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Abstract

Objective: To systematically review and summarize the current available literature on prognostic variables
relating to upper limb recovery following stroke. To identify which, if any variables predict upper limb
recovery following stroke.

Data sources: We completed searches in MEDLINE, EMBASE, AMED, CINAHL and Cochrane CENTRAL
databases. Searches were completed in November 2010.

Review methods: Studies were included if predictor variables were measured at baseline and linked to an
outcome of upper limb recovery at a future time point. Exclusion criteria included predictor variables
relating to response to treatment and outcome measurements of very specific upper limb impairments such
as spasticity or pain. Two independent reviewers completed data extraction and assessed study quality.
Results: Fifty-eight studies met the inclusion criteria. Predictor variables which have been considered
within these studies include; age, sex, lesion site, initial motor impairment, motor-evoked potentials
and somatosensory-evoked potentials. Initial measures of upper limb impairment and function were
found to be the most significant predictors of upper limb recovery; odds ratio 14.84 (95% confidence
intervals (Cl) 9.08-24.25) and 38.62 (95% CI 8.40—177.53), respectively.

Conclusions: Interpretation of these results is complicated by methodological factors including variations
in study populations, upper limb motor outcome scales, timing of baseline and outcome assessments and
predictors selected. The most important predictive factors for upper limb recovery following stroke
appears to the initial severity of motor impairment or function.
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Introduction

Stroke is a major public health concern
worldwide' and in the UK is the most prevalent
cause of severe adult disability.” Consequently,
stroke is a major source of health and social
care expenditure’ and has been identified as a
priority area for the British National Health
Service (NHS).*> One of the most common
deficits following stroke is upper limb motor
impairment,® which can significantly impact on
disability and health.”® Variability in the nature
and extent of upper limb recovery is well
recognized.” !

The different patterns of recovery of upper
limb function mean that individual patients will
have different rehabilitation needs.'” Currently,
we lack good practical examples of stratification
and individualization of rehabilitation pro-
grammes for the upper limb.'*'? Ideally, we
would identify variables which reliably predict
upper limb recovery. Such information would
be useful to both clinicians and researchers' to
optimize rehabilitation, to clarify outcomes and
the effects of therapy, to improve the design and
analysis of clinical trials, to identify appropriate
interventions, and to accurately inform patients
of likely outcomes.

Several studies have investigated a number of
variables for their ability to predict upper limb
recovery.'®15 17 A systematic review'® reported
in 2009 that neurophysiological measures and
initial sensorimotor abilities were the best predic-
tors of voluntary arm movement after stroke.
This review focused on categorizing the pre-
dictive variables and associated outcome mea-
sures in terms of the International Classification
of Functioning, Disability and Health. In con-
trast, we wished to provide a more wide-ranging
and comprehensive summary of reported predic-
tive variables and their association with upper
limb recovery. A further review of prediction of
motor recovery'® considered only the predictive
value of motor impairment scores, neuroimaging
and neurophysiological assessment. The aim of
the current review was to systematically review
and summarize the current, available literature

regarding prognostic variables relating to upper
limb recovery following stroke.

Methods

We carried out a systematic review of variables
which may predict upper limb recovery following
stroke.

We followed the MOOSE guidelines for
Meta-Analyses and Systematic Reviews of
Observational Studies to complete and report
this review.?”

A study was eligible for inclusion if it met the
following criteria:

1. Full published article.

2. Observational study that investigated at least
one variable (explanatory variable) measured
at baseline and its relationship with a measure
of upper limb recovery (response variable)
measured at a future time point.

3. The study population included individuals
with upper limb deficits following stroke.

4. Outcomes included upper limb function/func-
tional movement or impairment.

A study was excluded if:

a. no extractable data were available for inde-
pendent variables,

b. only outcomes relating to specific upper limb
impairments (such as pain, contractures)
were available,

c. it explored response to treatment in one or
more subgroups of a clinical trial.

To identify relevant studies we searched:
MEDLINE (1950-November 2010), EMBASE
(1980-November  2010), AMED  (1985-
November 2010), CINAHL (1982—-November
2010) and Cochrane CENTRAL. Reference lists
of included studies were also searched to identify
any additional studies.

Our search strategy was generated following
consultation with a medical librarian, consider-
ation of appropriate literature®' and using search
terms developed by the Cochrane Stroke
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Group.?? Keywords relating to stroke, upper
limb and prediction were included. Titles were
initially screened, following which two indepen-
dent reviewers (FC and either PL or AP) screened
relevant abstracts and appropriate full papers.
Where disagreement existed, consensus was
reached through discussion.

Data extraction

Using specifically developed forms two reviewers
(FC and PL or AP) extracted the following
information: study setting, participant details,
inclusion and exclusion criteria, rehabilitation
received, predictive variables, duration of follow-
up, outcomes and data on associations between
variables and outcomes of upper limb recovery.
The quality of each individual study was
assessed using criteria previously proposed®***
for assessing the validity of studies dealing with
prognosis. The methodological criteria included
questions concerning the sample of patients,

follow-up, outcome measurement, predictive
variables, analysis, and treatment or other
confounders.

Completion of the checklist was completed
by two reviewers (FC and PL or AP) and any
disagreements were resolved through discussion.

Data analysis

We expected to find variations in the explanatory
variables studied and statistical methodologies
applied and so our analysis combined several
approaches.

Initially data were analysed using a simple
vote-counting methodology. We identified the
number of studies investigating a particular
explanatory variable and recorded the number
of these studies that reported a statistically
significant (P <0.05) association between that
variable and a recognized measure of upper
limb recovery.

The information gained from the vote-
counting analysis was summarized using a classi-
fication of the strength of the evidence using four
levels of evidence.?>-¢

e Strong: Consistent findings (>80%) in at least
two high-quality cohorts

e Moderate: One high-quality cohort and
consistent findings (>80%) in one or more
low-quality cohorts

e Limited: Findings of one cohort or consistent
findings in one or more low-quality cohorts

e Inconclusive: Inconsistent findings regardless
of study quality.

Statistical pooling was performed using,
where available, odds ratios (OR) of associations
presented in the original papers. Where odds
ratios were not presented but raw data were
available we calculated an odds ratio and 95%
confidence interval (CI) for the association
between each variable and a measure of upper
limb recovery. This involved ascribing cut-offs
to both the explanatory variable and measure
of upper limb recovery. Where possible the cut-
offs used to calculate the odds ratios were selected
to match those used in other studies (e.g. Medical
Research Council (MRC) scale power 0-2 versus
3-5). We calculated odds ratios to show the
group most likely to achieve a better upper limb
outcome. This involved inverting some odds
ratios presented in the original papers. We used
the inverse variance approach to combine odds
ratios in a random effects meta-analysis. All anal-
yses were undertaken using the Cochrane soft-
ware package RevMan 4.2.%

In the final form of analysis we took a consen-
sus approach to categorizing the evidence based
on the consistency of the evidence from the vote
counting and the magnitudes of the odds ratios
from the meta-analysis. Greater emphasis was
given to larger studies.

Results

Our search identified 5022 titles. Fifty-
eight studies (with 67 associated publica-
tions)”-10-1214°17:28-87 1t the inclusion criteria.

The main characteristics of the included
studies, including the predictor variables investi-
gated and outcome measures used are presented
in Table 1.
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The type of study design was often not
reported. We categorized all studies as some
form of cohort study, with the exception of
eight studies ?*-32-3738:66.74.7387 gy studies were
reported as cohorts embedded within random-
ized controlled trials.!%-14:32:67.79.85

The sample size reported within the included

studies ranged from nine®' to 1197.%* Twenty-
. . 3
nine studies 16:17:28:30.32.33.35-37.39.41.47.50.51.57.61.

3 ! . -
63.69.7L.73. 747781848587 included 50 participants

or less and only 15 studies'®!%14:42:46.48.54.
64.66-68.72.76.83.86 had an initial sample size of 100
or more participants. Of the 31 studies that
reported loss to follow-up,'%!%14:28:31.33.
34.40.42.43,46,48,50-52,54,55.60.64-68.70.72.77-80.83.84 (} o
percentage of participants lost varied between
2%'"" and 48%.* The mean (or median)
time since stroke ranged from within 24
hours**3%:346%73-77 (o1 admission to acute hospi-
tal) to 29 months.”

Thirty-six studies!0-14-16.17.28.31.33-39.41.43,
46.50.51.53.55.59.61.64.65.67.69- 13,78 $1.84.85 oy nlicitly
reported some form of upper limb impairment
at onset as an inclusion criterion; however,
the definitions of such ranged considerably.
Fifty-two studies (as above and?*3240:4%
52.54,58.62.63.68.74.75.77.838687) 1 ovided details on
initial upper limb impairment in terms of a
mean score on a clinical measure or by using
general descriptions. Six studies*>#7:37:60:66.76
did not report any details on initial upper limb
impairment.

A wide range of predictor variables was
reported (Table 1) so we grouped together
variables of similar constructs (for example
measures of cognition and perception). This
process identified 41 groups of variables, of
which 25 (Table 2) were reported by more
than one study. Variables that were reported
by only one study were not included in any
further analysis due to the limited information
available.

As it was impossible to anticipate the full
range of predictor variables studied the process
of categorizing the predictor variables into the
above groups was undertaken by consensus,

after data extraction but prior to data analysis.
Only one predictor variable per categorized
group was chosen for each included study.
This was achieved through consensus.

The studies also used a wide range of outcome
measures (see Table 1), follow-up periods and
statistical analyses. Twenty-four different outcome
measures were reported and considered in our
analysis. If a measure of upper limb function
or functional movement (for example, Action
Research Arm  Test®™) was available this
was included in the analysis, otherwise measures
of upper limb impairment were used (for

example, Fugl-Meyer Scale®”). Twenty-nine
studies 0-17:28:31-35.42.47.48,52.54.55.57-60.64.65.67.68.,70.74,

TSTTO8186 reported an upper limb function or

functional movement outcome. If both final
outcome scores and change scores were presented,
outcome scores were used in preference.

Where more than one follow-up measurement
was available we took the default position of
using data closest to the six-month outcome
measurement for use in the analysis.

From the data presented in 26
: 3 3 3
studies617:28:33.34.37.39.41.46.51.53.54.58.61.63,65.67.68-70.

738 BL8A8T e were able to calculate crude

odds ratios with 95% confidence intervals. Six
studies!%-31:47:50-35:64 reported odds ratios which
we used in the analysis.

The methodological characteristics of the
studies were often poorly reported; where
reported, the methodological quality was very
variable. We elected not to exclude studies
based on quality but took this into account in
the interpretation of results.

Table 2 provides an overview of the 25
categorized variables that were described in at
least two studies plus the evidence for their
association with better upper limb recovery.
The variables are presented in groups of com-
parable variables. These groups were agreed by
consensus between two reviewers and reflected
the nature of the variables (e.g. demographic
variables). Statistical analysis for variables for
which data were available is presented in
Figure 1.
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Review: Upper limb recovery

Caomparizon: Predictors of upper limb recovery

Outcome: Upper limb recovery

Predictor Trials COdds ratio (random) Odds ratio (random)
vatiable (patticipants) 95% CI 95% I

01 Demographics
Age (younger) 110590 1.54 [1.06, 2.24]
Sex (male) 110424 = 1.61 [1.11, 2.3%3]
Time since stroke (less time) 5(486) = 1.13 [0.590, 1.4Z]

02 Severity of stroke - global
Global disability (less disability) (288) —— 3.64 [1.63, §.13]
TypeiClass of stroke  (less severe) 2(256) — 3.54 [0D.45, 27.24]
Global impairment (less impairment) 2(209) S I 2.19 [0.35, 13.70]
Lesgion sizeivolume (smaller 3(65) 4= 1.32 [0.74, 2.35]
Urinary incontinence (absent) 2(256) - 4.1 [1.82, 9.33]

03 Severity of stroke - focal
UL impairment (less UL impairment) 2001443 - 14.84 [9.08, 24.Z5]
UL function (more UL fanction) 4(158) — m 38.62 [8.40, 177.5E]
LL impairment (less LL impairment) 4(130 - 11.83 [£.53, 21.43]

04 Co-factors
Side of stroke (left) 11624 = 1.47 [1.07, z.02]
UL sensation (no deficit) 3271 = 1.92 [1.41, 2.61]
Cognition/Perception (no deficit) 4A462) o 1.86 [0.91, 3.80]
Yisual disorders (no deficit) 2(258) —_— 5.2z [2.40, 1l.35]
Sitting balance (no deficit) 2(256) S 4.75 [0.28, 80.57]
Sensation (no deficit) 1(158) —= 9.15 [3.36, 24.91]
Comborbid concitions (less no.) 1(158) = 1.96 [0.96, 4.00]

05 Meurophysiological factors
TMS variahles; MEPs (present) 130425) - 11.76 [5.19, Z6.64]
SSEPs (present) 207 — = 13.73 [2.73, 692.05]
DTT (preserved CST) 2(70) — 35.46 [8.97, 140.18]

o001 o001 04 1 10 100 1000
Poorer recovery  Better recovery

Figure |. The association (odds ratio >95% confidence interval) of baseline variables with upper limb recovery. The
figure shows the category of variable tested, the number of studies (participants) studied, the odds ratio (95% confi-
dence interval) for a univariate association between the predictor and a ‘good’ upper limb outcome. Odds ratios are
presented to show the group most likely to make a good outcome (as indicated in brackets). UL, upper limb; LL, lower
limb; TMS, transcranial magnetic stimulation; MEP, motor-evoked potential; SSEP, somatosensory-evoked potentials;
DTT, diffusion tensor tractography.

identify any association with either of these var-
iables and upper limb recovery, however a statis-
Analyses for the variables of age and sex were tically significant result was found in both cases
inconclusive due to inconsistencies between (OR 1.54 (95% CI 1.06-2.25) and OR 1.61 (95%
data analyses. Vote-counting analysis did not CI (1.11-2.33) respectively). These statistical

Demographic factors
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analyses suggest younger people and males
respectively are more likely to have better upper
limb recovery. Inconclusive evidence was found
for time since stroke.

Severity of stroke — global factors

We identified inconclusive evidence in the vote-
counting analysis for the variable of global dis-
ability. However, a statistically significant result
was found in the statistical analysis of nine stud-
ies (n=288), suggesting that those with less dis-
ability are more likely to have better upper limb
recovery. We found inconclusive evidence for
global motor impairment, urinary incontinence
and type/class of stroke and limited evidence of
no association for lesion size/volume.

Severity of stroke — focal factors

The most commonly investigated variable was a
baseline measure of upper limb impairment. The
overall qualitative conclusion was that there was
strong evidence that a lesser degree of impairment
is associated with better upper limb recovery.
Although this was due to only 25 of the 39 studies
reporting a significant association, this did encom-
pass 87% of the included participants. Strong
evidence of association was found for baseline
upper limb functional measures and moderate
evidence for baseline lower limb impairment.

Cofactors (related to stroke impairment)

In terms of side of stroke only two of 21 studies
reported an association; however, statistical
analysis suggests that left hemisphere stroke is
significantly associated with better upper limb
recovery. The evidence was inconclusive for
cognition and perception, stroke location, shoul-
der complications, sitting balance, speech disor-
ders and sensation. Evidence was also
inconclusive for an association between upper
limb sensory deficits and upper limb recovery.
Limited evidence of no association was found
for both handedness and the number of comor-
bid conditions.

Neurophysiological factors

We found consistent results between studies indi-
cating strong evidence for the association
between the presence of evoked potentials (both
motor and somatosensory) and better upper limb
recovery. Limited evidence was found for an
association between preserved corticospinal
tract (determined by diffusion tensor tractogra-
phy) and better upper limb recovery.

Discussion

We have identified and summarized the results of
58 studies that have reported on the predictive
value of a number of variables for upper limb
recovery following stroke. A wide range of vari-
ables and outcome measures have been considered
within the literature. However, despite a number
of variables being investigated, only baseline
upper limb functional and impairment measures
and neurophysiological factors (motor-evoked
potentials and somatosensory-evoked potentials)
were consistently identified as being strongly asso-
ciated with upper limb recovery following stroke.
We also found moderate evidence that less
disability and lower limb impairment were associ-
ated with better upper limb recovery. No predic-
tive value was found for lesion size. Despite having
different objectives and using different methods of
data analysis, our findings are largely consistent
with the other previous reviews in this area.'®"?
The main limitation of our review relates to
the heterogeneity of the studies. This includes
the varying definitions of initial upper limb prob-
lems, differing predictive variables and measure-
ments, outcome measures, length of follow-up
and data presentation. Ascribing arbitrary cut-
offs to variables, including continuous measures,
which were not consistent across the studies fur-
ther adds to the potential heterogeneity.
Another weakness of our review was that prior
to data extraction, we did not stipulate how we
would categorize predictor variables, or what
cut-offs we would use for dichotomizing vari-
ables and outcomes of interest. However, where
possible we wanted to include as many relevant
studies as possible within the statistical analysis.
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Publication bias is also a concern with this type
of review. Studies with significant results are more
likely to be published, have more than one
associated publication and also are more likely
to be identified through the searching process.”®

We addressed this through a rigorous search-
ing process. It is reassuring that our search iden-
tified a very similar group of studies to the other
recent reviews of this area.'®"?

The quality assessment criteria we used were
based on sound theoretical considerations.
However, consensus between the reviewers was
difficult to obtain as a number of subjective deci-
sions had to be made due to frequent poor report-
ing of methodological aspects. For this reason
the methodological quality of the studies was
not used to exclude studies. However, it should
be recognized that conclusions with moderate
evidence of association could potentially be over-
turned by more methodologically robust studies.

Upper limb recovery is a broad concept and
differences in how this is defined are apparent.
For this review we took the default position of
determining upper limb recovery in terms of
either functional recovery of the upper limb or
recovery of impairment, where measures of func-
tional recovery were not available. If we had only
included functional measures as an outcome, this
may have led to some differences in the conclu-
sions. However, the direction of effect is likely to
be unchanged. In general, upper limb impair-
ments have been found to be associated with
functional ability of the upper limb.”!

We were mainly interested in answering the
question ‘Is there any evidence of effect between
individual variables and upper limb recovery?’
and we believe our approach to data analysis is
suitable for answering this question. Our data
analysis included vote counting, which is recog-
nized as having limitations.””> However, this
allowed the inclusion of the greatest number of
studies and we supplemented it with quantitative
analyses. Statistical analysis of predictive studies
is also recognized as raising significant chal-
lenges.”! However, we felt that the statistical
analysis of the studies added another dimension
and reduced the subjectivity in interpreting the

evidence. There was a good level of consistency
between the conclusions of the statistical and
other analytical approaches.

Within this review we have based our findings
on information from univariate analyses. We rec-
ognize that these univariate results are not
adjusted for potential confounders. However,
this review was intended to identify which predic-
tor variables were available and their individual
ability to predict of upper limb recovery. The way
we elected to group individual predictor variables
and the outcome measures that we chose to
include in the analysis may have influenced our
results. However, there is no suggestion that our
main conclusions would have changed had we
chosen alternative groupings or outcomes.

The main strength of our review is that we
have used a rigorous systematic review method-
ology and included a large number of studies.
Furthermore, we have used a rigorous, explicit
and prospective approach to identify, appraise,
combine and synthesize a lot of complex data
into a clear and concise format. The included
studies showed a reasonable consistency of
results, which adds to the confidence in the con-
clusions of the review.

Implications for practice

Although clinical practice is becoming more
evidence based it is not routine practice to use
prognostic tests and indicators to prescribe
therapeutic programmes. Upper limb level of
impairment and function at baseline and intact
motor-evoked potentials or somatosensory
potentials appear to be the most powerful predic-
tors of upper limb recovery. Evoked potentials
are usually only collected in the context of clinical
research trials and therefore clinical measures
will be far more useful to clinicians.

Implications for research

For stratification in clinical trials researchers
should consider using those measures which
have been found to be strongly associated with
recovery (for example, baseline Fugl-Meyer,
Action Research Arm Test).
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This review has highlighted the need for
improved quality of reporting of predictive stud-
ies in this area. In addition, large high-quality
cohort studies would be useful to validate the
strength of evidence of this systematic review.
Further studies could also investigate multivari-
ate models and their usefulness for predicting
upper limb recovery. For further studies to be
relevant to clinical practice and research we sug-
gest that it would be useful to establish an inter-
national consensus on a core set of relevant
predictive variables and standardized outcome
criteria for upper limb recovery.

Conclusions

This systematic review found strong evidence
that initial measures of upper limb function and
impairment and neurophysiolgical measures can
predict upper limb recovery. We also identified a
number of variables for which moderate evidence
was available. A number of limitations with the
available evidence are discussed.

Clinical messages

e Initial measures of upper limb function
and impairment and neurophysiological
measures can predict upper limb recovery.

e Heterogeneity and poor quality of studies
makes interpretation of evidence difficult.
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Appendix |- Search strategy

. exp cohort studies/

. incidence.sh.

. exp mortality/

. follow-up studies.sh.

. prognos$.tw.

. predict$.tw.

. course$.tw.

. predictor$.tw.

. exp models, statistical/

.lor2or3ord4orSor6or7or8or9

. cerebrovascular disorders/or exp basal ganglia

cerebrovascular disease/or exp brain ischemia/
orexp carotid artery diseases/or cerebrovascular
accident/or exp brain infarction/or exp cerebro-
vascular trauma/or exp hypoxia- ischemia,
brain/or exp intracranial arterial diseases/or
intracranial arteriovenous malformations/or
exp ‘Intracranial Embolism and Thrombosis’/
orexp intracranial hemorrhages/or vasospasm,
intracranial/or vertebral artery dissection/.

12. (stroke or poststroke or post-stroke or cere-
brovasc$ or brain vasc$ or cerebral vasc$ or
cva$ or apoplex$ or SAH).tw.

13. hemiplegia/or exp paresis/

14. (hemipleg$ or hemipar$ or paresis or
paretic).tw.

15. 11 or 12 or 13 or 14

16. exp Upper Extremity/

17. (upper adj3 (limb$ or extremity)).tw.

18. (arm or shoulder or elbow or forearm or hand
or wrist or finger or fingers).tw.

19. 16 or 17 or 18

20. 10 and 15 and 19
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