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ORIGINAL RESEARCH
INTERVENTIONAL

DWI-Based Algorithm to Predict Disability in Patients
Treated with Thrombectomy for Acute Stroke

H. Raoult, M.V. Lassalle, B. Parat, C. Rousseau, F. Eugène, S. Vannier, S. Evain, A. Le Bras, T. Ronziere,
J.C. Ferre, J.Y. Gauvrit, and B. Laviolle

ABSTRACT

BACKGROUND AND PURPOSE: The reasons for poor clinical outcome after thrombectomy for acute stroke, concerning around half of
all patients, are misunderstood. We developed a hierarchic algorithm based on DWI to better identify patients at high risk of disability.

MATERIALS AND METHODS: Our single-center, retrospective study included consecutive patients with acute ischemic stroke who
underwent thrombectomy for large anterior artery occlusion and underwent pretreatment DWI. The primary outcome was the
mRS at 3months after stroke onset. Multivariable regression was used to identify independent clinical and imaging predictors of
poor prognosis (mRS. 2) at 3months, and a hierarchic algorithm predictive of disability was developed.

RESULTS: A total of 149 patients were analyzed. In decreasing importance, DWI lesion volume of .80 mL, baseline NIHSS score of
.14, age older than 75 years, and time from stroke onset to groin puncture of .4 hours were independent predictors of poor
prognosis. The predictive hierarchic algorithm developed from the multivariate analysis predicted the risk of disability at 3months
for up to 100% of patients with a high predictive value. The area under the receiver operating characteristic curve was 0.87.

CONCLUSIONS: The DWI-based hierarchic algorithm we developed is highly predictive of disability at 3months after thrombec-
tomy and is easy to use in routine practice.

Stroke is one of the leading causes of mortality and disability
worldwide.1 In recent years, multiple randomized controlled

trials have shown that endovascular treatment improves func-
tional outcome in patients with a proximal occlusion of the ante-
rior circulation,2 with an efficacy unmatched by any previous
therapy for stroke management, given a number needed to treat
of ,3 to achieve improved functional outcome. Endovascular
treatment with or without intravenous alteplase yields a high re-
canalization rate of up to 90%2,3 and is therefore a validated,
effective, and safe treatment now recommended for these
patients.4,5 Current stroke guidelines are based on data from
these randomized controlled trials including highly selected
patients. Their encouraging results led to more widespread use
of endovascular treatment; therefore, broader criteria than

those recommended are now used in current practice to treat,
for example, elderly patients,6 patients with minimal stroke
symptoms,7 or patients in late time windows up to 24 hours af-
ter stroke onset.8 On the other hand, the Highly Effective
Reperfusion using Multiple Endovascular Devices (HERMES)
meta-analysis of the main trials also highlighted that half of all
patients have poor clinical outcomes despite successful techni-
cal recanalization.2

Because the reasons for poor clinical outcome after thrombec-
tomy are not clearly understood9 and given that in clinical prac-
tice, patients are often of advanced age and present with high
stroke severity or a large ischemic volume, patient selection for
thrombectomy warrants improvement. Multiple individual poor
prognostic factors may be involved simultaneously.9 Several
prognostic tools have, therefore, been proposed,10-13 based on
clinical and radiologic pretreatment criteria to predict the risk of
disability after thrombectomy: Mainly advanced age, a high base-
line NIHSS score, and a low baseline ASPECTS on noncontrast
CT have been identified as reliable predictors of prognosis.
However, these studies were conducted before the latest trials and
were mainly based on CT but rarely on MR imaging to triage
patients. Yet DWI was shown to be more accurate than noncon-
trast CT14 for estimating the ischemic core and was more accu-
rate than perfusion CT for predicting final infarct volume.15

These findings suggest that DWI would be a better imaging
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parameter than CT for predicting futile outcomes. A recent
meta-analysis from the HERMES group16 showed that core
infarct volume correlated with 3-month clinical outcome and
that patients selected by MR imaging, though accounting for only
18% of cases, had superior outcomes relative to patients selected
by CT and CT perfusion estimates of core infarction. The recent
THRombectomie des Artéres CErebrales (THRACE) trial used
DWI for pretreatment imaging in 70% of patients, identifying
DWI volume as an independent factor predictive of poor out-
come and showing the benefit of thrombectomy decreasing with
an increase in lesion volume.17

The purpose of our study was to develop a hierarchic algo-
rithm based on MR imaging and clinical data to better identify
patients who may not benefit from thrombectomy, given the risk
of disability.

MATERIALS AND METHODS
Study Design and Patients
This was a retrospective, observational study including all consec-
utive patients admitted directly to Rennes University Hospital or
referred from 3 other general hospitals (Vannes, Saint-Brieuc and
Saint-Malo hospitals) between January 2015 and May 2017. The
local ethics review board found the research to conform to gener-
ally accepted scientific principles and ethical standards (commit-
tee decision No. 17.71, December 18, 2017). According to French
legislation, no informed consent was required in view of the
observational and retrospective nature of this study, and all
patients were informed of its purpose and the procedures
involved and of their right to refuse use of their data.

Inclusion criteria were the following: patients 18 years of age
or older, presenting with acute ischemic stroke with proximal ar-
terial occlusion of the anterior circulation confirmed on 1.5 or 3T
MR imaging, admitted to our center within 6 hours of symptom
onset, and undergoing endovascular treatment with or without
intravenous alteplase. Exclusion criteria were the following: pos-
terior circulation stroke on MR imaging, prestroke mRS. 2, and
no available prethrombectomy MR imaging or modified mRS at
3months after stroke onset (accepted limit, 120 days).

Intravenous thrombolysis was performed within 4.5 hours of
stroke onset by intravenous administration of 0.9mg/kg of alte-
plase (maximum, 90mg) with an initial bolus of 10% of the total
dose followed by an infusion of the remaining dose during
60minutes. Endovascular thrombectomy was performed by neu-
rointerventionalists with .5 years’ experience. At the beginning
of the procedure, an intravenous heparin bolus (1500–2000 IU)
was administered to patients who did not receive intravenous
alteplase. With the patient under conscious sedation or general
anesthesia (as determined by the medical team), endovascular
treatment was performed using a coaxial (6F or 8F guiding cathe-
ter) or triaxial system (long introducer sheath or 8F guiding cath-
eter with an intermediate aspiration catheter) and a combined
approach with a microcatheter-delivered stent retriever and man-
ual aspiration during stent retrieval (up to 5 passes if necessary).

Clinical and Imaging Data Collection
The following data were collected at baseline: demographic char-
acteristics (age and sex); history of treated diabetes mellitus,

hypertension and/or atrial fibrillation, and history of ischemic
stroke and transient ischemic attack; blood glucose level; systolic
blood pressure; and NIHSS range of 0–42, with higher scores
indicating more severe neurologic deficits.

The ischemic infarct lesion volume on pretreatment MR
imaging was calculated from the ADC of DWI using a semiauto-
matic segmentation method with an AW Server 3.2 (2106; GE
Healthcare, Milwaukee, Wisconsin). The ASPECTS (DWI-
ASPECTS) was determined by a senior neuroradiologist (with
.5 years’ experience). Intracranial occlusion location and infarct
side were indicated on MR imaging. We also collected stroke
treatment details: intravenous alteplase administration, time from
stroke onset to groin puncture, anesthesia type (general anesthe-
sia or conscious sedation), and post-thrombectomy angiographic
results according to the TICI grading system, with a score of 2b
or 3 corresponding to reperfusion of at least 50% of the affected
arterial territory. Symptomatic intracranial hemorrhage at
24 hours was defined as bleeding visible on CT plus an increase
in the NIHSS score of at least 4 points.3

Statistical Analysis
Statistical analysis was performed using SAS software 9.4 (SAS
Institute, Cary, North Carolina). For continuous variables, the
mean 6 SD is reported, and for categoric variables, the number
of patients in each category and the corresponding percentage are
given. Patients were divided into 2 groups according to the mRS
at 3months (poor prognosis, mRS. 2; and good prognosis,
mRS# 2). The characteristics of the 2 groups were compared
using the Student t test or Wilcoxon rank sum test when appro-
priate for continuous variables, and the x 2 or Fisher exact test
when appropriate for categoric variables. To identify risk factors
independently associated with poor prognosis, we entered varia-
bles found to be significantly different (P, .20) between the 2
groups into a forward stepwise logistic regression model. Each
variable used in this logistic regression analysis was binary.
Cutoff values were those with the best sensitivity and specificity
found on the receiver operating characteristic curves for each
variable. A predictive hierarchic algorithm showing the likelihood
of poor prognosis at 3 months was also constructed using the var-
iables in the logistic model at the P, .01 level. For all analyses,
P, .05 was considered statistically significant.

RESULTS
During the study period, 289 patients underwent endovascular
treatment for acute anterior circulation stroke secondary to large
intracranial arterial occlusion, and finally a total of 149 patients
were included in the analysis (Fig 1).

Population Characteristics
Table 1 shows baseline characteristics in the 2 groups. A total of
80 patients (53.7%; 95% CI, 45.3%–61.9%) had a poor prognosis
at 3 months (20 with mRS = 3, seventeen with mRS= 4, five with
mRS = 5, and 38 with mRS = 6). Compared with patients with
good prognoses, patients with poor prognoses at 3 months were
older; had a more frequent history of hypertension and atrial fi-
brillation; and had higher blood glucose levels, a higher NIHSS
score at baseline, a higher DWI lesion volume and DWI-
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ASPECTS, and more terminal internal carotid artery occlusions.
Stroke treatment details showed that compared with patients
with good prognoses, patients with poor prognoses at 3
months were less often treated with intravenous alteplase, had
general anesthesia more often, and had a longer time from
stroke onset to groin puncture and a higher rate of recanaliza-
tion failure. Successful recanalization (as assessed by a TICI
score of 2b or 3) was achieved in 122 patients (81.9%; 95% CI,
74.7%–87.7%). Symptomatic intracranial hemorrhage was
observed in 5 patients (4.3%) of a total 117 patients with avail-
able data.

Prognostic Factors
Multivariate logistic regression analysis identified 4 independent
risk factors of poor prognosis at 3months, which were in decreas-
ing importance: DWI lesion volume .80mL, baseline NIHSS
score.14, age older than 75 years, and time from stroke onset to
groin puncture of . 4 hours (Table 2). The predictive quality of
the logistic model was high, as illustrated by an area under the re-
ceiver operating characteristic curve of 0.87 with a 95% CI, 0.81–
0.93 (Fig 2). DWI volume of 80mL had the best sensitivity and
specificity with an area under the receiver operating characteris-
tics curve of 0.71 (a patient with a DWI lesion of .80mL had
96.8% of risk of poor outcome, and a patient with a DWI lesion
of #80 mL had a 61.8% of chance of good outcome). For DWI-
ASPECTS, the area under the receiver operating characteristics
curve was 0.73, and a patient with a score of,5 had 84.8% of risk
of poor outcome, whereas a patient with an ASPECTS of$5 had
a 60.2% of chance of good outcome. A close relationship was
observed between DWI-ASPECTS and DWI lesion volume with
a correlation coefficient of 0.87 (plot in On-line Figure). Only
DWI volume was a significant predictor with a relative difference
in means between the good and poor prognosis groups of 61%
(31% for DWI-ASPECTS).

We developed a hierarchic algorithm, with the variables
entered in the model at the P, .01 level showing the proportion
of poor prognoses at 3months predicted with the model and the
corresponding number of patients with poor prognoses observed
in our population (Fig 3). The percentage of poor prognoses was

Table 1: Characteristics of the study populationa

Variable
Total

(n= 149)
Good Prognosis: mRS at
3 Months ≤ 2 (n= 69)

Poor Prognosis: mRS at
3 Months >2 (n= 80)

P
Value

Age (yr) 68.7 6 14.3 65.8 6 15.1 71.2 6 13.2 .022
Sex ratio (female/male) 71:78 32:37 39:41 .772
Diabetes mellitus 15 (10.1%) 4 (5.8%) 11 (13.8%) .108
Arterial hypertension 88 (59.1%) 33 (47.8%) 55 (68.8%) .010
Atrial fibrillation 37 (24.8%) 10 (14.5%) 27 (33.8%) .007
History of stroke or transient ischemic attack 25 (16.8%) 8 (11.6%) 17 (21.3%) .116
Prestroke mRS .670

0 137 (91.9%) 65 (94.2%) 72 (90.0%)
1 10 (6.7%) 3 (4.3%) 7 (8.8%)
2 2 (1.3%) 1 (1.4%) 1 (1.3%)

Systolic blood pressure (mm Hg) 153.4 6 27.6 155.7 6 28.3 151.3 6 27.0 .372
Blood glucose level (mmol/L) 6.9 6 2.2 6.3 6 1.3 7.4 6 2.6 .001
Baseline NIHSS score 16.3 6 5.4 13.8 6 5.6 18.5 6 4.2 , .001
DWI-ASPECTS 5.9 6 2.7 7.1 6 2.1 4.9 6 2.7 , .001
DWI volume (mL) 53.3 6 64.8 23.8 6 18.7 81.1 6 79.2 , .001
Occlusion location , .001

M1 95 (63.8%) 45 (65.2%) 50 (62.5%)
M2 21 (14.1%) 18 (26.1%) 3 (3.8%)
Terminal ICA 33 (22.1%) 6 (8.7%) 27 (33.8%)

Intravenous alteplase 115 (77.2%) 60 (87.0%) 55 (68.8%) .008
Stroke side .304

Left 65 (43.6%) 27 (39.1%) 38 (47.5%)
Right 84 (56.4%) 42 (60.9%) 42 (52.5%)

Time from stroke onset to groin puncture (hr) 3.9 6 1.3 3.6 6 1.2 4.2 6 1.3 .002
Recanalization score .019

TICI 2b/3 122 (81.9%) 62 (89.9%) 60 (75.0%)
TICI 0/1/2a 27 (18.1%) 7 (10.1%) 20 (25.0%)

Anesthesia .032
Conscious sedation 68 (45.6%) 38 (55.1%) 30 (37.5%)
General anesthesia 81 (54.4%) 31 (44.9%) 50 (62.5%)

a Quantitative variables are expressed as means; qualitative variables are expressed as numbers (corresponding percentage).

FIG 1. Flow chart.
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51.4% for the entire population. The model predicted up to 100%
poor prognosis in patients who had a DWI lesion volume of
.80mL and age older than 75 years, or DWI lesion volume of
.80mL and time to groin puncture of .4 hours. A baseline
NIHSS score of .14 provided additional information when the
DWI lesion volumewas #80mL, increasing prediction of poor

prognosis from 19.1% to 56.3%. When age older than 75 years
and time from stroke onset to groin puncture of .4 hours were
added, it allowed prediction of 100% of poor prognosis cases.

DISCUSSION
Our study identified prethrombectomy DWI lesion volume as a
crucial predictor of disability at 3months. DWI lesion volumeof
.80mL, baseline NIHSS score of .14, age older than 75 years,
and time from stroke onset to groin puncture of.4 hours were 4
identified independent risk factors of decreasing importance
associated with poor prognosis at 3months after thrombectomy.
On this basis, we developed a hierarchic predictive algorithm for
the likelihood of disability with a high predictive value (area
under the curve, 0.87). The importance of using this type of pre-
diction tool in clinical practice was illustrated by the 53.7% of
patients with disability we observed, in full agreement with litera-
ture data (54.0% in HERMES meta-analysis2).

We present a novel tool combining DWI with clinical data for
predicting the risk of disability after thrombectomy. Most pub-
lished prognostic clinical decision tools for identifying patients
who may or may not benefit from intra-arterial treatment
involved CT10,12 and showed that a low CT-ASPECTS (#713 or
#518) was associated with worse outcome. However, DWI
proved to be more accurate than CT for predicting poor outcome
because area under the curve scores for DWI-ASPECTS and
lesion volume were higher (0.70) than those of noncontrast or
postcontrast CT (0.55)14 and more accurate than perfusion CT
for predicting good outcome (area under the curve, 0.58).19,20

Then studies increasingly focused on MR imaging to select
patients.3,21-24 Then, an ancillary study of the THRACE trial
reported that lesion volume was an independent predictor of dis-
ability because the number of patients needed to treat to achieve
functional independence increased with lesion volume (10
patients for a volume of 80mL, 15 for 135mL), but no treatment-

Table 2: Variables independently associated with poor
prognosis identified in logistic regression analysis

Variables
Odds Ratio
(95% CI)

P
Value

DWI lesion volume.80mL 37.47 (4.62–303.63) .0007
NIHSS score .14 5.84 (2.20–15.52) .0004
Age older than 75 yr 6.15 (2.35–16.11) .0002
Time from stroke onset to groin
puncture (hr)

2.55 (1.02–6.39) .0456

FIG 3. Hierarchic algorithm based on the 4 independent variables from the multivariate analysis for predicting poor prognosis at 3months after
thrombectomy. The algorithm shows the percentage of poor prognoses (mRS. 2 at 3months) predicted with the model and the correspond-
ing number of cases observed in our population.

FIG 2. Receiver operating characteristic curve of the logistic model
for prediction of poor prognosis: area under curve = 0.87.

4 Raoult � 2020 www.ajnr.org



by-dichotomized volume interaction for functional independence
was observed.17

Our statistical method extracted cutoff values from receiver
operating characteristic curves and identified a volume of 80mL
as having the best sensitivity and specificity for predicting poor
outcome. The DWI-ASPECTS was not identified in the multivar-
iate analysis due to the close association with DWI lesion volume,
but a threshold of ,5 was identified from the receiver operating
characteristic curve after univariate analysis as predicting poor
outcome. Both of these threshold values are in line with the latest
Society of Neurointerventional Surgery guidelines, considering
thrombectomy for class I level of evidence A indications in
patients with anterior circulation acute stroke within 6 hours and
either MR imaging DWI-ASPECTS of$6 or a small DWI lesion
of ,50–70mL.25 There is controversy in the literature about
treating patients with large infarct core volumes. Recent studies
showed up to 25%21 to 34%22 good outcomes in patients with a
DWI-ASPECTS of #5, particularly in young patients.23 Our
study corroborates the benefit of thrombectomy, given the 15.2%
chance of good outcome in patients with a DWI-ASPECTSof
#5. However, a patient with a DWI lesion of .80mL has only a
3.2% chance of good outcome, suggesting that this variable is
more efficient than DWI-ASPECTS for triage decisions.

We identified older age and a high baseline NIHSS score as
the strongest predictive variables after DWI lesion volume. Most
studies have illustrated the important role of both these predic-
tors of poor outcome at 3months.10-12,14,17,26,27 We considered
an age threshold of older than 75 years as predictive of disability,
which is in accordance with literature data that identified an age
between 65 and 80 years.10,13,28 The previously published baseline
NIHSS threshold is variable from .1028 to .20,27,28 which is
also in accordance with our results (.14). Time delay from
stroke onset to groin puncture was identified as the least signifi-
cant predictor of poor outcome, ranking fourth in our model, but
it allowed predicting 100% of poor outcomes for patients with a
DWI lesion volume of .80mL and age 75 years or younger, or
for patients with DWI lesion volume of#80mL, an NIHSS score
of .14, and age older than 75 years. The literature is contradic-
tory as to the prognostic value of a longer time to thrombectomy.
It was shown to be a poor prognostic factor26,27 by some authors,
while others highlighted its modest10 or insignificant associa-
tion12,29 with prognosis. This difference questions the decision
not to treat patients due to a longer time from stroke onset, espe-
cially with lesion volume of #80mL and/or age 75 years or
younger, especially in patients who need to be transferred to an
intervention center,30 or for patients beyond a common thera-
peutic window8 or with an unknown stroke onset time.29

Our hierarchic algorithm did not retain as significant certain
variables such as systolic blood pressure or history of ischemic
stroke or diabetes mellitus, which were identified in previous
studies but with different population characteristics.10 For exam-
ple, our patients had a shorter time to groin puncture (234 versus
260minutes10) and a higher percentage of effective recanalization
(82% versus 59%). This high successful recanalization rate of 75%
for the patient group with poor outcome may also explain why
this variable did not emerge as a significant prognostic factor.
Last, collaterals were not evaluated in our MR imaging–based

algorithm due to a lack of well-validated scales. Yet collaterals
are a compensatory phenomenon, and their absence is pre-
sumed to be associated with larger core infarct volumes and
poor prognosis.31

The proposed hierarchic algorithm is based on the DWI
lesion volume and 3 clinical predictors with cutoff values and is
very easy to use in clinical practice to predict the lack of clinical
benefit of thrombectomy. Its predictive value is higher than in
most previous scores proposed, with an area under the curve of
0.87, and 0.75 for the HIAT2 score13 and 0.79 for the Pittsburgh
Response to Endovascular Therapy score.12 Again, this superior
result may be explained by the use of MR imaging instead of CT,
given that MR imaging is the most accurate and validated method
for assessing acute stroke lesions. Other factors such as the use of
newer thrombectomy devices and earlier time to recanalization
may also explain this higher predictive value. The limitations of
our study lie in its retrospective nature and relatively small sam-
ple size, especially for subgroups of patients combining .2 risk
factors. Additionally, 61 patients were excluded due to missing 3-
month mRS scores. Last, in the patient subgroup with DWI vol-
umes of .80mL, the addition of the NIHSS score, age, and time
to groin puncture adds very little predictive value to the algo-
rithm (96% compared with 100%). Further validation cohort
studies are also needed to confirm the high predictive value.

CONCLUSIONS
Our study involved development of a hierarchic algorithm based
on DWI lesion volume, age, baseline NIHSS score, and time to
puncture for predicting disability at 3months after thrombec-
tomy with a high predictive value. This algorithm could help to
design a clinical decision-making tool for better identification of
patients for whom thrombectomy would be futile.
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