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Abstract Objective Stable and swift placement of a guiding catheter in endovascular therapies
for acute vertebrobasilar artery occlusion is often difficult because of the tortuous
bends of the vertebral or subclavian artery especially in older people. The use of a
delivery assist guiding catheter (DAGC) shortens the time with stable support to deliver
a therapeutic treatment catheter to the target lesions. Herein, we reported the clinical
and radiographic outcomes in endovascular therapies utilizing the DAGC for acute
vertebrobasilar artery occlusions in actual clinical settings.
Materials and Methods Between January 2018 and December 2021, 33 consecutive
patients (males, 20[60.6%]; median age, 78 years) using a DAGC for acute vertebro-
basilar artery occlusion were analyzed retrospectively. Reperfusion was graded using
postinterventional angiograms based on the “thrombolysis in cerebral infarction”
(TICI) classification. Furthermore, the time from puncture to recanalization and the rate
of effective recanalization achievement were investigated.
Results Effective recanalization with TICI 2b or 3 was achieved in 28 (84.8%) patients,
and the median time from puncture to recanalization was only 44minutes, despite the
high rate of older patients in our cohort. In contrast, asymptomatic intracranial
hemorrhage as a complication was observed in only 3 (9.1%) patients.
Conclusion The DAGC contributes to the shortening of recanalization time and
improves the outcomes of endovascular therapies for acute vertebrobasilar artery
occlusion.
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Introduction

While endovascular therapy for acute ischemic stroke due to
large vessel occlusion in the anterior circulation is well-estab-
lished as an effective alternative to intravenous tissue plasmin-
ogen activator administration,1–4 the results of endovascular
therapy for acute vertebrobasilar artery occlusion are not yet
conclusive.5–8A reason for the unstable results of endovascular
therapy for acute vertebrobasilar artery occlusion is the uncer-
tainty associated with placing the guiding catheter. Owing to
thetortuousvertebralandsubclavianarteries, theplacementof
the guiding catheter is often time-consuming and rarely im-
possible for the tortuous vessels, especially in older people. The
system often slips down during treatment when the guiding
catheter is unstable under such a condition.

A delivery assist guiding catheter (DAGC) (SEL-E guiding
catheter;Medikit, Tokyo, Japan) has a strong supportive force
to guide a treatment device stably and shortens the time of
approach to the lesions for the conditions described above.9

In this study, we aimed to determine whether using a DAGC
in endovascular therapy for acute vertebrobasilar artery
occlusion could improve the outcomes of such therapies in
a high-volume stroke center.

Materials and Methods

Patients
We retrospectively searched our endovascular therapy data-
base to identify the clinical and radiographic outcomes of all
patients with acute vertebrobasilar occlusionwho underwent
endovascular therapy with DAGC between January 2018 and
December 2021. The inclusion criterion of this study was as
follows: basilar artery or intracranial vertebral artery (V4
segment) occlusion resulting in no flow to the basilar artery.
In total, 380 patients underwent endovascular therapy for
acute ischemic stroke during this period (►Fig. 1). Patients
with anterior circulation occlusion (n¼329) were excluded
from the analysis. Of patientswith posterior circulation stroke
(n¼51), thosewith recurrences (n¼3) and posterior cerebral
artery occlusion (n¼8) were excluded. Furthermore, seven
patients with acute vertebrobasilar occlusion were also
excluded because of the easiness of approach for the straight
vesselswithanormalguiding catheter. This decisionwasmade
by interventional operators who had more than 5 years of
experience in cerebrovascular interventional therapy and had
completed more than 100 thrombectomy procedures. We
excluded cases of retreatment because it was usually much

Fig. 1 Study profile.
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easier to perform procedure. All other types of infarcts,
including dissection and paradoxical embolism, were
included. Ultimately, 33 patients were eligible for our study.
We investigated the following data: age, sex, cerebrovascular
risk factor (prior stroke, hypertension, diabetes mellitus, dys-
lipidemia, atrial fibrillation, and smoking), time of symptom
onset, National Institutes of Health Stroke Scale score, posteri-
or circulation Acute Stroke Prognosis Early CT score on
admission, pre-stroke modified Rankin Scale (mRS) score,
stroke subtype, and intravenous alteplase administration.
Furthermore, as specialized assessment factors in endovascu-
lar treatment, we investigated the following data: femoral
artery puncture time (start of treatment), utilized devices,
“thrombolysis in cerebral infarction” (TICI) classification
based on postinterventional angiograms, duration from punc-
ture to recanalization, and technical complications. Postinter-
ventional clinical functional neurological outcomes were
evaluated using the mRS score at 90 days.

Device and Intervention Technique
The DAGC (8 Fr; JB2 shape; stiff type; outer diameter, 2.7mm
[8.0 Fr]; inner diameter, 2.24mm [0.088 inch]; inner layer,
polypropylene; outer layer, nylon; stainless steel braiding;
platinum marker; full length, 83 cm; and effective length,
75 cm) was used in all patients. The DAGC was introduced to
the distal side of the target vessel under the guidance of a
0.035-inch wire and a 4- to 6-Fr regular catheter. Thereafter,
the 0.035-inch wire and 4- to 6-Fr regular catheter were
removed, and the DAGC was pulled back to the appropriate
proximal portion (►Fig. 2A). It usually takes only a
few minutes with simple techniques described above. In
cases of acute vertebrobasilar artery occlusion, the DAGC
was placed at the brachiocephalic or left subclavian artery
origin; subsequently, an aspiration catheter, such as Catalyst
6 (Stryker, Kalamazoo, Michigan, United States), was guided
to the lesion using a microcatheter and a microguidewire
(►Fig. 2B).

After placing the DAGC, an aspiration catheter was intro-
duced into the vertebral artery using a microcatheter and
microguidewire. However, a 0.035-inch guidewire was
sometimes used to guide the aspiration catheter to the
vertebral artery when the microcatheter and microguide-
wire were insufficient for support. Once the aspiration
catheter reached the lesion, thrombectomy was performed
using a direct aspiration first-pass technique (ADAPT).10–12

When the thrombus was not removed using ADAPT, throm-
bectomy was performed in combination with a stent
retriever (Solumbra technique).13,14 When the aspiration
catheter could not reach the lesion, it was treated with a
stent retriever after the approachwith amicrocatheter and a
microguidewire through the aspiration catheter. If an athe-
rothrombotic occlusion during treatment was confirmed or a
severe stenosis after recanalization was detected, percuta-
neous transluminal angioplasty (PTA) was performed or
urokinase was further administered.

Results

Patients’ Characteristics
►Table 1 presents the characteristics of all 33 patients. Of
these patients, 20 (60.6%)weremale, and themedian agewas
78 years. Atherothrombotic cerebral infarction, cardiogenic
embolism, and other causes such as vertebral artery dissec-
tion, paradoxical embolism, and other embolic sources were
observed in 13 (39.4%), 12 (36.4%), and 8 (24.2%) patients,
respectively.

Endovascular Therapy
►Table 2 shows the outcomes of the 33 DAGC procedures.
Intravenous alteplase was used in 5(15.2%) patients. The
duration of the intervention (median time from puncture to
final recanalization)was 44minutes. Effective recanalization
with TICI 2b or 3was observed in 28 (84.8%) patients. None of
the patients had unreachable target lesions. Thirteen (39.4%)

Fig. 2 (A) The delivery assist guiding catheter (DAGC) tip is introduced at the distal side of the target vessel, and the DAGC tip is pulled back to
the appropriate proximal portion. (B) Through the DAGC as a stable guiding catheter, an aspiration catheter is inserted into the target
vessel with a microcatheter and a microguidewire.
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patients were treated with aspiration alone, 12 (36.4%) were
treated with combination therapy, and 6 (15%) required
urokinase or PTA after aspiration. Urokinase or PTA alone
without aspiration was performed in two (6.1%) patients.
Asymptomatic intracranial hemorrhage was observed in
three (9.1%) patients. A favorable outcome (mRS score � 3)

at 90 days was achieved in 13 (41.9%) patients (►Table 3).
The mortality (mRS score 6) rate at 90 days was 25.8%.

Comparisons of Outcomes with and without DAGC
►Table 4 shows all seven patient’s characteristics and endo-
vascular therapy without the usage of DAGC for the normal
straight vessels. The median age of the patients (73 years) was
younger than that of patientswith theusageofDAGC (78years).
Atherothrombotic cerebral infarction, cardiogenic embolism,
and other causes, such as vertebral artery dissection, paradoxi-
cal embolism, and other embolic sources, were observed in
three (42.9%), three (42.9%), and one (14.3%) patients, respec-
tively. Effective recanalizationwith TICI 2b or 3was observed in
seven (100%) patients. The median time from puncture to
recanalization in the patients without DAGC was 54minutes.
Despite the simplicity of the procedure, this time was longer
than that in patients with the usage of DAGC (44min).

Representative Cases
To support the comprehension of the procedures utilizing
DAGC, we show the basilar artery occlusion case (►Fig. 3)
and V4 segment occlusion case resulting in no flow to the
basilar artery (►Fig. 4).

Discussion

Outcomes
Our studyof endovascular therapies for acute vertebrobasilar
artery occlusion using a DAGC demonstrated a high effective
recanalization rate and a significant reduction in the time
from puncture to recanalization. The time from puncture to
recanalization was shorter in patients with the usage of
DAGC than in those who did not need a DAGC device, even

Table 1 Patients’ characteristics

Variables ATBI CE Others Total

Cases 13 (39.4%) 12 (36.4%) 8 (24.2%) 33

Age—year 80 (73–88) 83 (75–86) 66 (56–76) 78 (73–86)

Male sex 8 (61.5%) 7 (58.3%) 5 (62.5%) 20 (60.6%)

Medical history

Stroke 1 (7.7%) 4 (33.3%) 2 (25%) 7 (21.2%)

Hypertension 12 (92.3%) 11 (91.7%) 6 (75%) 29 (87.9%)

Diabetes mellitus 5 (38.5%) 5 (41.7%) 1 (12.5%) 11 (33%)

Dyslipidemia 10 (76.9%) 5 (41.7%) 3 (37.5%) 18 (54.5%)

Atrial fibrillation 4 (30.8%) 9 (75.0%) 0 (0%) 15 (45.5%)

Smoking 3 (23.1%) 3 (25.0%) 2 (25.0%) 8 (24.2%)

Pre mRS23 13 (100%) 10 (83.3%) 8 (100%) 31 (93.9%)

pc-ASPECTS score 5 (4–6) 7 (7–8) 6 (2–7) 7 (4–7)

Initial NIHSS score 14 (11–30) 34 (24–37) 35 (20–37) 29 (13–35)

Abbreviations: ATBI, atherothrombotic infarction; CE, cardioembolism; IQR, interquartile range; mRS, modified Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; pc-ASPECTS, Posterior Circulation Alberta Stroke Program Early Computed Tomography score.
Data are n (%) or median (IQR).
Others¼dissection, paradoxical embolism, other embolic source.

Table 2 Endovascular therapy

Cases 33

Intravenous alteplase use 5 (15.2)

Time intervals—min

From onset to door (n¼30) 223 (101–452)

From onset to puncture (n¼30) 285 (170–514)

From door to puncture (n¼30) 65 (61–79)

From puncture to recanalization (n¼37) 44 (20–68)

mTICI32b 28 (84.8%)

Devices

Aspiration only 13 (39.4%)

Combination (Stent retrieverþ aspiration) 12 (36.4%)

Aspirationþothers (UK/PTA) 6 (18.2%)

Others (UK alone/PTA alone) 2 (6.1%)

Intracranial hemorrhage

Symptomatic 0 (0.0%)

Asymptomatic 3 (9.1%)

Abbreviations: IQR, interquartile range; mTICI, modified thrombolysis in
cerebral infarction scale; PTA, percutaneous transluminal angioplasty;
UK, urokinase.
Data are n (%) or median (IQR).
Combination¼ Stent retrieverþ aspiration.
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though patients without the usage of DAGC were younger
and had straight vessels. DAGCmay be convenient regardless
of the type of vessels because DAGC is easily placed in a short
time, and had a strong supportive force to guide a treatment
device stably and quickly.Ta
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Table 4 Patients’ characteristics and endovascular therapy
without DAGC

Cases 7

Age—year 73 (59–81)

Male sex 7 (100%)

Medical history

Stroke 2 (28.6%)

Hypertension 7 (100%)

Diabetes mellitus 3 (42.9%)

Dyslipidemia 6 (85.7%)

Atrial fibrillation 3 (42.9%)

Smoking 2 (28.6%)

pc-ASPECTS score 5 (5–7)

Initial NIHSS score 20 (13–32)

Subtype of stroke

Large-artery atherosclerosis 3 (42.9%)

Cardioembolism 3 (42.9%)

Others 1 (14.3%)

Prestroke mRS23 7 (100%)

Intravenous alteplase use 2 (28.6%)

Time intervals—min

From onset to door (n¼5) 75 (52–163)

From onset to puncture (n¼5) 164 (153–243)

From door to puncture (n¼5) 95 (64–114)

From puncture to recanalization 54 (36–75)

mTICI32b 7 (100%)

Devices

Stent retriever only 1 (14.3%)

Aspiration only 4 (57.1%)

Aspirationþother (PTA) 1 (14.3%)

Other (UKþPTA) 1 (14.3%)

Intracranial hemorrhage

Symptomatic 0 (0)

Asymptomatic 0 (0)

Abbreviations: ATBI, atherothrombotic infarction; CE, cardioembolism;
DAGC, delivery assist guiding catheter; IQR, interquartile range;
mRS, modified Rankin Scale; mTICI, modified thrombolysis in cerebral
infarction scale; NIHSS, National Institutes of Health Stroke Scale;
pc-ASPECTS, Posterior Circulation Alberta Stroke Program Early
Computed Tomography score; PTA, percutaneous transluminal
angioplasty; UK, urokinase.
Data are n (%) or median (IQR).
Combination¼ stent retrieverþ aspiration.
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Comparisons of Outcomes between this Study and
Previous Studies
The median age of the patients in this study (78 years) was
older than those of four previousmajor studies (Basics, mean
67 years, BEST, median 62 years, ATTENTION, mean 66 years,
BAOCHE, mean 64 years) (►Table 3). Nevertheless, the
effective recanalization rate in the current study (84.8%)
was higher than that in Basics5 (71.5%) or BEST6 (71.4%)
and slightly inferior to in ATTENTION7 (93%) or BAOCHE8

(88%). The median time from puncture to recanalization in
this study was 44minutes. The time from puncture to
recanalization was significantly shorter than that in ATTEN-
TION (74min) or BAOCHE (85min). Regarding functional
neurological outcomes, an mRS score less than or equal to
3was obtained in 13 (41.9%) patients in our study, whichwas
equivalent to the four previous major studies (Basics, 44.2%;
BEST, 42.4%; ATTENTION, 46%; BAOCHE, 46%) (►Table 3). The
mortality (mRS score 6) at 90 days tended to be lower in this
study than in the four previous major studies (25.8 vs. 38.3%
[Basics], 33.3% [BEST], 37% [ATTENTION], 31% [BAOCHE])
despite the higher median age in our cohort (►Table 3).

Why Is the DAGC Necessary?
The DAGC is especially effective in patients with severely
tortuous vessels where access is difficult using a conventional
guiding catheter. Access to the lesion has been achieved at a
high rate using recently progressing aspiration catheters
through the DAGC. With the conventional method, we need
to induce an 8 Fr guiding catheter into the vertebral artery to
facilitate treatment with an aspiration catheter. However,

when using a DAGC, we place the tip of the DAGC at the origin
of the subclavian artery or brachiocephalic artery and intro-
duce only an aspiration catheter into the vertebral artery, to
reduce the likelihood of vasospasm and vascular dissection.
Since a DAGC has a shorter full length of 83cm, it allows us to
access distal target lesions with an aspiration catheter. There
were no instances of insufficient effective length.

In endovascular therapy for the anterior circulatory system,
direct puncture of the common carotid artery is an option for
cases inwhich theplacementof theguidingcatheter isdifficult.
In contrast, theDAGC is convenient for theposterior circulatory
system because a direct puncture is almost impossible.

The Neuro EBU (Medtronic, Dublin, Ireland) can be used in a
similar manner. However, based on our limited experience,
positioningaDAGC is comparativelyeasier and faster thanusing
theNeuroEBU. This is because theshapeof theDAGCresembles
the JB2, which matches the shape of the aortic arch. While we
tried out the DAGC with steeper tip angles, it was evident that
the current tip angle was easier to place and provided stronger
support. TheNeuroEBUmightoffersuperiorsupport if apatient
has anextremely larger gapbetween thebrachiocephalic artery
bifurcation and the top of the aortic arch.

Technical Details for Actual Procedures
Several important technical aspects for actual use should be
described. Aspiration catheters are usually introduced into the
vertebral artery using a microcatheter and a microguidewire
after DAGC placement. However, we sometimes had to use a
0.035-inch guidewire to guide the aspiration catheter to the
vertical artery in cases where the angle from the subclavian

Fig. 3 A 74-year-old man presented with sudden loss of consciousness and quadriplegia. Diffusion-weighted imaging reveals high-intensity
areas in the bilateral cerebellar hemispheres. Basilar artery occlusion is confirmed on magnetic resonance angiography. A delivery assist
guiding catheter (DAGC) is placed at the origin of the left subclavian artery. (A) Frontal angiographic view of the left subclavian artery shows
tortuous left vertebral artery (VA) (white arrow: tip of the support guiding catheter, white arrow head: tortuous site of the left VA).
Penumbra 5MAX ACE (Penumbra, Alameda, California, United States) is induced through the DAGC using Marksman (Medtronic, Dublin,
Ireland), and Transend EX (Stryker, Kalamazoo, Michigan, United States). (B) The left VA angiogram shows distal basilar artery occlusion (white
arrow: tip of the aspiration catheter, white arrow head: tip of the microcatheter, double white arrow head: occlusion site, double arrow:
imaging defect due to dentures). The Penumbra 5MAX ACE is induced to the distal part of the basilar artery, and the thrombus is removed using a
direct aspiration first-pass technique. (C) The left VA angiogram shows the achievement of thrombolysis in cerebral infarction 2b of the
basilar artery (double arrow: imaging defect due to dentures). The time from puncture to recanalization is 16minutes.
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artery to the vertebral artery was steep and themicrocatheter
and microguidewire were insufficient for support.

When the aspiration catheter did not reach intracranially, a
microcatheter with a long effective length, such as Velocity
(Penumbra, Alameda, California, United States), Phenom 21
(Medtronic, Dublin, Ireland), or Trevo track 21 (Stryker, Kala-
mazoo,Michigan, United States), was useful. Once the approach
to the lesionwas achievedwith amicrocatheter, thrombectomy
wasperformedusing a stent retriever.However, in theposterior
circulatory system, the treatment results were better with
aspiration catheters than with a stent retriever.15,16

PTA is sometimes required when stenosis is detected
during the procedure. In such cases, inserting a PTA balloon
catheter through the aspiration catheter is also possible.
When a PTA balloon catheter is required, a longer effec-
tive-length catheter, such as the Unryuu (Kaneka, Tokyo,
Japan) PTA balloon catheter, is suitable.

Limitations
Although the data were obtained from a prospectively main-
tained database, the retrospective nature of the study is a
limitation. Moreover, this was a single-center study with an
inadequate sample size. This was a pilot study to improve the
outcomes of endovascular therapy for acute vertebrobasilar
artery occlusion in patients with tortuous vessels. In future,
prospective randomized studies with lager sample size are
necessary.

Conclusion

Despite the high rate of older patients in our cohort, the
DAGC appears to contribute to the shortening of recanaliza-
tion time and equivalent outcomes of endovascular therapies
for acute vertebrobasilar artery occlusion.
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