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AbSTrACT
background Variability in early neurological 
improvement after endovascular thrombectomy (eVT) for 
large vessel occlusion (LVO) stroke is well documented. 
Understanding the temporal progression of functional 
independence after eVT, especially delayed functional 
independence in patients who do not experience early 
improvement, is essential for prognostication and 
rehabilitation.
Objective To determine the incidence of early and 
delayed functional independence and identify associated 
predictors after eVT.
Methods a retrospective analysis of prospectively 
collected data on patients undergoing eVT in the setting 
of anterior circulation LVO was performed. Demographic, 
clinical, radiological, treatment, and procedural 
information were analyzed. incidence and predictors 
of early functional independence (eFi, modified rankin 
scale (mrs) score 0–2 at discharge) and delayed 
functional independence (DFi, mrs score 0–2 at 90 days 
in non- eFi patients) were analyzed.
results Three hundred and fifty- five patients met the 
study criteria. 55% were women and mean age was 
71±15. Mean National institutes of Health stroke scale 
(NiHss) score was 17±6 and median alberta stroke 
Program early CT score was 9 (8-10). eFi was observed 
in 21% (73) of patients. among non- eFi patients (282), 
DFi was observed in 30% (85) of patients. shorter 
time to treatment (p=0.03), lower 24 hours NiHss 
score (p<0.001), and smaller follow- up infarct volume 
(p=0.003) were independent predictors of eFi. Younger 
age (p=0.011), lower 24 hours NiHss score (p=0.001), 
and absence of parenchymal hemorrhage (PH2; 
p=0.039) were independent predictors of DFi.
Conclusion approximately one- fifth of patients 
experience eFi and one- third of non- early improvers 
experience DFi. Younger age, lower 24 hours NiHss 
score, and absence of parenchymal hemorrhage 
were independent predictors of DFi among non- early 
improvers. Further studies are required to improve our 
understanding of DFi.

InTrOduCTIOn
Endovascular thrombectomy (EVT) is the stan-
dard of care for anterior circulation large vessel 
occlusion (LVO) strokes.1 Despite strict patient 
selection and high rates of recanalization with 

EVT in randomized controlled trials, only ~50% 
of patients achieve functional independence at 90 
days.2 Heterogeneity in early neurological improve-
ment after EVT is well- documented. At 24 hours 
following EVT, approximately 20% of patients 
have a National Institutes of Health Stroke Scale 
(NIHSS) score of 0-2.2–4 Furthermore, delayed 
functional independence is observed in a subset of 
patients who do not experience early improvement. 
This phenomenon has been referred to as ‘stunned 
brain'.5 6 Understanding the temporal progression of 
functional independence after EVT is essential for 
prognostication and rehabilitation. Recanalization 
dynamically alters stroke injury and recovery mech-
anisms and represents a key initial step to improve 
outcomes after LVO stroke. Data on characteristics 
and predictors of early (EFI) and delayed functional 
improvements (DFI) after EVT are limited. In this 
study, we aim to describe the characteristics and 
incidence of EFI and DFI and identify associated 
predictors after EVT.

MeThOdS
Using the Get With the Guidelines database, a 
retrospective analysis of prospectively collected 
data was performed for all patients presenting with 
acute ischemic stroke to a comprehensive stroke 
center between January 2015 and February 2018. 
Demographic characteristics, clinical and radiolog-
ical data, and treatment and procedural informa-
tion were collected and analyzed. This study was 
approved by the local institutional review board. 
Data used to prepare this manuscript may be made 
available on reasonable request.

Patient selection
Patients with acute ischemic stroke who presented 
to a single comprehensive stroke center and under-
went EVT during the study period were analyzed. 
Occlusion location was confirmed by CT angiog-
raphy, magnetic resonance angiography, and/or 
cerebral angiography. The decision to offer endo-
vascular therapy was determined by a vascular 
neurologist and treating neurointerventionalist after 
detailed discussion with the patient and their family. 
Patients with good baseline functional status (modi-
fied Rankin Scale (mRS) score 0–2) who received 
EVT for occlusion of an anterior circulation artery 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2020-016111 on 2 June 2020. D
ow

nloaded from
 

http://jnis.bmj.com/
http://www.snisonline.org
http://orcid.org/0000-0002-4503-5827
http://orcid.org/0000-0002-9454-0678
http://crossmark.crossref.org/dialog/?doi=10.1136/neurintsurg-2020-016111&domain=pdf&date_stamp=2020-08-02
http://jnis.bmj.com/


838 Desai sM, et al. J NeuroIntervent Surg 2020;12:837–841. doi:10.1136/neurintsurg-2020-016111

Ischemic Stroke

Figure 1 Flow chart. DFI, delayed functional independence; EFI, early 
functional independence; LVO, large vessel occlusion; mRS, modified 
Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction.

Figure 2 Receiver operating curve for the ability of early functional 
independence to predict modified Rankin Scale score 0–2 at 90 days.

(intracranial internal carotid artery and/or middle cerebral artery 
segment 1 (M1)) and achieved successful recanalization (modi-
fied Thrombolysis in Cerebral Infarction (mTICI) ≥2b) were 
included in the study.

baseline characteristics
Baseline demographic (age, sex), clinical (stroke severity, 
time from symptom onset, risk factor profile), and radio-
graphic (pretreatment Alberta Stroke Program Early CT Score 
(ASPECTS), occlusion location) data, and information on proce-
dural technique and efficiency were collected and analyzed by 
a vascular neurologist blinded to patient outcomes. Addition-
ally, follow- up infarct volumes (FIVs) were manually calculated 
(product of slice thickness and sum of area of region of interest 
across all slices) on the postprocedure (24±12 hours) CT head 
or MRI- DWI.

Outcomes
Early functional independence (EFI) was defined as mRS score 
0–2 at discharge. Consequently, delayed functional indepen-
dence was defined as achieving mRS score 0–2 at 90 days among 
non- EFI patients. Functional independence was determined by 

mRS score in the clinic setting by a vascular neurologist (65%) 
or via telephone by a specialized nursing professional trained 
in stroke care (35%). Safety outcomes included parenchymal 
hemorrhage (PH1 or PH2), symptomatic intracranial hemor-
rhage, and mortality.

Statistical analyses
Continuous variables are reported as mean±SD or median with 
interquartile range (as appropriate), and categorical variables 
are reported as proportions. Between- groups comparison for 
continuous variables was performed using Student’s t- test and 
categorical variables using Chi- square test or Fisher exact test, 
as appropriate. Univariable analysis was performed for base-
line characteristics between EFI and non- EFI groups as well as 
between DFI and non- DFI subgroups (among non- EFI patients). 
Exploratory analyses were performed, comparing EFI with DFI 
groups. Multivariable logistic regression analysis was performed 
to identify predictors of DFI. Variables with a p value of <0.2 
on univariate analysis were used for multivariable logistic regres-
sion. Our analysis was performed on patients achieving mTICI 
≥2b recanalization. Associations are presented as OR with 
95% CI. Significance was defined as p value ≤0.05. Statistical 
analysis was performed using IBM SPSS Statistics 23 (IBM- 
Armonk, New York, USA).

reSulTS
Patient demographics
Three hundred and fifty- five patients met the study criteria 
(figure 1). Fifty- five percent of patients were female and mean 
age was 71±15 years. Mean NIHSS score was 17±6 and median 
ASPECTS was 9 (IQR 8–10). Mean time last known well (TLKW) 
to comprehensive stroke center arrival was 9±11.6 hours and 
59% (211) of patients received EVT within 6 hours. IV tissue 
plasminogen activator (tPA) was received by 36% (128), and 
34% (121) harbored an internal carotid artery occlusion. Highly 
successful recanalization (mTICI ≥2c) was achieved in 15% (54) 
of patients. Overall, mRS score 0–2 at 90 days was observed in 
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Table 1 Baseline characteristics and outcomes

Characteristics and outcomes eFI (73) non- eFI (282) P value

Among non- eFI (282)

dFI (85) non- dFI (197) P value

Mean age (SD) 65.3 (14.3) 71.9 (14.6) 0.001 67.0 (15.4) 74.0 (13.8) 0.000

Male sex, % (n) 50.7 (37) 43.6 (123) 0.294 48.2 (41) 41.6 (82) 0.360

Mean pretreatment NIHSS score (SD) 13.2 (5.7) 17.8 (5.8) 0.000 16.9 (6.4) 18.1 (5.5) 0.103

Median ASPECTS (IQR) 9 (9–10) 9 (8–10) 0.018 9 (9–10) 9 (8–10) 0.124

Mean TLKW to arrival (SD) 398.2 (382.5) 582.8 (755.9) 0.049 544.1 (669.6) 599.4 (791.1) 0.578

TLKW to arrival >6 hours, % (n) 32.9 (24) 42.6 (120) 0.143 37.6 (32) 44.7 (88) 0.296

Hypertension, % (n) 63.0 (46) 77.3 (218) 0.016 67.1 (57) 81.7 (161) 0.009

Hyperlipidemia, % (n) 46.6 (34) 55.3 (156) 0.190 44.7 (38) 59.9 (118) 0.020

Diabetes mellitus, % (n) 13.7 (10) 25.5 (72) 0.042 20.0 (17) 27.9 (55) 0.182

Atrial fibrillation, % (n) 28.8 (21) 37.6 (106) 0.172 29.4 (25) 41.1 (81) 0.062

Smoking, % (n) 32.9 (24) 23.0 (65) 0.096 31.8 (27) 19.3 (38) 0.030

Prior stroke, % (n) 17.8 (13) 17.7 (50) 1.000 12.9 (11) 19.8 (39) 0.179

CAD/CHF % (n) 28.8 (21) 29.4 (83) 1.000 22.4 (19) 32.5 (64) 0.090

Occlusion location: internal carotid artery, % (n) 28.8 (21) 35.5 (100) 0.333 32.9 (28) 36.5 (72) 0.590

IV tPA, % (n) 41.1 (30) 34.8 (98) 0.340 45.9 (39) 29.9 (59) 0.014

mTICI ≥2c, % (n) 23.3 (17) 13.1 (37) 0.043 14.1 (12) 12.7 (25) 0.848

Mean 24 hours NIHSS score (SD) 2.9 (3.5) 12 (7.9) <0.001 8.1 (4.9) 13.2 (8.4) <0.001

PH 1/2, % (n) 6.8 (5) 24.5 (69) 0.001 15.3 (13) 28.4 (56) 0.023

Follow- up infarct volume (mL) 10.2±11.2 61.9±71.9 <0.001 37.2±39.4 72.2±79.6 <0.001

mRS score 0–2 at 90 days, % (n) 94.5 (69) 30.1 (85) 0.000 100 (85) Mean mRS 4.6±1.2 NA

Mortality, % (n) 4.1 (3) 26.6 (75) 0.000 0 (0) 38.1 (75) NA

ASPECTS, Alberta Stroke Program Early CT Score; CAD, coronary artery disease; CHF, congestive heart failure; DFI, delayed functional independence; EFI, early functional 
independence; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale; PH, parenchymal hemorrhage; 
TLKW, time last known well; tPA, tissue plasminogen activator.

43.4% (154), mortality at 90 days occurred in 22% (78), and 
mean FIV was 51.8±67.8 mL.

early and delayed functional independence
Modified Rankin Scale score 0–2 at discharge (EFI) was observed 
in 21% (n=73) of patients and the remainder (79%) did not 
experience EFI (non- EFI). Of the 282 patients who did not 
experience EFI, 85 (30%) eventually achieved DFI (figure 1).

Predictive value of eFI
The proportion of patients with mRS score 0–2 at 90 days was 
significantly higher in the EFI group than in the non- EFI group 
(95% vs 30%, p≤0.01). The positive and negative predictive 
values of EFI to achieve mRS score 0–2 at 90 days were 94.5% 
and 69.8%, respectively. The receiver operator curve analysis 
for the ability of EFI to predict mRS score 0–2 at 90 days had 
an area under the curve of 0.71 (0.65–0.77, p≤0.01) (figure 2). 
Additionally, 55.2% of patients with mRS score 0–2 at 90 days 
had not experienced EFI.

early functional independence versus non-early functional 
independence
In univariate analysis comparing patients with EFI with non- EFI, 
those who experienced EFI were significantly younger (65 vs 72 
years, p=0.001) and had lower rates of hypertension (63% vs 
77%, p=0.016) and diabetes mellitus (14% vs 26%, p=0.042). 
EFI patients had significantly lower NIHSS score at presentation 
(13% vs 18%, p<0.01) and a shorter time from last known well 
to arrival at a comprehensive stroke center (6.6 vs 9.7 hours, 

p=0.049). Patients with EFI had higher rates of mTICI ≥2c 
(23% vs 13%, p=0.043) and experienced lower incidence of 
PH1/2 (7% vs 25%, p<0.01). FIV was significantly lower in 
EFI patients (10.2±11.2 vs 61.9±71.9 mL, p≤0.001). Finally, 
EFI patients demonstrated significantly higher rates of mRS 
score 0–2 at 90 days (95% vs 30%, p<0.01) and lower all- cause 
mortality at 90 days (4% vs 27%, p<0.001). In multivariate 
analysis, shorter TLKW to arrival (OR=0.99 (0.98–1), p=0.03), 
lower 24 hours NIHSS score (OR=0.76 (0.67–0.85), p<0.001) 
and FIV (OR=0.96 (0.93–0.98), p=0.003) were independent 
predictors of EFI (table 1).

delayed functional independence versus non-delayed 
functional independence
In univariate analysis comparing patients with DFI with non- 
DFI, patients who experienced DFI were significantly younger 
(67 vs 74 years, p<0.01) and had a significantly lower propor-
tion of vascular risk factors, including hypertension (67% vs 
82%, p=0.009), hyperlipidemia (45% vs 60%, p=0.02), and 
tobacco use (32% vs 19%, p=0.03). They had a higher propor-
tion of IV tPA use (46% vs 30%, p=0.014), reduced occurrence 
of PH1/2 (15% vs 28%, p=0.023), and lower FIV (37.2±39.4 
vs 72.2±79.6, p≤0.001). In multivariate analysis, younger age 
(p=0.011), lower 24 hours NIHSS score (p=0.001) and absence 
of parenchymal hemorrhage (PH2; p=0.039) were independent 
predictors of DFI. Rates of EFI (22% vs 16%, p=0.18) and DFI 
(31% vs 27%, p=0.47) were comparable between American 
Heart Association (AHA)/American Stroke Association eligible 
and non- eligible patients (table 1).
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Table 2 EFI, DFI and mRS score 0–2 predictor

eFI predictors dFI predictors
Overall, mrS 0–2 
predictors

Significant 
predictors on 
multivariate 
analyses

Lower 24 hours 
NIHSS
Lower FIV
Shorter time to 
treatment

Lower 24 hours 
NIHSS
Younger age
Absence of PH2

Lower 24 hours 
NIHSS
Younger age
Lower FIV
Higher ASPECTS
Absence of PH2

ASPECTS, Alberta Stroke Program Early CT Score; DFI, delayed functional 
independence; EFI, early functional independence; FIV, follow- up infarct volume; 
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; PH, 
parenchymal hemorrhage.

Table 3 EFI versus DFI

eFI (n=73) dFI (n=85) P value

Mean age (SD) 65.3 (14.3) 67.0 (15.4) 0.492

Male sex, % (n) 50.7 (37) 48.2 (41) 0.873

Mean NIHSS score (SD) 13.2 (5.7) 16.9 (6.3) 0.191

Median ASPECTS (IQR) 9 (9–10) 9 (9–10) 0.219

Mean TLKW to arrival 
(SD)

398.2 (382.5) 544.1 (669.6) 0.109

TLKW to arrival 
>6 hours, % (n)

32.9 (24) 37.6 (32) 0.617

Hypertension, % (n) 63.0 (46) 67.1 (57) 0.619

Hyperlipidemia, % (n) 46.6 (34) 44.7 (38) 0.873

Diabetes mellitus, % (n) 13.7 (10) 20.0 (17) 0.397

Atrial fibrillation, % (n) 28.8 (21) 29.4 (25) 1.000

Smoking, % (n) 32.9 (24) 31.8 (27) 1.000

Prior stroke, % (n) 17.8 (13) 12.9 (11) 0.506

CAD/CHF, % (n) 28.8 (21) 22.4 (19) 0.366

Occlusion location: 
internal carotid artery, 
% (n)

28.8 (21) 32.9 (28) 0.608

IV tPA, % (n) 41.1 (30) 45.9 (39) 0.630

mTICI ≥2c, % (n) 23.3 (17) 14.1 (12) 0.154

Follow- up infarct volume 
(mL)

10.2±11.2 37.2±39.4 <0.001

PH1/2, % (n) 6.8 (5) 15.3 (13) 0.132

ASPECTS, Alberta Stroke Program Early CT Score; CAD, coronary artery disease; CHF, 
congestive heart failure; DFI, delayed functional independence; EFI, early functional 
independence; mTICI, modified Thrombolysis in Cerebral Infarction; NIHSS, National 
Institutes of Health Stroke Scale; PH, parenchymal hemorrhage; TKLW, time last 
known well; tPA, tissue plasminogen activator.

Predictors of EFI, DFI, and mRS score 0-2 at 90 days are 
shown in table 2.

early functional independence versus delayed functional 
independence
In univariate analysis comparing patients with EFI with those 
with DFI, EFI and DFI patients were comparable. Regression 
analyses identified shorter time to treatment (p=0.047) and 
lower FIV (p=0.001) as being associated with EFI in comparison 
with DFI (table 3).

dISCuSSIOn
The main finding of our study is that among patients with ante-
rior circulation LVO strokes who received EVT, 21% experience 

early functional independence and 30% of non- early improvers 
experience delayed functional independence. Predictors of early 
and delayed functional independence are distinct. Predictors of 
early functional independence include shorter time to treatment, 
lower 24 hours NIHSS score, and smaller follow- up infarct 
volume, whereas predictors of delayed functional independence 
after no early improvement include younger age, lower 24 hours 
NIHSS score, and absence of parenchymal hemorrhage.

Post- EVT improvement in stroke severity7–9 and NIHSS score- 
based trajectory groups (patients experiencing largest improve-
ment in NIHSS score within 2 days after thrombectomy)10 have 
high sensitivity and specificity for predicting long- term outcome. 
Our study confirms this previous observation and finds that EFI 
can positively predict 90- day functional independence (positive 
predictive value 95%). However, we also find that the lack of 
EFI cannot rule out eventual functional independence, as DFI 
was observed in 30% of non- early improvers. Furthermore, of 
all patients with mRS score 0–2 at 90 days, 55% did not have 
mRS 0–2 at hospital discharge.

Similar to our study, prior reports have identified younger age, 
lower NIHSS score, and higher ASPECTS as predictors of func-
tional independence at 90 days after EVT.2 A subset of patients 
who do not experience early improvement will experience DFI. 
Prior studies have not reported on the incidence and predictors 
of DFI.

In the absence of early clinical improvement, it is important 
to guide care and manage expectations. Our large retrospec-
tive series adds important insight into the real- world incidence 
of DFI and its predictors. The frequency of DFI in this study 
is consistent with prior studies. Bang et al6 found that among 
the 69 patients who received IV tPA or EVT, 40% experienced 
functional independence in a delayed fashion. Alexandrov and 
colleagues analyzed middle cerebral artery M1 and M2 strokes 
receiving IV tPA and reported that approximately 37% patients 
with recanalization experienced ischemic stunning and eventu-
ally had delayed recovery.5

Potential reasons for lack of early improvement despite 
adequate recanalization include vascular factors (proximal 
re- occlusion of the index lesion,11 12 persistent or new distal 
occlusion in a small caliber vessel13 supplying eloquent paren-
chyma), microcirculation failure (no- reflow phenomenon),14 15 
and parenchymal factors (large volume of infarcted parenchyma, 
futile reperfusion into little salvageable penumbra or dead brain 
tissue, or ischemic- reperfusion injury).16 17 Parenchymal edema 
due to ischemia, hemorrhage in ischemic bed,18 and/or yet to be 
delineated injury mechanisms due to persistent ischemic envi-
ronment may also play a role. Resolution of edema,19 resolution 
of hemorrhage, delayed recovery of cerebral microcirculation, 
and increase in stroke healing mechanisms (plasticity of cortical 
projections,20 reorganization of damaged neurons,21 and contra-
lateral hemispheric compensation) over time may contribute to 
delayed functional independence after EVT.

Stunned brain may be mechanistically comparable to stunned 
heart. Stunned myocardium is viable myocardium salvaged by 
coronary reperfusion that exhibits prolonged post- ischemic 
dysfunction after reperfusion.22 Predictors of late improvement 
in contractile function after acute myocardial function include 
early treatment (associated with smaller infarct burden) and 
higher contractile reserve.23 In the brain, these determinants 
may be comparable to pretreatment NIHSS score and age, 
respectively.

In this study, we have established a temporal change in the 
predictors of good outcome. Predictors of EFI in our study 
population include shorter time to treatment, lower 24 hours 
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NIHSS score, and lower FIV, indicating the importance of stroke 
severity, stroke burden and time. In the delayed phase, predictors 
of good outcome include younger age, lower 24 hours NIHSS 
score, and absence of hemorrhage. These findings suggest that 
recovery mechanisms are more robust in the young, are related 
to stroke severity after treatment, and are more effective in the 
absence of irritants like blood.

DFI represents an important subgroup of patients with respect 
to prognostication and rehabilitation resource allocation after 
EVT. Prevention of parenchymal hemorrhage, even when silent, 
may be an opportunity to improve outcomes. The combined 
finding of the predictive value of EFI and factors predicting 
DFI among non- early improvers may be used to refine efficacy 
end points in future randomized controlled trials exploring the 
benefit of neuroprotection (in the acute phase), stems cells (in 
the acute and subacute phases), and stroke rehabilitation inter-
ventions (delayed phase).

Strengths
Our study has several strengths. Data on DFI in the era of EVT 
are scant. We included patients with good baseline status and 
successful recanalization to create a homogeneous dataset. 
Additionally, we incorporated known and strong predictors of 
outcomes in our regression analyses, including 24 hours NIHSS 
score and FIV. Approximately 30% of our patients do not meet 
current AHA guidelines for EVT and reflect real- world prac-
tice. Our rates of DFI are consistent with previous reports from 
patients treated with IV- tPA.

limitations
Our study is limited by its retrospective nature. Furthermore, 
our data limit us from studying more granular temporal trends 
in DFI between discharge and 90 days. Observation beyond 90 
days may increase the number of patients experiencing DFI. 
Finally, our study focuses on clinical outcome as measured by the 
categorical scale of mRS. A more detailed analysis of recovery 
itself will require a more comprehensive assessment of function-
ality at baseline and follow- up, using for example the FIM or 
ARAT score.

COnCluSIOn
Early functional independence is frequent and occurs in about 
one- third of patients with stroke who do no experience early 
functional independence after EVT. Younger age, lower 24 hours 
NIHSS score, and absence of parenchymal hemorrhage predict 
delayed functional independence among non- EFI patients. 
Further studies are required to confirm our findings and improve 
our understanding of delayed functional independence.
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