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for the HERMES Collaborators; for the MR CLEAN Registry Investigators

IMPORTANCE Outcome prediction after endovascular treatment (EVT) for ischemic stroke is
important to patients, family members, and physicians.

OBJECTIVE To develop and validate a model based on preprocedural and postprocedural
characteristics to predict functional outcome for individual patients after EVT.

DESIGN, SETTING, AND PARTICIPANTS A prediction model was developed using individual
patient data from 7 randomized clinical trials, performed between December 2010 and
December 2014. The model was developed within the Highly Effective Reperfusion Evaluated
in Multiple Endovascular Stroke Trials (HERMES) collaboration and external validation in data
from the Dutch Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute
Ischemic Stroke in the Netherlands (MR CLEAN) Registry of patients treated in clinical
practice between March 2014 and November 2017. Participants included patients from
multiple centers throughout different countries in Europe, North America, East Asia, and
Oceania (derivation cohort), and multiple centers in the Netherlands (validation cohort).
Included were adult patients with a history of ischemic stroke from an intracranial large vessel
occlusion in the anterior circulation who underwent EVT within 12 hours of symptom onset or
last seen well. Data were last analyzed in July 2022.

MAIN OUTCOME(S) AND MEASURE(S) A total of 19 variables were assessed by multivariable
ordinal regression to predict functional outcome (modified Rankin Scale [mRS] score) 90
days after EVT. Variables were routinely available 1 day after EVT. Akaike information criterion
(AIC) was used to optimize model fit vs model complexity. Probabilities for functional
independence (mRS 0-2) and survival (mRS 0-5) were derived from the ordinal model. Model
performance was expressed with discrimination (C statistic) and calibration.

RESULTS A total of 781 patients (median [IQR] age, 67 [57-76] years; 414 men [53%])
constituted the derivation cohort, and 3260 patients (median [IQR] age, 72 [61-80] years;
1684 men [52%]) composed the validation cohort. Nine variables were included in the model:
age, baseline National Institutes of Health Stroke Scale (NIHSS) score, prestroke mRS score,
history of diabetes, occlusion location, collateral score, reperfusion grade, NIHSS score at 24
hours, and symptomatic intracranial hemorrhage 24 hours after EVT. External validation in
the MR CLEAN Registry showed excellent discriminative ability for functional independence
(C statistic, 0.91; 95% CI, 0.90-0.92) and survival (0.89; 95% CI, 0.88-0.90). The proportion
of functional independence in the MR CLEAN Registry was systematically higher than
predicted by the model (41% vs 34%), whereas observed and predicted survival were similar
(72% vs 75%). The model was updated and implemented for clinical use.

CONCLUSION AND RELEVANCE The prognostic tool MR PREDICTS@24H can be applied 1 day
after EVT to accurately predict functional outcome for individual patients at 90 days and to
provide reliable outcome expectations and personalize follow-up and rehabilitation plans. It
will need further validation and updating for contemporary patients.
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S ince the implementation of endovascular treatment
(EVT) for ischemic stroke in daily clinical practice, phy-
sicians are confronted with questions from patients and

family members about the extent of recovery that they can ex-
pect most often quite early after EVT. Although at group level
almost one-half of all patients treated with EVT recover to func-
tional independence, outcomes of individual patients re-
main highly variable and depend on multiple factors.1 For treat-
ing physicians, therefore, it is difficult to accurately predict
individual outcomes after stroke. Results from previous re-
search suggest that well-validated prognostic models are more
accurate in predicting outcome than physicians.2,3

Most prediction models for patients undergoing EVT are
based on preprocedural data only and primarily serve to iden-
tify patients who may benefit from EVT.4 A clinical prognostic
model that can be used after EVT and take into consideration
both preprocedural and postprocedural characteristics (eg, age,
reperfusion grade, and neurologic status 1 day after EVT) could
provide physicians, patients, and family members with more re-
liable outcome expectations.5-8 However, 3 externally vali-
dated models that were designed for early prognostication af-
ter EVT and included postprocedural characteristics were
developed before the landmark trials were published.7,9,10 The
purpose of the present study was to develop and externally vali-
date a contemporary prognostic model that can be applied 1 day
after EVT to predict functional outcome.

Methods
Derivation Cohort
The model was developed with individual patient data from 7
randomized clinical trials (RCTs) on EVT within the Highly
Effective Reperfusion Evaluated in Multiple Endovascular Stroke
Trials (HERMES) collaboration: Dutch Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherland (MR CLEAN), Endovascular Treatment
for Small Core and Anterior Circulation Proximal Occlusion With
Emphasis on Minimizing CT to Recanalization Times
(ESCAPE), Extending the Time for Thrombolysis in Emergency
Neurological Deficits—Intra-Arterial (EXTEND-IA), Solitaire With
the Intention for Thrombectomy as Primary Endovascular
Treatment (SWIFT PRIME), Randomized Trial of Revasculariza-
tion With Solitaire FR Device vs Best Medical Therapy in the
Treatment of Acute Stroke Due to Anterior Circulation Large
Vessel Occlusion Presenting Within 8 Hours of Symptom Onset
(REVASCAT), Thrombectomie des Artères Cerébrales (THRACE),
and Pragmatic Ischaemic Stroke Thrombectomy Evaluation
(PISTE).1,11,12 These RCTs compared EVT—primarily performed
with stent retrievers—with standard care in adult patients with
ischemic stroke caused by a large vessel occlusion in the ante-
rior circulation and confirmed on computed tomography angi-
ography (CTA) or magnetic resonance angiography (MRA). In-
clusion criteria varied between the RCTs.1 All participants
provided written informed consent according to each trial pro-
tocol, and each RCT was approved by the local ethics commit-
tee and included pooling of the data for follow-up studies in-
cluding this study.

For this study, we included all patients randomly as-
signed to EVT who underwent arterial puncture within 12 hours
of symptom onset for an occlusion of the intracranial carotid
artery (ICA), internal carotid artery terminus (ICA-T), or middle
cerebral artery (segment M1 or M2). Of the studies used for this
analysis, only one (SWIFT PRIME) collected data on race and
ethnicity. In this study, 90% of the participants identified as
White race. Therefore, we could not analyze race and ethnic-
ity further. This study followed the Transparent Reporting of
a Multivariable Prediction Model for Individual Prognosis or
Diagnosis (TRIPOD) reporting guidelines.

Outcome Measures
The primary outcome was functional outcome at 90 days, as-
sessed with the modified Rankin Scale (mRS). The mRS is an
ordinal scale used to measure the degree of disability in daily
activities and ranges from 0 (no symptoms) to 6 (death).13 The
mRS was modeled as a full ordinal scale, and we subse-
quently extracted the probabilities for functional indepen-
dence (defined as mRS 0-2) and survival (defined as mRS 0-5)
from the predicted distribution.

Statistical Analysis
Model Development
To identify predictors of functional outcome after EVT, we pre-
specified 19 preprocedural and postprocedural variables that can
be assessed within 1 day after EVT, based on recent literature,
expert opinion, clinical relevance, and availability in both the
derivation and validation cohort. These variables included the
following: age, sex, prestroke disability assessed with the mRS,
diabetes (yes/no), hypertension (yes/no), previous stroke (yes/
no), baseline stroke severity assessed with the National Insti-
tutes of Health Stroke Scale (NIHSS), serum glucose level, sys-
tolic blood pressure, intravenous treatment with alteplase (yes/
no), baseline location of intracranial large vessel occlusion,
baseline collateral score on single-phase CTA (grade 0 indicates
no collateral filling; grade 1 indicates collateral filling ≤50% but
>0%; grade 2 indicates collateral filling >50% but <100%; grade
3indicates100%collateralfilling;allscoredintheaffectedmiddle
cerebral artery territory in comparison with the entire contra-
lateral middle cerebral artery territory),14,15 baseline Alberta

Key Points
Question Can functional outcome be predicted for individual
patients after endovascular treatment (EVT) for ischemic stroke?

Findings In this prognostic study including 781 and 3260 patients
in the derivation and validation cohorts, respectively, a prediction
model was developed and validated using data from multiple
clinical trials and routine practice of patients who received EVT
within 12 hours after stroke onset. The model includes 9
preprocedural and postprocedural characteristics, has excellent
discriminative ability and good calibration, and is available online
for clinical use.

Meaning The prediction model for functional outcome of patients
after EVT is a simple prognostication tool that can provide
patients, family members, and physicians with reliable and
accurate outcome expectations 1 day after EVT.
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Stroke Program Early CT Score (ASPECTS), time from symptom
onset to arterial puncture, duration of the procedure (arterial
puncturetolastcontrastbolusinjection),generalanesthesia(yes/
no),radiologicreperfusiongrade(modifiedTreatmentinCerebral
Infarction [mTICI] score) after EVT on digital subtraction angi-
ography, NIHSS score 24 hours after EVT, and symptomatic in-
tracranial hemorrhage (sICH) 24 hours after EVT (yes/no, as de-
fined in each RCT). The trial was included as a fixed effect to
account for possible study-level differences in prognosis in the
EVT arms and statistical dependence of outcomes within trials.

We used ordinal logistic regression modeling, which as-
sumes proportional odds, to determine the association of the
potential predictors with functional outcome. We tested non-
linearity of the relation between continuous variables (age, sys-
tolic blood pressure, glucose level, NIHSS score at baseline,
ASPECTS scale, time to arterial puncture, duration of the pro-
cedure, NIHSS score at 24 hours) and the log odds of mRS score
with restricted cubic spline functions with 3 knots.

We used univariable and multivariable regression analy-
sis with Akaike information criterion (AIC) to balance model
fit vs model complexity in a stepwise procedure. Effectively,
this implies selection with P < .157 for potential predictors with
1 degree of freedom. The final model was labeled MR
PREDICTS@24H for Multivariable Outcome Prediction After
Endovascular Treatment for Ischemic Stroke at 24 Hours. Pre-
dictor effects were expressed as adjusted (common) odds ra-
tios (ORs) with 95% CIs. To obtain more insight into the rela-
tive importance of NIHSS score at 24 hours, we made a model
with the NIHSS alone. We also performed additional analyses
with final infarct volume (FIV) assessed between 12 hours and
2 weeks, which was not included in the final model because it
is not routinely used in clinical practice and not available in
the validation cohort. The comparison of the models of NIHSS
score at 24 hours alone and FIV alone and the contribution of
addition of FIV to the final model on the model fit were tested
using the log-likelihood ratio.

We assessed the internal validity of the final model with
bootstrap resampling to calculate the degree of optimism in
model performance. To correct this optimism, we shrunk the
regression coefficients in the final model using penalized re-
gression (penalized function in the rms package for R statis-
tical software [R Project for Statistical Computing]).

Validation Cohort
For external validation, we used data from the MR CLEAN
Registry, a nationwide prospective, observational study in 18
centers that provide EVT in the Netherlands.16 Data were col-
lected from consecutive patients with ischemic stroke who had
undergone EVT since March 2014, after the last patient was in-
cluded in the MR CLEAN trial. The medical ethics committee
of the Erasmus MC University Medical Center, Rotterdam, the
Netherlands, granted permission to carry out the study as a
registry, for which no consent was necessary.

We included patients with ischemic stroke who were en-
rolled in the MR CLEAN Registry and treated with EVT be-
tween March 16, 2014, and November 1, 2017, in centers that
participated in the MR CLEAN trial. Included patients were 18
years or older, had an occlusion of the ICA(-T) or middle cere-

bral artery (M1 or M2) on CTA or MRA, and had undergone ar-
terial puncture within 12 hours after symptom onset.

Model Validation and Updating
External validation was performed with the regression coef-
ficients of the final model for outcome prediction after EVT and
the model intercept as estimated for the MR CLEAN trial. Model
performance was assessed in terms of discrimination and cali-
bration. Discrimination refers to the ability of the model to dis-
tinguish between patients with good and poor outcomes. The
discriminative ability of the model at internal and external vali-
dation was quantified with the concordance statistic (C
statistic).17 We calculated the Harrell C statistic for the ordi-
nal mRS and for the predictions of functional independence
(mRS 0-2 vs mRS 3-6) and survival (mRS 0-5 vs mRS 6). Cali-
bration refers to the level of agreement between observed out-
comes to predicted probabilities. We assessed calibration of pre-
dictions graphically by plotting the observed proportion of
functional independence or survival in the validation cohort
against the predicted probability of functional independence
or survival based on the derivation cohort. Calibration was
quantified with the calibration slope and calibration inter-
cept of these plots. The calibration slope should ideally be equal
to 1, meaning that the effects of predictors are equal in the deri-
vation cohort as compared with those in the validation co-
hort. The intercept should ideally be 0 and indicates whether
the predictions based on the model are systematically too high
or too low in the validation cohort.17 The 95% CIs of the C sta-
tistic, calibration slope, and calibration intercept were calcu-
lated with bootstrap resampling with 2000 replications.

After validation, we refitted the model coefficients of the
predictors on the MR CLEAN Registry data. Additionally, we
replaced the variable mTICI for extended TICI,18,19 and added
a missing category for collateral score because this scoring sys-
tem might not (yet) be common practice everywhere.

We implemented the updated final model in a web appli-
cation that provides predictions of functional outcome at 90
days for individual patients with ischemic stroke based on rou-
tinely available information 1 day after EVT. It displays the pre-
dicted probabilities of functional independence and survival
based on the intercept of the MR CLEAN Registry.

Following HERMES policy, patients with missing out-
comes were excluded. Missing predictor data were imputed by
multiple regression imputation based on relevant study, co-
variates, intervention, and outcome. According to MR CLEAN
Registry policy, missing data, including mRS scores, were im-
puted by multiple imputation using additive regression based
on relevant baseline covariates and outcomes. Statistical analy-
ses were performed with R statistical software, version 3.5.1
(R Project for Statistical Computing).

Results
Derivation Cohort
The HERMES cohort consisted of 781 patients (median [IQR]
age, 67 [57-76] years; 414 men [53%]; 367 women [47%]) (eFig-
ure 1 in Supplement 1). Their median (IQR) baseline NIHSS score
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was 17 (14-21) (Table 1). Substantial reperfusion (ie, mTICI ≥2B)
was achieved in 544 of 715 patients (76%). The median (IQR)
NIHSS score at 24 hours was 9 (4-16), the median (IQR) mRS
score at 90 days was 3 (1-4), 371 patients (48%) achieved func-
tional independence, and 671 patients (86%) survived up to
90 days.

Model Development
All prespecified variables, with the exception of treatment
with intravenous alteplase and previous stroke, were pre-
dictors of outcome in univariable analysis (Table 2). Based
on the multivariable analysis, 9 preprocedural or postproce-

dural variables were included in the final model: age, base-
line NIHSS score, prestroke mRS score, presence or absence
of diabetes, occlusion location, collateral score, mTICI after
EVT, NIHSS score at 24 hours, and sICH (Table 2). The final
model had an ordinal C statistic of 0.85 for the ordinal mRS
score. The discriminative ability of NIHSS at 24 hours alone
was lower than that of the final model (0.83; P < .001), as
was FIV alone (0.76; P < .001). By adding FIV to the final
model, the discriminative ability increased from 0.85 to
0.86 (P < .001). The internally validated C statistic of the
final model, corrected for optimism, was 0.84 (95% CI,
0.84-0.85) for the ordinal mRS, 0.92 (95% CI, 0.91-0.92) for
functional independence, and 0.87 (95% CI, 0.85-0.88) for
survival (Table 3).

Table 1. Overview of Derivation Cohort and Validation Cohorta

Characteristic
Derivation cohort
HERMES (n = 781)

Validation cohort MR
CLEAN registry
(n = 3260)

Age, median (IQR), y 67 (57-76) 72 (61-80)

Sex, No./total No. (%)

Men 414/781 (53) 1684/3260 (52)

Women 367/781 (47) 1576/3260 (48)

NIHSS score, median (IQR) 17 (14-21) 16 (11-19)

Systolic blood pressure,
median (IQR), mm Hg

144 (130-159) 150 (131-165)

Serum glucose level, median
(IQR), mmol/L

6.7 (5.9-7.8) 6.8 (5.9-8.1)

Previous stroke, No./total No.
(%)

89/777 (11) 544/3233 (17)

Hypertension, No./total No.
(%)

426/779 (55) 1676/3194 (52)

Atrial fibrillation, No./total
No. (%)

217/640 (34) 770/3217 (24)

Diabetes, No./total No. (%) 120/780 (15) 524/3236 (16)

Prestroke mRS score,
No./total No. (%)

0 501/605 (83) 2160/3188 (68)

1 76/605 (13) 421/31888 (13)

2 19/605 (3.1) 239/3188 (7.5)

≥3 9/605 (1.5) 368/3188 (12)

Occlusion location, No./total
No. (%)

ICA(-T) 198/733 (27) 818/3121 (26)

M1 473/733 (65) 1804/3121 (58)

M2 or otherb 62/733 (8.5) 499/3121 (16)

ASPECTS scale, median (IQR) 8 (7-9) 9 (7-10)

Collateral score, No./total No.
(%)

0 5/602 (0.8) 187/3053 (6.1)

1 81/602 (14) 1094/3053 (36)

2 268/602 (45) 1181/3053 (39)

3 248/602 (41) 591/3053 (19)

Treatment with IV alteplase,
No./total No. (%)

678/781 (87) 2445/3248 (75)

Time from stroke onset to
arterial puncture, median
(IQR), min

240 (185-299) 195 (150-255)

General anesthesia, No./total
No. (%)

227/776 (29) 775/3063 (25)

Duration of the procedure,
median (IQR), min

64 (40-91) 59 (38-83)

(continued)

Table 1. Overview of Derivation Cohort and Validation Cohort
(continued) a

Characteristic
Derivation cohort
HERMES (n = 781)

Validation cohort MR
CLEAN registry
(n = 3260)

Outcome measures

Reperfusion grade (mTICI),
No./total No. (%)

0 54/715 (7.6) 531/3173 (17)

1 19/715 (2.7) 94/3173 (3.0)

2A 98/715 (14) 592/3173 (19)

2B 483/715 (68) 715/3173 (23)c

2C NA 339/3173 (11)c

3 61/715 (8.5) 902/3173 (28)

NIHSS score at 24 h,
median (IQR)

9 (4-16) 10 (4-17)

sICH at 24 h, No./total No.
(%)

28/770 (3.6) 192/3245 (5.9)

FIV 12 h to 2 wk, median
(IQR) mL

34 (11-103) NA

mRS score at 3 mo, median
(IQR)

3 (1-4) 3 (2-6)

mRS 0-2 at 3 mo, No./total
No. (%)

371/781 (48) 1235/3047 (41)

Survival at 3 mo, No./total
No. (%)

671/781 (86) 2164/3047 (71)

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; FIV, follow-up
infarct volume; HERMES, Highly Effective Reperfusion Evaluated in Multiple
Endovascular Stroke Trials; ICA(-T), intracranial carotid artery (terminus); IV,
intravenous; M1, middle cerebral artery segment 1; M2, middle cerebral artery
segment 2; MR CLEAN, Multicenter Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands; mRS, modified Rankin
Scale; mTICI, modified treatment in cerebral infarction; NA, not applicable;
NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic
intracranial hemorrhage.

SI conversion factor: To convert glucose level to milligrams per deciliter, divide
by 0.0555.
a Categorical values are presented as No. (%) and continuous values as median

(IQR). Missing continuous values in the derivation cohort and validation
cohort, respectively, are 0 and 15 for age; 4 and 55 for NIHSS baseline score;
1 and 89 for systolic blood pressure; 26 and 371 for serum glucose; 8 and 109
for ASPECTS scale; 0 and 15 for time from stroke onset to arterial puncture;
174 and 291 for duration of the procedure; and 25 and 333 for NIHSS score at
24 hours.

b Other occlusion location (M3 or anterior cerebral artery segment 1 or 2) by
core laboratory: in HERMES (n = 1), in MR CLEAN Registry (n = 25).

c Extended TICI score MR CLEAN Registry: 2B (n = 715), 2C (n = 339).
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Patient Population in Validation Cohort
The MR CLEAN Registry consisted of 3260 patients (median
[IQR] age, 72 [61-80] years; 1684 men [52%]; 1576 women
[48%]) (eFigure 2 in the Supplement). The median (IQR)
baseline NIHSS score was 16 (11-19). Patients in the valida-
tion cohort less often had atrial fibrillation (770 of 3217
[24%] vs 217 of 640 [34%]) but more often prestroke disabil-
ity (mRS of 2 or higher: 607 of 3188 [20%] vs 28 of 605

[4.6%]) and worse collateral scores (collateral score of 0-1:
1291 of 3053 [42%] vs 86 of 602 [15%]) than in the deriva-
tion cohort. Fewer patients in the validation cohort had M1
occlusions (1804 of 3121 [58%] vs 473 of 733 [65%]), and
time from stroke onset to arterial puncture was shorter (me-
dian [IQR] 195 [150-255] minutes vs 240 [185-299] minutes).
A total of 2245 of 3248 patients (75%) were treated with
intravenous alteplase, compared with 678 of 781 patients
(87%) in the derivation cohort. Other baseline patient, base-
line imaging, and treatment characteristics were similar
between the 2 cohorts (Table 1). Substantial reperfusion (ie,
mTICI ≥2B) was achieved in 1956 of 3173 patients (62%). In
the validation cohort, the median (IQR) NIHSS score at 24
hours was 10 (4-17), the median (IQR) mRS score was 3 (2-6),
1235 of 3047 patients (41%) achieved functional indepen-
dence, and 2164 of 3047 patients (71%) survived up to 90
days.

External Validation
In the validation cohort, we found predictor effects similar
to those in the derivation cohort (eTable 1 in Supplement 1).
The externally validated C statistics were 0.84 (95% CI,
0.83-0.84) for the ordinal mRS, 0.91 (95% CI, 0.90-0.92) for
functional independence, and 0.89 (95% CI, 0.88-0.90) for
survival (Table 3). Calibration plots showed that the
observed proportion of patients achieving functional inde-
pendence was systematically higher than predicted based
on the model (intercept 0.61, slope 0.98). The mean
observed probability of functional independence was 41%
(1331 of 3260), whereas the model predicted a mean of 34%
(1099 of 3260) (Figure 1A). Observed survival was some-
what lower than predicted (intercept −0.25, slope 0.87). The
observed probability of survival was 72%, whereas the
model predicted 75% (Figure 1B). The regression equation of
the final model is available in the eAppendix in Supple-
ment 1. The online tool is accessible for clinical use at
www.mrpredicts.com20 (Figure 2).

Discussion
The prediction model for functional outcome of patients
after EVT can be used within 1 day after EVT for ischemic
stroke to accurately predict functional outcome at 90 days
after EVT. The model consists of 9 routinely available pre-
procedural and postprocedural clinical and radiologic char-
acteristics and showed excellent discriminative ability and
good calibration. Through validation and updating, the
model was optimized for use in contemporary clinical
practice.

Several other prognostic models for patients treated with
EVT also combined preprocedural and postprocedural
characteristics.5-10,21-27 However, some models include rather
homogenous patient populations limiting the generalizabil-
ity of their findings; other models have methodologic short-
comings in model development, such as a small sample size
for the amount of tested variables, dichotomization of vari-
ables, or no internal validation. Importantly, most models lack

Table 2. Main Effects in Derivation Cohort (HERMES, n = 781) Presented
as Common Odds Ratios (ORs) With 95% CIa

Characteristic

Univariable
models, OR
(95% CI)

Multivariable
model, OR
(95% CI)

Age, per y

<65 y 0.99 (0.97-1.01) 1.00 (0.98-1.02)

≥65 y 0.94 (0.92-0.96) 0.94 (0.91-0.96)

Sex

Men 1.12 (0.87-1.44) NA

Women 1 [Reference] NA

Baseline NIHSS score,
per point

0.91 (0.88-0.93) 1.03 (1.00-1.06)

Systolic blood pressure,
per 10 mm Hg

0.87 (0.82-0.91) 0.97 (0.91-1.03)

Glucose, per 30 mmol/L

<120 mmol/L 0.55 (0.39-0.79) 0.95 (0.68-1.34)

≥120 mmol/L 0.89 (0.81-0.98) 0.97 (0.89-1.07)

Treatment with IV alteplase 1.07 (0.72-1.60) NA

Previous stroke 0.84 (0.57-1.25) NA

Hypertension 0.76 (0.59-0.98) 0.95 (0.71-1.38)

Atrial fibrillation 0.75 (0.56-0.99) 1.04 (0.76-1.43)

Diabetes 0.47 (0.33-0.67) 0.50 (0.33-0.75)

Prestroke mRS score, per point 0.52 (0.40-0.68) 0.61 (0.46-0.82)

Occlusion location

ICA(-T) 1.0 [Reference] 1.0 [Reference]

M1 1.58 (1.19-2.11) 1.26 (0.91-1.74)

M2 or other 2.37 (1.42-3.94) 2.04 (1.16-3.60)

Collateral score, per point 1.78 (1.46-2.17) 1.24 (0.93-1.65)

ASPECTS 1.35 (1.18-1.53) 1.00 (0.92-1.10)

Time from stroke onset
to arterial puncture, per 30 min

0.95 (0.91-0.99) 0.97 (0.93-1.01)

General anesthesia 0.71 (0.53-0.95) 0.98 (0.70-1.37)

Postprocedural reperfusion
grade (mTICI), per point

1.73 (1.48-2.01) 1.20 (1.02-1.41)

NIHSS score at 24 h, per point

<12 points 0.72 (0.68-0.75) 0.71 (0.68-0.75)

≥12 points 0.85 (0.82-0.89) 0.86 (0.83-0.90)

sICH at 24 h 0.11 (0.05-0.24) 0.29 (0.11-0.79)

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; ICA(-T),
intracranial carotid artery(-terminus); IV, intravenous; M1, middle cerebral artery
segment 1; M2, middle cerebral artery segment 2; mRS, modified Rankin Scale;
mTICI, modified treatment in cerebral infarction; NA, not applicable; NIHSS,
National Institutes of Health Stroke Scale; sICH, symptomatic intracranial
hemorrhage.

SI conversion factor: To convert glucose level to milligrams per deciliter, divide
by 0.0555.
a Common ORs reflect the effect on the reversed mRS (an OR >1 corresponds

with better functional outcome). Variables with a P < Akaike information
criterion (P < .157 for potential predictors with 1 df) in univariable analysis,
were entered into the multivariable model.
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external validation. Of the 4 models that have been exter-
nally validated, the Symptomatic Hemorrhage, Baseline NIHSS
Score, Age, Reperfusion, and Location of Clot (SNARL) score
included symptomatic intracranial hemorrhage, NIHSS score
at baseline, age, reperfusion grade, and location of the occlu-
sion and concluded that adding postprocedural characteris-
tics would improve outcome prediction.7 The Pittsburgh
Outcomes After Stroke Thrombectomy (POST) score was based
on age, infarct volume, and hemorrhagic complications,10

whereas the BRANCH scale included baseline blood glucose
level, reperfusion grade, age, baseline NIHSS score, change in
blood glucose level after 48 hours, and symptomatic intracra-
nial hemorrhage.9 However, these 3 models were derived from
cohorts of patients treated before the landmark trials were
published, and EVT became the standard of care using
second-generation devices. They also did not include NIHSS

score or another measure of neurologic status after EVT. The
Delayed Functional Independence after Neurothrombec-
tomy (DEFIANT) score was developed and externally vali-
dated after these landmark trials and did include (at dis-
charge) NIHSS score in their model, as well as age and any
hemorrhage (at discharge).27,28 Although the prognostic tool
for outcome prediction after EVT may be used to predict out-
come 24 hours after EVT, the DEFIANT score was developed
to better understand the phenomenon of delayed functional
independence and is meant to be used at discharge for pa-
tients who are not functionally independent. Given the sample
size of the validation cohort (n = 79), the DEFIANT score needs
to be further validated to assess its performance in different
populations. We found NIHSS score at 24 hours to be the stron-
gest independent outcome predictor of all 9 included vari-
ables. This substantiates previous findings that the postpro-

Table 3. Performance Measures With 95% CI in Derivation Cohort (N = 781) and Validation Cohort (n = 3260)a

Measure Ordinal mRS Functional independence (mRS 0-2) Survival (mRS 0-5)
Internal validation

C statistic 0.84 (0.84-0.85) 0.92 (0.91-0.92) 0.87 (0.85-0.88)

External validation

C statistic 0.84 (0.83 to 0.84) 0.91 (0.90 to 0.92) 0.89 (0.88 to 0.90)

Calibration intercept NA 0.61 (0.50 to 0.74) −0.25 (−0.37 to −0.13)

Calibration slope NA 0.98 (0.92 to 1.05) 0.86 (0.80 to 0.94)

Abbreviations: mRS, modified Rankin Scale; NA, not applicable.
a The C statistic is a measure for the ability to distinguish between patients with

a low and high probability of good outcome. It can vary between 0.5 for a
noninformative model and 1 for a perfectly discriminating model. The

calibration intercept reflects the calibration-in-the-large, indicating whether
predicted probabilities are systematically too low or too high, and should
ideally be equal to 0. The calibration slope reflects the strength of the
predictors and should ideally be equal to 1.

Figure 1. Calibration Plots
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A, Functional independence (modified Rankin Scale [mRS] score, 0-2) in the
validation cohort. The overall observed proportion of patients with mRS score 0
to 2 in the validation cohort was higher than the predicted proportion using our
model (41% vs 32%). The linear bar chart shows the distribution of patients with
(= 1) or without (= 0) the observed outcome. B, Survival (mRS score, 0-5) in the
validation cohort (n = 3260). The overall observed proportion of patients with

mRS score 0 to 5 in the validation cohort was similar to the predicted
proportion using our model (72% vs 75%). The linear bar chart shows the
distribution of patients with (= 1) or without (= 0) the observed outcome. The
shading around the flexible calibration line indicates the 95% confidence limits.
MR CLEAN indicates Multicenter Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands.
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cedural NIHSS score is a major predictor of long-term functional
outcome.6,7,25,29-31 Although the ASPECTS scale at baseline was
not included in the current model, it might also become an in-
dependent predictor of outcome in populations including pa-
tients with lower ASPECTS scale resulting from the recent posi-
tive results for EVT in patients with large ischemic scores at
baseline.32-34 Interestingly, time from stroke onset to arterial
puncture was not included in the prognostic tool for out-
come prediction after EVT. We emphasize that this does not
mean that time is not important for the prediction of out-
come after EVT but suggest that the well-established effect of
time on outcome35 is captured in other (postprocedural) char-
acteristics, such as the NIHSS score at 24 hours. Two models,
the POST score and Gender, Age, Diabetes Mellitus History, In-
farct Volume, Current Smoker (GADIS) score,10,24 included fol-
low-up infarct volume, as this is known to be a strong inde-
pendent predictor of outcome after EVT.36 In our study, FIV
improved the performance of the model. FIV was assessed on
follow-up between 12 hours and 2 weeks; therefore, the ob-
served improvement is probably an overestimation of the im-
provement with assessment 1 day after EVT. In addition, in
many countries, including the Netherlands, patients do not rou-
tinely undergo follow-up CT or MRI. As the prognostic tool for
outcome prediction after EVT was specifically designed for use
in clinical practice within 1 day after EVT, FIV was not consid-
ered for inclusion in the model. Moreover, as there is a desire
to inform patients and their family members quickly after treat-
ment, other postprocedural characteristics beyond 1 day that
may also influence functional outcome, such as the occur-
rence of pneumonia or (the intensity) of rehabilitation, were
not analyzed. In addition, several important prognostic fac-
tors, such as socioeconomic status, cultural expectations, and
treatment restrictions, were unavailable.

This model may be of use to neurologists, stroke physicians,
andrehabilitationspecialists,resultinginmorehomogeneousout-
come prediction across different physicians. By providing more
objective data of expected outcomes, the model can be used to
guide physicians in adapting and personalizing their patients’
follow-up and rehabilitation plans, including discharge destina-
tion. The accuracy of outcome prediction by physicians alone has
shown to be insufficient for these types of decisions.37 However,

treatment decisions such as treatment restrictions or the inten-
sity of rehabilitation probably contributed to the predicted out-
come at 90 days. This limitation applies to the large majority of
prediction models after stroke. Nonetheless, a more accurate es-
timationofapatients’prognosiscouldalsobeusedincertainother
situations, such as assisting families in planning long-term hous-
ingarrangements.Externalfactors,suchashousingcircumstances
andsocialsupport,becomemoreimportantwhenapooroutcome
is likely. Furthermore, prediction of outcome provides us with
probabilities; even with a 99% predicted probability of survival,
the patient might still die. In addition, outcome predictions are
most uncertain and potentially inaccurate in patients who are un-
derrepresentedinthedevelopmentpopulation,suchasthosewho
are very old, have a high prestroke mRS score, or in uncommon
combinations,suchasalowNIHSSscoreat24hoursdespitesICH.
As a prognostic model cannot replace clinical judgment, particu-
larly in these patients, the prognostic tool for outcome prediction
afterEVTshouldbeusedasacomplementarytooltoaidthetreat-
ing physician.

Strengths and Limitations
A major strength of this study is that it was developed on a
large heterogeneous data set generated from patients with
ischemic stroke treated with EVT in many different coun-
tries throughout Europe, North America, East Asia, and
Oceania. It was externally validated in a large Dutch regis-
try, which includes patients treated in clinical practice. This
registry is more heterogeneous than RCTs in terms of
patient characteristics, representing current clinical
practice. This makes the model widely applicable and
improves its applicability in daily clinical practice. The
increasing experience with EVT over time, resulting in bet-
ter outcomes, is likely the cause of the suboptimal calibra-
tion, which is why the model was updated. Unfortunately
for several reasons, prognostic models have been adopted
to a limited extent only by the stroke community.38 Models
are perceived as being too complicated, too generic, not
intuitive enough, or may require information that is not rou-
tinely available. Therefore, we aimed to develop and
directly externally validate a simple online clinical tool,
based on routinely available preprocedural and postproce-

Figure 2. Screenshot of the Online Tool

CTA indicates computed tomography
angiography; eTICI, extended
thrombolysis in cerebral infarction;
ICH, intracranial hemorrhage; M1,
middle cerebral artery segment 1;
MCA, middle cerebral artery; NIHSS,
National Institutes of Health Stroke
Scale.
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dural characteristics. Finally, patients who had undergone
EVT after 12 hours of symptom onset, those with low
ASPECTS scale, or those with posterior circulation stroke
were not included in HERMES nor in MR CLEAN Registry. It
stands to reason, however, that especially for patients who
underwent EVT after 12 hours of symptom onset, predic-
tions of the current model will still be accurate. Yet, to make
the prognostic tool for outcome prediction after EVT appli-
cable to a wider range of patients, it needs to be externally
validated in data sets beyond the current development and
validation data, and then be updated to keep predictions up
to date for contemporary patients.

Conclusions

The prognostic tool for outcome prediction after EVT in-
cludes 9 preprocedural and postprocedural clinical and radio-
logic characteristics and can be applied 1 day after EVT to ac-
curately predict functional outcome at 90 days. It provides
patients, family members, and physicians with reliable out-
come expectations and may assist physicians in personaliz-
ing their patients’ follow-up and rehabilitation plans. The
model is available online for clinical use and will need further
validation and updating to optimally support stroke care.
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