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Original Paper

Purpose: To determine the minimum required guiding catheter length for embolization of various
intracranial aneurysms in anterior circulation and to analyze the effect of various patient factors on
the required catheter length and potential interaction with its stability.

Materials and Methods: From December 2016 to March 2017, 90 patients with 93 anterior circulation
aneurysms were enrolled. Three types of guiding catheters (Envoy, Envoy DA, and Envoy DA XB;
Codman Neurovascular, Raynham, MA, USA) were used. We measured the in-the-body length of
the catheter and checked the catheter tip location in the carotid artery. We analyzed factors affect-
ing the in-the-body length and stability of the guiding catheter system.

Results: The average (±standard deviation) in-the-body length of the catheter was 84.2±5.9 cm. The
length was significantly longer in men (89.1±5.6 vs. 82.1±4.6 cm, P<0.001), patients older than 65
years (87.7±7.8 vs. 82.7±4.2 cm, P<0.001), patients with a more tortuous arch (arch type 2 and 3)
(87.5±7.4 vs. 82.7±4.4 cm, P<0.001), and patients with a distal aneurysm location (distal group)
(86.2±5.0 vs. 82.7±6.1 cm, P=0.004). A shift in the tip location was noted in 19 patients (20.4%);
there was no significant different among the 3 catheters (P=0.942).

Conclusion: The minimum required length of a guiding catheter was 84 cm on average for elective ante-
rior-circulation aneurysm embolization. The length increased in men older than 65 years with a
more tortuous arch. We could reach a higher position with distal access catheters with little differ-
ence in the stability once we reached the target location.
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The procedural outcome of endovascular aneurysm
treatment has improved for ruptured and unruptured
aneurysms owing to the improvement in embolization
devices and embolic materials, and to the improvement
in access technology, including guiding catheter
systems. After introduction of the concept of the
intermediate catheter system (Outreach; Concentric
Medical, Mountainview, CA, USA) in the acute stroke
revascularization procedure and then in aneurysm
embolization as early as 2009 with the name of the
distal access catheter or bridging catheter [1, 2], various
types of intermediate catheter technologies have been
introduced for many neurovascular procedures. In the
manufacturing aspect, the technology has been possible
because of enhanced flexibility of the large-bore
catheter and softer, atraumatic catheter tip technology
[3]. Even though the catheter was introduced for the
acute stroke procedure, the catheter has helped improve
the procedural safety and effectiveness of various
technically demanding neurovascular procedures,
including endovascular treatment of the aneurysms [4-
9].

However, improvement in technology inevitably
accompanies diversity of the devices, including the
variable device length for fulfilling the purpose of each
device (Table 1). Choosing the right guiding system for
a certain procedure has become a matter of importance.
Conventional guiding catheters only have a 90-cm and
100-cm working catheter length regardless of the outer
diameter or inner diameter. Recently introduced distal
access catheters have diversified lengths by adding 95
cm, 105 cm, 110 cm, etc. Sometimes they are longer
than that, especially with an intermediate catheter
system. The choice of diameters and lengths of a
guiding catheter has become a matter of concern even
after choosing a certain guiding catheter system for the
embolization procedure since the required length of the
catheter can be different from patient to patient. The
length can be diverse according to the patient’s height,
arterial tortuosity, aortic arch type, target lesion
location, etc. Furthermore, we should consider an
additional distal length required for further distal access
in technically demanding situations that require more
support and robust lesion access.

The purpose of this study was to determine the
minimum required length of the conventional guiding
catheter and distal access guiding catheter for the
embolization of various intracranial aneurysms in the
anterior circulation through the transfemoral approach.
We analyzed the effect of various patient factors on the
required guiding catheter length and potential interac-

tion with the stability of the guiding system.

MATERIALS AND METHODS

Patient and angiographic data
From December 2016 to March 2017, 90 patients

who had undertaken endovascular coil embolization of
unruptured intracranial aneurysms in the anterior
circulation through the right femoral artery approach
were enrolled in this study. Two aneurysms in different
locations of the anterior circulation were treated
simultaneously in 3 patients. Since the required length
of the guiding catheter will be different even in the
same patient if the two aneurysms are in a different
location, we counted these 3 patients with two
aneurysms twice, resulting in 93 patients overall. From
a retrospective review of patients’ medical records,
basic patient characteristics, including sex, age, history
of hypertension, height, and weight, were obtained.
Regarding the target aneurysm and arterial anatomic
characteristics, we analyzed the anatomic location of
the aneurysm, laterality in the carotid system (right or
left), and type of aortic arch. Since all patients had
intradural aneurysms located in the anterior circulation,
we categorized the aneurysm into two groups:
aneurysms located in the intradural internal carotid
artery (ICA) (proximal group) or aneurysms located
beyond the terminal ICA bifurcation (distal group).
Classif ication of the arch type was done using the
previously suggested criteria [10, 11].

Arterial access and guiding catheter insertion
Each procedure was performed by two neurointerven-

tionists separately. Under general anesthesia, a 6-
French (F) arterial access sheath (Accu-Sheath;
Sungwon Medical, Chungbuk, Korea) was introduced
through the right femoral artery route. A 6-F guiding
catheter was introduced into the target artery. We used
three different methods of arterial access to the target:
insertion of the guiding catheter directly over a
guidewire (direct method), advancement of the
guidewire together with a 4-F diagnostic catheter
(coaxial method), or delivery of the guiding catheter
over a long exchange wire (exchange method). Three
different kinds of guiding catheters were available: the
Envoy (Codman Neurovascular, Raynham, MA, USA),
Envoy DA (DA, Codman Neurovascular), or Envoy DA
XB (Codman Neurovascular). The choice of the access
method and type and length of the guiding catheter was
solely dependent on the individual neurointervention-
ist’s discretion considering the patient’s height, lesion
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location, and arterial tortuosity of the access route.
After placing the guiding catheter in the desired
location of the ICA segment, successive steps of the
embolization procedure were performed as planned.

Measurement of the catheter length and 
data analysis

After successful placement of the guiding catheter at
the aimed position in the carotid system, we measured
the out-of-the-body length of the guiding catheter right
before microcatheter insertion. By measuring the
length from the hub of the introducer sheath to the
release of tension of the guiding catheter, we could
calculate the in-the-body length of the guiding catheter,
which could be considered as the minimum required
length of the guiding catheter, since the total length of
the catheter was already known. As we could observe
downward displacement of the guiding catheter tip
during the procedure, we measured the length once
again by using the same method right after the comple-
tion of embolization before completing angiography to
assess stability of the guiding system during the
embolization procedure.

To quantify the location of the guiding catheter tip
within the target carotid artery, we segmented and
numbered the artery from the distal common carotid
artery to the intradural distal ICA arbitrarily (Fig. 1).
The location of the catheter tip was checked when the
out-of-the-body catheter length was measured. Any
change of the tip location during the interval of the two
measurements was checked. Since the purpose of the
two distal access catheters (Envoy DA and Envoy DA
XB) were access to the higher position than the conven-
tional guiding catheter, we analyzed the difference in
the guiding catheter tip location among the types of
guiding catheters by dichotomizing the location by the
carotid genu of the petrous segment for statistical
testing: below the genu (segments 1-5) and above the
genu (segments 6-8). We checked whether the distal
location of the aneurysm (distal group vs. proximal
group) required a higher tip position. The need to
switch the guiding catheter was noted.

Since we considered that downward displacement of
the catheter tip could be due to instability of the
guiding system, we checked the presence of any differ-
ence in the segment numbers between the pre-
procedure and post-procedure to compare the perfor-
mance of the three guiding catheter systems. We also
analyzed several potential factors affecting the stability
of the guiding system, such as use of the stent, arch
type, lesion laterality, and initial location of the tip. We

used the t-test and analysis of variance to compare the
means and Fisher exact test for the cross-table analyses
using a statistical analysis package (SPSS version 11;
SPSS, Inc., Chicago, IL, USA).

RESULTS

In-the-body length of the guiding catheter
Basic patient demographic and procedural character-

istics are summarized in Table 2. All embolization
procedures were performed successfully. All the
counted and calculated numbers were on a per
aneurysm basis. The method we used to advance the
guiding catheter system to the target was different
among the systems (Table 3). The conventional Envoy
DA and DA XB guiding systems showed a higher rate
of successful target access when advancement was tried
with the catheter alone. The average in-the-body length
of the catheter regardless of the type of guiding catheter
was 84.2±5.9 cm. The length was significantly longer
in men (89.1±5.6 vs. 82.1±4.6 cm, P<0.001), patients
older than 65 years (87.7±7.8 vs. 82.7±4.2 cm,
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Fig. 1. A schematic diagram showing arbitrary segmentation of
the carotid artery from the distal common carotid artery to the
intradural internal carotid artery right below the bifurcation
(segments 1 to 8). We dichotomized the segments into the lower
position (segments 1 to 5) and higher position (segments 5 to 8)
using the genu of the petrous segment of the internal carotid
artery as the landmark.
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Table 2. Summary of the Demographic and Procedural Characteristics of the 93 Patients

Female, n (%) 66 (71.0%)

Mean age±SD, y 58.3±9.9

Mean height±SD, cm 158.8±8.2

Mean weight±SD, kg 62.0±9.8

Hypertension, n (%) 43 (46.2%)

Guiding catheter

Envoy, n (%) 51 (54.8%)

Envoy DA, n (%) 15 (16.1%)

Envoy XB DA, n (%) 28 (30.1%)

Lesion laterality, right, n (%) 41 (44.1%)

Guiding catheter insertion technique

Direct insertion 80 (86.0%)

Coaxial system 11 (11.8%)

Exchange technique 2 (2.2%)

Arch type

Type 1 63 (67.7%)

Type 2 29 (31.2%)

Type 3 1 (1.1%)

Aneurysm location

Intradural ICA 52 (55.9%)

ACoA 19 (20.4%)

MCA 15 (16.1%)

ACA 7 (7.5%)

Stent assisted coiling, n (%) 34 (36.6)

Initial guiding catheter tip location (segment) in the ICA

1, n (%) 0

2, n (%) 0

3, n (%) 2 (2.2%)

4, n (%) 11 (11.8%)

5, n (%) 48 (51.6%)

6, n (%) 22 (23.7%)

7, n (%) 8 (8.6%)

8, n (%) 2 (2.2%)

Guiding catheter tip displacement during procedure

Stable position, n (%) 74 (79.6%)

Kickback, n (%) 7 (7.5%)

Withdrawal due to arterial spasm, n (%) 9 (9.7%)

Intentional pull back, n (%) 3 (3.2%)

SD: standard deviation



P<0.001), patients with a more tortuous arch (arch
types 2 and 3) (87.5±7.4 vs. 82.7±4.4 cm, P<0.001),
and patients with a distal aneurysm location (distal
group) (86.2± 5.0 vs. 82.7± 6.1 cm, P=0.004).
Laterality of the aneurysm in the carotid system (the
lesions in the right carotid system and those in the left
carotid system) and presence of hypertension did not
show significant difference in the required catheter
length. There were significant differences in the length
according to the type of the guiding catheter (Table 4).
Distal access catheters (Envoy DA and Envoy DA XB)
showed a significantly longer in-the-body length than
conventional guiding catheters (Envoy) (87.3±6.6 vs.
81.8±3.9 cm, P<0.001). As was expected, the in-the-
body length of the catheters was significantly shorter
when the length was measured right before completing
angiography (84.2± 5.9 cm vs. 83.6± 6.4 cm,
P<0.001). Means and standard deviations of the in-the-
body lengths of the guiding systems are summarized in
Table 5.

Location of the guiding catheter tip and stability of
the guiding system

The guiding catheter system needed to be switched in
2 patients: one from the conventional Envoy to the
Envoy DA XB due to tortuosity of the ICA, which
showed significant focal spasm caused by the tip of the
Envoy catheter; and the other from the Envoy DA to the
Envoy DA XB due to instability of the guiding system
during microcatheter insertion. Table 6 shows the
locations of the tip of each type of guiding catheters.
When the distribution pattern was dichotomized as
higher (segment 6 or higher) and lower (segment 5 or
below) positions, 46.2% of patients with the Envoy DA,
66.7% of patients with the Envoy DA XB, and only
15.1% of patients with the regular Envoy had a higher
position (P<0.001). A shift in the tip location was noted
in 19 patients (20.4%), and there was no significant
different among the 3 guiding catheter systems
(P=0.942). There was no significant difference in the
percentage of instability of the guiding catheter system
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Table 3. Difference in Guiding Catheter Advancement Method Among the 3 Guiding Systems

Advancement method Conventional Envoy (n, %) Envoy DA (n, %) Envoy XB DA (n, %) Total (n)

Direct advancement 50 (94.3%) 7 (53.8%) 23 (85.2%) 80

Coaxial method 3 (5.7%) 6 (46.2%) 2 (7.4%) 11

Exchange method 0 0 2 (7.4%) 2

Table 5. Mean in-the-body Length in 93 Patients

Parameters n In-the-body length (cm, mean ± SD) P value

Average length before procedure 93 84.2 ± 5.9 -

Male vs. female 27 vs. 66 89.1 ± 5.6 vs. 82.1 ± 4.6 p<0.001

Older vs. younger than 65 27 vs. 66 87.7 ± 7.8 vs. 82.7 ± 4.2 p<0.001

Hypertension; yes and no 43 vs. 50 85.4 ± 6.5 vs. 83.2 ± 5.1 P=0.073

Lesion laterality; right vs. left 41 vs. 52 84.6 ± 6.6 vs. 83.9 ± 5.3 P=0.982

Guiding system; conventional vs. distal access system 53 vs. 40 81.8 ± 3.9 vs. 87.3 ± 6.6 p<0.001

Arch type; 1 vs. 2 or 3 63 vs. 30 82.7 ± 4.4 vs. 87.5 ± 7.4 p<0.001

Aneurysm location; proximal vs. distal 52 vs. 41 82.7 ± 6.1 vs. 86.2 ± 5.0 P=0.004

Average length after procedure 93 83.6 ± 6.4 -

Table 4. The Difference in the in-the-body Length of the 3 Guiding Systems

Guiding system Number Mean (cm) Standard deviation (cm)

Envoy 53 81.8 3.9

Envoy DA 13 86.0 6.5

Envoy XB DA 27 88.0 6.6



(any change in the tip location) between the procedures
with stent assistance and without stent assistance
(18.6% vs. 23.5%, P=0.574). There was no significant
change of the tip location according to lesion laterality
(right and left, 19.5% vs. 21.2%, P=0.845) or aortic
arch type (types 1, 2, and 3, 19.0% vs. 23.3%,
P=0.294).

DISCUSSION

The term distal access catheter can be used for the
guiding catheter, which was designed to achieve more
distal access than a conventional guiding catheter, or
for the intermediate catheter, which had extra-flexibil-
ity and could be used coaxially within a large-bore long
sheath or conventional guiding catheter. Intermediate
catheters have been used as an effective system in
various neurovascular procedures such as brain arteri-
ovenous malformation embolization [5, 6, 12], the
intracranial stenting procedure, or aneurysm emboliza-
tion [2, 4, 8, 9]. These catheters have been successfully
used in various intra-arterial revascularization
procedures as an aspiration catheter system or an
effective intermediate catheter system for the delivery
of stentrievers [13-16]. However, these catheters are
not suitable to use as a sole guiding catheter system due
to the lack of a sufficient supportive body segment. In
this study, we limited the type of catheter to the
narrowed meaning of the distal access catheter, which
can be used as a guiding catheter independently, to
focus our primary study purpose of analyzing the
required in-the-body length of conventional and distal
access guiding systems.

We found that the average required in-the-body
length of a guiding catheter for embolization of the

aneurysm in the anterior circulation was about 84 cm
on average. A longer length was anticipated in male
patients when the target aneurysm was located distally,
when the arterial access route was tortuous, or with
advanced age [10, 11]. Laterality in the carotid system
or history of hypertension did not show any effect on
the catheter length. Although the average lengths were
still shorter than 90 cm in most patients, the 105-cm
system could be short in case of the worst combination
of factors, such as a male patient of advanced age with
a distally located target aneurysm and tortuous aortic
arch.

Since the purpose of the distal access catheter system,
such as the Envoy DA and Envoy DA XB, was stable
distal access to the target, we noted a significant longer
in-the-body length in them that was owed to effective
distal access with these systems. Interestingly, the use
of multiple devices, lesion laterality, and arch type did
not show any effect on the stability of the guiding
catheter system. We thought that this was due to the
durable stability of the Envoy guiding system once the
tip was placed at the target portion. The Envoy DA was
released in the market as the first distal access system
that was modified from the conventional Envoy guiding
catheter by adding a long flexible distal segment for
better adjustment to the tortuosity of the supra-aortic
vessels hopefully beyond the petrous segment of the
ICA or foraminal segment of the vertebral arteries.
However, due to the exaggerated flexibility of the distal
segment, navigating the aortic arch became challenging
with the Envoy DA compared with the conventional
Envoy catheter and often required the coaxial or
exchange method in advancement to the target location.
Furthermore, the flexible distal segment tended to
decrease back support capability in some patients.
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Table 6. The Distribution of Tip Locations According to the Type of Guiding Catheter

Tip location Envoy, n (%) Envoy DA, n (%) Envoy XB DA, n (%) Total, n (%)

Total 53 13 27 93

Segment 8 1 (1.9%) 0 (0%) 1 (3.7%) 2 (2.2%)

Segment 7 1 (1.9%) 1 (7.7%) 6 (22.2%) 8 (8.6%)

Segment 6 6 (11.3%) 5 (38.5%) 11 (40.7%) 22 (23.7%)

Segment 5 36 (67.9%) 4 (30.8%) 8 (29.6%) 48 (51.6%)

Segment 4 8 (15.1%) 2 (15.4%) 1 (3.7%) 11 (11.8%)

Segment 3 1 (1.9%) 1 (7.7%) 0 (0%) 2 (2.2%)

Segment 2 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Segment 1 0 (0%) 0 (0%) 0 (0%) 0 (0%)



These problems could be minimized by limiting the
flexible segment less than 10 cm and enhancing the
stiffness of the main body as we could see with the
Envoy DA XB system. As of now, our preferred distal
access system is the Envoy DA XB. Use of the Envoy
DA is reserved for patients with an extremely tortuous
ICA, as fewer problems are expected below the arch
vessels. The conventional Envoy catheter is still chosen
as the main guiding catheter in less challenging
situations.

There was an obvious difference between the Envoy
DA and Envoy DA XB in several aspects, even though
both were developed for the same purpose: efficient
distal access. The difference seemed to be due to the
difference in the length of the distal flexible or soft
segment. It is notable that we choose to use the Envoy
DA in only 14% of patients, and the coaxial method
was used in about half of the patients who received the
Envoy DA; this finding may suggest that the Envoy DA
has a lower performance than the Envoy DA XB. This
result might also imply that a shorter distal flexible
segment would be enough to access the anterior
circulation if the tip of the catheter was atraumatic. Too
long of a flexible distal segment of the Envoy DA
system might serve as a barrier to arch vessel selection
and decreased back support capability of the guiding
catheter system [17].

Since we chose patients who underwent elective
embolization of unruptured aneurysms, there were not
many patients with marked tortuosity of the large
arteries, which might hinder successful lesion access
and require a longer catheter to reach the target due to
inevitable redundancy of the aorta and supra-aortic
arteries caused by tortuosity. We believe a similar
measurement study of the carotid artery stenting
procedure or intracranial revascularization procedure
would provide a different result since these patient
cohorts may show more severe arterial tortuosity.
Although we did not experience procedural difficulty
in our patient cohort, a longer in-the-body length would
be a surrogate indicator of procedural difficulty in these
revascularization procedures [10].

One main limitation of this study would be the
limited use of guiding catheters from only one
company, resulting in a lack of diversity. However,
limiting the study devices to the catheters with a similar
platform helped us understand differences in the perfor-
mance of each catheter with ease, as we discussed
earlier.

Another limitation of this study was in the practical
aspect of using guiding catheters to prevent catheter

tip-related focal vasospasm in the ICA. Due to the
retrospective nature of this study, we could not analyze
the difference among the three guiding catheter
systems. In a percentage of patients, we should have
pulled back the tip of the guiding catheter due to flow-
limiting focal vasospasm. Even though the phenome-
non was observed more frequently with the conven-
tional Envoy catheter, we could not present the differ-
ence due to the lack of complete data.

We found that the minimum required length of a
guiding catheter was 84 cm on average for elective
anterior circulation aneurysm embolization with the
transfemoral approach. A longer length was seen in
men, patients older than 65 years, patients with a more
tortuous arch, and patients with a distal aneurysm
location. We could reach a higher position with distal
access catheters with little difference in the stability of
the guiding catheter system regardless of the type of the
catheter once we reached the target location.
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