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Abstract
Purpose: To investigate the safety and efficacy of “Primary Aspiration Technique” as an initial approach for
intracranial artery occlusions in treatment of acute ischaemic stroke.
Material and Methods: A total of 107 patients with
acute large intracerebral artery occlusions located in
the anterior or posterior circulation were included
in the study. All the patients were treated with “Primary Aspiration Technique” by using either the Penumbra ACE or the ACE 64 aspiration catheter (Penumbra Inc.). Recanalisation results were assessed by
follow-up angiography immediately after the procedure. Neurological evaluation using the National Institutes of Health Stroke Scale and modified Rankin
Scale (mRS) was performed on admission and at
discharge.
Results: “Primary Aspiration Technique” alone was
successfully used in 65% of the cases. The overall recanalisation rates were achieved in 88.8% of the cases.
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In 37 of the 107 cases (35%) secondary stent retriever
devices were used in addition. If primary aspiration
was successful, the median time from groin puncture
until final recanalisation was 32 minutes.
An early good clinical outcome at discharge (mRS ≤2)
was seen in a total of 50 patients (47%). In-hospital mortality was 15% (16/107). 58.6% (41/70) of the patients
achieved an early good clinical outcome (mRS ≤2) when
primary aspiration technique was successful.
By performing primary aspiration in different vessels the chance of receiving a Thrombolysis In Cerebral Infarction score ≥2b in the middle cerebral artery
was 2.3 times higher than in the terminal internal carotid artery.
Conclusions: “Primary Aspiration Technique” is a safe
and effective endovascular thrombectomy method.
The main advantages of aspiration technique are the
fast procedure time and the high rate of favourable
clinical outcome if primary aspiration is successful.
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1. Introduction

Acute ischaemic stroke is the number one cause of disability and one of the most common causes for dementia and death in the developed world [1]. Thus, in recent
years a lot of effort has been made to develop new revascularisation devices that provide faster and higher recanalisation rates in order to generate a better clinical
outcome for patients. Based on 5 positive multicenter
randomised clinical trials, the endovascular therapy has
undergone a revolution [2-6]. One of the main changes
in these positive studies was the utilisation of stent retriever devices [7]. After this major breakthrough in mechanical thrombectomy, the stent retriever has proved
to be a safe method with high recanalisation rates [8-12].
However, clinical experience has been reported on situations that are resistant to stent retriever recanalisation
attempts. These situations include especially occlusions
located in terminal internal carotid artery (tICA) and
middle cerebal artery (MCA) bifurcation and trifurcation thrombi, as well as hard thrombi configuration [10].
The aspiration technique has been an early hallmark
in the history of mechanical thrombectomy and its utility has been demonstrated in a large number of trials and
clinical experiences with positive results [13, 14]. In the
course of time, a great effort has been made to develop
new aspiration devices, including changes in the distal
inner diameters of the catheter. We report on our results
with the aspiration catheters Penumbra ACE (0.060” distal inner diameter) and ACE64 (0.064” distal inner diameter) (Penumbra Inc.) using the “Aspiration Technique”
as a primary approach for intracranial artery occlusion.

2. Material and Methods
2.1 Study population
Between January 2014 and December 2015, 350 patients
with an acute ischaemic stroke were treated endovascularly in our department. We retrospectively collected
and analysed these cases in which “Primary Aspiration
Technique” was used. “Primary Aspiration Technique”
with the aspiration catheters Penumbra ACE or ACE64
(Penumbra Inc.) was used in 107 of 350 cases (30.5%).
Neurological evaluation was performed using the Na-

Fig. 1. MCA occlusion with placement of the aspiration catheter on the occlusion site (arrow)

tional Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale (mRS) on admission and at discharge.
Computed tomography (CT) and CT angiography were
performed on admission in order to rule out intracranial
haemorrhage (ICH) and to assess vessel occlusions. A CT
control scan was obtained before discharge or if the patient’s symptoms worsened.
If a large vessel occlusion was found eg. occlusion in
the M1 or M2 segment of the MCA, internal carotid artery
(ICA), or in the basilar artery, treatment was started with
IV tPA, provided the patients were eligible within 4.5 h
after symptom onset. Patients were then transferred
for interventional treatment. Patients were treated under consensus sedation. Uncooperative patients were
treated under general anaesthesia with intubation and
ventilation.
2.2 “Primary Aspiration Technique”
After placement of a 6F sheath, the target vessel was navigated with a 0.014” microwire, a microcatheter, and the
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Fig. 2. MCA occlusion (2a-arrow), successful recanalisation after aspiration with Penumbra ACE catheter (2b-arrow)

aspiration catheter. The thrombus was passed with the
microwire and microcatheter, and the aspiration catheter was placed directly in the proximal part of the thrombus. The microwire and the microcatheter were then removed. Entrapment of the thrombus was indicated by the
absence of backflow. The catheter was then retrieved with
constant negative pressure to avoid loss of thrombus. After each retrieval of clot fragments, the procedure was repeated until a Thrombolysis In Cerebral Infarction (TICI)
score of ≥ 2 or 3 was reached [10] (Fig. 1 & Fig. 2). The ACE
catheter was used in the first cases and following commercial availability, ACE 64 was used in all next cases. A
total 49% of the patients were treated with ACE and 42%
of the patients with ACE 64. In 9% of the cases the aspiration catheter that was used could not be retrospectively identified.
Secondary stent retriever devices (pRESET - Phenox
inc. or Catch Plus- Balt inc.) were used additionally in cases where a TICI 2b or 3 recanalisation was not successful
with the aspiration technique, either due to partial or no
recanalisation or due to distal embolisation in the M2-M3
branches of the MCA, or anterior cerebral artery for anterior circulation and posterior cerebral artery for posterior circulation.
22

2.3 Evaluation
Functional outcome was assessed by two senior vascular neurologists certified for NIHSS and modified Rankin
Scale (mRS) scoring (AK; FB). The mRS at the time of hospital discharge was used for early clinical outcome analysis. A favourable early clinical outcome (mRS of 0-2 at
the time of discharge) was the primary outcome measure. Secondary outcome measures included in-hospital
death, symptomatic ICH, defined as worsening of the patient’s neurological status of more than 4 on the NIHSS
scales, time from groin puncture to recanalisation, recanalisation of the occluded target vessel measured by
the TICI score. The analysis also included evaluation of
the two aspiration catheters.
2.4 Statistical Methods
Standard descriptive statistics were employed for endpoint study parameters. The non-parametric Wilcoxon signed-rank test was used to prove significance of
the clinical outcome (mRS) between hospitalisation
and discharge. The Fisher’s exact test was used for categorical variables (mortality, procedural complications) in comparing both catheters (ACE vs. ACE64). Continuous parameters (TICI, mRS, Time of Intervention)
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Table 1: Patients’ baseline characteristics
All patients (n=107)

Successful primary
aspiration (n=70)

Additional stent
retriever
(n=37)

74 (24-95)

72.5 (24-95)

76 (45-93)

44.9 (48/107)

44.3 (31/70)

45.9 (17/37)

15 (1-29)

13.5 (1-24)

16 (4-29)

5 (1-5)

4 (1-5)

5 (3-5)

45.8 (49)

51.4 (36/107)

35.1 (13/37)

ACE: 48.6% (52/107)
ACE64: 42.1% (45/107)
Unknown: 9.3% (10/107)

ACE: 44.3% (31/107)
ACE64: 51.4% (36/107)
Unknown: 4.3% (3/107)

ACE: 56.8 (21/37)
ACE64: 24.3 (9/37)
Unknown: 18.9 (7/37)

MCA M1 (%(n))

52.3 (56/107)

57.1 (40/70)

43.2 (16/37)

MCA M2 (%(n))

6.5 (7/107)

8.6 (6/70)

2.7 (1/37)

26.2 (28/107)

21.4 (15/107)

35.1 (13/37)

VA (%(n))

1.9 (2/107)

2.9 (2/107)

-

BA (%(n))

12.1 (13/107)

8.6 (6/107)

18.9 (7/37)

PCA (%(n))

0.9 (1/107)

1.4 (1/107)

-

Characteristics
Age (years)
(median (range))
Male sex (%(n))
Baseline NIHSS
(median (range))
mRS at hospitalisation
(median (range))
IVT* (%(n))
Catheter model (%(n))
Location:
Anterior circulation

tACI (%(n))
Posterior circulation

*IVT=intravenous thrombolysis

were compared by using the Mann-Whitney U test for
non-normally distributed data. The odds ratio was calculated to measure the association between occlusion site
and successful Primary Aspiration, as well as the association of catheter models and efficacy of Primary Aspiration in different vessels. All statistical analyses were performed by using SPSS V. 22 (SPSS Inc., Chicago, IL, USA).
Significance level was set at α=0.05.

3. Results
3.1 Patient population
The 107 patients were selected from 350 patients with
acute ischaemic stroke and an intracranial large vessel oc-

clusion that were treated by mechanical thrombectomy
at our institution. Median age of the patients was 74 years
(24-95) and 55% (59/107) were women. 46% (49/107) of the
patients received intravenous thrombolysis with a standard dose (0.9 mg/kg) in addition. The patients had a median NIHSS score on admission of 15 (range: 1-29). Vessel
occlusions were located in the anterior circulation in 85%
of the cases with M1 in 52% (56/107), M2 in 7% (7/107), and
tICA 26% (28/107). Within the posterior circulation, occlusions were located at the vertebral artery (VA) in 1.9% of
cases (2/107), basilar artery (BA) in 12% of cases (13/107),
and in the P1 segment of posterior cerebral artery (PCA)
in one case. Table 1 provides an overview of the patients’
baseline characteristics.
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Fig. 3. mRS at discharge
in cases with successful
primary aspiration and
secondary stent
retriever use

Fig. 4. Successful
primary aspiration (n=70) time from groin puncture
to recanalisation
in 3 time groups

3.2 Clinical Outcome
Early good clinical outcome at discharge (mRS ≤2) was
seen in a total of 50 patients (47%). In-hospital mortality was 15% (16/107). In the group of patients in which
primary aspiration technique was successful, leading to
a TICI score 2b/3, 58.6% (41/70) achieved an early good
clinical outcome. The mortality rate in this group was
7% (5/70) and there were no symptomatic intracerebral
haemorrhages. If the primary aspiration was not successful, only 24.3% of the patients achieved a good clinical
outcome (Fig. 3). The median baseline NIHSS was 12 in
the group of patients (41/70) with good clinical outcome
(mRS≤2). Patients (29/70) with an mRS≥2 showed a median baseline NIHSS of 17.
24

3.3. Angiographic Outcome
Successful recanalisation rates (defined as TICI ≥2b) were
achieved in 88.8% of the cases. In 65% (70/107) the primary aspiration alone was used successfully. There were
37/107 (35%) cases in which secondary stent retriever
devices had been used in addition. The reasons for secondary use of stent retriever devices after primary aspiration were either partial or no recanalisation, or distal
embolisation.
For all the patients, median time from groin puncture
until final recanalisation result was 41 minutes (range
16–105). If primary aspiration was successful, the median time from groin puncture until final recanalisation
was 32 minutes. Moreover, in this group 48.6% of the pro-
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Fig. 5. Acute occlusion of the basilar tip
with thrombus material into the middle
part of the artery (5a-arrow).
Successful recanalisation after primary
aspiration technique (5b).
Thrombus after aspiration (5c)

c

cedures were successful within 30 min and 82.9% within 50 min (Fig. 4).
All patients initially received mechanical thrombectomy with the “Primary Aspiration Technique” by using
one of the two aspiration catheters. In 49% (52/107) of
the cases the Penumbra ACE (0.060” distal inner diameter) was used and after Penumbra ACE64 (0.064” distal
inner diameter) was available, ACE64 was used in 42% of
the cases (45/107). In 9% (10/107) of the cases retrospective classification of the catheter model was not possible. There was no significant difference between the two
catheter models in terms of clinical parameters and endpoints. However, mortality with the ACE64 was lower, 7%
(3/45), than with the ACE 17% (9/52; p=0.133).
In the analysis of cases with secondary stent retriever use, the ACE showed a significantly (p<0.002) higher
amount of partial recanalisation than no recanalisation
after performing primary aspiration. By analysing the efficacy of the “Primary Aspiration Technique” in occlu-

sions of the two most frequent blood vessels (tICA, MCA)
there was a 2.3 higher chance of receiving a TICI ≥2b in
the MCA than in the tICA, however this finding was not
statistically significant (p=0.072). Comparing the ACE and
ACE64 there was 4.0 higher chance of receiving a TICI ≥2b
in the MCA with the ACE64 than with the ACE, this finding was also not statistically significant (p=0.053). There
was no difference in either using the ACE64 or ACE in
the tICA.

4. Discussion

Based on recent positive multicenter randomised clinical trials, endovascular stroke treatment has undergone a revolution. One of the main changes in these positive studies was the utilisation of stent retriever devices.
However, clinical experience has reported situations that
are resistant to stent retriever recanalisation attempts.
These situations include occlusions located in terminal
ICA and MCA bifurcation and trifurcation thrombi, as
25
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well as hard thrombi configuration. For these cases, direct aspiration of the thrombus can be used as an alternative technique. Over the last few years new aspiration
devices were developed, including changes in the distal
inner diameters of the catheter, therefore the “Aspiration Technique” is in some centers used as a primary approach for intracranial artery occlusion.
This retrospective study demonstrates the efficacy and
safety of “Primary Aspiration Technique” for mechanical recanalisation in patients with a large intracranial vessel occlusion. The main findings are a high rate of
favourable early clinical outcome with mRS score 0-2 at
discharge (47%) with a low rate of mortality (15%).
These results are comparable with those of thrombectomy in which stent retrievers were used with mRS score
0-2 46% at 90 days and mortality 15.3% in a recently published meta-analysis of five randomised clinical trials [15].
The rate of symptomatic intra-cerebral haemorrhage was
in the present study 1.9%, slightly lower compared to the
rate of 4.4% in the above meta-analysis. If we compare the
present study of primary aspiration technique to our own
analysis of 270 patients receiving endovascular treatment
with stent retrievers in everyday clinical practice, we see
in similar population (median NIHSS 14 compared to 15
in the present study) a 10% difference in favourable early
clinical outcome (mRS 0-2 at discharge 47% vs. 37%) [16].
Another important finding is that patients in whom
primary aspiration led directly to recanalisation without
secondary use of stent retrievers had a high rate of good
clinical outcome (58.6%). Moreover, procedure time was
fast, about 50% of the procedures being successful within
30 min and 82.9% within 50 min. However, only in 65% of
the cases was primary aspiration successful on its own. In
35% of cases secondary stent retriever devices had been
used in addition, due to no recanalisation with aspiration
or due to distal embolisation. In these cases, the clinical
outcome was favourable only in 24.3% of the patients.
These results suggest that, if primary aspiration technique is used, the goal should be the high rate of direct
recanalisation with the aspiration device [17]. New generations of aspiration catheters with a larger distal in-
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ner diameter and improved aspiration techniques could
lead to higher rates of successful primary aspiration, resulting to better clinical outcome.
By analysing the efficacy of the “Primary Aspiration
Technique” in occlusions of the two most frequent blood
vessels (tICA, MCA) there was a 2.3 higher chance of receiving a TICI ≥2b in the MCA than in the tICA. These
results are not statistically significant, probably due to
small sample size. This finding seems logical since the
MCA has a smaller vessel diameter compared to tICA,
which makes successful thrombus aspiration easier in
MCA than in tICA. On the other hand, our study shows
that catheters with a larger distal inner diameter (ACE
64, 0.064” inner diameter) were more effective compared
to catheters with a smaller inner diameter (ACE, 0.060”
inner diameter) to recanalise the occluded vessel (Fig.
5). The above results suggest that the size of the occluded vessel and the inner diameter of the aspiration catheter may influence aspiration efficacy. Since thrombecto
my, and especially aspiration, catheters are continually
improving, better results can be expected for catheters
with a larger inner diameter.
The first limitation of the present study is its
retrospective analysis. The second is that it describes
evolving treatment, especially over the past few
years, with an enormous advancement in the field of
intracranial recanalisation techniques and devices.
In conclusion, our study suggests that “Primary Aspiration Technique” is a safe and effective endovascular
thrombectomy method with clinical results comparable
to those of stent retriever devices. The main advantages
of aspiration technique are the fast procedure time and
the high rate of favourable clinical outcome if primary
aspiration is successful. R
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