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ABSTRACT
Objective: We sought to investigate the incidence of
complications associated with V2 Guideliner,
understand the mechanisms and evaluate the impact of
alterations made to the V3 Guideliner.
Methods: Retrospective analysis of consecutive cases
employing V2 Guideliner from two university teaching
hospitals. Complications were identified, analysed and
classified into major versus minor ones. To understand
the potential anatomical mechanism of these
complications, analysis of normal great vessel anatomy
was undertaken in separate cohort of patients
undergoing cardiac catheterisation via right radial
approach. Further analysis of consecutive cases
employing V3 Gudieliner took place and the incidence of
complications were compared between V2 and V3
groups.
Results: Total of 188 cases of V2 Guideliner use were
identified. One major complication was reported
(coronary dissection). Proximal collar interaction and
stent damage occurred in 19 cases (10%). Anatomical
data suggest that extending the V2 Guideliner tubing
sited the proximal collar of the device in the
brachiocephalic/subclavian artery, a potential site of
tortuosity and potential cause of the Guideliner
proximal collar-stent interaction. Further analysis of 124
cases of V3 Guideliner use demonstrated no cases with
proximal collar-stent interactions, one case of
longitudinal stent deformation and two incidents of
stent interaction with the distal edge of the V3
Guideliner.
Conclusions: We have demonstrated a higher
incidence of V2 Guideliner complications compared to
previous series. The change in design of the V2
Guideliner was a likely contributor but the

modifications with V3 Guideliner appear to have
ameliorated this issue.

KEY QUESTIONS

What is already known about this subject?
▸ The use of a Guideliner facilitates complex cor-

onary intervention. Reported studies have been
small in number and complications’ rates varied
significantly according to the Guideliner version
and the chosen access route. Data on the
newest generation V3 are sparse.

What does this study add?
▸ In our experience the V2 Guideliner catheter was

associated with a higher incidence of complica-
tions compared with published data, in particu-
lar when using the right radial approach. Our
study provides mechanistic explanation to the
complications in the V2. In addition, it highlights
the benefits of the newest V3 Guideliner
generation.

How might this impact on clinical practice?
▸ While the V3 Guideliner appears to have elimi-

nated the proximal collar/stent interaction there
are now many types of guide extension cathe-
ters on the market. They are modelled on the V2
version (Guidezilla, Boston Scientific and
Guidion, IMDS). Both these are 25 cm and have
a similar proximal collar. Whether they have
similar failure rates to the V2 remains to be
seen.
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INTRODUCTION
Coronary percutaneous intervention is becoming
increasingly challenging due to a variety of factors and
delivering often long stents into heavily calcified, tortu-
ous coronary arteries can be problematic.1

A number of strategies have evolved over time in
order to assist stent delivery. These include the use of a
‘buddy wire’, the Heartrail II system (Terumo, Japan)
which was the first guide catheter extension and more
recently the Guideliner (Vascular Solutions,
Minneapolis, USA) monorail system has been intro-
duced.2 This device has been transformative to our prac-
tice. This device consists of flexible, soft-tipped
extension tubing with a metallic proximal collar,
attached to a thin stainless steel shaft (figure 1). The
Guideliner extension is advanced over a coronary guide-
wire through the standard haemostatic valve using a
‘monorail’ technique to facilitate stent delivery in calcific
and/or tortuous vessel.3 4

One of the commonest complications associated with
the first generation Guideliner was the interaction
between a stent that was being delivered and the prox-
imal collar.2 4 Subsequently, the second generation of
the Guideliner catheter (V2) was introduced. The metal
collar on the V1 catheter was changed to an all-polymer
collar (figure 1). The rapid exchange section was
extended from 20 to 25 cm to potentially allow deeper
intubation into the target vessel. This was in response to
consumer feedback. These features were included in the
design of at least two other guide extension catheters
(Guidezilla Guide Extension Catheter, Boston Scientific,
Boston and Guidion Flexible Guide Extension, IMDS,
the Netherlands) with a 25 cm catheter with a polymer
proximal collar.
In a predominately radial access centre it was our

impression that these changes with the V2 Guideliner
had not reduced the incidence of complications in
routine practice. Therefore, an audit of the use of the

V2 Guideliner in clinical practice was undertaken. We
then sought to understand the relationship between a
right transradial approach to the coronaries and the
proximal edge of the V2.
Guideliner by performing an analysis of normal great

vessel and aortic anatomy.
Finally we undertook another audit of the V3

Guideliner to assess if the next iteration had overcome
the limitations of the V1 and V2 devices. With the V3,
the 25 cm rapid exchange section was maintained but
with an additional 17 cm ‘half-pipe’ segment proximal
to the collar transition to minimise stent and collar
interaction by directing and aligning stents through the
collar transition (figure 1).

METHODS
A retrospective analysis of all cases employing a V2
Guideliner between January-2011 and November-2012
was performed. All cases where complications occurred
related to the V2 Guideliner use were recorded and
retrospectively analysed.
To help understand the increased failure rate with V2

a descriptive study was undertaken to explain the rela-
tionship between a right transradial approach for coron-
ary intervention and the normal aortic and large vessel
anatomy.
During planned procedures, a marker catheter was

introduced via the right radial artery to sit with its tip on
the aortic valve (on the right coronary cusp). A fluoro-
scopic image of the marker catheter was recorded in the
anterioposterior projection and this was used to create a
range of measurements of large vessel anatomy for a
range of patients. Bony landmarks were used to define
anatomy (figure 2). The initial measurement was from
the aortic valve to a line drawn between the lower
borders of both clavicular heads. This correlates with
transition into the right subclavian artery. The distance
from this point to where the catheter reached its most
superior location was also measured. Finally, the distance
to where the catheter crossed the most distal clavicular
border was measured. This reflects the transition from
the subclavian to the axillary artery. As a result, a second
audit was undertaken after the incidence and nature of
complications related to the V2 Guideliner were under-
stood. A retrospective analysis of all cases employing a
V3 Guideliner between August 2013 and November
2014 was undertaken (124 cases). All cases where com-
plications occurred related to the V3 were also recorded
and retrospectively analysed.

RESULTS
Experience with the V2 Guideliner
A total of 188 cases were identified where the V2
Guideliner was used. Technical success during the pro-
cedure was defined as PCI with successful stent deploy-
ment and <20% residual stenosis. Procedural success was
defined as technical success and where no major or

Figure 1 (A) First version of Guideliner with a metal proximal

collar. (B) Second Version of Guideliner with a polymer

proximal collar. (C) Third version of Guideliner with a polymer

collar and proximal half-pipe lead in.
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minor complications related to the V2 Guideliner device
occurred. Major complications were defined as those
that led to further additional unplanned intervention
(by PCI or surgery) or any major adverse cardiovascular
events (death or myocardial infarction). Minor compli-
cations included any technical complication that led to
equipment damage or a failure to complete the planned
PCI.
Baseline demographics of the cohort are presented in

table 1
Technical success was achieved in 183/188 cases

(97%). Stent delivery was attempted but failed for the
target lesion in five cases. In one case, right coronary
artery dissection also occurred as a result of the
Guideliner use. This occurred during an intervention
for ST elevation myocardial infarction. Hydraulic dissec-
tion extending into the proximal segment of the vessel
occurred as a result of contrast injection. This was
covered with a stent with a good angiographic result and
distal flow was successfully restored with POBA (plain
old balloon angioplasty). This patient ultimately had a
successful coronary artery bypass operation later in the
hospital admission. This event was classified as the only
major complication related to Guideliner use and also
qualified as a technical failure, although there were no

major adverse clinical sequelae for the patient. The
other four patients were managed medically without any
inpatient complications as a result of the inability to
stent the target lesion.
The minor complications encountered can be split

into two main categories.
Proximal collar and stent interactions: This included

stent deformation (figure 3A) or stripping (figure 3B)
in 19 cases (10%). There included one case of the prox-
imal collar cutting into a stent delivery balloon shaft as
the Guideliner was withdrawn backwards to ‘unsheathe’
a delivered stent.5 This meant the delivery balloon could
not be expanded and that the stent had to be withdrawn
undeployed. We have already described a similar issue
previously.5

Longitudinal stent deformation within the target
vessel: This occurred in two cases, where there was evi-
dence of damage to already deployed stents caused dir-
ectly by the V2 Guideliner extension tip. One case was
of damage to a pre-existing bare metal stent. The
second case involved damage to a previously implanted
drug eluting stent (Promus Element 4.0×38 mm; Boston
Scientific, Nattick, Massachusetts, USA). The latter stent
was deployed 6 months prior to Guideliner use; while
the bare metal stent in the first case was 13 years old

Figure 2 (A) Fluoroscopic

image of our marker catheter in

an anterioposterior projection

shows measurements taken from

the aortic valve to a line drawn

between the lower borders of

both clavicular heads (inferior

border). (B) Fluoroscopic image

shows distance from aortic valve

to the point to where the catheter

reached its most superior

excursion (superior border). (C)

Fluoroscopic image shows the

distance to where the catheter

crossed the most distal clavicular

border (posterior border).
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(procedural data from this implant could not be
obtained).
Therefore, a total of 22 cases demonstrated any pro-

cedural complication with 1 major (already qualified as
a technical failure) and 21 minor complications.
There were four other cases of failed stent delivery.

Therefore, the procedural success associated with
Guideliner use was 86% (26/188 unsuccessful cases or
cases where any complication occurred). This was
higher than the reported data for V1 and we felt the
additional 5 cm length with the V2 may have contribu-
ted and thus undertook the second part of the project.

Description of subclavian artery anatomy
A total of 46 patients were included for this analysis. The
mean age was 65 (±11.5) and 30 (66%) were male.
Mean height was 168 cm (±9); with a mean weight of

84 kg (±19) and body mass index of 29.6 (±5.7).
Examples of where the measurements were taken are
demonstrated in figure 2. The mean distance from the
tip of the measuring catheter to the inferior border of
clavicular heads was 109 (±19) mm. The mean distance
to the most superior segment of the clavicle was 137
(±18) mm. Finally, the mean distance to the most poster-
ior border of the clavicle was 193 (±19) mm.

Experience with the V3 Guideliner
A total of 124 cases were identified and analysed.
Technical and procedural success (defined previously)
were 118/124 cases (95%) and 115/124 cases (93%),
respectively.
The V3 group had some features of increased com-

plexity compared with the V2 group (table 1), more fre-
quent Chronic Total Occlusion, more stents per case

Table 1 Comparison between V2 and V3 Guideliner patient and lesion characteristics

V2 V3 p Value

Age (years) 70.5±10.3 69±9.6 0.19

Male gender 82% (154/188) 83% (103/124) 0.79

Diabetes 17.5% (33/188) 34% (42/124) 0.001

Prior CABG 18% (34/188) 26% (32/124) 0.1

Previous PCI 41% (77/188) 52% (64/124) 0.06

Indication

Stable angina 50% (94/188) 71% (88/124) 0.0002

Unstable angina 16.5% (31/188) 7% (9/124) 0.017

NSTEMI 22.5% (41/188) 19% (23/124) 0.48

STEMI 11% (21/188) 3% (4/124) 0.011

Access route

Right radial 73% (137/188) 72% (89/124) 0.83

Left radial 7.5% (14/188) 5% (6/124) 0.35

Femoral 19.5% (37/188) 23% (29/124) 0.433

Target vessel

LAD 28.7% (54/188) 25% (31/124) 0.47

LCx 31.3% (59/188) 16% (20/124) 0.0024

RCA 39% (73/188) 57% (71/124) 0.0014

Vein graft 1% (2/188) 2% (2/124) 0.67

Use of rotablation 18.6% (35/188) 17% (21/124) 0.7

Chronic total occlusion 20% (38/188) 29% (36/124) 0.07

Stents, (n) 1.8±0.81 2.49±1.43 <0.0001

Total stent length (mm) 50±26 59±83 0.17

Target lesion syntax score 17.5±12 17±10 0.7

Calcification score†

None or mild 28.1% (53/188) 46% (57/124) 0.0013

Moderate 26.6% (50/188) 28% (35/124) 0.75

Severe 45.3% (85/188) 26% (32/124) 0.0005

Tortuosity‡

None or mild 20.7% (39/188) 47% (58/124) 0.0002

Moderate 37.2% (70/188) 27% (34/124) 0.07

Severe 42.1% (79/188) 26% (32/124) 0.003

Values are mean±SD, % (n). Continuous variables are compared with the independent-samples t test. Categorical data are compared using
χ2 test. All statistical analyses were conducted using SPSS software V.22 (IBM Corp. Armonk, New York, USA).
†Calcification, mild (spots only), moderate (visible for <50% of vessel lumen), severe (>50% of vessel lumen is visible—train track
appearance).
‡Mild (<45°single bend), moderate (2 bends >45°or single bend >90°), severe (2 bends >90°or 1 bend >120°).
CABG, coronary artery bypass graft surgery; NSTEMI, non-ST-segment elevation myocardial infarction; LAD, left anterior descending; LCx,
left circumflex; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI, ST-segment elevation myocardial infarction.
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(2.5+/−1.43 vs 1.8 +/−0.81, p=0.0001), and longer stent
length (59 +/−83 vs 50 +/−26, p=0.17). However the cal-
cification and tortuosity scores suggested the V2 group
were a more complex group. So the differences probably
cannot be explained by the patient factors.
In four cases stent delivery was deemed extremely dif-

ficult and the procedure was concluded with POBA only.
Haematoma secondary to lesion disruption led to pro-
cedure abandonment in one case and inability to wire
the target vessel was the cause of technical failure in
another case. All patients made a complete recovery and
were subsequently discharged without any clinical seque-
lae. No major complications were reported.
There were no proximal collar/stent interactions

reported with the V3 Guideliner use. Three minor com-
plications were noted due to stent interaction with the
distal edge of the V3 Guideliner. One longitudinal stent
deformation of a 1-year old drug eluting stent (Resolute
Integrity 3.0×38 mm, Medtronic Inc, Minneapolis,
Minnesota, USA) was noted and covered with a further
3.5×9 mm Resolute Integrity DES. Two stents were
stripped off the balloon during an attempt to withdraw
the stents back into the guide system. This interaction
occurred at the leading edge of the V3 Guideliner. Both
were Promus Element stents (Boston Scientific, Nattick,
Massachusetts, USA) and were 2.75×20 mm and
2.5×38 mm sizes. These PCI cases were completed
without complication.

DISCUSSION
This case series demonstrates a high incidence of prox-
imal collar interactions between the V2 Guideliner and

stents. We have shown a higher incidence of this compli-
cation (10% of cases) compared with other historical V1
data (range 0–6%).2 4 6 We felt this was in part related
to the high radial use in our centre.
Lengthening the extension tube to 25 cm was one of

main changes from the V1 to V2 Guideliner, altering the
interface between the proximal collar and a stent by
bringing this area more proximally possibly aiding
alignment.5

The need to use guide catheter extension is more
common in our experience using smaller calibre guide
catheters from a transradial approach. In general, the
Guideliner is advanced only a few centimeters into the
target vessel, rarely more than 10 cm. Its length of 25 cm
will therefore frequently place the proximal collar
within the brachiocephalic and right subclavian seg-
ments (averaged at 10–20 cm in most patients).
We demonstrated that the average distance from the

right coronary cusp to the posterior border of the clav-
icle was 193 mm.
With advancing age, the aorta and subclavian artery

becomes angulated, tortuous and elongated. We specu-
late that if the proximal collar resides in this area it is
subject to ovoid distortion with respiration. Any ovoid
distortion will create a potential space between the
guide catheter and the Guideliner and allow interaction
with the stent. In contrast, the V1 Guideliner proximal
collar will have resided within the ascending aorta and
the metal collar less susceptible to distortion.
Our experience with the V3 Guideliner would support

this hypothesis. There were no cases of proximal edge/
stent interaction in the second series. The half-pipe
technology appear to, at least in our experience, align
the stent and ensure minimal interaction with the semi-
circular polymer collar transition (figure 1). There were
minor differences between the patient populations
(table 1). However, despite delivering more stents per
case with the V3 Guideliner this was still associated with
lower complication rates. Thus it appears that the newer
iteration has minimised the potential for proximal collar
and stent interactions.

CONCLUSION
Our data suggest that the V2 Guideliner catheter had a
higher incidence of complications - particularly stent/
proximal collar interaction, especially when using the
right radial approach, compared with V1 historical data.
The change in design of the V2 Guideliner from the
V1 was a likely contributor (extending from 20 to 25
cm, modifying the proximal collar from metal to
plastic). These changes place the proximal collar of the
device in the right brachiocephalic or subclavian artery,
a potential site of tortuosity. Subsequent analysis
demonstrates that the further modifications with the
latest Guideliner version (V3) seems to have amelio-
rated these complications when compared with older
generation.

Figure 3 (A) Image of a stent that was damaged

withdrawing it back into a Guideliner V2 after failing to cross

the lesion. A proximal strut has been distorted (black arrow).

(B) Image of a stent which interacted with proximal collar of

Guideliner V2 resulting in it being stripped off the balloon

(white markers) and damaging the leading struts (black

arrow).
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