2 (3%) involved coro-
nary artery perforation, and 1 (1.5%) involved thrombus formation in the catheter. Of the 408 cases with reported
Guidezilla-related issues, 53 (13%) involved inability to pass or damaged PCI devices into the Guidezilla catheter,
117 (29%) involved inability to advance the Guidezilla catheter to the target lesion, 59 (14%) involved kinked
Guidezilla catheter, mostly because of partial or complete catheter fracture upon further investigation, 164
(40%) involved a broken Guidezilla catheter, 10 (2.5%) involved coronary artery dissection, 2 (0.5%) involved cor-
onary artery perforation, 1 (0.2%)involved aortic dissection, 1 (0.2%) involved thrombosis formation, and 1 (0.2%)
involved no-reflow phenomenon.
Conclusions: Findings from the MAUDE database highlight the complications and modes of events associated with
the use of GuideLiner and Guidezilla extension catheters.
Summary: To assess the reported complications and event modes for the GuideLiner and Guidezilla extension
catheters, the US Food and Drug Administration (FDA) Manufacturer and User Facility Device Experience
(MAUDE) database was queried. There were more reports on Guidezilla-related events during the search period.
The events for both extension catheters mainly involved the inability to pass equipment through or damage to
percutaneous coronary intervention (PCI) devices in the extension catheter, extension catheter fracture, coro-
nary artery dissection and perforation and, occasionally, the death of the patients.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction The GuideLiner catheter is a coaxial monorail extension system. It

consists of a coaxial exchange system with a soft, flexible extension of

With the increase in complexity of lesions undergoing percutaneous
coronary intervention (PCI), extension catheters have been increasingly
used for extra support and for facilitating the delivery of catheter-based
devices to the target lesion. The 2 most commonly used extension cath-
eters in the United States are GuideLiner (Teleflex, Minneapolis, MN)
and Guidezilla (Boston Scientific, Maple Grove, MN).

20 cm connected to a stainless steel collar and a 125 mm compact
metal hypotube. It has an inner diameter of 1 Fr size smaller than the
guiding catheter. The GuideLiner V2 catheter has an additional exten-
sion of 5 cm and has replaced the stainless steel collar with a polymer
collar for increased flexibility. The more recent GuideLiner V3 catheter
has a 25 cm extension connecting to the collar and a 17 cm half-pipe
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before the collar designed to facilitate smooth device entry and delivery.
It is available in 5 sizes: 5 Fr, 5.5 Fr, 6 Fr, 7 Fr, and 8 Fr [1,2].

The Guidezilla catheter is a rapid exchange extension catheter sys-
tem. It has a 25 cm distal extension connected to a stainless steel collar
with a stainless steel hypotube in the proximal shaft extending into the
collar. The Guidezilla II catheter has replaced the stainless steel collar
with a platinum iridium helical collar and reduced the hypotube transi-
tion to 6 mm. The Guidezilla Il catheter is available in 3 sizes: 6 Fr, 7 Fr,
and 8 Fr, with a 40 cm extension also available for the 6 Fr system [3].

Studies have shown that these catheters are effective at increasing
procedural success rate in complex percutaneous interventions with a
relatively low adverse event and complication rate, consisting mainly
of coronary artery dissection or perforation and stent dislodgement
[2,4-8]. However, comprehensive analysis of extension catheter-
related adverse events is limited. Therefore, we used the post-
marketing surveillance data from the US Food and Drug Administration
(FDA) Manufacturer and User Facility Device Experience (MAUDE) da-
tabase to assess the reported complications and modes of events for
the GuideLiner and Guidezilla extension catheters.

2. Materials and methods
2.1. MAUDE database

The MAUDE database is a reporting system mandated by the FDA for
post-market surveillance. It includes reports of adverse events involving
medical devices that occur after device approval. It allows for post-
market safety monitoring of approved devices [9,10]. The database is
publically searchable online at https://www.accessdata.fda.gov/
scripts/cdrh/cfdocs/cfmaude/search.cfm. MAUDE reporting can be man-
datory (for manufacturers, importers, and device user facilities) or vol-
untary (for healthcare professionals, patients, and consumers). The
reporting system is updated monthly. Each medical device report con-
tains information on the device, event date, whether the device was
returned to the manufacturer, date returned, free text description of
the event by the user, and manufacturer's narrative.

2.2. Data collection

The MAUDE database was queried for all reported events involving
the PCI extension catheters GuideLiner or Guidezilla. Two independent
reviewers (YC and AS) identified 65 device reports for GuideLiner
from May 1, 2010, to August 30, 2018, and 408 device reports for
Guidezilla from June 1, 2016, to August 30, 2018. All reports were
screened, and only events that occurred during PCI were included for
the final analysis. Modes of events and device-related patient complica-
tions were analyzed.

3. Results

There were 65 cases of GuideLiner-related events and 408 cases of
Guidezilla-related events reported in the search periods. Most of the re-
ports mentioned that the device was used in a severely calcified lesion
and tortuous coronary artery. The size and the generation of the cathe-
ters were not routinely specified. Of note, 29 cases were related to
GuideLiner V2, 2 cases were related to GuideLiner V3, and 95 cases
were related to Guidezilla II. The catheters were returned to the manu-
facturer for further investigation in 13 of 65 (20%) GuideLiner cases and
274 of 408 (67%) Guidezilla cases, but no technical explanation was pro-
vided for the catheter fracture or damage.

3.1. Lesion location
For GuideLiner catheters, 1 device was used for left main coronary

artery (LM) disease, 3 for left anterior descending coronary artery
(LAD) disease, 3 for left circumflex coronary artery (LCx) disease, 8 for

Table 1
Target vessels.
GuideLiner Guidezilla
Number of events 65 408
Target vessels
LM, n (%) 1(1.5%) 5(1.2%)
LAD, n (%) 3 (4.6%) 91 (22.3%)
Lex, n (%) 3 (4.6%) 45 (11%)
RCA, n (%) 8 (12.3%) 86 (21%)
RI, n (%) 2 (0.5%)
SVG, n (%) 1(0.2%)
Unspecified, n (%) 50 (77%) 178 (43.6%)

LM: left main coronary artery; LAD: left anterior descending artery; Lcx: left circumflex ar-
tery; RCA: right coronary artery; RI: ramus intermediate artery; SVG: saphenous vein
graft.

right coronary artery (RCA) disease and, in the remaining 50 cases, the
target vessel was not specified. For Guidezilla catheters, 5 were used
for LM disease, 91 for LAD disease, 45 for LCx disease, 86 for RCA disease,
2 for ramus intermedius artery disease, 1 for saphenous vein graft dis-
ease and, in the remaining 178 cases, the target vessel was not specified
(Table 1).

3.2. Modes of adverse events

The modes of adverse events are reported in Table 2. Of the 65 re-
ported GuideLiner-related issues, 15 (23%) involved inability to pass
or damaged PClI devices into the GuideLiner catheter, of which 5 had dif-
ficulty advancing the stent and 8 had stent detachment from the stent
balloon prior to deployment. Thirty-eight (58%) involved GuideLiner
catheter fracture, with the majority at the collar and with the fractured
segments having been retrieved non-surgically without further compli-
cations. Nine (14%) involved coronary artery dissection, of which 5 were
successfully treated with stenting and 2 with coronary artery bypass
grafting surgery (CABG), while treatment was unknown for 1 patient.
Two (3%) involved coronary artery perforation, of which 1 was success-
fully treated with stenting. One (1.5%) involved thrombus formation in
the catheter, but no further complications were reported after the cath-
eter was removed. There were 2 reported deaths: 1 following a coronary
artery dissection and the other in the setting of a coronary artery
perforation.

Of the 408 reported Guidezilla-related issues, 53 (13%) involved in-
ability to pass or damaged PCI devices into the Guidezilla catheter, of
which 21 had difficulty advancing the stent, 9 had the stent damaged
or detached from the stent balloon, and 23 had difficulty advancing
the other PCI devices. One hundred seventeen (29%) reports involved
inability to advance the Guidezilla catheter to the target lesion, of

Table 2
Mode of adverse events.

Mode of events GuideLiner  Guidezilla (n
(n =

=65) 41)8)

Unable to pass or damaged PCI devices, n (%) 1 53 (13%)
Difficulty advancing stent 5 21
Stent damage or detached from the stent balloon 8 9
Difficulty advancing the other PCI devices 2 23

Unable to advance or pass catheter to target lesion, 117 (29%)

n (%)

Catheter complete fracture 40

Catheter partial fracture 62
Catheter kinked, n (%) 59 (14%)
Catheter fracture, n (%) 38 (58%) 164 (40%)
Coronary artery dissection, n (%) 9 (14%) 10 (2.5%)
Coronary artery perforation, n (%) 3 (3%) 2 (0.5%)
Aortic dissection, n (%) 1(0.2%)
Thrombus formation in the catheter, n (%) 1(1.5%) 1(0.2%)
No-reflow phenomenon and hypotension 1(0.2%)
Death, n (%) 2 (3%) 1(0.2%)
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which 40 were found to have complete catheter separation at the collar
and 62 had partial separation at the collar on visual inspection later.
Fifty-nine (14%) involved kinked Guidezilla catheter, mostly because
of partial or complete catheter fracture at the collar upon further inves-
tigation, except 9 devices that had different degree of damage to the
catheter. One hundred sixty-four (40%) reports involved broken
Guidezilla catheters, with most of the cases at the collar and the frac-
tured segments having been retrieved non-surgically without further
complications, except for 1 patient who underwent CABG but the frag-
ment was not removed. Ten (2.5%) cases involved coronary artery dis-
section, of which 6 were successfully treated with stenting, 2 with
CABG, and 1 with conservative management after failed stenting. Two
(0.5%) cases involved coronary artery perforations that were contained
by prolonged balloon inflation. One (0.2%) case involved aortic dissec-
tion that was transferred for surgery; 1 (0.2%) involved thrombus for-
mation at the collar but no further complications were noted after
removing the catheter; 1 (0.2%) involved no-reflow phenomenon and
hypotension, which was treated with cardiopulmonary support for
1 week; and 1 patient died following coronary artery dissection.

4. Discussion

The main findings of this study are as follows: There are more re-
ported adverse events for Guidezilla extension catheter than GuideLiner
extension catheter in the MAUDE database; and the most common ex-
tension catheter-related events are catheter or other PCI device damage
or, less commonly, coronary artery dissection or perforation, aortic dis-
section, and occasionally, thrombus formation and death.

The extension catheters are designed for deep seating in the coro-
nary artery to provide additional support and to assist the delivery of in-
terventional devices to the target lesion during PCIL. The GuideLiner and
Guidezilla catheters are available in the United States. The former was
approved by the FDA in November 2009 and the latter in March 2013.
Both have been widely used to support PCI via both the radial and fem-
oral approaches for complex coronary anatomy, including heavy calcifi-
cation, extreme vessel tortuosity and angulation, previously deployed
proximal stent, chronic total occlusion, anomalous origin of coronary ar-
tery, and bypass grafts. The precise number of devices used during the
study period is unknown. It has been estimated that an extension cath-
eter is used in approximately 1 in 20 PCI cases [11,12]. With the support
of extension catheters, the procedure success rate of complex PCI has
been reported to be 80-99% [2,4-8,13]. They can also be used for throm-
bus aspiration, retrieval of entrapped devices, and selective contrast in-
jection [11].

The safety and efficacy of both catheters has been well-established.
For the GuideLiner catheter, the rate for failed PCI device delivery ranges
from 7% to 19.8% because of prohibitive vessel anatomy, insufficient ad-
vancement of GuideLiner catheter, inability to cross the lesion with wire
or balloon, catheter kink, oversized stent, and clinical reasons [5,6,12].
The incidence of stent dislodgement was 0.7% to 2.2% [4,6,12]. The inci-
dence of other complications was as follows: 0.7% to 6% for coronary dis-
section [5,6,12], 1.5% for air embolism [4], 0.3% for ventricular
tachycardia, and 1.1% for pressure damping and hypotension with cath-
eter intubation [6]. A decline in device-associated complications over
time was noted by Waterbury et al. and was considered to be attributed
to operator learning curve, patient selection, and improvement in cath-
eter design [6]. Compared to the first-generation device, the GuideLiner
V2 catheter has additional extension of 5 cm and the stainless steel col-
lar is replaced with a polymer collar for increased flexibility. The
GuideLiner V3 catheter adds a 17 cm half-pipe before the collar, which
is designed to facilitate smooth device entry and delivery [1]. Alkhalil
et al. reported that with the GuideLiner V2 catheter, the procedural suc-
cess rate was 86%, and the adverse event rate was 10% for proximal col-
lar and stent interaction with stent deformation or stripping, 1% for
longitudinal stent deformation within the target vessel, and 2% for
other causes of failed stent delivery. With the GuideLiner V3 catheter,

the procedural success rate was 93%, and the averse event rate was
0.8% for longitudinal stent deformation, 1.6% for stent stripping due to
interaction at the leading edge of the catheter, and there was no proxi-
mal collar/stent interaction [14]. This study suggests that the modifica-
tion of V3 GuideLiner might have contributed to the decrease in
catheter-related complications.

For the Guidezilla catheter, the rate for failed PCI device delivery
ranges from 1% to 7.7% because of difficult vessel anatomy and complex
lesion morphology [7,8]. The incidence of stent stripping was 3.8% to 6%
[8,15], and the incidence of coronary dissection was 0.5% [7]. The new
generation of Guidezilla catheter incorporates design changes, including
replacing the stainless steel collar with a platinum iridium helical collar
to improve visibility and smooth device interaction and reducing the
hypotube length from 19 mm to 6 mm to improve device interaction.
No previous study has compared the efficacy and safety of the 2 differ-
ent generations of Guidezilla catheters.

The MAUDE database demonstrates that in most of the reported cases,
the catheter was used in a severely calcified and tortuous vessel, but the
adverse event can occur in any of the major coronary arteries or bypass
graft. It should be noted that there were more reports of device failure
and complications on the Guidezilla catheter, but without a known de-
nominator, the incidence cannot be estimated. Currently, extension cath-
eters are recommended as an adjunctive tool for performing complex
PCls. Direct comparison between the 2 catheter systems has not been re-
ported. It is beyond the scope of this study to compare system perfor-
mance and assess whether one device was associated with fewer
complications. It should also be noted that when there is difficulty ad-
vancing the Guidezilla catheter or kinked catheter, most likely the cathe-
ter has completely or partially separated and should be withdrawn. In
some cases, an extension catheter was involved in coronary artery dissec-
tion or perforation, but whether the catheter was the major cause of the
issue is hard to determine because multiple devices were used. Death re-
lated to extension catheter-induced complications was not previously re-
ported in the literature but was reported in the MAUDE database.

Precautions should always be taken to avoid adverse events when an
extension catheter is used. When advancing an extension catheter
through a curved guide catheter, unintentional rotation of the extension
catheter can occur, resulting in tangling with the guidewire [16]. The ex-
tension catheter should not be twisted during advancement over the
guidewire, and forceful manipulation should be avoided when inserting
a 4.0 mm stent into the extension catheter [7]. Intracoronary pressure
should be closely monitored and catheter pullback performed as neces-
sary when pressure damping and hypotension occur. Withdrawal of the
system should be performed when resistance is encountered upon ad-
vancing the catheter or when the catheter is damaged or broken. Frac-
tured segments can generally be retrieved with snaring, but
sometimes surgery may be necessary. Coronary artery dissection or per-
foration can be managed with stenting or, occasionally, surgery. Throm-
bus formation can be managed with catheter removal and optimal
anticoagulation. We have found the following strategies to be helpful
to avoid extension catheter-related complications on our practice: Ad-
vance the extension catheter over a balloon shaft; avoid direct injection
using a powered injector through the extension catheter since the con-
centrated jet can result in coronary artery perforation or, more com-
monly, dissection; assure full and therapeutic anticoagulation during
the procedure; maintain activated clotting time > 250 s; and aspire
and de-air the guide catheter after removal of the extension catheter.

4.1. Limitations

There are several limitations with this study that need to be consid-
ered: 1) The MAUDE database reporting is inconsistent, and complica-
tions can be underreported; 2) Details regarding the procedure are
generally limited, making it difficult to establish the cause of the reported
events, such as operator error, interaction with other devices, or device
defect; and 3) The total number of reported devices used by the reporting
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facility or from the manufacturer during the research timeframe is un-
available, so the incidence of adverse events cannot be estimated.

5. Conclusions

Findings from the MAUDE database highlight the complications and
modes of adverse events associated with the use of GuideLiner and
Guidezilla extension catheters. The incidence of the events is unknown,
but there were more reports of Guidezilla-related events during the
search periods. Operators should be aware of possible device-related
complications and use guide extension catheters with caution to pre-
vent and minimize adverse events.
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