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ABSTRACT

Stroke is one of the main causes of death and disability worldwide, and the ischemic 
modality is responsible for the majority of these events. Despite its high occurrence 
and potentially unfavorable prognosis, the management options were scarce and 
barely effective until recent times, when a relatively new endovascular intervention 
with demonstrated superior efficacy as compared with that of classic management was 
reported in the medical literature. The theoretical basis of this study was conducted 
through research in virtual databases Public MEDLINE (PubMed) and Scientific 
Electronic Library Online (SciELO) using associations among the keywords “acute 
ischemic stroke”, “ischemic stroke”, “thrombectomy”, “endovascular,” and “intra-arterial 
thrombectomy”. Clinical trials, meta-analysis, and pertinent literature reviews published 
in the last two years were reviewed and 14 articles were selected for complete and 
critical evaluations. The results of the randomized clinical trials, consequences of 
implantation of the intra-arterial thrombectomy as routine management for eligible 
groups, cost-effectiveness, and the most related complications and outcomes associated 
with the procedure are critically explored throughout this study.
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Stroke is one of the main causes of mortality 
and disability worldwide, and the ischemic stroke 
(usually with cardioembolic or arteroembolic 
etiologies) is responsible for the majority of these 
events1. Despite its high occurrence and potentially 
unfavorable prognosis, the management options 
were ineffective in many cases until recent times 
when a relatively new endovascular intervention 
associated with intravenous thrombolysis was reported 
to demonstrate superior efficacy as compared with 
that of the classic intravenous recombinant tissue 
plasminogen activator (IV tPA) management.

Simultaneously with the initial spread of intravenous 
thrombolytics after its approval, endovascular 
intervention techniques in acute strokes from large 
vessel occlusion were developed and tested in several 
medical centers, although data from methodologically 
consistent clinical trials were not yet available2.

A set of clinical trials published mostly in 
2013 indicated a weak significance of the endovascular 
intervention advantages. However, several biases 
were pointed out in these studies, such as the use 
of outdated devices and late medical interventions 
after the onset of the symptoms. Recent pertinent and 
well-designed clinical trials demonstrated different 
results and 2015 became considered as “the year 
of endovascular treatment”3.

In this article, we discuss the results of the randomized 
clinical trials published in the field, the logistic consequences 
of the intra-arterial thrombectomy implantation as a 
routine management tool for eligible groups, cost-
effectiveness, and the most related complications and 
outcomes associated with the procedure.

METHODS

The theoretical basis of this review was carried 
out through searches in virtual databases Public 
MEDLINE (PubMed) and Scientific Electronic Library 
Online (SciELO), using association between the 
keywords “acute ischemic stroke”, “ischemic stroke”, 
“thrombectomy”, “endovascular” and “intra-arterial 
thrombectomy”. Clinical trials, meta-analysis, and 
pertinent systematic literature reviews published in 
English in the last two years were included (figure 1). 
Articles with a non-convenient theme were excluded. 
A total of 13 articles were selected for complete and 
critical parsing. Complementarily, a total of 4 clinical 
trials were included, which, despite not meeting the 
inclusion criteria, were considered fundamental for 
an unbiased discussion of the proposed theme.

Current Concepts
Most acute ischemic strokes are caused by the 

occlusion of large vessels that are mostly components 

of anterior circulation at the proximal middle cerebral 
artery and the intracranial internal carotid artery, but 
also occur in posterior large vessels at the basilar 
artery2. It is important to note that the classic IV 
tPA has relatively low effectiveness in the proximal 
occlusion of large vessels4.

The main purpose of any ischemic stroke treatment 
must be urgent revascularization of the affected area 
to save the parenchyma in the “penumbra area”, an 
event optimized in the endovascular approach by recent 
technologies such as stent retriever apparatuses5.

Intervention with a mechanical device appears to 
have advantages over the isolated use of chemical 
treatments, such as faster revascularization, a 
decreased hemorrhagic rate, and a considerably 
eligible intervention time.

Evidence from Clinical Trials
Although the purpose of this article is to review 

the main evidence published over the last two years, 
older clinical trials such as IMS III, SYNTHESIS, 
MR RESCUE and THERAPY are crucial for a full 
and unbiased overview of the subject.

In the IMS III6 and SYNTHESIS7 trials it was 
found that the endovascular therapy and intravenous 
t-PA groups were similar for mortality at 90 days and 
symptomatic intracerebral hemorrhage within 30 hours 
after initiation of t-PA. These studies indicated that 
endovascular therapy is not superior to standard 
treatment with intravenous t-PA. The MR RESCUE8 
trial demonstrated that mean scores on the modified 
Rankin scale did not differ between groups even when 
subdivided according to the presence of penumbral 
or a nonpenumbral pattern on computed tomography 
or magnetic resonance imaging of the brain.

Thus, there were those who believed that 
these studies had determined the non-superiority 
of the endovascular therapy when compared to 
intravenous t-PA. However, limitations pointed out 
in these studies and posteriorly published trials 
have refuted such conclusion. Assessments have 
criticized the common delay between symptom 
onset and treatment, suboptimal optimal rates of 
recanalization, prevailing use of outdated devices, 
inconsistent use of appropriate imaging as a inclusion 
criteria, and statistical inadequacies3,9. Five clinical 
trials published in 2015 demonstrated the viability of 
the endovascular approach in acute ischemic stroke.

In the study EXTEND-IA10, researchers analyzed 
earlier intervention (4.5 h after the onset of the 
symptoms). Patients diagnosed with acute ischemic 
stroke, specified as penumbra area and ischemic 
parenchyma with a volume less than 70 ml, were 
evaluated with a computer tomography (CT) due to 
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occlusion of the internal carotid or middle cerebral 
artery. These patients received alteplase (0.9 mg/kg), 
and were either submitted to the intra-arterial 
thrombectomy group using a Solitaire FR stent 
retriever or a conservative group receiving only 
tPA. Patients in the treatment group experienced a 
greater area of vascularized penumbra tissue, earlier 
clinical neurologic improvement 3 days after the 
procedure, and better functional outcome at 90 days 
as compared with those in the conservative group. 
No differences were noted in the rates of death or 
symptomatic hemorrhage between the two groups.

The SCAPE11 trial investigators also evaluated 
the benefits of endovascular treatment in association 
with intravenous thrombolysis. Subjects with a 
proximal intracranial arterial occlusion without a 
large ischemic area and an Alberta Stroke Program 
Early Computed Tomography Score (ASPECTS) 
between 6 and 10 were evaluated. The mean time 
from CT to reperfusion was 84 min. Better rates of 
functional independence and reduced mortality were 
observed when comparing the intervention with the 
control group.

In order to assess patients with proximal anterior 
intracranial occlusion without a large ischemic 
area, the SWIFT PRIME12 trial was performed. 
After the initial clinical presentation of the stroke, 
patients received intravenous tPA for 4 h and 30 min 
and thrombectomy using a stent retriever for 6 h. 
The results indicated reduced disability at 90 days, 

higher functional independence in the intervention 
group, and no substantial differences related to 
mortality and intracranial symptomatic hemorrhage 
between the two groups.

The REVASCAT13 trial investigators found that 
patients with confirmed proximal anterior intracranial 
circulation without a large ischemic area defined as 
ASPECTS of 7 to 10, who were treated up to 4-5 h 
after the ictus with intravenous alteplase associated 
with thrombectomy using solitaire stent retriever up to 
8 h after the ictus, demonstrated a reduced severity in 
disability and improved functional independence, with 
no differences of intracranial symptomatic hemorrhage 
when compared to alteplase therapy alone.

Lastly, MR CLEAN14 researchers applied, up to 
6 h after the onset of symptoms, the intra-arterial 
thrombectomy associated (in eligible patients) with 
intravenous (between 4-5 h) and intra-arterial tPA in 
patients with confirmed proximal anterior arterial 
cerebral circulation occlusion. Improved rates of 
functional independence in the intervention group 
and no differences in the mortality or symptomatic 
intracerebral hemorrhage were reported between 
the intervention and no-intervention groups.

Additionally, In the THERAPY15 trial it was 
found that it is possible that an alternate method 
of thrombectomy, without stents retrievers, can be 
effective for specific patients harboring large vessel 
occlusions. In the meantime, the authors argue that 

Figure 1: Article selection methodology.
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the results are not imperative, demanding further 
research.

DISCUSSION

Trials using more specific inclusion criteria had 
better clinical outcomes and prognosis than trials 
where patients were admitted with larger areas of 
penumbra and late presentations. It can also be 
noted that studies with simplified inclusion criteria 
showed unreliable results. CT angiography was 
performed in the ESCAPE Trial, resulting in a careful 
selection of patients, which had better outcomes with 
the procedure than those using only a conventional 
CT, such as MR CLEAN patients. These findings 
highlight the importance of criterion selection for 
intra-arterial thrombectomy. However, a simple and 
cheaper method is a more realistic possibility in the 
context of Brazilian public health, demanding an 
accurate search for possible radiological findings 
that indicate eligibility for the intervention.

It is evident that these five clinical trials demonstrated 
comparable methodology and compatible results. 
The reproducibility of the results indicates a high rate 
of confidence regarding the variable analyzed: the 
intra-arterial thrombectomy with stent retriever clinical 
outcomes after a proximal artery occlusion compared 
with the use of IV rTPa alone. It is noteworthy to 
mention that in three of the five studies, the research 
was stopped prematurely because of the discrepancy 
of efficacy between the approaches (table 1).

Cost-effectiveness, Complications, and Anes-
thesia Related to the Procedure

To assess the cost-effectiveness of intra-arterial 
thrombectomy implantation as the standard 
management of the ischemic event, Aronsson et al.16 
used a mathematical model (Markov model) to 
generalize the data arising from the five clinical 
trials discussed above from 90 days to a lifelong 
time period. The outcomes such as quality of life 

Table 1: Main results of the randomized clinical trials published in 2015 that demonstrated the efficiency of the endovascular 
approach.

Clinical 
Trial

Number of 
patients

Eligibility 
time

Area of 
revascularized 

tissue

Functional 
outcome

Symptomatic 
hemorrhage 

rate
Death rates

Premature 
termination 
of research 

due to 
difference 
in efficacy

EXTEND-IA 70 6 h
Increased 
(100% vs. 

37%)

Improved 
functional 

outcome at 
90 days

No 
significant 
differences 

related

No 
significant 
differences 

related

YES

SCAPE 316 12 h
Increased 

(53.0%, vs. 
29.3%)

The primary 
outcome 

favored the 
intervention

Most 
frequent 

in the 
intervention 
group (3.6% 

vs. 2.7%)

Reduced 
(10.4%, vs. 

19.0%)
YES

SWIFT 
PRIME 196 6 h

Rate of 
substantial 

reperfusion at 
the end of the 
procedure is 

88%

Reduced 
disability at 

90 days

Lower in the 
intervention 
group (0% 

vs. 3%)

Reduced in 
90 days (9% 

vs. 12%)
YES

REVASCAT 206 8 h
Higher in the 

thrombectomy 
group

Higher rates 
of functional 
independence 

at 90 days 
(43.7% vs. 

28.2%)

No 
significant 
difference 
(1.9% vs. 

1.9%)

Higher in the 
thrombectomy 

group 
(18.4% and 

15.5%)

NO

MR CLEAN 500 6
Higher in the 

thrombectomy 
group

Higher in the 
thrombectomy 

group 
(32.6% vs. 

19.1%)

No 
significant 
differences 

related

No 
significant 
differences 

related

NO
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and disability are closely related to the costs and 
benefits at a population level. Important financial 
benefits were estimated, such as savings around 
$221 per patient, including a big range of factors, 
such as rehabilitation, medicaments, follow-up, and 
home-care costs.

Since it is a very recent procedure, long-term 
studies that analyze long-dated clinical and economic 
factors of the intra-arterial thrombectomy in the 
management of acute ischemic stroke are not yet 
available. There are still substantial obstacles such 
as logistics, sedation, imaging exams, manpower, 
and financial aspects that need to be overcome 
to promote the implementation of endovascular 
management as a standard care.

Regarding the occurrence of atypical events and 
complications related to the procedure, the leading 
event was puncture site complications, followed 
by hemorrhagic events (hemorrhagic infarction or 
parenchymal hematoma), procedure-/device-related 
events (such as stent detachment, arterial dissection 
and vascular perforation) and late-onset occurrences 
(vascular stenosis, usually asymptomatic)17.

Hemodynamic variables are clearly related to more 
severe outcomes, especially with huge variability 
in blood pressure and hypotension. A retrospective 

review18 proposed that conscious sedation was 
associated with more favorable outcomes and related 
to a lower variability in systolic blood pressure when 
compared to general anesthesia. Therefore, it has 
been suggested that the anesthetic technique may 
play an important role in the clinical outcome.

CONCLUSIONS

The new findings in the literature clearly 
demonstrate that intra-arterial thrombectomy promotes 
important clinical and economic benefits pertinent 
to acute ischemic stroke management. However, it 
is indispensable to establish new functional logistic 
routines concerning acute stroke management in 
order to properly implement the new techniques. In 
the future, standardization of eligible criteria for the 
procedure needs to be determined.

There are many variables to be elucidated, in part 
due to the relatively low number of patients, which will 
impair subject division into subgroups for significant 
statistical analysis. The practical challenges for the 
dissemination of the approach remain to be studied, 
such as logistical aspects of imaging, sedation, and 
cost. However, endovascular therapy appears as a 
potential intervention technique for acute ischemic 
stroke with emphasis in large vessels occlusion.

REFERENCES

1.	 Holodinsky JK, Yu AY, Assis ZA, Al 
Sultan AS, Menon BK, Demchuk 
AM, et al. History, Evolution, 
and Importance of Emergency 
Endovascular Treatment of Acute 
Ischemic Stroke. Curr Neurol Neurosci 
Rep. 2016;16(5):42. PMid:27021771.

2.	 Mokin M, Snyder KV, Siddiqui 
AH, Levy EI, Hopkins LN. Recent 
endovascular stroke trials and their 
impact on stroke systems of care. J 
Am Coll Cardiol. 2016;67(22):2645-55. 
PMid:27256836.

3.	 Muir KW. Stroke in 2015: the 
year of endovascular treatment. 
Lancet Neurol. 2016;15(1):2-3. 
PMid:26700893.

4.	 Gill R, Schneck MJ. The use of 
stent retrievers in acute ischemic 
stroke. Expert Rev Neurother. 
2016;16(8):969-81. PMid:27219051.

5.	 Asadi H, Williams D, Thornton J. 
Changing management of acute 
ischaemic stroke: the new treatments 

and emerging role of endovascular 
therapy. Curr Treat Options Neurol. 
2016;18(5):20. PMid:27017832.

6.	 Broderick JP, Palesch YY, Demchuk 
AM, Yeatts SD, Khatri P, Hill 
MD, et al. Endovascular therapy 
after intravenous t-PA versus 
t-PA alone for stroke. N Engl J 
Med. 2013;368(10):893-903. 
PMid:23390923.

7.	 Ciccone A, Valvassori L. Endovascular 
treatment for acute ischemic stroke. 
N Engl J Med. 2013;368(25):2433-4. 
PMid:23802240.

8.	 Kidwell CS, Jahan R, Gornbein J, 
Alger JR, Nenov V, Ajani Z, et al. A trial 
of imaging selection and endovascular 
treatment for ischemic stroke. N 
Engl J Med. 2013;368(10):914-23. 
PMid:23394476.

9.	 Qureshi AI, Abd-Allah F, Aleu A, 
Connors JJ, Hanel RA, Hassan 
AE, et al. Endovascular treatment 
for acute ischemic stroke patients: 

implications and interpretation of IMS 
III, MR RESCUE, and SYNTHESIS 
EXPANSION trials: A report from 
the Working Group of International 
Congress of Interventional Neurology. 
J Vasc Interv Neurol. 2014;7(1):56-75. 
PMid:24920991.

10.	Campbell BC, Mitchell PJ, 
Kleinig TJ, Dewey HM, Churilov 
L, Yassi N, et al. Endovascular 
therapy for ischemic stroke with 
perfusion-imaging selection. N 
Engl J Med. 2015;372(11):1009-18. 
PMid:25671797.

11.	 Goyal M, Demchuk AM, Menon 
BK, Eesa M, Rempel JL, Thornton 
J, et al. Randomized assessment 
of rapid endovascular treatment 
of ischemic stroke. N Engl J 
Med. 2015;372(11):1019-30. 
PMid:25671798.

12.	Saver JL, Goyal M, Bonafe A, 
Diener HC, Levy EI, Pereira 
VM, et al. Stent-retriever 
thrombectomy after intravenous 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27021771&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27256836&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27256836&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26700893&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26700893&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27219051&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27017832&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23390923&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23390923&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23802240&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23802240&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23394476&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23394476&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24920991&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24920991&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25671797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25671797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25671798&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25671798&dopt=Abstract


http://seer.ufrgs.br/hcpaClin Biomed Res 2017;37(2)96

Cunha et al.

t-PA vs. t-PA alone in stroke. N 
Engl J Med. 2015;372(24):2285-95. 
PMid:25882376.

13.	Jovin TG, Chamorro A, Cobo E, de 
Miquel MA, Molina CA, Rovira A, et al. 
Thrombectomy within 8 hours after 
symptom onset in ischemic stroke. N 
Engl J Med. 2015;372(24):2296-306. 
PMid:25882510.

14.	Berkhemer OA, Fransen PS, Beumer 
D, van den Berg LA, Lingsma HF, 
Yoo AJ, et al. A randomized trial 
of intraarterial treatment for acute 

ischemic stroke. N Engl J Med. 
2015;372(1):11-20. PMid:25517348.

15.	Mocco J, Zaidat OO, von Kummer 
R, Yoo AJ, Gupta R, Lopes D, et al. 
Aspiration thrombectomy after 
intravenous alteplase versus 
intravenous alteplase alone. Stroke. 
2016;47(9):2331-8. PMid:27486173.

16.	Aronsson M, Persson J, Blomstrand 
C, Wester P, Levin LA. Cost-
effectiveness of endovascular 
thrombectomy in patients with 
acute ischemic stroke. Neurology. 

2016;86(11):1053-9. PMid:26873954.

17.	Akpinar SH, Yilmaz G. 
Periprocedural complications in 
endovascular stroke treatment. Br 
J Radiol. 2016;89(1057):20150267. 
PMid:26529228.

18.	Jagani M, Brinjikji W, Rabinstein 
AA, Pasternak JJ, Kallmes DF. 
Hemodynamics during anesthesia 
for intra-arterial therapy of acute 
ischemic stroke. J Neurointerv Surg. 
2016;8(9):883-8. PMid:26371294.

Received: Nov 19, 2016 
Accepted: Apr 11, 2017

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882376&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882376&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882510&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882510&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25517348&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27486173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26873954&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26529228&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26529228&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26371294&dopt=Abstract

