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Abstract

Objective: To create a classification system based on stroke-related impairments.

Data source: All adults with stroke admitted for at least 72hours in England, Wales and Northern
Ireland from July 2013 to July 2015 extracted from the Sentinel Stroke National Audit Programme
Analysis: Impairments were defined using the National Institute of Health Stroke Scale scores at
admission. Common combinations of impairments were identified based on geometric coding and expert
knowledge. Validity of the classification was assessed using standard descriptive statistics to report and
compare patients’ characteristics, therapy received and outcomes in each group.

Results: Data from 94,905 patients were extracted. The items of the National Institute of Health
Stroke Scale (on admission) were initially grouped into four body systems: Cognitive, Motor, Sensory and
Consciousness. Seven common combinations of these impairments were identified (in order of stroke
severity); Patients with Loss of Consciousness (n=6034, 6.4%); those with Motor + Cognitive + Sensory
impairments (n=28,226, 29.7%); Motor + Cognitive impairments (n= 16,967, 17.9%); Motor + Sensory
impairments (n=9882, 10.4%); Motor Only impairments (n=20,471, 21.6%); Any Non-Motor impairments
(n=7498, 7.9%); and No Impairments (n=5827, 6.1%). There was a gradation of age, premorbid disability,
mortality and disability on discharge. People with the most and least severe categories were least likely
to receive therapy, and received least therapy (—20 minutes/day of stay) compared to —35 minutes/day of
stay for the moderately severe categories.

Conclusions: A classification system of seven Stroke Impairment Categories has been presented.
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Introduction

Stroke is the most common cause of adult disabil-
ity in the developed world with two-thirds of survi-
vors left with some degree of disability.! Although
patients’ social situation, life experience and per-
sonality play a part in their recovery, the nature of
the resulting impairments play a key role. These
impairments can lead to wide-ranging activity lim-
itations for which individual patients require per-
sonalised rehabilitation.

In order to provide and evaluate effective care,
stroke clinicians and researchers need accurate,
clinically meaningful ways to define and classify
patients’ problems. The most widely adopted stroke
classification comes from the Oxford Community
Stroke Project, which defined stroke types accord-
ing to the location and size of the infarct or haem-
orrhage and is used to predict stroke severity and
prognosis.>3 Although valuable to guide medical
care, pathology-based classifications have less to
offer when it comes to rehabilitation, which focuses
on the effects (i.e. impairments, activity limitations
and participation restrictions) of the stroke rather
than its cause or location. Thus, an impairment-
based system may be more helpful in studying
recovery and outcome.

There have been few studies proposing and vali-
dating impairment-based classifications. In 1991,
Sanchez-Blanco et al classified stroke survivors as
having ‘motor only’; ‘motor-sensory’ and ‘motor-
sensory-hemianopic’ symptoms and found these
patients formed distinct subgroups with respect to
recovery of independence in activities of daily liv-
ing and mobility.* However, they did not include
cognition or communication in their classification.
The Southampton Stroke Audit® was larger but
used a (incomplete) mix of impairments and activ-
ity limitations to define mild; moderate; severe and
very severe strokes. The aim of the current study
was to build on these previous studies*> by using a

large national dataset to develop a simple, prag-
matic, clinically meaningful and feasible, impair-
ment-based stroke classification, and to assess its
validity by describing the emergent groups in terms
of patient and stroke characteristics, the therapy
provided and outcomes

Method

We used data from the Sentinel Stroke National
Audit Programme (SSNAP). Full details can be
found elsewhere® but in summary, SSNAP is a
national audit register of stroke care in England,
Wales and Northern Ireland and involves over 95%
of all stroke admissions. In this study, we extracted
the available patient demographics, stroke charac-
teristics, outcomes and details of the inpatient and
community-based therapy for people admitted with
stroke between July 2013 and July 2015 who were
still inpatients at least 3 days after admission. We
also excluded patients with an incomplete entries
for the National Institute of Health Stroke Scale’*
(the measure of stroke severity) on admission as
they would contained insufficient information
about the impairments the patient suffered.

Firstly, we used the score on the National
Institute of Health Stroke Scale’® on admission to
identify the impairments that each stroke patient
suffered. The National Institute of Health Stroke
Scale is a simple, valid and reliable measure of
stroke severity based on the number and severity of
stroke-related impairments.”® It contains 15 items
(11 questions, but Q5 and Q6 have two parts each)
to record: consciousness (responsiveness, orienta-
tion, ability to follow commands); cognition (lan-
guage and neglect); vision (eye movement and
visual-field loss); motor control (weakness of the
limbs, ataxia, dysarthria); and tactile sensory loss.
A trained observer rates the patient’s ability to
answer questions and perform activities. They



448

Clinical Rehabilitation 35(3)

score whether the impairment is present and its
severity on 3 or 5 point scales. These are summed
to give a total score between zero (normal) to 42
(maximum severity), however we did not use the
summed scores for the classification. We merely
noted whether the scores for the items were normal
(i.e. no impairment present) or not (i.e. the impair-
ment was present), rather than the severity of the
impairments.

Secondly, working in a multi-disciplinary group
of clinical academics with expertise in stroke care
(physiotherapy; stroke medicine; neurology; occu-
pational therapy; speech and language therapy;
psychology and nursing) we grouped the impair-
ments into four body systems: consciousness, cog-
nitive (including communication), motor, and
sensory (including vision) impairments based on
the relevant National Institute of Health Stroke
Scale items (detailed in Table 1) and referred to
here as the system impairments.

Thirdly, to investigate how the system impair-
ments clustered within each patient, geometric
coding’ was used. The four system impairments
were given a value based on a geometric progres-
sion 1,24 and 8 and unique combinations of sys-
tem impairments are identified by adding the
corresponding combinationse.g. 1 +2=3,1+2+4=
7,etc. This resulted in a list of the frequency of
every possible combination of the four system
impairments. These combinations were reviewed
and refined by the expert group into clinically
meaningful groups.

Finally, the emergent categories were named
and validated using summary statistics to describe
the demographics, stroke characteristics, therapy
provided and outcomes in each category. This was
to test the hypothesis that different categories
involve patients with distinctly different character-
istics and thus therapies and outcomes.

Given the potential for reporting bias and as
therapy is seldom provided every day, the amount
of therapy was defined as the ‘average therapy per
day of sta’, (within an inpatient or community
team), rather than the average duration of a treat-
ment session (i.e. the average amount of therapy
per day when treated).

Due to the large sample size, complex data
structure and presence of confounding we have

refrained from performing simple comparison tests
(e.g. t-test) with factors as the large sample size is
likely to produce a statistically significant result
regardless of the size of effect, and the result may
be subject to bias when confounding and complex
data structures are not accounted for.

Results

Data were extracted for 94,905 stroke patients who
met the inclusion criteria (Table 2). The cohort has
been detailed previously!® but in summary, there
were slightly more women than men with a mean
age in the mid-seventies. Over three-quarters were
independent before their strokes, —10% had a
haemorrhage, 40% had a moderately severe stroke
(admission National Institute of Health Stroke
Scale 5-14) and 81% (n=76,585) were fully alert
(National Institute of Health Stroke Scale Level of
Consciousness score = 0) on admission.

Row percentages are given to reflect the impact
of patient characteristics on case-mix. The frequency
of each individual impairment is shown in Figure 1.
The most common system impairment was motor,
>80% of patients had some form of motor impair-
ment (facial palsy (50%), dysarthria (47%), limb
weakness (30%) and ataxia (17%)) with similar fre-
quency of upper and lower limb weakness and
between right and left limbs. Language was impaired
in —50% of patients, while approximately a quarter
of patients presented with other cognitive impair-
ments resulting in —58% with cognitive impair-
ments. Sensory impairments (including vision)
affected 43% and the least common impairment
were loss of consciousness (<5%).

Aggregation of the four system impairments
(Consciousness, Cognitive, Motor and Sensory
Impairments) involved 15 out of the 21 possible
combinations of which five involved <1%, and
seven involved <2% of the sample. Based on
Sanchez-Blanco et al.* the Stroke Impairment
Categories were initially defined as ‘loss of con-
sciousness’; ‘motor impairments only’; ‘motor
impairments plus any other’; ‘any non-motor impair-
ments’ and ‘no impairments’. This resulted in a very
large group with ‘motor plus any other impairments’
(n=55,075, 58%) which included a broad group of
impairments. This was split into three categories;
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Table 2. Demographics and stroke characteristics in each stroke impairment classification on admission.

Mo-Co Mo-Se Mot-O No-Mo None Total

Mo-Co-Se

Loss-Con

Stroke impairment classification (N, %

unless stated)

76.0 (13.2)

49199
84816

74.1 (14)
2861 (5.9)

5227 (6.2)

75.2 (13)

745 (13)
9627 (19.6) 3740 (7.6)

77.4 (13) 782(12) 713 (14)

15457 (31.4)

79.6 (13)

Age (years) Mean (sd)

Gender

9041 (18.4) 4775 (9.7)
15203 (17.9) 8730 (10.3)

3698 (7.5)

Female

White

Stroke severity (NIHSS) median (IQR)

Intracerebral haemorrhage yes

18303 (21.6) 6792 (8.0)

25231 (29.8)

5330 (6.3)

Ethnicity

6 (10)
10158
75101

0(0,0)
850 (8.4)
4908 (6.5)

2 (1,4)
1017 (10.0)

3(24)

1443 (14.2)
17479 (233) 6528 (8.7)

5175 (22.8)

5(37)
922 (9.1)

6 (4,10)

1557 (
12411 (

14 (9,19)
3135 (30.9)
21422 (28.5)

19 (7,25)
1234 (12.2)
3768 (5.0)

5.3)

6.5) 8585 (I1.4)
6.6) 2629 (11.6)

8.1)

1673 (7.4) 22673

3500 (5.8)

1795 (7.9)

59832

12968 (21.7) 4764 (8.0)

2328 (18.8)

6102 (10.2)
1151 (9.3)

12400
94905

654 (5.3)

5827 (6.1)

939 (7.6)
7498 (7.9)

9.2)

7.9) 9882 (10.4) 20471 (21.6)

Premorbid disability (mRs < 2)

3772 (
10813 (

6325 (27.9)
17902 (29.9)

1304 (5.8)
3783 (6.3)

0

No. of co-

| to2
3to5

morbidities

2382 (
16967 (

3999 (32.3)
28226 (29.7)

947 (7.6)
6034 (6.4)

Total

N: number; NIHSS: National Institute of Health Stroke Scale; IQR: interquartile range; mRS: modified ranking scale; Loss-Con: Loss of consciousness stroke; Mo-Co-

Se: motor-cognitive-sensory stroke; Mo-Co: motor-cognitive stroke; Mo-Se: motor—sensory stroke; Mot-O: motor only stroke; No-Mo: non-motor stroke; None: no

impairments stroke.

‘motor plus cognitive plus sensory impairments’,
‘motor plus cognitive impairments’ and ‘motor plus
sensory impairments’. Thus seven clinically mean-
ingful impairment categories were created:

e Loss of consciousness +/- other system impair-
ments, referred to as a ‘loss of consciousness’
stroke (n=6034, 6.4%)

e Motor + cognitive + sensory impairments
referred to as a ‘motor-cognitive-sensory’
stroke (n=28,226, 29.7%)

e Motor + cognitive impairments referred to as a
‘motor-cognitive’ stroke (n=16,967, 17.9%)

e Motor + sensory impairments referred to as a
‘motor-sensory’ stroke (n=9882, 10.4%)

e Motor impairments only referred to as a ‘motor
only’ stroke (n=20,471, 21.6%)

e Any system impairments without motor impair-
ment or loss of consciousness referred to as a
‘non-motor’ stroke (n=7498, 7.9%)

e No system impairments referred to as a ‘no
impairment’ stroke (n=5827, 6.1%)

The frequency of the individual system impair-
ments in aggregated categories (loss of conscious-
ness; non-motor impairments strokes) are detailed
in Table 3. The most commonly observed Stroke
Impairment Category was a Motor-Cognitive-
Sensory stroke (29.7%), and the least common was
a Loss of Consciousness stroke (6.4%).

Details of the patients’ demographics and
stroke characteristics in each Stroke Impairment
Category are in Table 2. There was very little dif-
ference in ethnic origins or socio-economic status
in patients in the different categories. Stroke
severity decreased from a Loss-Consciousness
stroke (which includes other impairments) to
those with a ‘No Impairments’ stroke. Patients
who were older, suffered an intracerebral haemor-
rhage, were dependent before their stroke and had
pre-morbid co-morbidities also presented with
more impairments post stroke.

People in categories with the greatest and few-
est number of impairments (Loss of Consciousness
and No Impairment strokes respectively) were
least likely to be screened for therapy and to be
considered to require each therapy by the treating
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Figure |. The number and percentage of stroke patients with each individual National Institute of Health Stroke
Scale defined impairments broken down by system impairments. The greyscale represents the different system
impairments (left to right; Loss of Consciousness, Cognitive Impairments, Motor Impairments and Sensory
Impairments) measured at admission in patients who were hospitalised after 3 days.

Table 3. Combinations of system impairments and the stroke impairment categories showing the frequency of
each impairment that contributes to the category (system impairments presented in descending frequency order).

Stroke impairment Combinations of system impairments Frequency
categories
Any loss of Loss-Con + motor+ cognitive+ sensory (including vision) 3380
consciousness stroke Loss-Con alone 1304
(plus any other Loss-Con + motor+ cognitive 983
impairment) n=6034 Loss-Con + cognitive 154
Loss-Con + motor 110
Loss-Con + cognitive+ sensory (including vision) 60
Loss-Con + motor+ sensory (including vision) 35
Loss-Con + sensory (including vision) 5
Loss-Con + cognitive+ sensory (including vision) 3
Non-Motor Cognitive alone 3606
Impairments stroke Sensory (including vision) alone 2418
n=7498 Cognitive + sensory (including vision) 1474

N: number; Loss-Con = loss of consciousness stroke.

therapists (Table 4). The numbers considered to  not. Most patients were screened for, and consid-
require psychology was very low regardless of  ered to require Physiotherapy and Occupational
whether the patient had cognitive impairments or ~ Therapy. The proportion of patients considered to
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require Physiotherapy tended to reduce slightly
with fewer impairments but for Occupational
Therapy it increased. There were marked differ-
ences between categories in the need for speech
and language therapy. For people with Loss of
Consciousness,  Motor-Cognitive-Sensory  or
Motor-Cognitive strokes, this was 60%-70%, com-
pared with 35%-48% for the other categories with
fewer impairments which did not include people
with communication problems. Unsurprisingly,
those with greater number of impairments (except
Loss of Consciousness strokes) more frequently
required input from multiple therapies.

The amount of therapy patients received also
varied in the different categories (Table 5). Overall,
patients with a Loss of Consciousness stroke and
No Impairments received the least inpatient and
community-based therapy (around 20 minutes per
day of stay), while patients in the other, moderately
severe categories received ~30-35 minutes/day of
stay as an inpatient and 19-23 minutes/day of stay
when community-based. Furthermore, relatively
few patients with Loss of Consciousness or No
Impairment strokes were referred for community-
based therapy. For individual therapies, the pattern
of provision varied. Physiotherapy followed the
overall pattern described above but for inpatient
Occupational Therapy the amount of each therapy
increased as the number of impairments decreased
(i.e. less complex patients received more therapy).
During community-based Occupational Therapy
and Psychology, all categories received a similar
average amount of therapy/day of stay regardless
of whether they had cognitive impairments.
Patients with Motor-Cognitive and Non-Motor
strokes received the most speech and language
therapy during both inpatient and community-
based therapy, likely reflecting the inclusion of
people with aphasia in these categories.

Outcomes for patients in the different categories
differed and are reported in Table 6. The median
length of inpatient stay was greater for those with a
greater number of impairments (37 days for Loss of
Consciousness strokes and 25days for Motor-
Cognitive-Sensory strokes). Similarly, inpatient
mortality was —5% for Non-Motor and Motor-Only
strokes but 49% for Loss of Consciousness strokes.

Overall 14% of all patients were discharged to resi-
dential care. Unsurprisingly this proportion was
highest for those with a greater number of impair-
ments; a similar proportion of surviving patients
with a Loss of Consciousness stroke were dis-
charged home or to a care home. This proportion
shifted in favour of patients being discharged home
as fewer impairments were present. This pattern
was echoed by the proportion of patients who were
dependent on discharge: Although 90% of people
with a Loss of Consciousness stroke and 72% of
people with a Motor-Cognitive-Sensory stroke
were dependent on discharge, —40% of people with
the fewer impairments (Motor-Only, Non-Motor
and No Impairment strokes) were similarly
disabled.

Discussion

In this paper we have proposed a new classification
based on patients’ stroke-related impairments, iden-
tifying seven categories. We have established face,
content, construct and ecological validity through
the guidance of an expert consultation group and
basing the classification on a measurement tool rou-
tinely used in all stroke services in the United
Kingdom (The National Institute of Health Stroke
Scale).”® We further tested validity by hypothesis-
ing that the Stroke Impairment Categories would
identified distinct groups of stroke survivors in
terms of demographics and stroke characteristics,
therapy and outcomes. The data supports this
hypothesis with a gradation of age, co-morbidities,
premorbid disability, stroke severity and outcomes
from patients in the more severe categories (with
greater numbers of impairments) to those with
fewer, or no impairments. Further evidence of the
validity of the Stroke Impairment Categories is
reported in other publications from this project
which demonstrates that the Categories are impor-
tant independent factors associated with the amount
and type of therapy patients receive and outcome
(in terms of disability on discharge; length of stay;
mortality and institutionalisation).!%!!

Differences in the need for, and dose of therapy
are in line with clinical expectations for patients in
the different categories. Nearly all patients were
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Table 6. Outcomes for each stroke impairment classification.

Stroke impairment classification

Factors

Mo-Co-Se Mo-Cog Mo-Se Mot-O No-Mo None Total

Loss-Con

25.1 (9,54) 14.1 (634) 9.8 (5,24) 9.6(522) 824719 85(521)  13.6(634)

37.1 (16,66)

Length of stay (days) for patients

surviving until hospital discharge.

Median (IQR)

13504 (14.2)

377 (5.0) 615 (10.6)

1038 (5.1)

531 (5.4)

2933 (48.6) 5946 (21.1) 2064 (12.2)

Number who died >3 days after
admission (% of all patients)

13461 (14.2)
53720 (56.6)

634 (10.9)
3586 (66.2)
3456 (59.3)

668 (8.9)

1617 (7.9)
14736 (72.0) 5484 (73.1)

726 (7.4)
7095 (71.8)

5548 (19.7) 3056 (18.0)

1212 (20.1)
1201 (19.9)

Discharged to a care home (n, %)

Discharged home (n, %)

12096 (42.9) 9252 (54.5)

41247 (43.5)

5726 (58.0) 12040 (58.8) 4740 (63.2)

661 (11.0) 7901 (28.0) 6723 (39.6)

Independent at discharge from

hospital (mRS < 2) (n, %)

Total

28226 16967 9882 20471 7498 5827 94905

6034

Loss-Con: loss of consciousness stroke; Mo-Co-Se: motor-cognitive-sensory stroke; Mo-Co: motor-cognitive stroke; Mo-Se: motor—sensory stroke; Mot-O: motor only

stroke; No-Mo: non-motor stroke; None: no impairments stroke; mRS: modified rankin scale; IQR: inter-quartile range.

NB Column percentages are given to reflect the impact of case-mix on outcome.

considered to require physiotherapy and the
amount of physiotherapy provided showed a bell-
shaped curve, with patients in moderately impaired
categories receiving most therapy, and the people
in the most and least impaired categories receiving
less therapy, presumably because they either could
not tolerate it or did not need it. The numbers
requiring, and the amount of occupational therapy
provided increased as category severity decreased,
as patients were able to tolerate more therapy and
had greater potential to return to activity. The pro-
portion of patients requiring speech and language
therapy was higher in the categories which included
cognitive (which include communication) impair-
ments, however the amount of therapy received
was similar in all categories. This may reflect
speech and language therapists’ input to people
with motor impairments (dysphagia and dysar-
thria), as well as those with aphasia. Psychology
input showed a different pattern. One might expect
psychologists to provide most input to the catego-
ries involving cognitive impairments, however,
this was not the case. Less than —5% of patients
were considered to need psychology input in any of
the categories, and when psychology was provided,
it typically consisted of a single assessment session
without on-going treatment. This clearly sub-opti-
mal given that —30% of stroke survivors suffer
cognitive problems post-stroke'? and patient feed-
back has highlighted the impact of unmet needs for
help with cognitive difficulties on ‘life after
stroke’.!* Elsewhere we have reported how staffing
levels for psychologists were extremely low and
few stroke services had access to any psychology
services.!* This is an obvious explanation for the
low level of recognised need and psychology input.
Another possibility is that other members of the
multidisciplinary team, such as occupational thera-
pists are providing this input. However, if this were
the case, one might expect patients in ‘cognitive
categories’ to more frequently require occupational
therapy.

All these findings contribute to the validation of
the Stroke Impairment Categories. The reliability
of the classification is dependent on the scoring of
the National Institute of Health Stroke Scale which
is reported to be good.®
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There is a growing recognition that stroke reha-
bilitation research needs to stratify stroke patients
by recognising their highly varied difficulties,
needs and recovery patterns. As well as ensuring
that participants are recruited to treatments which
more accurately reflect their needs, using a stratifi-
cation tool has the additional benefit of reducing
the sample sizes needed to achieve power, thus
improving research efficiency and reducing costs.!
The Stroke Impairment Categories offer a simple
potential way to achieve this: further research is
needed to develop this further.

The Stroke Impairment Categories also have
potential for clinical application. Stroke teams are
often required to estimate length of stay (or esti-
mated date of discharge) early after stroke patients’
admission. This is challenging and even experi-
enced clinicians find it difficult to accurately pre-
dict outcomes after stroke.'®!” The Stroke
Impairment Categories and data presented here
could be used as benchmark to inform more spe-
cific goal setting, predictions of length of stay and
recovery and to benchmark therapy input for
patients in the different categories. Predicting out-
come/ recovery in practice is moot however, with
many clinicians fearing that implementing such
processes which could lead to patients being
‘pigeon holed’, denied access to rehabilitation and
stifling hope of recovery. There is some evidence
to allay these fears. To date, one study examining
the implementation of an accurate, valid algorithm
to predict upper limb recovery have been pub-
lished.'®!” This showed that using the algorithm
increased therapists’ confidence to predict recov-
ery and focused the content of upper limb therapy
more appropriately with greater use of active treat-
ments for the groups with good or excellent pre-
dicted recovery. These changes were associated
with a reduction in inpatient length of stay of
1 week which, reassuringly did not come at the
expense of clinical outcomes. Thus using an algo-
rithm to predict recovery potential for individual
patients can increase rehabilitation efficiency after
stroke without compromising clinical outcome.
The study did not investigate patients’ or families’
experiences and satisfaction, however it is well-
established that stroke survivors and their families

want consistent information about their progress
and predictions of recovery and that these needs
are frequently unmet.?>?? Using predictive algo-
rithms have the potential to meet these needs as
well as to define and develop more personalised
care for different groups of patients.!>? Further
research is clearly needed to develop and evaluate
predictive algorithms for other aspects of stroke
recovery and (if effective) to understand how to
best implement them into practice.

Limitations

This work to develop the Stroke Impairment
Categories was heavily dependent on assessment
using the National Institute of Health Stroke Scale
on admission,”® which was developed to measure
overall stroke severity, and has limitations as an
assessment of stroke-related impairments. Firstly it
does not include important stroke-related impair-
ments such as memory, continence or swallowing.
It also measures each impairment crudely (on a
short Likert scale) and we only evaluated whether
impairments were present or absent at admission.
Consequently important impairments that could
limit everyday activities and participation may go
undetected. Finally, the National Institute of Health
Stroke Scale does not give any weighting to the
impact of the impairments on activity or patients’
lives. Thus it may over- or under-estimate for some
patients. However, the National Institute of Health
Stroke Scale has good psychometric properties’®
and is used in practice throughout the UK as well
as many other countries. Thus a classification
based on this scale has content, face and ecological
validity.

Our use of routinely collected observational
data also comes with limitations. Although SSNAP
has stringent quality control processes, it is depend-
ent on the accuracy of the original data entered and
may therefore be open to observer and reporter
bias, although this is unlikely to be systemic with
such a large sample size. A tendency to over-esti-
mate the duration of therapy treatment sessions has
been noted in previous studies?*? and so the accu-
racy of estimates of the amount of therapy should
be treated with some caution.
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Clinical message

e Sevendistinct Stroke Impairment Categories
have been identified.

e The Stroke Impairment Categories were
validated by observation of differences in
terms of characteristics, therapy provision
and outcome between the categories.
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