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ABSTRACT

Objective ‘More is better’ is a recognised mantra within
stroke therapy, however, this has been developed in
patients receiving long term rehabilitation. We investigated
the relationship between amount of therapy received (from
therapists and psychologists) and key patient outcomes
during inpatient care.

Design A secondary analysis of data from a prospective
cohort study was performed. Multilevel mixed models
adjusting for measured confounders (eg, severity),
explored the relationship between therapy dose (average
minutes per day of stay) and outcomes (disability, length
of stay, home at discharge and mortality). Therapy was
explored using simple linear terms and flexible natural
cubic splines to allow for more complex relationships.
Setting Data from the Sentinel Stroke National Audit
Programme, covering England, Wales and Northern Ireland
between July 2013 and July 2015 contained 94 905 adults
with a stroke and still an inpatient after 72 hours. These
patients received 92% (physiotherapy), 88% (occupational
therapy), 57% (speech and language therapy) and 5%
(clinical psychology), respectively.

Results The average amount of therapy, for individual and
‘any’ therapy combined per day of stay was low. Overall,
41% were discharged with an ‘independent’ modified
Rankin Scale (<2), 14% died, 44% were discharged home,
and the median length of stay was 16 days. We observed
complex relationships between amount of therapy received
and outcomes. An additional minute of ‘any’ therapy,
occupational therapy, speech and language therapy

and clinical psychology was associated with improved
outcomes. Conversely, more physiotherapy was also
associated with lower mortality and shorter length of stay,
but also lower independence and discharge home.
Conclusions Our findings suggest for stroke inpatients
requiring therapy, ‘More is better’ may be overly simplistic.
Strong limitations associated with analysis of routine

data restrict further robust investigation of the therapy—
response relationship. Robust prospective work is urgently
needed to further investigate the relationships observed
here.

Strengths and limitations of this study
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» The Sentinel Stroke National Audit Programme is a
large dataset representing real-world events within
a stroke patients experience of hospital care.

» Patients are representative of those admitted to
hospital with acute stroke in England, Wales and
Northern Ireland, with approximately 95% of pa-
tients who had a stroke included in the data.

» Study employs flexible modelling techniques to ex-
plores the commonly assumed linear association
between the amount of therapy received by stroke
inpatients and key outcomes (disability, length of
stay, home destination at discharge and inpatient
mortality).

» Limitations are present in that the data is focused on
recording care process information and not patient
care in detail.

» Only limited organisational level data were available,
including resources such as staffing levels.

INTRODUCTION

Stroke is estimated to be the second leading
cause of death and the third leading cause
of disability worldwide.' * Factors including,
improvements in healthcare, increased
incidence rates due to lifestyle factors and
changes in population make up, mean
the incidence of stroke and prevalence
of patients with stroke disability are rising
despite relative rates decreasing.” A funda-
mental element of any stroke care is therapy
(eg, physiotherapy (PT), occupational
therapy (OT), speech and language therapy
(SLT) and clinical psychology). There is
substantial evidence that stroke therapy is
effective but it is thought that it needs to be
provided intensively.*” However, most studies
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investigating the relationship between the amount of
therapy and outcomes have involved subacute or long-
term community-based rehabilitation and small sample
sizes.®

The National Clinical Guideline for Stroke in England,
Wales and Northern Ireland provides recommendations
for stroke care throughout the patients pathway including
acute and postacute care. The guidelines recommend
‘People with stroke should accumulate at least 45 min of
each appropriate therapy every day, at a frequency that
enables them to meet their rehabilitation goals, and for as
long as they are willing and capable of participating and
showing measurable benefit from therapy.” * The belief
that ‘more is better’ has long been accepted in stroke
care, particularly for PT.” ' However, most studies inves-
tigating the relationship between therapy intensity and
outcomes have involved the subacute or chronic stages of
stroke, often within the community and involving small
sample sizes. Moreover, these recommendations have
been proposed for individual therapy types, with little
research currently confirming the individual therapy—
outcome relationship in patients who had a acute care
stroke. An improved understanding of patient outcomes
in those identified as requiring each therapy, should help
to improve stroke care. The Stroke Sentinel National
Audit Programme (SSNAP)? "' # collects data on approx-
imately 80000 patients who had a stroke per year in
England, Wales, and Northern Ireland. Patient informa-
tion is recorded at hospital admission, during in patient
care and outcomes at discharge. It also records the avail-
able facilities, staffing levels and protocols in biennial
audits of organisations providing acute and postacute
care carried out every 2years.”” '*

The aim of this study was to use national stroke audit
data to explore the association and shape of association
between the amount of therapy during inpatient stroke
care and key reported patient outcomes of disability,
destination on discharge, length of inpatient stay and
inpatient mortality.

METHODS

Anonymised patient data were obtained from the Sentinel
Stroke National Audit Programme (SSNAP); with the
approval of the Healthcare Quality Improvement Part-
nership (www.hqip.org.uk). Access to the raw data source
was not possible, however the SSNAP analysis team were
available to provide further interpretation and guidance
to any data queries. The data request included all adults
(>18years) admitted to hospital with stroke between July
2013 and July 2015. To focus on the stroke population
most likely to need and receive therapy, we excluded
patients with a length of stay of less than 72 hours post
admission to hospital. This removed those patients who
did not receive inpatient therapy due to a very mild stroke
or Transient Ischaemic Attack (TIA), or due to very severe
strokes that required palliative care. Data from the 2014
acute organisational level audit containing trust level

information (eg, staffing availability) were also matched
to the patient data based on a codebook provided by
SSNAP."* ' Further details on data collection, inclusion/
exclusion criteria, formatting and analysis can be found
in the main report."”

During inpatient care patients may move between two
or more stroke units. This may result in multiple entries
per patient where a patient may have moved from a hyper-
acute or acute unit to a rehabilitation focused unit. The
primary outcome of interest was ‘disability on discharge’
from each inpatient stroke care team measured using the
modified Rankin Scale (mRS).' Secondary outcomes
included length of inpatient stay (days), destination at
discharge (home or residential care vs other), and inpa-
tient mortality. In each case, the appropriate regression
model (logistic, ordinal or negative binomial) was adopted
for each outcome. SSNAP data on therapy received by
patients included ‘total number of days with therapy’, and
‘total number of minutes of therapy received’ during each
stroke unit stay for four stroke therapies (PT, OT, SLT and
clinical psychology). We repeated each model for each
therapy type individually. For each type, therapy was repre-
sented as the average amount of therapy per day of inpa-
tient stay (total minutes of therapy/length of inpatient
stay). This was deemed to be the most suitable represen-
tation of the amount of therapy experienced during the
entire care period and less subject to reporter bias than
the reported average duration of therapy session (total
minutes of therapy/total days of treatment). The average
therapy per day of stay was initially included as a linear
therapy dose-response term to represent a simple 1min
increase in average therapy per day of stay relationship
with outcome. To explore the potential for the influence
of selection bias when modelling individual therapies, and
the potential for more complex associations than a simple
linear term (eg, a non-linear relationship). An exploratory
analysis first including total of any therapy, that is, time
associated with all four therapies combined adjusted for
therapy received, and second using natural cubic splines
to more flexibly represent the therapy dose-response rela-
tionship than a straight line.'” Here the range of average
therapy per day of stay was split into multiple regions,
within which individual cubic polynomial functions were
fitted that flexibly represent the change in outcome as
therapy increased within the region. These cubic poly-
nomials are further constrained to smoothly connect at
the predefined locations or knot points connecting the
regions and constrained to fit linear functions in the two
extreme regions. To allow an adequate amount of flexi-
bility 5knot points were chosen and positioned at equally
spaced percentiles as recommended by Harrell in 2001
(5%, 27.5%, 50%, 72.5% and 95%)."® This corresponded
to knot point positions consistent for each therapy at
approximately 2.1, 7.7, 13.2, 20 and 36 min per day of stay.
The point estimates and corresponding 95% Cls across the
average therapy/day of stay were extracted and plotted.

To account for the hierarchical structure of the data
with patients clustered within stroke teams, a multilevel
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mixed effects models with robust SEs accounted for the
lack of independence between patients entries.'’ To
account for as much measured confounding as possible a
set of covariates was identified a priori by the study team.
The full list of covariates and their individual structure
are reported in online supplemental tables 1-4. These
included available factors relating to patient demo-
graphics (age, gender, sociodeprivation, etc), admis-
sion characteristics (day of week, time of day, received
thrombolysis, etc), clinical characteristics (premorbid
mRS), stroke characteristics (including, stroke type,
stroke severity and stroke impairment type on admission
derived from the National Institute of Health Stroke Scale
(NIHSS),??! and organisational characteristics (eg, some
staffing level information). Effect estimates (Odds/Rate
Ratios) and associated 95% CIs were reported for a unit
increase (ie, per minute) in average amount of therapy
per day of stay when modelled as a linear term. Analysis
was performed using Stata V.15.%

Patient and public involvement

The development and design of this project was supported
by members of the patient and public involvement (PPI)
panel of the University of Manchester’s Stroke Research
Centre. The panel consists of 30 plus stroke survivors (of
all ages, types, and severity) and their families/carers
who provide a PPI perspective for stroke research in
Manchester. It was founded by the NW Stroke Research
Network and further lead by the University of Manchester
Stroke Research Group.

RESULTS
Between July 2013 and July 2015, 149560 patients who
were admitted to hospital with a stroke were recorded
in the SSNAP clinical audit. Of the initial sample 41706
were excluded due to length of stay less than 3 days. Inves-
tigation of the data found 12949 patients had NIHSS
Level of Consciousness on admission recorded as zero
(ie, ‘alert’) but all other NIHSS items were incomplete.
These patients were excluded as they were thought to
be a distinct subgroup atypical to those in stroke care.
Full details of the 94905 patients who met the inclusion
criteria can be found in table 1 and previous work.'” **
Nearly all patients required PT or OT (92% and 88%,
respectively), whereas SLT was required by 57%, and
only 4.7% were considered to need clinical psychology
(table 2). The median duration of an individual therapy
session was 34.5 (PT), 40 (OT), 31.3 (SLT) and 42 (clin-
ical psychology) minutes, however, the average minutes
of therapy per day of inpatient stay was much lower;
13.8,12.9, 6.7 and 1.9 min for physical, occupational and
speech therapy, and psychology, respectively (table 2)
indicating that patients received therapy infrequently.
During inpatient care, 14% of patients died after surviving
the initial 72 hours after admission (table 1), 44% were
discharged home and 13.4% to residential care (table 1).
The median length of inpatient stay was 16.1 days and at

discharge from hospital, 41% were considered indepen-
dent (mRS <£2).

Table 3 reports effect estimates (and 95% Cls) associ-
ated with each outcome where therapy per day of stay was
modelled as a simple linear term. With respect to each
therapy, an additional minute per day of inpatient stay
was associated with lower odds of dying, and a shorter
length of stay. PT was associated with 3% lower odds of
dying per minute, 12% for OT, 6% for SLT and 16% for
psychology. Correspondingly length of stay was also asso-
ciated with 1%, 2%, 3% and 7% shorter lengths of stay for
each therapy type, respectively.

For disability and destination on discharge, each addi-
tional average minute of OT, SLT and psychology per day
of inpatient stay was associated with 2%-5% lower odds
of increased disability at discharge and 0.4%-3% higher
odds of being discharged home. However, an additional
average minute of PT per day of stay was associated with
1% increased odds of increased disability at discharge
(OR (95% CI)=1.009 (1.008 to 1.010)) and 1% decreased
odds of being discharged home. Additional analysis,
exploring total of any therapy per day of stay (ie, all
four therapies combined), indicated an association with
improved disability at discharge, a reduced length of stay,
and reduced odds of mortality. The complete multilevel
models for all four health outcomes, the main predictor
and the a priori identified covariates can be found in
online supplemental tables 1-5.

Modelling therapy per day of inpatient stay using
natural cubic splines indicated similar patterns of associa-
tion between outcomes and OT, SLT and psychology, with
more therapy associated with improved outcome. The
change in OR associated with ordinal mRS and increased
minutes of therapy per day of inpatient stay can be found
in figure 1 for PT, OT, SLT and clinical psychology. OT
and SLT represented a steep slope up to approximately
10min per day of stay before a gradual incline implying
more gradual improvements. A similar result was observed
for psychology, however, wide CIs due to limited sample
size highlight the potential variability in the true effect.
PT was represented with a similarly steep slope for each
additional minute up to 8-10min, before the odds of
increased disability begins to decline. At approximately
35min, the estimated effect crosses the axis, implying
higher odds of increased disability than receiving no PT.
Patterns of association for each therapy with the other
outcomes are presented in online supplemental figure
1-3. The association between PT and home discharge
shows a similar pattern to disability. Additional amounts
of PT however, showed a consistent but gradual reduction
in length of stay and the odds of dying. Figure 2 represents
the change in disability, mortality, discharge home and
length of inpatient stay as ‘any’ therapy (ie, all four
combined) increases per min per day of stay. As noted,
with the simple linear term, ‘any’ therapy increases were
also associated with reduced disability, reduced mortality
and reduced length of stay within the first 15 min before a
more gradual improvement. Whereas home on discharge
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Table 1 Patient characteristics at admission and outcomes at discharge, split by need for each therapy
Occupational Speech and Clinical
Study characteristics at admission Physiotherapy therapy language therapy psychology Total
Age mean (SD) 76.2 (13.0) 76 (13.1) 77.2 (12.8) 73.1 (13.7) 76 (13.2)
Freq (row%) Freq (col%)
Gender Women 45524 (92.5) 43188 (87.8) 28665 (58.3) 2245 (4.6) 49199 (51.8)
Ethnicity Asian (inc Chinese) 2435 (91.2) 2354 (88.2) 1482 (55.5) 96 (3.6) 2669 (2.8)
Black 1220 (89.4) 1213 (88.9) 835 (61.2) 72 (5.3) 1365 (1.4)
Mixed 263 (89.5) 256 (87.1) 144 (49.0) 20 (6.8) 294 (0.3)
Unknown 4194 (90.8) 4026 (87.1) 2582 (55.9) 252 (5.5) 4620 (4.8)
Other 1027 (90.0) 996 (87.3) 654 (57.3) 47 (4.1) 1141 (1.2)
White 78422 (92.5) 74730 (88.1) 48371 (57.0) 3979 (4.7) 84816 (89.0)
Stroke severity Mild (<5) 33099 (91.0) 32582 (89.6) 14240 (39.1) 1476 (4.1) 36376 (38.3)
(NIHSS on admission) ;o qerate (5-14) 35578 (94.8) 34190 (91.1) 24190 (64.5) 2045 (5.4) 37527 (40.0)
Severe (15-20) 9668 (92.0) 8794 (83.7) 8048 (76.6) 544 (5.2) 10505 (11.1)
Very Severe (>20) 9221 (87.8) 8009 (76.3) 7590 (72.3) 401 (3.8) 10497 (11.1)
Co-morbidities Previous stroke/TIA 24583 (92.8) 23164 (87.4) 15558 (58.7) 1189 (4.5%) 26496 (27.9%)
Diabetes 18018 (92.8) 17193 (88.6) 10834 (55.8) 896 (4.6) 19414 (20.5)
Atrial fibrillation 19750 (92.5) 18538 (86.8) 13430 (62.9) 879 (4.1) 21352 (22.5)
Hypertension 48635 (92.8) 46476 (88.7) 30233 (57.7) 2392 (4.6) 52400 (55.2)
Congestive heart 5350 (94.0) 4883 (85.8) 3391 (59.6) 246 (4.3) 5690 (6.0)
failure
Stroke type Infarction 77662 (91.6) 74972 (88.5) 48199 (56.9) 3848 (4.5) 84747 (89.3)
Intracerebral 9200 (90.6) 8603 (84.7) 5869 (57.8) 618 (6.1) 10158 (10.7)
haemorrhage
Sociodeprivation 1 (least) 20327 (92.7) 19380 (88.4) 12414 (56.6) 972 (4.4) 21922 (21.1)
g‘:‘]z:;me postcode 5 20586 (92.0) 19733 (88.2) 12767 (57.1) 958 (4.3) 22377 (23.6)
8 20864 (92.6) 19927 (88.4) 13148 (58.3) 1021 (4.5) 22535 (23.7)
4 (most) 18859 (92.0) 18094 (88.3) 11769 (57.4) 1155 (5.6) 20494 (21.6)
Missing 6925 (91.4) 6441 (85.0) 3970 (52.4) 360 (4.8) 7577 (7.9)
Health outcomes at inpatient discharge Freq (row%) Freq (col%)
Disability status Indep (MRS <2) 35356 (90.5) 35037 (89.7) 16687 (42.7) 1361 (3.5) 39 050 (41.1)
Depen (MRS >2) 52205 (93.5) 48538 (86.9) 37381 (66.9) 3105 (5.6) 55855 (58.9)
Mortality 11002 (83.6) 8926 (67.8) 8344 (63.4) 225 (1.7) 13156 (13.9)
Discharge to residential car 12123 (95.5) 11227 (88.5) 9412 (74.2) 832 (6.6) 12690 (13.4)
Discharge home 37902 (91.6) 37302 (90.1) 19989 (48.3) 1939 (4.7) 41383 (43.6)
Length of inpatient stay (Med (IQR) days) 14.5 (7,36) 14.6 (7,36) 20.5 (9,45) 35.8 (15,64) 16.1 (9,40)
Total 87561 83575 54068 4466 94905

IMD, Index of Multiple Deprivation; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; TIA, Transient Ischaemic Attack.

also improved, it was more gradual over 20—25 min before
little to no improvement was observed.

DISCUSSION

This observational study of routinely collected consecu-
tive stroke admissions described the amount of therapy
typically received during inpatient stroke care in England,
Wales and Northern Ireland. As reported elsewhere'? we
found that the amountof each therapy, and total combined
‘any’ therapy, provided per day of stay was lower than that
recommended in national clinical guidelines.*** Focusing

on those in the acute care period, treatment sessions were
recorded as being both shorter than recommended but
also less frequent. For each individual therapy, and for
‘any’ therapy, increasing the average amount per day of
stay was associated with reduced odds of mortality and
shorter length of inpatient stay. When the amount of
‘any’ therapy, or separately the individual therapies OT,
SLT, and psychology were increased an association was
observed indicating a lower odds of increased disability at
discharge and increased odds of being discharged home.
However, each relationship observed was more complex
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Table 2 Description of therapy provided during inpatient stay

Occupational Speech and Clinical Total ‘any’
Physiotherapy therapy language therapy psychology therapy
No patients who required each 87561 (92%) 83575 (88%) 54068 (57 %) 4466 (4.7%) 90435 (95%)
therapy (total 94 05)*
No admission entries with 106294 (92%) 102001 (89%) 67314 (58%) 7697 (6.7%) 109889 (95%)
therapy (total 115 247)t
Median (IQR)
No of days patients received 5 (2-11) 4 (2-8) 3(1-7) 1(1-2) b
therapy
Percent days of stay which 40 (24-57) 31 (17-50) 12 (21-33) 5(2-10) I
patients received therapy
Average therapy received (min/  13.8 (7.5-21.7) 12.9 (6.8-21.1) 6.7 (3.3-12.3) 1.9 (0.6-4.5) 30(17-46)
day of stay)
Average duration of therapy 34.5 (26.6-45.0) 40 (30-49.8) 31.3 (23.3-44.4) 42 (30-53.6) 37(30-45)

session (min/session)

*Number of patients who are identified to require each therapy at admission.

TNumber of stroke unit admissions where therapy are reported (note multiple stroke unit admission per individual patients who had a stroke).
FNot available, due to data collected for each therapy individually determining total no days and percentage days of stay, without overlap (ie, pt and

ot on same day) not possible,.

than a simple linear ‘more is better’ relationship. This was
particularly evident in the association between inpatient
PT and both patient follow-up disability level, and home
destination at discharge. The complex association found
here between PT and both disability on discharge and
whether they were discharged home was unexpected and
difficult to explain. Data available in SSNAP were a simple
aggregated measure of minutes of therapy received and
number of days at each stroke team, therefore, we were
unable to comment on which days within the inpatient
period patients received therapy, the content or structure
of the therapy provided, or any indirect patient contact
(such as arranging discharge or home visits).
Interpretation of the associations presented here
between therapy and inpatient outcomes needs to be
performed with caution. These results do not indicate
that therapists only need provide 5-10min of PT/day of
stay for maximum benefit, nor will providing more than
35min be harmful. They do, however, suggest that ‘the
more therapy, the better’ may be an oversimplification.
A similar conclusion was drawn from the AVERT study, a
randomised clinical trial which found early mobilisation
of patients within the first 24 hours of their stroke could
be detrimental.*® We should be cautious to comparing
these studies. However, the majority of research looking
into therapy effects have been done in the subacute and
chronic stages of poststroke care, whereas AVERT and
this study were performed in patients acute stages of
poststroke care. A greater proportion of patients who
had a stroke receive PT for a greater proportion of their
hospital stay. Physiotherapists may be more likely to treat
the subgroup of patients for whom large doses of therapy
are not beneficial, or have a floor or ceiling effect on the
mRS. This may be supported by the indication that an
increase in the amount of psychology per day of stay is asso-
ciated with implausibly large improvements in outcome.

Patients receiving psychology could be considered to be a
casemix which is the ‘opposite end of the scale’ to PT. Very
few stroke survivors receive psychology and those who do,
often receive small amounts and usually relatively late in
their rehabilitation. The unexpected findings associated
with PT dose may, therefore, be an artefact, connected to
a different casemix. The analyses performed here were
adjusted for all known and measured confounders, the
proportion of patients receiving PT was large, and results
robust to different methods of analysis including linear
and cubic splines. The same analytical methods applied
to the other individual therapies, including ‘any’ therapy,
resulted in associations thought to be reliable.

Limitations

Though we have employed a large, representative, real-
world data set there are several limitations that should
be acknowledged when interpreting these results. This
is an observational records-based dataset with an explor-
atory analysis in addition to that preplanned. At no point
should causality be inferred. The accuracy and reliability
of the data, particularly the amount of therapy per day of
stay, may be subject to reporter bias and has previously
been thought to be overestimated.® We were limited to
the information recorded in SSNAP and steps taken to
protect patient confidentiality meant not all SSNAP data
were available to us. We are unable to comment on the
structure or content of the therapy provided; whether
patients received more than one treatment session
per day; when the therapy was received poststroke; or
whether the number or order of therapies per day had
any assoication with outcomes. Furthermore, the amount
of therapy recorded is that provided by therapists, rather
than that received by the patient. One concern raised is
that a patient who received 1hour of joint therapy from
three different therapists working together may have
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Table 3 The association between the average amount therapy/day of stay (minutes/day) and mortality, discharge destination and length of inpatient stay

Clinical psyc Total ‘any’ Therapy

SLT

Occ therapy

Physiotherapy

Health outcome at discharge
Disability mRS (OR (95% Cl))

0.979 (0.978 t0 0.980) 0.975 (0.974 t0 0.977)  0.945 (0.934 to 0.955)  0.995 (0.994 to 0.995)

1.009 (1.008 to 1.010)
0.985 (0.984 to 0.986)

1.004 (1.002 t0 1.007)  1.026 (1.011 to 1.041)  1.000 (0.999 to 1.001)

1.015(1.013 to 1.017)
0.883 (0.879 to 0.887)

Home destination on discharge (OR (95% CI))*

Mortality (OR (95% CI))*

0.843 (0.786 to 0.904) 0.966 (0.964 to 0.967)

0.945 (0.940 to 0.950)

0.975 (0.972 to 0.978)

0.971 (0.969 t0 0.972)  0.932 (0.928 to 0.936)  0.990 (0.989 to 0.990)

0.981 (0.982 to 0.982)

0.994 (0.994 to 0.995)

Length of inpatient stay (RR (95% CI))*

Note, all models fully adjusted for all known and measured confounding factors in a multilevel mixed effects regression model, total ‘any’ therapy included further indicators for therapy

received.

*OR as produced by ordinal and binary logisitic regression models, RR as produced from the negative binomial model.

mRS, modified Rankin Scale; OR, Odds Ratio; RR, rate ratio; SLT, speech and language therapy.
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Figure 1 Cubic splines describing the Odds Ratio

(95% Cl) for disability on discharge per minute therapy/

day of inpatient stay (referenced to zero). Top left to bottom
right=physiotherapy; occupational therapy (OT); speech and
language therapy (SLT); psychology (PSY).

been recorded as having 3 hours of therapy in SSNAP. We
wonder whether this contributed to the unexpected find-
ings for PT where more severely impaired patients might
require multiple therapists to treat them.

The primary outcome (mRS) is a crude measure of
disability for such a complex condition and is thought to
contain strong interobserver variability.*® Furthermore, the
baseline measure of stroke severity (the NIHSS) was one of
the few clinical measurements to contain missing data. We
accounted for this by creating a categorical variable based on
consciousness level and the other reported items which was
clinically meaningful but crude and may have contributed to
residual confounding. Further missing data techniques were
considered however we were concerned that techniques such
as a multiple imputation procedure would only increase bias
in the results as we could not plausibly consider the missing

Disability (modified Rankin Scale) In hospital mortality

OR Tot Therapy

OR: Tot Therapy

0 5 10 15 20 25 30 35 40 45 50 S5 60 65 70 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
min per day of stay min per day of stay

Home on discharge Time to discharge

OR Tt Therapy
IRR Tol Therapy

0 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
min per day of stay min per day of stay

Figure 2 Cubic splines describing Odds Ratio (OR)
assoicated with disability on discharge, in hospital mortality,
and home on discharge, and Incidence Rate Ratio (IRR)
assoicated with length of inpatient stay against per minute
‘any’ therapy/day of inpatient stay (referenced to zero).
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data to be Missing at Random.”” We were also unable to
include day to day changes in stroke severity/disability in
our analyses as these data are not collected by SSNAP. This
is thought to be a particular problem in patients with ‘mild’
stroke who nonetheless stay in hospital for 3days or more.
These factors, plus the inconsistency between different
methods of measuring severity, and the need to categorise
the continuous NIHSS measure are all likely to contribute
to the presence of residual confounding. It is also likely
that other, unmeasured confounding factors were present,
specifically (but not exclusively) at the organisational level
where limited relevant information was available regarding
the stroke team and patients. To some extent these unmea-
sured organisational characteristics were accounted for by
the random effects portion of the mixed model, however,
residual confounding may persist.

CONCLUSION

Carefully increasing the amount of therapy received per
day of stay may improve inpatient outcomes, however, the
magnitude of the benefit may be small. More complex rela-
tionships than might have been expected were observed
between therapy and inpatient outcomes. The reason
for these findings is unclear. Given the limitations of the
data available, which was collected routinely and so not
designed a priori to answer these questions, we strongly
recommend caution when interpreting these results.
Before any further action is taken, further investigation
through well-designed prospective work will be required
to in order to corroborate our findings and better under-
stand the optimal dose and frequency of therapy, the
most effective content of sessions, and optimal models of
organising and providing services.
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