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ABSTRACT 
Background: the incidence of stroke in developing countries is increasing and it is the leading cause of longstanding disability in developed 
countries. Early prediction of future functional abilities is important for stroke management. It is intended to review whether the initial 
severity of the deficit and the imaging findings could predict long term recovering after ischemic stroke. Methods: the PubMed database 
was searched to identify studies evaluating how the initial neurological deficit and the imaging findings could predict long term recovery 
after ischemic stroke. 35 articles were selected to develop a non systematic review and the Oxford Centre for Evidence-based Medicine 
Levels of Evidence model was used to grade the quality of the found evidence. Results: age and initial deficit evaluated with the National 
Institutes of Health Stroke Scale were the best predictors of long term recovery after ischemic stroke. The severity of the deficit in specific 
categories such as upper limb functions, walking and activities of the daily life had a lower level of evidence on prediction of post-stroke 
disability. Not a definite prognostic value had been convincingly demonstrated for size of infarction. Location of the lesion, particularly 
the compromise of the cortico-spinal tract evaluated with diffusion tensor imaging appeared to be a good predictor of recovery, and the 
pattern of brain activation after stroke evaluated with functional magnetic resonance imaging or positron emission tomography scan had 
a moderate level of evidence as predictor of recovery after stroke. Conclusion: the severity of the initial deficit can be used to predict how 
well subjects will recover from an ischemic stroke and novel imaging techniques are very promising tools to predict long time recovery 
after ischemic stroke. (MÉD.UIS. 2012;25(3):229-38) 
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¿Cuál es la evidencia, de comportamiento y datos de imágenes, que podemos predecir cómo se recupera la gente 
después de un accidente cerebrovascular isquémico?

RESUMEN 
Introducción: la incidencia de enfermedad cerebro vascular en países desarrollados está en aumento y es la primera causa de discapacidad 
permanente en países desarrollados. La predicción temprana de futura funcionalidad es importante para el tratamiento de la enfermedad 
cerebro vascular. Se pretende revisar si la severidad del déficit inicial y los hallazgos radiológicos podrían predecir la recuperación 
funcional a largo plazo tras un accidente cerebro vascular isquémico. Metodología de búsqueda: se desarrolló una búsqueda bibliográfica 
en la base de datos PubMed, para identificar estudios que evalúen cómo el déficit neurológico inicial y los hallazgos radiológicos pueden 
predecir la recuperación a largo plazo en accidente cerebro vascular isquémico. Se seleccionaron 35 artículos para desarrollar una 
revisión no sistemática de la literatura y se usó como modelo de niveles de evidencia del centro de medicina basada en la evidencia de 
Oxford, para evaluar la calidad de la literatura encontrada. Resultados: la edad y el déficit inicial evaluado con la escala de enfermedad 
cerebro vascular de los Institutos Nacionales de Salud, fueron los mejores predictores de recuperación a largo plazo tras un accidente 
cerebro vascular isquémico. La severidad del déficit en categorías específicas, como por ejemplo, función del miembro superior, marcha y 
actividades de la vida diaria, tuvieron un nivel menor de evidencia en predicción de discapacidad posaccidente cerebro vascular. Un valor 
pronóstico definitivo para el tamaño del infarto no ha sido convincentemente demostrado. La localización de la lesión, particularmente el 
compromiso del tracto cortico espinal evaluado con imágenes de difusión por tensión, parece ser un buen predictor de recuperación. El 
patrón de activación cerebral tras un accidente cerebro vascular evaluado con resonancia magnética funcional y tomografía por emisión 
de positrones tuvo un moderado nivel de evidencia como predictor de recuperación tras un accidente cerebro vascular. Conclusiones: la 
severidad del déficit inicial puede ser usado para predecir recuperación neurológica tras un accidente cerebro vascular isquémico y nuevas 
técnicas radiológicas son muy prometedoras en la predicción de recuperación a largo plazo de la enfermedad cerebro vascular isquémica. 
(MÉD.UIS.2012;25(3):229-38)

Palabras clave: Accidente cerebrovascular. Predicción. Recuperación de la Función. Diagnóstico por Imagen. 
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BaCkground

Stroke is the most common cause of acquired adult 
disability in developed countries1. Estimation of 
potential recovery is essential in clinical settings, in 
order to establish realistic rehabilitation goals and 
planning the type and duration of health care and 
community support2. Several factors have been 
shown useful predicting stroke outcome; however 
inter-individual factors make accurate prediction very 
difficult and there is not any model or any technique 
is largely accepted or routinely used to predict long 
term recovery on ischemic stroke patients3. Several 
neurological domains can be affected by stroke; motor 
function and mobility, language, and Activities of Daily 
Life (ADL) are the most common used outcomes; and 
the prognosis of recovery on every of those aspects is 
influenced by a different set of factors. Additionally, 
factors predicting recovery are influenced by the 
time of assessment and kind of stroke; which make 
studies on this field very heterogeneous and their 
comparability very poor4. Evaluation of quality 
of the available evidence is extremely important 
given the huge amounts of published literature and 
the continuous and fast development on imaging 
techniques. It is intended to evaluate how good is the 
initial severity of the deficit and the imaging findings at 
predicting long time recovering after ischemic stroke. 

MEthodS

Search: a literature search was performed to identify 
studies evaluating how the initial neurological 
deficit and the imaging findings could predict long 
term recovery after ischemic stroke. The PubMed 
database (US National Library of Medicine) was 
searched using the keywords: “stroke” or “cerebral 
infarction” and “imaging” or “MRI” or “predictors” 
and “prognosis” or “recovery of function” or 
“rehabilitation” or “outcome prediction”. The 
search was limited to studies on adult humans and 
papers published after 2005 in English or Spanish 
language. The initial PubMed search retrieved 1028 
articles. The titles and abstracts of those articles 
were reviewed and an initial selection was done 
excluding papers evaluating impact of any kind of 
treatment on patient outcome as well as studies 
with poor follow up or that included patients with 
haemorrhagic strokes. Afterwards, 35 articles were 
considered relevant and their quality assessed to 
carry out a review on prediction of recovery after 

ischemic stroke. Evaluation of evidence: countless 
groups around the world work on prognosis and 
prediction of recovery after stroke, hence the 
massive amounts of published evidence. The 
optimal evidence for prognostic factors comes 
from Systematic Reviews (SR) of homogeneous 
inception cohort studies or scoring systems 
validated in different populations5. However, the 
majority of the found papers are SR with qualitative 
results; not validated scoring systems, and cohort 
studies with design and quality issues that need 
to be well evaluated and interpreted in order to 
translate their findings to the clinical grounds6. The 
Oxford Centre for Evidence-based Medicine Levels 
of Evidence model, updated in 20097 (see Table 1); 
has a specific section for studies on prognosis which 
has been shown applicable to studies on prediction 
of recovery in stroke8. It will be used across this 
manuscript to grade the quality of the available 
evidence; based on personal appraisal of five main 
aspects: population features, evaluated prognostic 
factors and outcomes, use of comparison groups 
and study design. 

Table 1. Oxford Centre for Evidence-based Medicine Levels of 

Evidence7.

Level Prognosis

1a
SR (with homogeneity*) of inception 
cohort studies; CDR† validated in different 
populations

1b
Individual inception cohort study with > 
80% follow-up; CDR† validated in a single 
population

1c All or none case-series

2a
SR (with homogeneity*) of either 
retrospective cohort studies or untreated 
control groups in RCTs

2b

Retrospective cohort study or follow-up 
of untreated control patients in an RCT; 
Derivation of CDR† or validated on split-
sample only §§§

2c “Outcomes” Research 

3
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Level Prognosis

4
Case-series and poor quality prognostic 
cohort studies***

5
Expert opinion without explicit critical 
appraisal, or based on physiology, bench 
research or “first principles”

Produced by: B. Phillips, C. Ball, D. Sackett, et al. (1998). Updated 

by J. Howick (2009).

By homogeneity we mean a Systematic Review (SR) that is free of 

worrisome variations (heterogeneity) in the directions and degrees 

of results between individual studies. Not all systematic reviews 

with statistically significant heterogeneity need be worrisome, and 

not all worrisome heterogeneity need be statistically significant.

† Clinical Decision Rule (CDR). (These are algorithms or scoring 

systems that lead to a prognostic estimation or a diagnostic category.)

§§§ Split-sample validation is achieved by collecting all the 

information in a single tranche, then artificially dividing this into 

“derivation” and “validation” samples.

*** By poor quality prognostic cohort study we mean one in 

which sampling was biased in favour of patients who already 

had the target outcome, or the measurement of outcomes was 

accomplished in <80% of study patients, or outcomes were 

determined in an unblinded, non-objective way, or there was no 

correction for confounding factors.

rESultS

Prediction of recovery scales Multiple scales and 
scoring systems have been proposed to accurately 
predict functional recovery after stroke, but not any 
Clinical Decision Rules (CDR) has been rigorously 
validated in different populations; and reached 
enough level of evidence to be routinely used9,10. 
However, studies doing scales and predicting scores 
have been essential to demonstrate that the initial 
severity of the deficit measured with the score of the 
National Institutes of Health Stroke Scale (NIHSS) 
can predict long term recovery after stroke. The 
NIHSS is a simple systematic assessment tool that 
provides quantitative measure of stroke-related 
neurologic deficit. It is based on clinical examination 
of consciousness, motor and sensory function, visual-
fields, coordination, language and attention; takes 
less than ten minutes to complete and the scores 
range from 0 to 42, with 0 as normal11. 

The fundamental prognostic importance of NIHSS 
was stated in a study in Germany; they proposed 
and validated an early prognostic mathematical 
index based on two variables, age and NIHSS, which 

could predict correctly 83.2 % of the patients who 
had complete functional recovery [Barthel Index 
(BI) > 95] and 91.5 % of the surviving patients 100 
days after the stroke11. BI is an ordinal quantitative 
scale used to measure performance in ADL. External 
factors from the environment affect the score of 
each item. A higher score is associated with a greater 
likelihood of being able to live at home with a certain 
degree of independence following discharge. It is 
used as an outcome to evaluate long term disability 
in different conditions12. That was a well-designed 
inception cohort study validated in one population 
with a follow up rate of 83.3 % (level of evidence 1b); 
nonetheless, it did not evaluate the predictive value of 
NIHSS independently11. More recently, two attempts 
to produce CDR scales have reconfirmed the value 
of NIHSS to predict long term recovery of stroke. 
Vora et al. developed a scale to predict outcome 
after cortical middle cerebral artery infarction, and 
validated it in an independent population11. Five 
independent predictors of outcome were found: 
age, NIHSS (OR, 1.17; 95% CI, 1.06 to 1.30; P: 0.003), 
infarct volume, admission white blood cell count and 
presence of hyperglycaemia. It was a retrospective, 
single centre, cohort study (129 patients) that defined 
the outcome as a modified Ranking Score (mRS) of > 
2 at 30 days and used multivariable analysis to assess 
independency of the predictor factors, level of 
evidence 2b13. The mRS is a scale useful for measuring 
the degree of disability or dependence in the ADL 
of patients who have suffered of a stroke. It is now 
the most widely used clinical outcome measure on 
stroke research. The scale runs from 0 to 6, with zero 
as perfect health and 6 as death14.

Similarly, Muscari et al developed a simple scoring 
system for prediction of recovery at nine months after 
the stroke. Five risk factors were found significant 
and they compose the Bologna Outcome Algorithm 
for Stroke. The included prognosis factors where 
again NIHSS ≥10 and age ≥78, accompanied by the 
need of urinary catheter, oxygen administration, and 
persistence of upper limb paralysis at discharge. This 
was a retrospective cohort study (221 patients) with 
ischemic stroke not undergoing thrombolysis, 10.8 % of 
missing data; and validated in a group of 100 patients 
of the same institution; level of evidence 2b15. As it can 
be seen one of the studies evaluated the patients at 
one month, the other one at 100 days and the last one 
at 9 months, it make them not only no comparable 
but more important, it rises the importance of time 
on evaluation of prognostic factors and outcomes in 
studies of stroke recovery 12,16. 



Rojas a MéD.UIS. 2012;25(3):229-38

232

Despite the poor quality of the studies, cumulative 
evidence support the predictive value of NIHSS17,18; 
furthermore, it has been shown suitable to evaluate 
and predict recovery of different aspects such as 
motor function, ADL and language9,19. NIHSS can be 
easily done in the bedside and seems not to be highly 
influenced by the time of evaluation in the first nine 
days post stroke which makes of it a high quality 
predictive tool20. 

Two important points are extracted from studies on 
scoring systems; first, age is the strongest predictor 
of recovery in all kind of stroke and is generally 
accepted in the clinical and research field6,9,21. 
Secondly, the evidence for stroke size is controversial 
and not enough to support CDR; we will come back 
to it on the section of imaging studies. 

prognoSiS faCtorS in diffErEnt doMainS

Not all the studies produce scoring models using 
global evaluations, but some of them evaluate single 
prognostic factors that could impact recovery in 
specific domains as motor function, independency 
or ADL and language function (see Table 2). Two 
systematic reviews have been done to evaluate 
prediction of upper motor limb function recovery 
after stroke. Chen et al systematically reviewed 
the literature to identify the best predictors 
of arm-specific motor recovery. They assessed 

methodological quality of 56 studies published 
between 1979 and 2008 using a score system based 
on internal, statistical and external validity; and found 
that only 36% of them were of high methodological 
quality (score ≥10 of 15). Analysis with the best 
evidence criteria showed initial neurophysiologic 
factors and initial motor capability as the best 
predictors of upper limb motor recovery22. The most 
important issue raised in the statistical analysis was 
the heterogeneity of the systems used to evaluate 
the initial deficit and the scales measuring the 
outcomes in the studies; which made a quantitative 
analysis of prognostic factors impossible. More 
recently Coupr and others reviewed and summarized 
58 poor quality studies to conclude that baseline 
measures of upper limb impairment and function 
were significant predictors of upper limb recovery3; 
OR 14.84 (95% CI 9.08–24.25) and 38.62 (95% CI 
8.40–177.53), respectively. Again, the interpretation 
of the results is complicated by methodological 
factors such as variations in study populations, the 
selected predictors, the used outcome scales, and 
timing of baseline and outcome assessments23. 
Those SR reached similar results and that evidence 
is very important and conclusive; however their level 
of evidence is still not optimal (2b, see Table 2), and 
more homogeneous cohort studies are needed to 
definitely demonstrate that initial measures of upper 
limb function and impairment, and neurophysiological 
measures can predict upper limb recovery3. 

Table 2. Studies evaluating behavioural factors as predictors of long term recovery after stroke. 

Author, 
year of 

publication

Study 
design Population Prognostic factors Domain Outcome Comparison Level of 

evidence

Coupar et 
al, 20123

Systematic 
review 

58 
heterogeneous 

studies. 

Baseline measures 
of upper limb 

impairment and 
function 

Neurophysiologic 
assessment 

Motor, 
upper 
limb 

Upper limb 
function 
recovery

No comparable, 
qualitative 
analysis

2b

Chen and 
Winsten 
200922

Systematic 
review

56 articles 

Sensorimotor 
upper limb 

function (different 
tests)

Neurophysiologic 
assessment

Motor, 
upper 
limb 

Upper limb 
function 
recovery 

(different tests)

No comparable, 
qualitative 
analysis

2b

Craig et al 
201124

Systematic 
review

5 articles

Age, severity of 
paresis, reduced 

leg power, 
hemianopia, size 

of brain lesion and 
type of stroke

Mobility
Walking
(different 

definitions)

Heterogeneous 
studies, no 
comparable

3
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Author, 
year of 

publication

Study 
design Population Prognostic factors Domain Outcome Comparison Level of 

evidence

Veerbeek 
et al 

201125; 
EPOS

Prospective 
Cohort 
study

154 patients

Independent 
sitting balance 
(Trunk Control 
Test; 30 sec)

Strength of the 
hemi paretic leg
(Motor Index leg)

Mobility
Walking

(independent 
gait)

Not validated 
in different 
populations

2b

Veerbeck et 
al 201129; 

EPOS

Systematic 
review

48 studies
Age, upper limb 
paresis, baseline 

deficit NIHH
ADL

Independence 
in ADL

( measured 
with BI, mRS, 

Glasgow 
outcome scale)

Heterogeneous 
group of study, 

qualitative 
analysis

3

Kwakkel et 
al 201020; 
EPOS

Prospective 
Cohort 
study

188 patients NIHSS ADL
BI Not validated in 

other population
1c

Another landmark for motor recovery is mobility; 
particularly walking, which highly impacts 
independence and functionality and was the 
scope of a SR made by Craig et al. A group of five 
heterogeneous, non-comparable studies evaluating 
patients within one week post stroke were included; 
they did not meet the majority of the criteria for 
good prognostic research and only two of them 
developed a prognostic model based on multivariate 
analysis. Walking was evaluated for all the studies, 
but their outcome measure systems were different. 
They found that age, severity of paresis, reduced leg 
power, presence of hemianopia, size of brain lesion 
and type of stroke were predictive or associated with 
walking within 30 days post-stroke24. That study can 
be described as a SR because it used a planned search 
strategy; however, the analysis was qualitatively done 
and not any integrating parameter was obtained. The 
Oxford model of evidence grading does not have a 
specific level for heterogeneous SR, that is why the 
formerly described SR were arbitrarily assigned a level 
of evidence 2b; however, the latter paper does not 
even reach that level of evidence (level of evidence 3, 
see Table 2). By the time that review was being done, 
the Early Prediction of functional Outcome after 
Stroke (EPOS) group was working on a prospective, 
multicenter cohort study to evaluate if independent 
gait at six months can be accurately predicted based 
on simple clinical tests within the first 72 hours. A group 
of 154 first-ever ischemic stroke patients unable to 
walk independently were assessed and a multivariable 
logistic model was used to identify prognostic factors 

for regaining independent gait. Patients with an 
independent sitting balance (Trunk Control Test–
sitting; 30 seconds) and strength of the hemiparetic 
leg (Motricity Index leg) on day two poststroke had 
a 98% probability of achieving independent gait at 6 
months compared with a probability of 27% in patients 
who were unable to sit independently for 30 seconds 
and were hardly or not able to contract the muscles of 
the paretic lower limb25. It was a well-designed study 
with 85 % follow up; and their conclusion are well 
founded, however the absence of external validation 
detract its evidence strength (level of evidence 2b). It 
is important to point out that this recently designed 
study is neither comparable to the ones included in 
the aforementioned SR; due to different scales used 
to measure function and outcome. The results are 
concordant with other reports26,27, and in general 
support the idea that severity of deficit, in this case 
measured as strength of the hemiplegic leg and sitting 
balance, can accurately predict recovery of mobility 
and specifically, walking9,28.

ADL scales have been widely used to evaluate 
recovery since they describe the actual impact that 
a deficit can have on functionality. A SR was done 
by the EPOS group to identify factors in the first two 
weeks post-stroke that are predictive for outcome 
of ADL three months after stroke. A synthesis was 
performed of forty-eight studies; the insufficient 
methodological quality of most prognostic studies 
made a quantitative analysis infeasible (median risk 
of bias score: 17 out of 27; range 6–22). Nevertheless, 
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six high-quality studies coincided that baseline 
neurological status (measured with the NIHSS or 
Canadian Neurological Scale), upper limb paresis, 
and age are predictors for outcome of ADL beyond 
three months post-stroke (level of evidence 3)29. 
Those data are consistent with the shown evidence 
and in general support the value of the initial severity 
measures, particularly the NIHSS to predict long term 
post stroke outcome in terms of BI20.

iMaging StudiES

Imaging is essential for assessment of stroke patients, 
it differentiates ischemic from haemorrhagic stroke, 
orientates on the cause of the disease and gives 
an estimate of the size of the lesion; the latter, has 
been largely studied but optimal quality evidence is 
lacking to support a long-term recovery predictive 
value for infarct size3,30. A review of infarct volume 
measured with a Magnetic Resonance Imaging 
(MRI) for prediction of recovery reported 13 studies 
using different MRI techniques such as T2 Weighted 
imaging (T2WI), Diffusion Weighted Imaging (DWI) 
and Perfusion Weighted Imaging (PWI)31. Most of 
the studies satisfied the methodological criteria 
for adequate prognostic research, but none of 
them took lesion location into account and their 
heterogeneity made the analysis not conclusive. 
However, correlation coefficients between MRI 
lesion volume and outcomes seem to be better for 
outcomes defined through clinical evaluation (NIHSS; 
median 0.67; range: 0.57–0.91) than for those at the 
functionality level31. 

Many studies support a positive predictive value 
for infarct size13,32, and recently the prospective 
Acute Stroke Accurate Prediction study showed 
that repetitive measurement of lesion size could 
increase the accuracy of recovery prediction at three 
months (level of evidence 2c)32. However, an equally 
large and repetitive set of evidence report the 
lack of predictive value for infarct size, particularly 
highlighted, has been the absence of any added 
value compared to age and initial neurological 
deficits3,4,33. The main issue raised on lesion size as 
predictor of recovery is which technique should be 
used to measure it, different neuroimaging methods 
are known to produce different lesion volumes and 
their predictive values differ34. 

Computerized tomography is the most commonly 
used imaging technique on stroke units but is not a 
good method to measure infarct size. Conventional 
T2W MRI could reliably detect lesions within one and 

eight hours after the ischemia onset and have been 
proposed as a more reliable method for long-term 
prediction35. DWI detects water diffusion restriction 
in the tissue even in the first hour after the stroke36. 
The most severe diffusion restrictions occur in the 
centre of the perfusion deficit and that could be 
used to discriminate between viable and definitely 
necrotic tissue. A SR was done to evaluate if DWI 
represents irreversibly infarcted tissue (ischemic 
core) in acute stroke. Evaluation of 61 studies was 
done using the criteria set of the Oxford Centre for 
Evidence-Based Medicine and only a small number of 
them had level of evidence 1 or 2. The analysis showed 
a high variability in the studies and a surprisingly high 
mean rate of DWI lesion reversal (24%) which was 
interpreted as inconsistent with the tissue outcome 
(level of recommendation D, level 5 evidence or 
troublingly inconsistent)8. PWI measures vascular 
supply to the tissues, which is an early phenomenon 
(within minutes) in the physiopathologic cascade 
of stroke probably associated with the outcome31. 
Lesion size estimates using PWI and DWI differ 
markedly and that difference is being studied as an 
indirect measure of the penumbra area (mismatch) 
and a possible outcome predictor37. Recanalization, 
both therapeutic and spontaneous can influence the 
size of the infarct and not necessarily the recovery 
of the patient; that is why methods evaluating blood 
flow such as magnetic resonance angiography have 
failed to show long time recovery38. 

The evaluation of lesion size as a predictor of 
recovery is greatly affected by the heterogeneity 
of the studies37 and the available evidence is not 
significant enough to support a predictive value. 
Instead, the evidence suggest that big lesions in 
some specific areas can predict long term disability, 
which indicate the value of infarct location and the 
damage to specific tracts as predictors of recovery30. 

Descending motor tracts, especially the Cortico-
Spinal Tract (CST) integrity is essential for gross 
motor trunk and limb function39,40. Diffusion Tensor 
Imaging (DTI)41 and Diffusion Tensor Tractography 
(DTT)42 have been used to evaluate the integrity of 
the CST and its compromise has being proposed as a 
predictive factor for poor outcome43. A recent review 
(not systematic) evaluated 12 studies and suggested 
a predictive value for long term recovery for CST 
integrity assessed with DTI (see Table 3)44, which is 
similar to other papers not included in that review45,46. 
However the quality of the individual papers and the 
review is very poor and cannot support a prognostic 
value47,48(level of evidence 5). 
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Table 3. Diffusion Tensor Imaging studies on prediction of motor outcome in stroke44. Reprinted from: NeuroRehabilitation, 27(4), Jang, 

SH, Prediction of motor outcome for hemiparetic stroke patients using diffusion tensor imaging: A review, 367-72, Copyright (2010), with 

permission from IOS Press.

Authors Publication 
year

Patient 
No. Etiology Location of 

lesion
Timing of DTI 

after onset

Evaluation 
motor 

outcome

Clinical 
parameters

DTI 
parameters

Yang et 
al.

1999 26 Infarct
24 Hr > 3~5 

days
3 months

Canadian 
Neuro-logical 

scale, BI, 
Rankin scale

Diffusion 
anisotropy 

ADC

Gillard et 
al.

2001 10 Stroke
11 hours~2 

weeks
4 months

DTI 
morphology

Jang et 
al.

2005 31
Infarct 

ICH
CR Post. 

Limb
3~21 days 3 months MRC FA

Maeda 
et al.

2005 28 Stroke Supratentorial
2 weeks~6 

month
3 months mRS FA

Konishi 
et al.

2005 13 Infarct
lenticulos 

triate
3 days ≥ 3 months mRS, NIHSS

The degree 
of CST 

involvement 
con DTT

Cho et al. 2007 40 ICH
CR Basal 
ganglia

7~30 days 6 months FAC, MBC, MI
The 

integrity of 
CST on DTT

Cho et al. 2007 55 Infarct CR 7~30 days 6 months
MBC, MI, 

MRC

The 
integrity of 
CST on DTT

Yoshioka 
et al.

2008 17 ICH
Subcortical 

Supratentorial
5 days ≥ 3 months

Manual 
muscle test

FA ADC

Nelles et 
al.

2008 25 Infarct

Anterior 
Choroidal 

artery 
territory

3 days ≥ 3 months MRC
The 

integrity of 
CST on DTT

Jang et 
al.

2008 25 Infarct Pons 5~30 days 6 months FAC, MBC, MI
The 

integrity of 
CST on DTT

Kusano 
et al.

2009 18 ICH Supratentorial 2 ≥ 28 days BI; mRS FA

Jang et 
al.

2010 53 ICH
CR Basal 
ganglia

7~28 days 6 months MBC, MI
The 

integrity of 
CST on DTT

DTI: Diffusion Tensor Imaging, BI: Bathel Index, ADC: Apparent Diffusion Coefficient, MRC: Medical Research Council, ICH: Intracerebral 

Hemorrhage, CR: Corona Radiata, FA: Fractional Anisotropy, mRS: modified Rankin Scale, NIHSS: National Institutes of Health Stroke Scale, 

CST: Corticospinal Tract, DTT: Diffusion Tensor Tractography, ICH: Intracerebral Hemorrhage, FAC: Funtional Ambulation Categories, MBC: 

Modified Brunnstrom Classification, MI: Motricity Index.

A recent well designed study evaluated 60 patients 
with DTT within 12 hours of middle cerebral artery 
stroke and found that CST damage at the level of the 
posterior limb of the internal capsule is a significant 
predictor of unfavourable motor outcome assessed 
with the motor sub-index scores of the NIHSS at 
the day 90 (sensitivity 73.7%; specificity: 100%)4. 

Furthermore, DTT predicted motor outcome at day 
90 better than the clinical scores4, which needs to be 
validated in other populations (level of evidence 2b). 
Predictability of DTT for motor outcome can differ 
according to the time and seems to be better when 
measured after two weeks49. The aforementioned 
studies show a weak positive predictive value for DTI 
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CST integrity (level of evidence 2)50; but no conclusive 
SR has being done to support a value superior to age 
and NIHSS need to be proved as well4. This approach 
of infarct location to predict recovery is extending 
to other functions, and the use of imaging to predict 
recovery is extending to multiple and specific areas 
of disability, such as language and dysphagia51. 

Functional imaging of the brain involves a group of 
techniques that detect metabolic changes and then 
activation in cerebral tissues. It has been proposed 
that activation pattern of the brain after ischemic 
lesion could predict long term recovery52. A SR 
evaluated studies using functional MRI (fMRI) and 
positron emission tomography to see how changes 
in brain activity after stroke could predict recovery 
within six months post-stroke30. Twenty-two studies, 
which satisfied the basic methodological criteria, 
investigated the association between task-related 
brain activation patterns and functional recovery 
of the upper limb. They found profound cerebral 
reorganization occurring after stroke, including over-
activation of primary and association motor areas, 
posterior shift in activity in the primary motor cortex 
and bilateral recruitment of non-motor areas and 
those changes seem to diminish linearly with the 
neurological recovery30. Quantitative analysis was 
impossible due to lack of consensus on outcome 
measures; however, a trend of activation pattern was 
correlated to long term recovery (level of evidence 
2b). In patients with favourable recovery, these over-
activations are transient, while in poorly recovering 
patients there seems to be a persistent recruitment 
of contralateral motor and associative areas35.

The studies on prognostic factor for post-stroke 
recovery are very heterogeneous concerning the 
kind of stroke included and the treatment given to 
the patients. Several studies have been carried out, 
on prediction of recovery in patients who received 
recombinant tissue plasminogen activator53. Imaging 
has not convincingly shown to have significant strong 
evidence to support a predictive value on long-
term recovery, however, combination of imaging 
techniques and behavioural evaluations seems 
to be more predictive than behavioural measures 
alone10,52.

ConCluSion

The prediction of long term recovery after ischemic 
stroke is important for management of stroke 
patients and heterogeneity of the studies is the 

main issue for generalization and applicability of 
predictor factors. Age and initial deficit evaluated 
with the NIHSS scale are the best predictors of 
long term recovery after ischemic stroke based on 
cumulative evidence. However, the optimal (1a) 
level of prognostic evidence has not been reached. 
The severity of deficit in specific categories such 
as upper limb function, walking and ADL have a 
lower level of evidence on prediction of post-stroke 
disability (level of evidence less than 2b), explained 
by heterogeneity on populations, prognostic factors, 
time of evaluation and follow up, outcome scales and 
statistical analysis used. Nevertheless, the evidence 
described is enough to affirm that the severity of 
the initial deficit can be used to predict how well 
people will recover from an ischemic stroke. Sample 
size as a prognostic factor in stroke has been 
largely studied, but the evidence is very conflicting 
and not a definite prognostic value has been 
convincingly demonstrated for size of infarction. 
The new imaging techniques are very promising for 
prediction of recovery after stroke and a massive 
amount of research is being done on them. DWI 
and PWI seem to be capable of evaluating outcome 
of tissue in the penumbra area, but it has not been 
shown to correlate long term recovery. Location of 
the lesion, particularly the compromise of the CST 
evaluated with DTI appear to be a good predictor of 
recovery, and the pattern of brain activation after 
stroke evaluated with fMRI or positron emission 
tomography scan has a moderate level of evidence 
as predictors of recovery after ischemic stroke. Still, 
a predictive value superior to age and initial NIHSS 
need to be proven. Prognosis is a critical component 
of the management decision making process. 
Optimal levels of evidence on prediction factors 
should support aggressive therapies for patients 
with good prognosis as well as to question the role 
of aggressive management for patients that will 
not do well regardless of the offered management. 
Development of homogeneous cohort studies with 
appropriate follow up and comparable evaluation 
scales should provide high levels of evidence to 
develop more personalized management guidelines.
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