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Abstract: Identification of factors that determine length of stay (LOS) in total anterior circulatory
stroke (TACS) has potential for targeted intervention to reduce the associated health care burden.
This study aimed to determine which factors predict LOS following either ischaemic or haemorrhagic
TACS. The study sample population was drawn from the Norfolk and Norwich Stroke and Transient
Ischemic Attack (TIA) Register (1996–2012), a prospective registry. 2965 patients admitted with
TACS verified by a stroke specialist team were included. Primary analysis identified predictors
of length of stay (LOS) in either haemorrhagic or ischaemic TACS. Secondary analyses identified
predictors of LOS in patients who were discharged alive or who died during admission separately.
Moderate (p = 0.014) to severe disability (p = 0.015) and history of congestive heart failure (p = 0.027)
in the primary analysis and pre-stroke residence in a care facility among patients who survived to
discharge (p = 0.013) were associated with a shorter length of stay. Factors associated with increased
length of stay included presence of neurological lateralisation in the primary analysis (p = 0.004)
and amongst patients who died (p = 0.003 and p = 0.014 for ischaemic and haemorrhagic stroke,
respectively). Patients with advanced age (≥85 years) with haemorrhagic stroke had longer LOS
regardless of mortality outcome. Patients with low pre-morbid disability (modified Rankin score ≤2
who died following haemorrhagic TACS also had longer LOS. Our study found predictors of LOS
following TACS include neurological lateralisation, pre-stroke disability status, congestive heart
failure, pre-morbid residence and age. The identification of such factors would assist in resource
allocation and discharge planning.

Keywords: haemorrhagic stroke; ischaemic stroke; length of stay; mortality; total anterior
circulatory stroke

1. Introduction

Stroke is a leading cause of death and disability worldwide with an annual incidence of 152,000 per
year in the UK [1] and 795,000 in the United States [2]. The cost of providing acute and long-term care,
along with estimated loss of productivity costs in stroke patients, is over 8 billion pounds per year [3]
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in the UK. Annual costs in the United States reach 33.6 billion dollars, of which 7.6 billion dollars are
attributed directly to inpatient stays [2] representing a major economic burden to the health services.

Length of stay (LOS) in acute medical care is a significant contributor to the financial implication of
caring for stroke patients and the ability to accurately predict which patients are likely to require longer
inpatient care would be desirable for both budgetary planning and healthcare provider considerations,
and also in communicating with patients and families to manage expectations at a vulnerable and
uncertain time [4].

Total anterior circulation stroke (TACS), as defined by the Oxford Community Stroke Project
classification [5], constitutes around 17% of stroke [5] and is a severe form of stroke associated with
higher mortality rates [6], higher healthcare costs [7] and longer length of stay [8] than other stroke
subtypes. Deeper insight and better understanding of factors that determine LOS in TACS creates the
potential for targeted intervention to reduce the associated health care burden.

We [9,10] and others [11] have derived and validated clinical prediction tools to predict length
of stay in acute stroke, but mostly in cohorts of stroke patients with varying severity. We recently
identified major determinants of mortality in TACS and derived a novel scoring system, the TACS-6
score, to predict mortality [12]. However, there is no tool in current clinical use that has been derived
to specifically predict length of stay following this most severe form of stroke. The purpose of this
study was to identify what factors in TACS patients were associated with hospital length of stay.

2. Methods

The study participants were drawn from the Norfolk and Norwich Stroke and Transient Ischemic
Attack (TIA) Prospective Register that has routinely collected data from its inception (Nov 1996) at the
Norfolk and Norwich University Hospital. The patients included in the study were admitted between
1996 and 2012. The hospital is a regional tertiary care hospital with a catchment population of ~750,000,
which provides a comprehensive stroke care service including a hyper acute stroke unit, a step-down
acute stroke unit and multi-disciplinary medical and rehabilitation care. Data collection methods were
previously reported [13,14].

For the purposes of this study, patients diagnosed with a TACS and entered into the registry for
the first time were included. TACS was defined as a significant ischemic or hemorrhagic event affecting
the middle and/or anterior cerebral artery territories. Clinically, a diagnosis of TACS was made by the
presence of all three of the following: unilateral weakness (and/or sensory impairment) of face, arm
and leg, homonymous hemianopia and higher cortical dysfunction (dysphasia and/or visuospatial
disorder). If lateralisation (i.e., unilateral weakness) was absent, the diagnosis was made radiologically,
such as by arterial territory involved and degree of the neurological deficit in conjunction with other
clinical signs (e.g., eye deviation/obvious neglect). Computed tomography (CT) was the first line
imaging modality, with Magnetic Resonance Imaging (MRI) performed in CT negative cases. Not all
ischaemic stroke underwent CT angiography in addition to non-contrast CT.

Variables of interest included age, sex, stroke sub-type (ischemic or hemorrhagic), pre-stroke
functional status as a marker of frailty assessed using the pre-stroke modified Rankin score
(mRs 0 = no symptoms, mRs 5 = severe disability, completely dependent on care) and pre-stroke
residence. Patients with modified rankin scores 4 and 5 (moderately severe and severe disability)
were combined for the analysis as these represented collectively a vulnerable group. We considered
sheltered housing as a pre-care home state (N = 8) and mental health facility (N = 2) as a care setting.
Comorbidities were retrieved from electronic discharge letters on the patient administration system.
Comorbidities (including atrial fibrillation (AF), diabetes mellitus, myocardial infarction (MI), chronic
kidney disease, and congestive heart failure) that could influence LOS were included. Comorbidities
with less than 5 patients recorded were excluded from the analyses as comparisons with these groups
would not be statistically useful. Length of stay was considered as the period in days from date of
admission to date of discharge from the hospital for those who survived or from date of admission to
date of death for those patients who died as an inpatient.
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Descriptive statistics for each potential explanatory factor was given as the number and percentage
in each category. A linear regression model was used to identify the association between potential
explanatory factors and length of stay. When there was less than 5 events the category it was excluded
from the model. The assumptions standard regression analysis was not met as the residuals were
not normally distributed, hence a non-parametric bootstrap was used to estimate the p-values and
confidence intervals. 1000 iterations of the bootstrap were used. Statistical significance was considered
as p ≤ 0.05. Statistical analysis was performed using Stata 14 (StataCorp, College Station, TX, USA).

Ethical approval was obtained from the Newcastle and Tyneside National Health Service (NHS)
Research Ethics Committee (12/NE/0170) and the study protocol was approved by the Steering
Committee of the Register.

Given the inherent differences in management and prognosis, the analyses were conducted
for ischemic and hemorrhagic stroke specifically in the whole sample. Subgroup analysis was then
performed to examine the factors associated with length of stay separately for patients who survived
to discharge and those who died as inpatients in line with our previous work [15].

3. Results

A total of 2965 patients with total anterior circulation stroke (42.0% male, mean age 76.9 ± 10.8 years,
58.0% female, mean age 81.5 ± 9.3 years) were included in the current study. The median age of the
whole sample was 81 years (range = 20–102 years; IQR 74–86 years). There were 232 (7.8%) aged less
than 65 years, 1717 (57.9%) aged 65–84 years and 1016 (34.3%) aged 85 years or more. 2439 (82.2%) had
an ischemic stroke. 526 (17.7%) had a haemorrhagic stroke. 2693 (90.8%) patients were admitted with
clinical features consistent with lateralisation of neurological deficit. 456 (15.4%) patients were admitted
from a care home. 1477 (58.7%) were fully independent prior to admission with baseline modified
Rankin scores of 0. Data for modified Rankin scores was available for 2517 out of 2965 patients.
486 (16.4%) had atrial fibrillation, 290 (9.8%) had congestive heart failure, 54 (1.8%) had chronic kidney
disease, 150 (5.1%) had a previous myocardial infarction and 88 (3%) were diabetic. 1707 patients
(57.6%) died during their admission, of whom 1379 (46.5%) patients had an ischaemic TACS and
328 (11.1%) patients had a haemorrhagic TACS. Table 1 shows the sample characteristics.

Table 2 details the length of stay analysis separately for the ischemic and hemorrhagic stroke
subtypes. In the ischemic stroke group, moderate (mean LOS 16 days, p = 0.014) and moderately
severe or severe disability (mean LOS 15 days, p = 0.015) prior to TACS (modified Rankin score 3 and 4
or 5) were both significantly associated with shorter length of stay as compared with those who had
no baseline disability (modified Rankin score 0). In the haemorrhagic stroke group, the presence of
lateralisation (mean LOS 16 days, p = 0.004) was associated with a longer length of stay and those
patients with a history of congestive heart failure (mean LOS 5 days, p = 0.027) had significantly shorter
length of stay.

Tables 3 and 4 show the stroke subtype specific length of stay results for the patients who were
alive at discharge or who died as inpatients respectively. In patients who survived an ischemic TACS,
those who lived in a care home prior to admission had significantly shorter length of stay (mean LOS
20 days, p = 0.013). In those who survived a bleed, patients with advanced age (mean LOS 33 days
for patients aged ≥85 years, p = 0.006) had significantly longer LOS. In patients who died following
an ischemic event, the presence of lateralisation (mean LOS 12 days, p = 0.003) was associated with
increased length of stay. Amongst patients who died following a haemorrhagic TACS, the presence
of lateralisation (mean LOS 10 days, p = 0.014), advanced age (mean LOS 11 days for patients aged
≥85 years, p = 0.04) and modified Rankin scores 1 (mean LOS 15 days, p = 0.042), 2 (mean LOS 19 days,
p = 0.025) as compared with those who had a baseline score of 0 were associated with longer of lengths
of stay.
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Table 1. Total anterior circulation stroke patient cohort characteristics.

Total % Ischemic % Hemorrhagic %

Stroke Type

Ischaemic 2439 82.3 - -
Haemorrhage 526 17.7 - -

Mortality

Survived 1258 42.4 1060 43.5 198 37.6
Died 1707 57.6 1379 56.5 328 62.4

Age

<65 years 232 7.8 167 6.9 65 12.3
65–85 years 1717 57.9 1381 56.6 336 63.9
≥85 years 1016 34.3 891 36.5 125 23.8

Gender

Female 1719 58.0 1452 59.5 267 50.8
Male 1246 42.0 987 40.5 259 49.2

Lateralization

Yes 2693 90.8 2256 92.5 437 83.1
No 272 9.2 183 7.5 89 16.9

Residence

Care Home 456 15.4 399 16.3 57 10.8
Home Alone 988 33.3 829 34.0 159 30.2

Home
Family 1521 51.3 1211 49.7 310 59.0

Rankin Score

mRs 1 0 1477 58.7 1175 56.8 302 67.46
mRs 1 206 8.2 175 8.4 31 6.9
mRs 2 235 9.3 193 9.3 42 9.4
mRs 3 312 12.4 264 12.8 48 10.7

mRs 4 or 5 287 11.4 262 12.7 25 5.6

Comorbidity

AF 2 No 2479 83.6 1965 80.6 514 97.7
AF Yes 486 16.4 474 19.4 12 2.3

CHF 3 No 2675 90.2 2155 88.4 520 98.9
CHF Yes 290 9.8 284 11.6 6 1.1

CKD 4 No 2911 98.2 2385 97.8 526 100
CKD Yes 54 1.8 54 2.2 0 0
MI 5 No 2815 94.9 2312 94.8 503 95.6
MI Yes 150 5.1 127 5.2 23 4.4

DM 6 No 2877 97.0 2352 96.4 525 99.8
DM Yes 88 3.0 87 3.6 1 0.2

1 mRs = modified Rankin scale; 2 AF = atrial fibrillation; 3 CHF = congestive heart failure; 4 CKD = chronic kidney
disease; 5 MI = myocardial infarction; 6 DM = diabetes mellitus.

Table 2. Adjusted combined length of stay analysis with 95% confidence intervals of ischaemic and
haemorrhagic TACS.

Ischaemic TACS Haemorrhagic TACS

N Mean SD 95% CI p-Value N Mean SD 95% CI p-Value

Age

<65 years 167 19.7 23.5 65 13.8 17.9
65–84 years 1381 17.8 17.7 −5.87–2.08 0.350 336 15.1 17.4 −5.98–4.17 0.727
≥85 years 891 16.9 18.1 −6.64–1.92 0.280 125 16.2 18.9 −5.42–6.88 0.816

Gender

Female 1452 17.7 18.3 267 15.2 17.6
Male 987 17.6 18.3 −2.34–1.15 0.506 259 15.1 18.1 −2.07–4.81 0.436

Lateralisation

No 183 15.2 21.1 89 9.7 18.3
Yes 2256 17.8 18 −2.07–5.01 0.415 437 16.3 17.5 2.32–11.9 0.004
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Table 2. Cont.

Ischaemic TACS Haemorrhagic TACS

N Mean SD 95% CI p-Value N Mean SD 95% CI p-Value

Residence

Home Alone 829 18.5 20 159 16.2 19.2
Home
Family 1211 17.9 18.1 −3.05–0.88 0.280 310 15 17.2 −5.67–2.81 0.509

Care home 399 15.1 14.5 −4.77–0.74 0.152 57 13.4 17.3 −9.74–4.03 0.416

Rankin Score

mRs 0 1175 19.1 19.4 302 15 18.6
mRs 1 175 18.8 20.3 −3.63–3.01 0.856 31 20 19.4 −1.72–13.7 0.128
mRs 2 193 18.4 20.4 −3.63–2.65 0.760 42 16.7 17.4 −3.74–7.69 0.498
mRs 3 264 16 15.3 −5.12–−0.5 0.014 48 16.8 17.5 −3.90–6.86 0.590

mRs 4 or 5 262 14.9 15.3 −6.15–−0.6 0.015 25 12.4 13.3 −7.37–5.41 0.763

Comorbidity

AF No 1965 17.5 18 514 15.3 17.9
AF Yes 474 18.2 19.4 −1.55–3.14 0.506 12 10.2 12.9 −9.62–9.56 0.996

CHF No 2155 17.5 17.7 520 15.3 17.9
CHF Yes 284 18.7 22.5 −1.53–4.39 0.345 6 5.8 5.6 −18.4–−1.09 0.027
CKD No 2385 17.6 18.3 526 15.2 17.8
CKD Yes 54 17 17.1 −4.73–5.56 0.875 0 - -

MI No 2312 17.5 17.9 503 15 17.4
MI Yes 127 19.2 24.3 −3.78–6.08 0.647 23 18 25.4 −7.29–14.5 0.518
DM No 2352 17.7 18.4 525 15.2 17.8
DM Yes 87 16.4 15.4 −2.49–5.17 0.492 1 1 -

Table 3. Adjusted length of stay analysis with 95% confidence intervals of ischaemic and haemorrhagic
TACS in patients who were alive at discharge.

Ischaemic TACS Haemorrhagic TACS

N Mean SD 95% CI p-Value N Mean SD 95% CI p-Value

Age

<65 years 119 25.1 25.5 40 19.6 20.4
65–84 years 669 24.4 19.7 −6.71–3.64 0.561 129 24.1 21.7 −5.37–9.76 0.569
≥85 years 272 25.2 20.7 −6.75–5.37 0.823 29 33.3 25.1 5.15–30.5 0.006

Gender

Female 612 24.9 21 102 25.4 22.7
Male 448 24.3 20.2 −3.41–2.36 0.720 96 23.6 21.8 −5.21–8.87 0.611

Lateralisation

No 59 29.3 29.1 23 19.9 30.8
Yes 1001 24.4 20.1 −16.2–0.84 0.077 175 25.2 20.9 −7.79–22.2 0.346

Residence

Home Alone 346 26.6 23.3 66 26.6 24.8
Home
Family 591 24.4 19.8 −6.08–0.82 0.135 114 23.4 20.1 −11.6–4.50 0.387

Care home 123 20.4 15.8 −12.2–−1.43 0.013 18 24.5 25.6 −20.4–10.1 0.506

Rankin Score

mRs 0 625 25 21.7 125 24.4 23.3
mRs 1 73 25.3 24.5 −5.70–5.99 0.962 10 30.1 22.2 −7.54–22.2 0.334
mRs 2 79 24.1 16.1 −5.10–3.30 0.674 17 17 14.8 −18.8–2.88 0.150
mRs 3 90 24.6 18.2 −4.59–4.43 0.973 14 30.6 24.7 −10.4–17.6 0.612

mRs 4 or 5 79 21.4 17.8 −7.13–4.89 0.715 6 22.3 21.8 −18.5–9.01 0.499

Comorbidity

AF No 902 24.3 20.5 196 24.6 22.3
AF Yes 158 27 21.5 −3.52–4.88 0.750 2 17.5 17.7

CHF No 979 24.1 20.2 197 24.6 22.3
CHF Yes 81 31.8 25 −0.11–11.1 0.055 1 16 -
CKD No 1043 24.6 20.7 198 24.6 22.2
CKD Yes 17 32.1 21.5 −1.85–17.2 0.114 0 NA NA

MI No 1017 24.3 20.5 193 24 21.4
MI Yes 43 32.4 22.6 −0.88–14.3 0.083 5 45.2 43.3
DM No 1033 24.8 20.7 198 24.6 22.2
DM Yes 27 21 19.1 −10.6–7.29 0.720 0 NA NA



Geriatrics 2017, 2, 26 6 of 9

Table 4. Adjusted length of stay analysis with 95% confidence intervals of ischaemic and haemorrhagic
TACS in patients who died during admission.

Ischaemic TACS Haemorrhagic TACS

N Mean SD 95% CI p-Value N Mean SD 95% CI p-Value

Age

<65 years 48 6.2 7.4 25 4.5 6.2
65–84 years 712 11.7 12.8 2.82–8.59 0.000 207 9.4 10.8 −0.27–7.60 0.068
≥85 years 619 13.3 15.4 3.79–10.6 0.000 96 11 12.8 0.23–10.3 0.040

Gender

Female 840 12.4 13.8 165 8.9 8.9
Male 539 12 14.3 −1.56–2.11 0.768 163 10.1 13.2 −0.32–5.20 0.084

Lateralisation

No 124 8.5 10.8 66 6.2 9.2
Yes 1255 12.6 14.2 1.28–6.18 0.003 262 10.3 11.6 0.80–6.93 0.014

Residence

Home Alone 483 12.7 14.6 93 8.8 8.2
Home
Family 620 11.6 13.8 −2.69–1.26 0.477 196 10 12.9 −1.60–4.67 0.337

Care home 254 13 12.8 −2.26–3.16 0.744 39 8.3 8 −7.65–2.36 0.300

Rankin Score

mRs 0 550 12.3 13.5 177 8.4 10.1
mRs 1 102 14.2 15.2 −2.02–4.60 0.445 21 15.1 16.4 0.28–14.5 0.042
mRs 2 114 14.5 22.1 −2.66–5.34 0.512 25 16.5 19.3 1.05–15.7 0.025
mRs 3 174 11.5 11.3 −4.01–0.48 0.123 34 11 8.9 −0.55–6.83 0.095

mRs 4 or 5 183 12.1 13.2 −4.39–1.07 0.233 19 9.3 7.9 −1.68–7.65 0.209

Comorbidity

AF No 1063 11.7 13.1 318 9.5 11.2
AF Yes 316 13.7 16.7 −1.19–3.87 0.298 10 8.7 12.5 −8.71–13.1 0.693

CHF No 1176 12 12.9 323 9.6 11.3
CHF Yes 203 13.5 19.1 −1.61–4.60 0.344 5 3.8 2.8
CKD No 1342 12.3 14.1 328 9.5 11.2
CKD Yes 37 10.1 8.3 −7.08–0.12 0.058 0 NA NA

MI No 1295 12.2 13.3 310 9.4 11.3
MI Yes 84 12.4 22.4 −6.24–5.32 0.877 18 10.4 10.7 −4.80–5.78 0.855
DM No 1319 12.1 14 327 9.5 11.2
DM Yes 60 14.3 13.1 −1.55–6.27 0.237 1 1 NA

4. Discussion

We have identified several factors associated with both shorter and longer length of stay in
patients who presented with a total anterior circulation stroke. Predictive criteria such as the PLOS
score [11] includes variables such as stroke severity assessed by NIHSS score, stroke type, decreased
consciousness on admission, congestive heart failure and atrial fibrillation to predict length of stay but
its generalizability has been questioned [16] and it was not specific to TACS patients, who often suffer
the greatest burden of post-stroke disability and the most prolonged length of stay.

To date, much of the literature has focussed on stroke severity, rather than on specific clinical
features of neurological deficit, as a predictor of length of stay, with increasing stroke severity scores
associated with longer inpatient admission [17,18]. However, lateralization forms part of the criteria
of assessment in several validated stroke severity scoring tools, including the NIHSS score and the
Canadian Neurological Score [19–21]. Early functional improvement in paretic limbs following anterior
circulation stroke has been shown to predict greater recovery while those limbs lacking voluntary
movement in the few days following the occurrence of stroke were associated with poorer outcome [22].
Our study had similar findings with lateralisation increasing length of stay in those patients who
died of ischaemic or haemorrhagic TACS and increasing overall inpatient stay in haemorrhagic TACS,
with such a deficit likely reflecting increased severity of stroke and vulnerability to complications
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of immobility, including infection, venous thrombo-embolism and pressure sores. Severity scoring
tools were not included in the analysis for the current study. Rather, the inclusion of a broader binary
measure of impairment (lateralization or not) instead of the specific grade of limb weakness may have
decreased the potential for inter-rater variability in the assessment of neurological deficit.

Advancing age has previously been shown to be predictive of longer length of stay [23] and poor
outcomes in stroke, including change in residence to nursing home care reflecting an individual’s
increased dependence and care needs if they survived the stroke [24]. In clinical practice the delayed
availability of such care often represents a rate-limiting aspect to speed of discharge in health care
systems such as in the National Health Service in the UK. The current finding of advanced age being
associated with increased length of stay is supported by a recently validated length of stay prediction
tool [10] with a similar cohort mean age being observed in both studies, and differs to earlier studies
which had younger cohorts that did not show an association between age and length of stay [18].
An ever-increasing elderly population is a prominent factor in contemporary medical practice that
places further demands on health services. Recognising the impact age has on length of stay has
therefore important resource allocation implications, emphasising the requirement for early review of
patient’s pre & post-morbid functional status, detailed collateral history at the point of admission and a
multi-disciplinary (including social worker) review given the higher likelihood that an elderly patient
will need greater resource (i.e., care or change in residency to nursing home) utilisation. The earlier
thus work could be done for these elderly patients the more efficiently their LOS could be influenced.
Equally, stroke services should take into account patient demographics such as age, not just the number
of population they serve, so stroke unit beds are able to cope with increasing ageing populations.

Congestive heart failure (CHF) has previously been reported to prolong length of stay following
stroke [11,25] and transient ischaemic attack [26], forming one of the criteria in the aforementioned
PLOS score. In keeping with prolonged length of stay CHF has been reported as a predictor of
increased cost following stroke [25,27]. It could be expected that increased comorbidity prior to TACS
would contribute to more prolonged recovery, placing further limitation on rehabilitation effort and
exacerbating vulnerability to complications that accompanies an acute insult such as a TACS. However,
in the current study patients with a haemorrhagic stroke and a history of CHF had approximately
only one third of the mean length of stay of those patients who were without pre-morbid cardiac
impairment. CHF has also been associated with increased mortality following stroke [28] and this
may also account for the decreased length of stay in the haemorrhagic TACS cohort in the current
study, where patients with poor physiological reserve succumbed having suffered the most severe
form cerebrovascular injury. It would be of interest to observe similar findings in future studies
to establish this link further. Cardiac failure and cerebrovascular disease share similar risk factors,
such as hypertension, atrial fibrillation and hypercholesterolaemia (as a contributor to ischaemic
cardiomyopathy). The association of poor outcomes between heart failure and stroke underlines the
importance of risk factor modification and achieving primary and secondary prevention targets.

Higher pre-stroke modified Rankin scores have previously been reported to influence length of
stay and mortality [29]. In the primary analysis a reduced length of stay was seen in patients with
higher disability (mRs group 3 and 4 or 5) who suffered an ischaemic TACS. This may in part be
due to higher inpatient mortality rates being seen in the study’s cohort who had a pre-stroke mRs
of 3 (p = 0.003) and 4 (p = 0.014) and an associated relatively shorter LOS. Equally, among those who
survived to discharge, patients who had higher degrees of disability may have been less likely to
benefit from intensive, acute stroke rehabilitation prompting more timely discharge back to their
pre-stroke residence with appropriate care arrangements that were already catering for their needs.
This is also reflected by the fact patients admitted from care settings had shorter LOS. Amongst those
patients who died, minimal to mild pre-morbid disability predicted increased length of stay following a
haemorrhagic event. This longer length of stay likely reflects that these patients were now significantly
unwell following their event but may have had some degree of physiological reserve that enabled
them to survive for a period of time before succumbing to their acute illness. Equally, discharge
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planning may have been a factor with these patients becoming more care dependent following such
an event and their prolonged stay reflecting the time requirement to arrange new, suitable discharge
destinations such as a high intensity nursing home or hospice.

The main study limitation is that it is based on one centre’s experience in the UK NHS setting and
patient cohort where stroke management resources, delivery and patient characteristics may differ
in other places and settings. Also, the analysis was conducted retrospectively. However, the data
were collected prospectively, except for co-morbidities, which were documented prospectively in the
medical notes and identified at a later stage using electronic records. This prospective data collection of
consecutive admissions and the lack of exclusion criteria to the register limit the possibility of selection
bias and reflect a real world picture.

5. Conclusions

In summary, the identification of contributors to length of stay would aid the development of
useful prediction criteria in future studies. This study with a large cohort of patients contributes
valuable information to predicting which patients will have an extended or likely shorter inpatient stay
following a TACS. This information can potentially be used for planning of services and projections of
future health care costs in stroke populations with knowledge about the incidence of TACS within
local stroke patient populations. Further studies in multiple settings would be beneficial to validate
predictive criteria for TACS length of stay given its wide-ranging impact on healthcare providers
and patients.

Author Contributions: All authors contributed to the design and the drafting the article. M.Y., A.B.C. analysed
the data. N.D.G., J.H.B.S., A.K.M., K.M.B., M.D.F., J.F.P. contributed to the design of the study. P.K.M., J.P.C. wrote
the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Townsend, N.; Wickramasinghe, K.; Bhatnagar, P.; Smolina, K.; Nichols, M.; Leal, J.; Luengo-Fernandez, R.;
Rayner, M. Coronary Heart Disease Statistics 2012. British Heart Foundation. Available online: https:
//www.bhf.org.uk/~/media/files/.../2012_chd_statistics_compendium.pdf (accessed on 8 March 2017).

2. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; de Ferranti, S.; Després, J.P.;
Fullerton, H.J.; Howard, V.J.; et al. Heart disease and stroke statistics–2015 update: A report from the
American Heart Association. Circulation 2015, 131. [CrossRef]

3. Morse, A. Progress in Improving Stroke Care. National Audit Office UK, 2010. Available online: www.nao.
org.uk/wpcontent/uploads/2010/02/0910291.pdf (accessed on 8 March 2017).

4. Wentworth, D.A.; Atkinson, R.P. Implementation of an Acute Stroke Program Decreases Hospitalization
Costs and Length of Stay. Stroke 1996, 27, 1040–1043. [CrossRef] [PubMed]

5. Bamford, J.; Sandercock, P.; Dennis, M.; Burn, J.; Warlow, C. Classification and natural history of clinically
identifiable subtypes of cerebral infarction. Lancet 1991, 337, 1521–1526. [CrossRef]

6. Reggiani, M.; Società Inter-Regionale Piemonte e Valle d’Aosta per le Cerebrovasculopatie Group. Five-year
survival after first-ever ischemic stroke is worse in total anterior circulation infarcts: The SINPAC cohort.
Cerebrovasc. Dis. 2009, 27, 29–36. [PubMed]

7. Dewey, H.M.; Thrift, A.G.; Mihalopoulos, C.; Carter, R.; Macdonnell, R.A.; McNeil, J.J.; Donnan, G.A.
Lifetime cost of stroke subtypes in Australia: Findings from the North East Melbourne Stroke Incidence
Study (NEMESIS). Stroke 2003, 34, 2502–2507. [CrossRef] [PubMed]

8. Hakim, E.A.; Bakheit, A.M. A study of the factors which influence the length of stay of stroke patients.
Clin. Rehabil. 1998, 12, 151–156. [CrossRef] [PubMed]

9. Myint, P.K.; Clark, A.B.; Kwok, C.S.; Davis, J.; Durairaj, R.; Dixit, A.K.; Sharma, A.K.; Ford, G.A.; Potter, J.F.
The SOAR (Stroke subtype, Oxford Community Stroke Project classification, Age, prestroke modified Rankin)
score strongly predicts early outcomes in acute stroke. Int. J. Stroke 2014, 9, 278–283. [CrossRef] [PubMed]

https://www.bhf.org.uk/~/media/files/.../2012_chd_statistics_compendium.pdf
https://www.bhf.org.uk/~/media/files/.../2012_chd_statistics_compendium.pdf
http://dx.doi.org/10.1161/CIR.0000000000000157
www.nao.org.uk/wpcontent/uploads/2010/02/0910291.pdf
www.nao.org.uk/wpcontent/uploads/2010/02/0910291.pdf
http://dx.doi.org/10.1161/01.STR.27.6.1040
http://www.ncbi.nlm.nih.gov/pubmed/8650711
http://dx.doi.org/10.1016/0140-6736(91)93206-O
http://www.ncbi.nlm.nih.gov/pubmed/19018135
http://dx.doi.org/10.1161/01.STR.0000091395.85357.09
http://www.ncbi.nlm.nih.gov/pubmed/12970517
http://dx.doi.org/10.1191/026921598676265330
http://www.ncbi.nlm.nih.gov/pubmed/9619657
http://dx.doi.org/10.1111/ijs.12088
http://www.ncbi.nlm.nih.gov/pubmed/23834262


Geriatrics 2017, 2, 26 9 of 9

10. Kwok, C.S.; Clark, A.B.; Musgrave, S.D.; Potter, J.F.; Dalton, G.; Day, D.J.; George, A.; Metcalf, A.K.; Ngeh, J.;
Nicolson, A.; et al. The SOAR stroke score predicts hospital length of stay in acute stroke: An external
validation study. Int. J. Clin. Pract. 2015, 69, 659–665. [CrossRef] [PubMed]

11. Koton, S.; Bornstein, N.M.; Tsabari, R.; Tanne, D. Derivation and validation of the prolonged length of stay
score in acute stroke patients. Neurology 2010, 74, 1511–1516. [CrossRef] [PubMed]

12. Wood, A.D.; Gollop, N.D.; Bettencourt-Silva, J.H.; Clark, A.B.; Metcalf, A.K.; Bowles, K.M.; Flather, M.D.;
Potter, J.F.; Myint, P.K. A 6-Point TACS Score Predicts In-Hospital Mortality Following Total Anterior
Circulation Stroke. J. Clin. Neurol. 2016, 12, 407–413. [CrossRef] [PubMed]

13. Kwok, C.S.; Skinner, J.; Metcalf, A.K.; Potter, J.F.; Myint, P.K. Prior antiplatelet or anticoagulant therapy and
mortality in stroke. Heart 2012, 98, 712–717. [CrossRef] [PubMed]

14. White, J.R.; Bettencourt-Silva, J.H.; Potter, J.F.; Loke, Y.K.; Myint, P.K. Changes in antiplatelet use prior to
incident ischaemic stroke over 7 years in a UK centre and the association with stroke subtype. Age Ageing
2013, 42, 594–598. [CrossRef] [PubMed]

15. Guyomard, V.; Fulcher, R.A.; Redmayne, O.; Metcalfe, A.K.; Potter, J.F.; Myint, P.K. Effect of dysphasia and
dysphagia on inpatient mortality and hospital length of stay: A database study. J. Am. Geriatr. Soc. 2009, 57,
2101–2106. [CrossRef] [PubMed]

16. Béjot, Y.; Aboa-Eboulé, C.; Giroud, M. Validation of the Prolonged Length of Stay in the Dijon stroke registry.
Neuroepidemiology 2012, 39, 176. [CrossRef] [PubMed]

17. Appelros, P. Prediction of length of stay for stroke patients. Acta Neurol. Scand. 2007, 116, 15–19. [CrossRef]
[PubMed]

18. Chang, K.C.; Tseng, M.C.; Weng, H.H. Prediction of length of stay of first-ever ischemic stroke. Stroke 2002,
33, 2670–2674. [CrossRef] [PubMed]

19. Muir, K.W.; Weir, C.J.; Murray, G.D.; Povey, C.; Lees, K.R. Comparison of neurological scales and scoring
systems for acute stroke prognosis. Stroke 1996, 27, 1817. [CrossRef] [PubMed]

20. Adams, H.P., Jr.; Davis, P.H.; Leira, E.C.; Chang, K.C.; Bendixen, B.H.; Clarke, W.R.; Woolson, R.F.;
Hansen, M.D. Baseline NIH Stroke Scale score strongly predicts outcome after stroke: A report of the
Trial of Org 10172 in Acute Stroke Treatment (TOAST). Neurology 1999, 53, 126. [CrossRef] [PubMed]

21. Côté, R.; Battista, R.N.; Wolfson, C.; Boucher, J.; Adam, J.; Hachinski, V. The Canadian Neurological Scale:
Validation and reliability assessment. Neurology 1989, 39, 638–643. [CrossRef] [PubMed]

22. Nijland, R.H.; van Wegen, E.E.; Harmeling-van der Wel, B.C.; Kwakkel, G. Presence of Finger Extension
and Shoulder Abduction Within 72 Hours After Stroke Predicts Functional Recovery. Early Prediction of
Functional Outcome After Stroke: The EPOS Cohort Study. Stroke 2010, 41, 745–750. [PubMed]

23. Béjot, Y.; Rouaud, O.; Jacquin, A.; Osseby, G.V.; Durier, J.; Manckoundia, P.; Pfitzenmeyer, P.; Moreau, T.;
Giroud, M. Stroke in the Very Old: Incidence, Risk Factors, Clinical Features, Outcomes and Access to
Resources—A 22-Year Population-Based Study. Cerebrovasc. Dis. 2010, 29, 111–121. [CrossRef] [PubMed]

24. Kammersgaard, L.P.; Jørgensen, H.S.; Reith, J. Short- and long-term prognosis for very old stroke patients.
The Copenhagen Stroke Study. Age Ageing 2004, 33, 149–154. [CrossRef] [PubMed]

25. Divani, A.A.; Vazquez, G.; Asadollahi, M.; Qureshi, A.I.; Pullicino, P. Nationwide frequency and association
of heart failure on stroke outcomes in the United States. J. Card. Fail. 2009, 15, 11–16. [CrossRef] [PubMed]

26. Qureshi, A.I.; Adil, M.M.; Zacharatos, H.; Suri, M.F. Factors associated with length of hospitalization in
patients admitted with transient ischemic attack in United States. Stroke 2013, 44, 1601–1605. [CrossRef]
[PubMed]

27. Goeree, R.; Blackhouse, G.; Petrovic, R.; Salam, S. Cost of stroke in Canada: A 1-year prospective study.
J. Med. Econ. 2005, 8, 147–167. [CrossRef]

28. Yaghi, S.; Sherzai, A.; Pilot, M.; Sherzai, D.; Elkind, M.S. The CHADS2 Components Are Associated with
Stroke-Related In-hospital Mortality in Patients with Atrial Fibrillation. J. Stroke Cerebrovasc. Dis. 2015, 24,
2404–2407. [CrossRef] [PubMed]

29. Kwok, C.S.; Clark, A.; Ford, G.A. Association between prestroke disability and inpatient mortality and
length of acute hospital stay after acute stroke. J. Am. Geriatr. Soc. 2012, 60, 726–732. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/ijcp.12577
http://www.ncbi.nlm.nih.gov/pubmed/25648886
http://dx.doi.org/10.1212/WNL.0b013e3181dd4dc5
http://www.ncbi.nlm.nih.gov/pubmed/20458067
http://dx.doi.org/10.3988/jcn.2016.12.4.407
http://www.ncbi.nlm.nih.gov/pubmed/27819414
http://dx.doi.org/10.1136/heartjnl-2011-301076
http://www.ncbi.nlm.nih.gov/pubmed/22327570
http://dx.doi.org/10.1093/ageing/aft075
http://www.ncbi.nlm.nih.gov/pubmed/23832263
http://dx.doi.org/10.1111/j.1532-5415.2009.02526.x
http://www.ncbi.nlm.nih.gov/pubmed/20121954
http://dx.doi.org/10.1159/000342176
http://www.ncbi.nlm.nih.gov/pubmed/23051699
http://dx.doi.org/10.1111/j.1600-0404.2006.00756.x
http://www.ncbi.nlm.nih.gov/pubmed/17587250
http://dx.doi.org/10.1161/01.STR.0000034396.68980.39
http://www.ncbi.nlm.nih.gov/pubmed/12411659
http://dx.doi.org/10.1161/01.STR.27.10.1817
http://www.ncbi.nlm.nih.gov/pubmed/8841337
http://dx.doi.org/10.1212/WNL.53.1.126
http://www.ncbi.nlm.nih.gov/pubmed/10408548
http://dx.doi.org/10.1212/WNL.39.5.638
http://www.ncbi.nlm.nih.gov/pubmed/2710353
http://www.ncbi.nlm.nih.gov/pubmed/20167916
http://dx.doi.org/10.1159/000262306
http://www.ncbi.nlm.nih.gov/pubmed/19955734
http://dx.doi.org/10.1093/ageing/afh052
http://www.ncbi.nlm.nih.gov/pubmed/14960430
http://dx.doi.org/10.1016/j.cardfail.2008.09.001
http://www.ncbi.nlm.nih.gov/pubmed/19181288
http://dx.doi.org/10.1161/STROKEAHA.111.000590
http://www.ncbi.nlm.nih.gov/pubmed/23632974
http://dx.doi.org/10.3111/200508147167
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.06.037
http://www.ncbi.nlm.nih.gov/pubmed/26231476
http://dx.doi.org/10.1111/j.1532-5415.2011.03889.x
http://www.ncbi.nlm.nih.gov/pubmed/22316344
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 

