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I
n carefully selected patients, mechanical thrombecto-
my (MT) for proximal anterior circulation large vessel 
occlusion (LVO) strokes offers one of the most pow-
erful treatment effects in cerebrovascular medicine. 

However, randomized clinical trials have nearly uniformly 
treated patients with small ischemic cores (median 
Alberta Stroke Program Early CT Score [ASPECTS] of 9).1 
Similarly, the recently published trials on MT in the late 
window have limited their inclusion to strokes with small 
cores (DAWN study, 7.6 mL [interquartile range {IQR}, 
3–8 mL]; DEFUSE 3 study, 9.4 mL [IQR, 2.3–25.6 mL]).2,3 
Considering that these trials demonstrated a number 
needed to treat between 2 and 2.6 to reduce disability of 
one patient by at least one level on the modified Rankin 
Scale (mRS), it becomes evident the study design was 
stringent and patients with larger cores at baseline may 
benefit from MT.

Despite the revolution in acute ischemic stroke (AIS) 
treatment, patients presenting with large ischemic core 
strokes are commonly not offered MT due to the lack 
of clinical evidence and concerns for procedural safety, 
futility, and cost-effectiveness. This opinion has been 
supported by the 2018 American Heart Association/
American Stroke Association AIS guidelines, which indi-
cate that the benefits of MT are uncertain for patients 
with AIS in whom treatment can be initiated within 
6 hours of symptom onset and who have ASPECTS < 6 
(level IIB recommendation).4

The benefit of MT in the large core baseline stroke 
population remains elusive. Fortunately, recent stud-

ies have hinted at a potential benefit of MT in carefully 
selected patients when compared to medical manage-
ment alone.5-11 Understanding parameters that impact 
the selection process is essential for achieving better 
outcomes, minimizing futile reperfusion, and developing 
future MT randomized clinical trials.

WHAT WE KNOW
Establishing the Safety and Efficacy of Thrombectomy 

In 1995, strict selection criteria were required to 
establish the safety and efficacy of intravenous (IV) 
tissue plasminogen activator.12 Similarly, these criteria 
were considered when developing the selection criteria 
for MT trials. With the exception of MR CLEAN, which 
allowed inclusion of patients with ASPECTS 0–10,13 
the design of the MT trials of 2015 was to promote 
inclusion of patients with more limited ischemic core 
sizes (ASPECTS > 6 and core volume < 50 mL in SWIFT 
PRIME and < 70 mL in EXTEND IA).14-16 These thresh-
olds led to the inclusion of patients with very small 
cores (uniformly < 10 mL by CT perfusion scans or dif-
fusion-weighted MRI [DW-MRI] and median ASPECTS 
of 8) in the studies.1-3 These criteria were applied to the 
endovascular therapy trials to optimize the chances of 
a measurable treatment response and reduce the risks 
of complications related to reperfusion. 

The first HERMES meta-analysis revealed that 
patients with ASPECTS 0–5 had a tendency favoring 
intervention (common odds ratio [cOR], 1.24; 95% con-
fidence interval [CI], 0.62–2.49; P interaction between 
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ASPECTS and treatment effect = .29). However, only 
121 of 1,228 (9.4%) patients included in this analysis 
had ASPECTS 0–5 and therefore provided limited 
insight.1 A CT perfusion subanalysis of MR CLEAN data 
revealed that in patients with ischemic core ≥ 70 mL 
who underwent MT, only 8% achieved a good out-
come, but 46% achieved a moderate outcome (mRS 
0–3).7 This suggested that the subgroup of large base-
line core strokes could potentially benefit from reper-
fusion treatment. The second HERMES meta-analysis 
further evaluated the large ischemic core population, 
which included the five positive MT trials from 2015 
and the THRACE and PISTE studies.17,18 The results 
from this study showed that patients presenting with 
ASPECTS 3–5 had a significant benefit from MT (cOR, 
2.00; 95% CI, 1.16–3.46). Importantly, not only the sam-
ple size (and therefore power) was enhanced, but also 
proportionally more patients were selected by MRI in 
this updated meta-analysis, which suggests that more 
accurate determination of the ischemic core extent 
could optimize selection. However, when stratifying by 
ASPECTS 0–4, a higher rate of symptomatic intrace-
rebral hemorrhage (ICH) was found in the MT group 
(cOR, 3.94; P interaction = .025). The data from these 
studies provide preliminary evidence that carefully 
selected patients with large core stroke may have a 
more favorable functional outcome despite a potential 
higher risk of ICH.19

Measuring Ischemic Core 
Patient selection for MT is heavily dependent on 

neuroimaging and the assessment of accurate delin-
eation of the core location and volume. Presently, 
CT-ASPECTS, CT perfusion, and DW-MRI neuroimag-
ing modalities are commonly used in the acute setting 
for ischemic core estimation. Although ASPECTS was 
developed to standardize the extent of ischemic dam-
age and predict functional outcome at 90 days and 
risk of ICH for use with IV tPA,20 it has been naturally 
adopted to predict the functional outcome after MT. 
Given the relatively limited and variable interrater 
reliability, patients may be excluded from MT due to 
a perceived large core. Motion and streak artifacts 
and sulcal effacement (due to engorged leptomen-
ingeal collaterals) may predispose to a false-positive 
result (a perceived low ASPECTS on noncontrast CT 
[NCCT]).21 Another limitation of ASPECTS core deter-
mination is that each of the 10 regions is given equal 
weight rather that determining the importance of elo-
quent regions or the volumetric differences of diverse 
ASPECTS regions.22 Automated CT perfusion has been 
utilized to quantify the core and penumbral volume. 

CT perfusion may be a complement to the NCCT and 
allow a more precise delineation of the ischemic core. 
As for NCCT, CT perfusion may under- or overestimate 
the core size and should be used in conjunction with 
CT-ASPECTS.23 DW-MRI can be used for core quantifi-
cation and is the most accurate method for the delin-
eating ischemic core. However, the concern with MRI 
is the potential delays (especially important in patients 
with larger cores, which are expected to have worse 
collaterals [“fast progressors”]), increased costs, and 
the lack of widespread availability. Accurately deter-
mining core extent and topography are likely critical 
for optimizing patient selection and neuroendovascu-
lar procedural course. 

Patients With Large Core Stroke May Benefit From 
Treatment

The expectations of treatment for patients with larger 
core need to be kept in mind. The rates of indepen-
dence will certainly be substantially lower compared to 
those observed in smaller core patients, but treatment 
could positively impact the chances of a more favorable 
outcome. The clinical outcomes of MT in small core 
strokes have been more frequently measured by the rate 
of good outcomes (independence as defined by mRS 
0–2) at 90 days; however, in the large core stroke popu-
lation where the ischemic core is substantially larger, 
the definition of favorable outcome should probably be 
assessed differently. Several recent studies have looked 
at the clinical outcomes of MT in large core strokes, and 
a careful interpretation of the functional outcomes is 
important.24 It is unclear what the best measure of out-
come should be, independence rates (mRS 0–2), mRS 
0–3, mRS shift analysis, or weighted mRS. This also raises 
the question of MT in preventing the need for hemicra-
niectomy as a clinical outcome.

Data Based on CT Perfusion Selection
A post hoc analysis of the MR CLEAN study focusing 

on patients who underwent perfusion imaging found 
that those with a large core (defined as cerebral blood 
volume > 70 mL) who underwent MT had better clini-
cal outcomes (whether looking at a dichotomized mRS 
0–2, mRS 0–3, or through an overall shift in degree of 
disability). Eight percent (1/13) of the large core patients 
allocated to MT had a good outcome versus 0% (0/21) 
patients allocated to medical care, and 46% (6/13) had 
an mRS 0–3 versus 10% (2/21) who received medical 
care. Despite expected higher mortality in the large core 
cohort (35% [12/34] vs 9% [13/141]; P < .005), this study 
suggested that CT perfusion was a useful selection tool 
in that population.7
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Similarly, Rebello et al performed a matched case-
control study, which showed a favorable shift in 90-day 
mRS and favorable mismatch profile (as per automated 
CT perfusion) in patients with large core who underwent 
endovascular therapy as compared to medical manage-
ment (OR, 2.56; 95% CI, 2.50–8.47; P = .04). Six of the 24 
(25%) patients in the intervention group had good out-
comes (mRS 0–2) at 90 days compared to 0 of 23 (0%) 
patients in the control group (P = .04). They also found 
that MT was associated with comparable rates of paren-
chymal hematoma type 2 (2 [7%] vs 1 [4%]; P > .99), 
remarkably smaller final infarct volumes (87 [77] mL vs 
242 [120] mL; P < .001), and a trend toward lower rates 
of hemicraniectomy (2 [7%] vs 6 [21%]; P = .10).8

Data Based on DW-MRI
Three series report volumetric diffusion-weighted 

imaging (DWI) analyses. In a small series, Yoo et al 
showed that all patients (n = 6) with DW-MRI core 
> 70 mL had poor outcomes despite MT, including 
three deaths (50%).25 However, Gilgen et al reported 
that one-third of patients with DWI lesion volumes 
> 70 mL and one-third of patients with core > 100 mL 
were independent at 90 days.10 Similar findings were 
reported in the THRACE subgroup analysis, where 12 out 
of 53 (22%) patients with DWI volume > 70 mL (based 
on automated CT perfusion software) had favorable 
outcome (mRS ≤ 2) at 3 months.9

MRI-based studies looking at DWI-ASPECTS showed 
that successful reperfusion was associated with favor-
able outcomes with a good safety profile. Manceau et al 
reported that the optimal threshold of MRI apparent 
diffusion coefficient was ASPECTS > 2 in a sample of 28 
individuals, which was found to be independently associ-
ated with good neurologic outcome at 90 days (OR, 6.93; 
95% CI, 1.05–45.76; P = .04).5

Mourand et al evaluated 60 patients with DWI-
ASPECTS ≤ 5 and found that rates of independence 
at 3 months were higher in patients in the MT group 
than in the control group (30% vs 2.1%; P < .001). In 
the control group compared to the treatment group, 
hemicraniectomy was performed in 22.9% versus 3.3% 
(P = .002), symptomatic ICH was found in 6.3% versus 
5% of patients (P = .78), and mortality rates were 47.9% 
versus 25% (P = .01), respectively.6

WHAT WE DON’T KNOW
Patient Selection

Clinical markers that best determine which patients 
with a large ischemic core could safely undergo MT 
have yet to be defined. Although certain characteris-

tics have been shown to be associated with favorable 
outcomes (young age, occlusion site, eloquence of 
region at risk, penumbral size), the evidence remains 
limited. The optimal imaging selection paradigm is not 
clear, but accurate delineation of the ischemic core 
by advanced imaging with CT perfusion or DW-MRI 
appears reasonable, although this comes at the cost of 
precious time, which may have a higher impact in this 
more time-sensitive population.

What Is Considered a Large Core?
The final infarct volume (FIV) is a strong and inde-

pendent predictor of 90-day clinical outcome of stroke 
patients. Studies have attempted to shed light on what 
could be the best FIV discriminator for good outcome 
and therefore guide selection of patients based on the 
presentation infarct core. Data from the IV thromboly-
sis literature have previously indicated that a DW-MRI 
lesion < 25 mL was the most important determinant 
of an excellent outcome from thrombolysis.26 An FIV 
of approximately 50 mL was then demonstrated to 
have the greatest accuracy for distinguishing good 
versus poor outcome after intra-arterial therapy for 
LVO strokes, and an FIV of approximately 90 cm3 was 
found to be highly specific for a poor outcome.27 More 
recently, a subanalysis of HERMES data showed a strong 
correlation between FIV and 90-day mRS for interven-
tion within a 6-hour window; furthermore, it demon-
strated that an infarct volume ≥ 133 mL represented a 
highly specific (95% specificity) threshold for predicting 
unfavorable outcome (95% CI, 92.3%–97.1%).28 This 
indicates that there are patients with larger cores who 
could potentially benefit from treatment. 

It has been demonstrated that age plays a significant 
role in the impact of the FIV on outcome. One study 
found a cutoff volume for discrimination of good 
outcome in patients < 70 years of 49 mL as compared 
with 32 mL in patients 70 to 79 years and only 15 mL 
in individuals > 80 years.29 The concept of age-adjusted 
tolerability of strokes also seems to apply for patients 
with larger cores. Mourand et al showed that in 
patients with a baseline DWI-ASPECTS ≤  5 who under-
went treatment, 37% of patients ≤ 70 years had good 
outcomes compared with 10% in patients > 70 years 
(P = .02).6 Similarly, Rebello et al evaluated age-strat-
ified data and reported a significant favorable shift in 
90-day mRS in those ≤ 75 years (21 pairs; P = .03 for 
ordinal shift analysis; mRS 0–2, 6 of 17 [35%] patients 
vs 0; mRS 5–6, 3 of 17 [18%] vs 8 of 18 [44%] patients).8 
Every patient > 75 years had a poor outcome regardless 
of intervention (mRS < 3 at 90 days).
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ONGOING TRIALS
The results of recent studies evaluating MT in large core 

baseline strokes have shown that some of these patients 
may benefit from reperfusion. However, controlled stud-
ies are necessary to define the safety and efficacy of MT 
in this patient population. Fortunately, the data analyses 
from previous studies have provided insight into the neu-
roimaging modalities, patient characteristics, and infarct 
volume thresholds to help guide and develop study proto-
cols. Currently, there are three trials evaluating MT in large 
core stroke: TESLA, TENSION, and IN EXTREMIS.

The TESLA trial seeks to determine the effectiveness of 
MT versus medical management in patients 18 to 85 years 
presenting with AIS involving the internal carotid artery 
(ICA) terminus or middle cerebral artery (MCA) M1 seg-
ment, CT-ASPECTS of 2–5, and symptom onset within 
24 hours. Primary outcome measure will be utility-
weighted mRS.30

The TENSION trial seeks to evaluate the efficacy and 
safety of MT in patients < 80 years presenting with an 
ICA and or MCA M1 occlusion and CT-ASPECTS or 
DW-MRI–ASPECTS of 3–5 up to 12 hours from onset 
compared to medical therapy in up to 714 patients. The 
primary outcome will mRS at 90 days, with secondary 
outcome measures looking at independence (mRS 0–2) 
vs moderate outcome (mRS ≤ 3).31 An interesting and 
unique feature to this trial is the secondary outcome 
measure of quality of life given the current state of dis-
mal outcomes for this stroke population. 

The IN EXTREMIS–LASTE trial seeks to evaluate the 
effectiveness of MT on mRS at 90 and 180 days in patients 
≥ 18 years presenting with CT-ASPECTS or DW-MRI–
ASPECTS 0–5 (CT- or DW-MRI–ASPECTS 3–5 if 
≥ 80 years) within 7 hours from onset of symptoms. 
Interestingly, there is no upper age limit for enrollment, 
and there are age-adjusted criteria that consider the evi-
dence from previous studies evaluating the interaction 
between age, infarct volume, and outcomes.32

CONCLUSION
Although the treatment effect of MT in large core 

strokes may be less substantial than that seen in patients 
with small core strokes, there is a high probability that 
carefully selected individuals benefit from MT. Better 
understanding the clinical and neuroimaging param-
eters by which to select these patients is imperative, and 
ongoing clinical trials will hopefully help us to better 
serve this devastated patient population. n
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