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Abstract

Background: Knowledge of the configuration and costs of community rehabilitation and support for people with long-term
neurological conditions (LTNCs) is needed to inform future service development and resource allocation. In a multicentre
prospective cohort study evaluating community service delivery during the year post-discharge from in-patient neuro-
rehabilitation, a key objective was to determine service use, costs, and predictors of these costs.

Methods: Patients consecutively admitted over one year to all nine London specialised (Level 1) in-patient neuro-
rehabilitation units were recruited on discharge. They or their carers completed postal/web-based questionnaires at
discharge and six and twelve months later, providing demographic data and measures of impairment, disability, service
needs and provision. This paper describes health and social care service use, informal care and associated costs. Regression
models using non-parametric boot-strapping identified predictors of costs over time.

Results: Overall, 152 patients provided consistent data. Mean formal service costs fell significantly from £13,290 (sd £19,369)
during the first six months to £9,335 (sd £19,036) from six-twelve months, (t = 2.35, P,0.05), mainly due to declining health
service use. At six months, informal care was received on average for 8.2 hours/day, mean cost £14,615 (sd 23,305),
comprising 52% of overall care costs. By twelve months, it had increased to 8.8 hours per day, mean cost £15,468 (sd
£25,534), accounting for 62% of overall care costs. Being younger and more disabled predicted higher formal care costs,
explaining 32% and 30% of the variation in costs respectively at six and twelve months.

Conclusion: Community services for people with LTNCs carry substantial costs that shift from health to social care over time,
increasing the burden on families. Prioritising rehabilitation services towards those in greatest need could limit access to
others needing on-going support to promote their independence and reduce their reliance on families. This argues for
greater investment in future rehabilitation services.
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Introduction

People with complex neurological conditions who are dis-

charged from in-patient care often have on-going physical and

psycho-social disabilities, and community rehabilitation services

are best placed to address these. There is growing evidence

worldwide for the effectiveness of community based neuro-

rehabilitation in this group [1]. Gains in functional outcome,

community integration and well-being have been demonstrated in

stroke patients following physiotherapy interventions [2,3]. And

similar gains have been shown in patients with moderate to severe

traumatic brain injuries after multi-disciplinary rehabilitation

targeted towards improving hidden disabilities, such as cognitive

and other aspects of psychological functioning [4,5]. However,

much less is known about patient contact with community health

and social services, and what these cost to provide, as compared to

in-patient services, which may partly reflect the wider diversity of

community models of rehabilitation worldwide.

Community rehabilitation services are not always easy to access.

They include health care delivered by medical and allied health

professionals and social care, which provides home based personal

care, day or residential care, equipment, advocacy and vocational

support. These services vary considerably. For example, some are

goal directed short interventions while others provide support over

a longer period. Moreover, the nature and severity of patients’

disabilities are likely to determine whether patients need

programmes that focus predominantly on physical/functional re-

education [3], cognitive/neurobehavioural interventions [6] or a

combination of the two [7].

In the UK, the National Service Framework (NSF) for Long-

Term Neurological Conditions (LTNCs) [8] was launched in 2005

with the aim of driving up standards of care for people with a

range of LTNCs and their family carers. A key recommendation

of the NSF was for better provision of community-based neuro-

rehabilitation services to support improved community integration

and participation.

Although National Health Service (NHS) spending on LTNC

services has risen since 2005, with a reported 38% increase of £2.1

billion in 2006–07 to £2.9 billion in 2009–10 [9], the current

configuration and costs of different models of community

rehabilitation, how costs vary over time, and the predictors of

these costs for people with LTNCs, are still unclear [10].

Determining service use and costs at a time of cost containment

is important because this information can increase understanding

of how resources are spread across people with disabilities of

varying types and severities, identify shortfalls in provision and

inform future resource allocation in response to assessed needs

[11].

A number of cross-sectional studies report annual cost estimates

of health services in the context of individual LTNCs and other

long term chronic illnesses [12–14]. Others have investigated

overall service costs for up to three years post onset [15,16]. Cost

data on formal and informal service provision in community

dwelling adults with LTNCs covering nine diagnostic conditions,

on average twelve years since condition onset, showed that both

health and social care costs were higher for more dependent

patients [14]. However, knowledge of how services and their costs

vary longitudinally over the first critical year after discharge from

specialist neuro-rehabilitation units, when patients might still be

expected to gain independence in line with multi-disciplinary

rehabilitation inputs is lacking. The transition from in-patient to

community care entails significant adjustment on the part of

patients and their families, and post-discharge support for injury-

related deficits and emotional and psychosocial issues plays a vital

part in re-establishing autonomy and social integration [17].

The health economic analysis presented here arose from a

multicentre prospective cohort study that used a survey method-

ology to evaluate the community neuro-rehabilitation services

received by patients with complex LTNCs who had been

discharged from specialist in-patient rehabilitation services in

London [18,19]. This particular group of patients were chosen as

they represented a population of people with complex disabilities,

of whom a high proportion were expected to have on-going needs

for rehabilitation and support.

Service use and costs were estimated in two ways. A new brief

pragmatic instrument, the Needs and Provision Complexity Scale

(NPCS), measured broad domains of service provision in relation

to needs using a generic computerised costing algorithm [11].

These needs had been assessed formally by clinicians at the point

of discharge from specialist in-patient rehabilitation units, and the

best service provision that could be organised for each individual

in accordance with their needs had been instigated. Findings six

months later highlighted a number of gaps in service provision;

most notably rehabilitation, social support and provision of

equipment. The current analysis used data collected using the

Client Service Receipt Inventory (CSRI) [20] to measure

individual service use and costs more precisely, and also examined

change in these variables over time. Our objectives were to

determine the cost of different components of these services during

the first and second six-month periods following discharge, and to

identify the demographic and clinical factors, and measures of

impairment and disability, that predicted service costs over time.

Methods

Study setting and participants
Within the London region, a consortium of nine tertiary (Level

1) in-patient rehabilitation units (the London Specialised Neuro-

Rehabilitation Consortium (LSNRC)) provides specialist rehabil-

itation for patients with complex needs for rehabilitation that are

beyond the scope of their local services. Patients represent a range

of LTNCs and typically have physical problems, cognitive/

behavioural/communication problems or various combinations

of these. They often have ongoing needs for integrated care

planning, multi-disciplinary rehabilitation and vocational support.

A network of community based rehabilitation services provides on-

going input after discharge to the community. However,

community-based service provision is known to be patchy, and

many patients report a fall-off in rehabilitation and support after

they leave the in-patient services.

Cohort study – whole sample
Consecutively admitted patients with LTNCs, who were

subsequently discharged from all nine LSNRC units during a

12-month period spanning 2011–2012, were eligible for inclusion

unless they (or their carer/proxy) declined to participate. Where

cognitive/communication problems prevented patients from

completing questionnaires, a family member or carer was

identified to assist them wherever possible. Eligible patients or

carers were given a verbal explanation about the study, provided

with an information sheet and given the opportunity to ask

questions. If they agreed to take part, consent or assent as

appropriate was taken by the discharging clinician.

Data collection
Data were collected at or soon after discharge, and at six and

twelve months post-discharge, by means of postal or web-based
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questionnaires according to patient/carer choice. Demographic

and diagnostic information, measures of impairment and disabil-

ity, details of formal service use and informal care time were rated

by patients/carers. Throughout the study, follow-up telephone

interviews were used to support those who found questions difficult

to answer, and to fill in any gaps in order to maximise the

completeness of data collection. High attrition rates are well

recognised in this patient population [18]. During the study, the

full sample of 428 returned a total of 658 questionnaires over the

three time points. The causes of attrition included patients who

died, patients who changed their minds about participation and

patients who failed to return questionnaires for no known reason

[19]. The sub-set of 152 described in this paper had returned

questionnaires at all three time points.

Subset for longitudinal analysis
Patients were included in this longitudinal analysis if they had

returned questionnaires at both six and twelve month time points

and had consistent data on impairments, service use and costs.

Approval for the study was granted by Bromley Research Ethics

Committee (Ref: 09/H0805/25) and covered all nine participating

hospital sites. Local R&D consent was subsequently granted by

internal clinical and research governance leads at The North West

London Hospitals NHS Trust, King’s College Hospital NHS

Foundation Trust, South London & Maudsley NHS Foundation

Trust, University College London Hospitals NHS Foundation

Trust, Homerton University Hospital NHS Trust, St George’s

Healthcare NHS Trust, Central London Community Healthcare

NHS Trust, The Royal Hospital for Neuro-disability and Black-

heath Brain Injury Rehabilitation Centre & Neurodisability

Service.

Measures of outcome
Neurological Impairment Scale (NIS). This brief 17-item

checklist covers the major neurological impairments (motor/

sensory loss, perception, speech and language, cognition, behav-

iour, mood, vision and hearing) that make up a complex

presentation in people with LTNCs [21]. Total scores range from

0 (no impairments) to 50 (maximum impairments) and the tool has

good scaling properties as an ordinal measure of impairment

severity in two principal domains, ‘physical’ and ‘cognitive/

behavioural’ impairment. This measure was completed for the

recruited sample by LSNRC clinicians at discharge.

Northwick Park Dependency Scale (NPDS) and Care

Needs Assessment (NPCNA). The NPDS-CNA is a measure

of nursing dependency and special nursing needs that records the

time taken and number of people required to help with a wide

range of daily activities [22,23]. The full scale ranges from 0–100,

but can be divided into two main sections. The basic care needs

(NPDS-BCN) section has 16 items with a score range of 0

(independent) to 65 (dependent) and the special nursing needs

section (NPDS-SNN) includes seven items indicating the need for

nursing care, range 0–35. The NPCNA applies a computerised

algorithm to the NPDS data in order to produce an estimate of the

care hours per week needed by each individual in the community

[23].

The NPDS-BCN section is further subdivided into two

domains:

N NPDS Physical dependency domain (NPDS-PD) - 13 items

(range 0–52) addressing needs for physical assistance, (binary

rating: Largely independent = 0–10, Dependent = 11–52)

N NPDS Cognitive/behaviour dependency domain (NPDS-CB)

- 3 items (range 0–13) addressing needs for support with

communication, behaviour and safety awareness, (binary

rating: Largely independent = Scoring 0–1 on all three items,

Dependent = Scoring $2 on one or more items)

Because the severity and combination of physical and/or

cognitive/behaviour impairments were expected to provide better

indicators of support needs than diagnostic labels, adults were

categorised into four dependency groups based on their binary

NPDS-BCN scores in these two domains [14].

N Mild dependency: NPDS-PD and NPDS-CB = Largely

independent

N Physical dependency: NPDS-PD = Dependent; NPDS-CB =

Largely independent

N Hidden dependency: NPDS-PD = Largely independent;

NPDS-CB = Dependent

N Mixed dependency: NPDS-PD and NPDS-CB = Dependent

Needs and Provision Complexity Scale (NPCS). At set

time points the NPCS was used to record (a) clinician rated needs

for community health and social care services and (b) patient/

carer rated provision of these services. An algorithm can be

applied to these ratings to estimate the cost of packages of care for

the purpose of integrated care planning [11]. The NPCS has

acceptable reliability (in the context of this self-report measure,

test-retest repeatability). Factor analysis suggests a scale structure

in two principal domains, ‘Health and personal care’ and ‘Social

care and support’, but also indicates a single general factor

underpinning the full scale, with good overall internal consistency

[24].

Client Service Receipt Inventory (CSRI). A version of the

Client Service Receipt Inventory (CSRI) specifically adapted for

people with LTNCs was used to elicit data on all health and social

care used by respondents over a defined period via interview or

postal questionnaire [20]. In this case, patients/their carers

recorded services received during the previous six months at (a)

six months and (b) twelve months after discharge from LSNRC

units. Information was collected on hospital in-patient stays and

residential care, contact with day care and community services,

hospital out-patient appointments, contact with primary and

secondary healthcare professionals, as well as services received by

respondents at home. Participants also estimated the number of

hours per week that family members spent providing Informal

care, such as help with self-care at home and/or support with

social activities in the community, to supplement services received

from outside agencies. Pro-rata adjustments were made where care

had been received for only part of the period in question.

Costs
Total health and social care costs across the two six monthly

periods; that is 0–6 and 7–12 months post discharge, were

estimated by combining service use data with appropriate national

unit costs from recognised sources [25,26] calculated in 2011/12

prices. We used the replacement cost method to value informal

care time [27], where the cost of a paid professional at the time of

data collection (2011/12); that is £18/hour of weekday contact

from a Local Authority home care worker [25], was used as a

‘shadow price’ for informal care.

Statistical analyses
Oneway analysis of variance with Bonferroni corrections for

multiple comparisons was used to analyse change in dependency

scores over time during the year following discharge. In fourteen

instances, participants had entered clearly mistaken service use
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data for the number and/or duration of contacts with either a

doctor, therapist or home care worker. These data were replaced

with median imputations from other valid cases for each relevant

service, which were derived from (a) total service contacts and (b)

duration of services used by patients across the sample. Paired t-

tests were used to compare the mean costs of both informal and

formal service use between the two six-month time periods for (a)

users of each service and (b) the full sample. Further cost

comparisons over time were examined by gender, diagnostic

group and dependency group, and Pearson’s correlation coeffi-

cients were computed to examine associations between costs and

age, impairment and dependency measures.

Predictors of formal costs over time were identified using

regression models with cost as the dependent variable and

characteristics of patients as independent variables. Because cost

data usually have a skewed distribution due to a small number of

patients having disproportionately high costs, stepwise linear

regression models were used with confidence intervals around

coefficients produced using non-parametric bootstrapping. This

widely used Monte Carlo approach entails repeated sampling with

replacement from the sample [28]. Variables included in these

models were gender, age, NIS motor and cognitive impairments,

NPDS total score, mild, physical, hidden and mixed dependency

groups and NPCS needs. These were retained or discarded based

on a significance level of P,0.05. Data were analysed using Stata

10.1 [29].

Results

Study participants
A sub-set of 152 (36%) out of the full sample of 428 patients

recruited to the cohort study [18] returned questionnaires at both

six and twelve month time points with consistent data on

impairments, service use and costs, and were included in this

longitudinal analysis. The demographic and clinical characteris-

tics, discharge destination and referral to services for these two

groups are set out in Table 1, which shows virtually no differences

between them.

Patients in the sub-set were of average age 50 years, males

outnumbered females by 2:1 and three-quarters had sustained a

stroke or other brain injury. The majority returned home after

discharge and most were referred for on-going rehabilitation; 108

(71%) of them to a community rehabilitation team. Others were

referred to an in-patient or other rehabilitation provider, out-

patient therapy services, or to a combination of services. Fifteen

patients were not referred to specific services at the time of

discharge but accessed them at a later date. Overall levels of

dependency rated soon after discharge ranged from 0–66, mean

(sd) 12.7 (13.3) and did not change significantly during the year

post discharge.

Service use and costs
The total cost of care (formal and informal) for the full sample

averaged £27,905 (sd £29,574) across the first six monthly period,

and by twelve months had reduced, but not significantly, to an

average of £24,803 (sd £30,515). Table 2 summarises formal

service use and costs between 0–6 and 7–12 months for

participants using each service (singly and in combination), and

per capita for the full sample of 152. Formal costs averaged

£13,290 (sd £19,369) during the first six months, making up 48%

of total costs, but by twelve months had fallen significantly to a

mean of £9,335 (sd £19,036); (t = 2.35, P,0.05) and made up

38% of total costs. It is not uncommon for health economic data to

be skewed and the high standard deviations found in our formal

costs data reflect this. These data were further skewed by a few

outliers who used costly in-patient or residential services, or who

required two carers round the clock, including waking night care,

which in the community would often entail employment of a team

of six whole time carers working in shifts.

A quarter of the participants (N = 41) had received further in-

patient treatment at some stage during the first six monthly period.

On average the cumulative number of in-patient days exceeded

one month, although this may have been due to more than one

admission. In-patient care costs, at an average of £18,113 per

person using these services accounted for 37% of total formal care

costs. Two-thirds (66%) had contacts with general practitioners

(GPs), but this service only made up 1% of overall formal care

costs. Nearly half (43%) had contacts with neurologists and 18%

saw a rehabilitation doctor in a community or out-patient setting.

Out-patient therapy use was relatively high, being accessed by

44% of the sample for an average of 16 contacts per month, and

accounting for 6% of formal care costs. However, only 12% had

contact with a psychologist or counsellor. More than a third of the

sample (38%) had home-based therapy, averaging 7 contacts per

month, and costing more than twice as much as out-patient

therapy. Just 11% of patients had contact with a social worker and

16% accessed day-care services. Around 14% received personal

care and/or domestic help or other home care.

By twelve months, despite their level of dependency remaining

broadly the same, participants’ use of health and social care

services had largely declined. Not only did fewer of them access

services of almost every kind, but user contacts also diminished,

notably those with some doctors, home-based therapists and

residential and day care centres. The proportion having in-patient

care decreased by a third and the number of days in hospital for

those who were admitted fell by half, accounting for 19% of formal

care costs. When rehabilitation services (comprising days in

rehabilitation settings and contacts with community therapists)

were singled out, a significant reduction in costs over time of 54%

was found across the full sample (t = 2.89; P,0.01). In contrast, an

increase in contacts over time (albeit by fewer participants) led to a

rise in costs per service user accessing general and specialist nurses,

out-patient physiotherapists, psychologists, social workers, home-

based personal care and day/night sitting services.

Informal service use and costs
During the first six months after discharge, more than half the

sample (57%) received informal care from family or friends for an

average of 8.2 hours per day, at a mean (sd) cost of £14,615

(£23,305) and accounting for 52% of the overall cost of care in this

period. During the second six months, the average duration of

informal care increased to 8.8 hours per day at a mean (sd) cost of

£15,468 (£25,534). Although informal costs did not differ

significantly over time, by twelve months they accounted for

62% of the overall cost of care; 10% more than at six months post-

discharge, suggesting that as formal care services declined, family

and friends were spending more time supporting participants.

Figure 1 highlights the increase in informal care costs over time, as

compared to the decline in overall care costs of both health and

social care services as set out in Table 2.

Formal, informal and total costs by demographic and
clinical characteristics

A breakdown of formal, informal and total costs over time by

gender, diagnosis and dependency group, is set out in Table 3.

With only a few exceptions, the trend for formal care costs to fall

over time while informal care costs rose or remained broadly the

same held for the sub-sets within variables. Exceptions comprised

Service Use and Costs in Long-Term Neurological Conditions
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those with acquired brain injuries, spinal cord injuries and mixed

dependencies, for whom both formal and informal costs fell over

time. In contrast, formal costs rose over time for the few with

progressive conditions, with a corresponding fall in informal care

costs.

Associations between formal and informal costs during the first

and second six-monthly periods, and continuous variables

comprising age at discharge, impairments, clinician determined

needs for services and disability at discharge and six months are

shown in Table 4. Motor and cognitive impairments, needs for

services and level of disability were significantly associated with

formal costs at 0–6 months, with a trend for stronger associations

at 7–12 months. Age was also negatively associated with formal

costs at 7–12 months. In general, associations with informal care

costs were not as strong during the first six months and notably

weaker during the second six monthly period. These findings

suggest a tendency for formal services to be targeted towards

younger more disabled people over time.

Table 5 sets out a series of regression models identifying

significant predictors of formal care costs for the two six-monthly

periods. Age, motor impairments and dependency of varying kinds

were the strongest predictors of costs. In Model 1, each year less in

patients’ age significantly increased formal costs by £249. And

every point increase in NPDS score, indicating greater dependen-

Table 1. Demographic and clinical characteristics rated at or soon after discharge for participants in the cohort study whole
sample (N = 403–428) as compared to the sub-set included in the longitudinal analysis (N = 152).

Variables Cohort study whole sample (N = 428) Sub-set for longitudinal analysis (N = 152)

Mean (SD) Mean (SD)

Age (years) 49.1 (15.3) 50.1 (14.1)

NIS motor score 8.1 (5.1) 8.1 (5.2)

NIS cognitive score 4.5 (3.1) 4.3 (3.2)

NIS total 12.8 (6.4) 12.8 (6.4)

NPDS total* 12.7 (13.9) 12.7 (13.3)

NPCS-Needs 17.7 (7.8) 17.2 (7.8)

Gender N (%) N (%)

Male 270 (63%) 96 (63%)

Female 158 (37%) 56 (37%)

Diagnosis

CVA/stroke 212 (50%) 79 (52%)

Traumatic brain injury 63 (15%) 18 (12%)

Other acquired brain injury 40 (9%) 13 (9%)

Spinal cord injury 38 (9%) 11 (7%)

Peripheral neuropathy 26 (6%) 8 (5%)

Progressive LTNC 21 (5%) 7 (5%)

Other 27 (6%) 16 (10%)

Missing 1 (0.2)

Discharge destination

Home 339 (79%) 125 (82%)

Nursing home 52 (12%) 13 (9%)

Residential rehabilitation 15 (4%) 7 (5%)

Hospital for other reasons 4 (1%) 2 (1%)

Other 18 (4%) 3 (2%)

Referral to services

Not referred for rehabilitation 40 (10%) 15 (10%)

Referred for on-going rehabilitation# 378 (90%) 137 (90%)

Type of on-going rehabilitation

Community rehabilitation team 297 (69%) 108 (71%)

Other in-patient rehabilitation 25 (6%) 10 (7%)

Out-patient or home therapy services 46 (11%) 21 (14%)

Vocational rehabilitation 31 (7%) 8 (5%)

Other rehabilitation 56 (13%) 20 (13%)

NIS = Neurological Impairment Scale, NPDS = Northwick Park Dependency Scale NPCS = Needs and Provision Complexity Scale.
* Completed soon after discharge by N = 256 across the whole sample and N = 135 across the sub-set for longitudinal analysis.
# Some patients received more than one service.
doi:10.1371/journal.pone.0113056.t001
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cy, added £530 to costs. This model explained 15% of the

variation in formal costs by six months. During the second six-

monthly period, each year less in patients’ age increased costs by

£375 and every point increase in NIS motor score and NPDS

score respectively added £821 and £496 to costs. This model

explained 32% of the variation in costs from 6–12 months.

When NPDS dependency groups were substituted for overall

NPDS scores in Model 2, similar but more detailed findings

emerged. By six months, each year less in patients’ age increased

costs by £208 and the trend for costs to increase in line with

greater severity of motor impairments was also shown; with a one-

point increase in NIS motor score adding £963 to costs. Patients

with hidden dependency added £8,951, while those with mixed

dependency added £12,083 to costs. This model explained 17% of

the variation in costs from 0–6 months. Between 7–12 months,

costs increased to £324 for each year less in patients’ age; every

point increase in NIS motor score added £1,415 to costs and

patients with hidden dependency added £9,243 to costs, while

those with mixed dependency added £12,743. This model

explained 30% of the variation in costs at twelve months.

Discussion

In this study we examined the costs of formal and informal

services used by patients with complex LTNCs during the year

following discharge from specialist in-patient neuro-rehabilitation

units in London. As noted by others, some services were

intensively used by small numbers of patients but had large

proportions of non-users [30]. Even so, the numbers of patients

accessing formal services of almost every kind tended to decline

over time and aside from some therapy services, most health

service costs fell between six and twelve months, with rehabilita-

tion costs in particular falling significantly. In contrast, contacts

with social care services and their associated costs increased

substantially over time, as did the costs of informal care, indicating

a shift from health to social care service use during the year

following discharge, and an increase in the time that family carers

spent supporting daily activities.

Despite rehabilitation/therapy inputs of varying kinds being

received by two thirds of the sample for up to six months and by

half for up to twelve months, dependency did not change

significantly between discharge and follow-up at six and twelve

month time points. This conflicts with evidence showing that

increased therapy intensity in the context of integrated services

providing on-going community support can accelerate the

recovery of personal independence and enhance functional

recovery in patients with strokes and brain injuries [6,31,32,33].

There are several possible explanations for this finding. It could be

that the inputs received by patients in this study were not

sufficiently wide-ranging, intensive and prolonged to have had a

significant effect on independence. Alternatively, that a high

proportion of patients in this group with complex LTNCs were not

expected to respond to rehabilitation inputs. Another possibility is

that measurable gains in this group were likely to take longer than

one year to achieve. This highlights the need for longitudinal

research into service inputs and disability outcomes in these

patients to increase understanding of their recovery patterns over

time.

As formal health care costs reduced, so informal care costs

tended to increase and this relationship varied by dependency

group. The greatest significant drop in formal costs over time

occurred in patients with mild dependencies, for whom there was a

minimal change in informal care costs, implying that they had

mostly achieved their rehabilitation goals by six months after

discharge, but were nonetheless still requiring some degree of

Figure 1. Change in mean service costs over time. Figure 1 shows a rise in the mean costs of informal care alongside a fall in the mean costs of
both health and social care services over time. These services were received by patients with complex long term neurological conditions during the
year following discharge from specialist in-patient neuro-rehabilitation services in London.
doi:10.1371/journal.pone.0113056.g001
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additional support from their families. In contrast, there was on

average, a 26% drop in formal care costs during the second six

months against a 68% rise in informal care costs for patients with

hidden problems. These findings tend to support the view that

limitations in resources rather than a lessening of need is the main

driver of service reduction [34]. Comparatively few patients in this

study had access to psychology and other mental health services.

The shortage of these services for patients with challenging

cognitive/behavioural disabilities has been highlighted in other

studies [35,36], as has the negative impact of these problems on

family carers [37].

Table 4. Correlation matrix (Pearson’s r) showing associations between formal and informal costs during the two six-monthly
periods following discharge and age, impairments, needs for services and disability (N = 152).

Costs 0–6 months Costs 7–12 months

Formal Informal Formal Informal

Age 20.16 0.02 20.27** 0.13

NIS motor score 0.27** 0.21* 0.41*** 0.16

NIS cognitive score 0.19* 0.24** 0.17* 0.17*

NPCS total needs 0.30*** 0.16* 0.31*** 0.12

NPDS total score at discharge 0.36*** 0.26** - -

NPDS total score at six months - - 0.46*** 0.09

*P,0.05,
**P,0.01,
***P,0.001.
doi:10.1371/journal.pone.0113056.t004

Table 5. Bootstrapped regression models to identify predictors of formal care costs for the two six-monthly periods following
discharge (2011/12 £s).

Independent variables 0–6 months 7–12 months

b 95% CI b 95% CI

Model 1

Males1 - - - -

Age 2249** 2435, 263 2375* 2674, 276

NIS motor - - 821* 91, 1551

NIS cognitive - - - -

NPCS needs - - - -

NPDS total# 530** 221, 838 496* 96, 895

Adjusted R2 15% 32%

Model 2

Males1 - - - -

Age 2208* 2409, 26 2324* 2587, 261

NIS motor 963** 381, 1545 1415** 357, 2473

NIS cognitive - - - -

NPCS needs - - - -

Physical dependency2 - - - -

Hidden dependency2 8951** 1811, 16092 9243** 2289, 16197

Mixed dependency2 12083* 4298, 19868 12743* 1144, 24343

Adjusted R2 17% 30%

*significant at ,0.05,
**significant at ,0.01,
***significant at ,0.001.
1Compared to females,
2mild impairments
#NPDS scores at discharge were used in the 0–6 month model and at six months in the 7–12 month model.
b is the value for predicting the dependent variable from the independent variable.
R2 is the proportion of variance in the dependent variable which can be explained by the independent variables and is adjusted to allow for extraneous predictors to
the model.
doi:10.1371/journal.pone.0113056.t005
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Formal service costs for those with mixed physical and hidden

problems were greater than for those in other dependency groups,

during both six-monthly periods, and remained broadly similar

over time. These individuals had a range of disabilities and

psychosocial problems, and were likely to need on-going access to

integrated community-based health and social services to support

their continued rehabilitation [5,38]. This finding may reflect the

‘inverse therapy rule’, in that where resources are limited, services

will be focused on those patients with the severest problems who

have the greatest needs [18].

In this study, being younger and more severely disabled were

predictors of higher formal service costs, explaining 32% and 30%

of the variation in costs respectively at six and twelve months post

discharge. A similar relationship between costs and disability over

time has been found in the context of stroke [30], though other

cited contributory factors, such as co-morbidities and place of

residence, were not considered in this study, preventing direct

comparison of findings.

There are a number of limitations to the analysis presented

here. One important one being that needs were not re-assessed at

six months. Therefore although we know that patients were still

overall as dependent as they were at discharge, we do not know if

the reduction in services represented reduced needs on a case by

case basis or time-limited services in general.

The CSRI provides data on the types and duration of services

used, but a range of other factors could also have impacted on

service costs. For example, the provision of aids, equipment and

adaptations to accommodation. These were included in analyses

using the NPCS and are reported on elsewhere [11], but were not

costed to supplement CSRI data and this should be borne in mind

when making comparisons with the literature on LTNC care costs

more generally.

Completion of the CSRI was dependent on the patient/family’s

recall of service use over the six months prior to each data

collection point. This may be inaccurate, especially where patients

themselves reported, as a number had some degree of cognitive/

communication problems. However, telephone support from the

research team at six and twelve months post-discharge helped to

ensure completeness and accuracy of data. And as is common in

health economic data, there were some outliers with dispropor-

tionately high estimated costs, largely accounted for by small

numbers of patients accessing costly in-patient care services,

residential care and day/night sitting services. These were

addressed in part by boot strapping.

Different community rehabilitation programmes are likely to

vary in terms of interventions offered. This study focused on costs

and we did not attempt to measure aspects such as the precise

content of interventions, the quality, intensity and skill mix of

interdisciplinary team inputs, whether the rehabilitation pro-

grammes were tailored to patients’ needs in the home environ-

ment, or the extent to which patients and families were

empowered to assume responsibility for elements of rehabilitation.

These have all been cited as having an influence on dependency

and improved outcomes [31,32,39]. It would be informative to

examine these variables in future studies of this kind.

This paper reported on all patients referred for on-going

community neuro-rehabilitation. They included a wide range of

conditions with very different support needs and prognoses - i.e.

those with progressive conditions, sudden onset conditions, those

with predominantly spinal or physical disabilities and those with

predominantly behavioural, or cognitive or communication

disorders. The results reflect the proportions of these different

conditions in the sample, limiting generalisation of findings to

other samples of people with neurological conditions in different

proportions. However, the study was conducted in the context of

real life clinical practice and our sample is likely to reflect to some

extent the number and variety of conditions typically seen in the

context of specialist community neuro-rehabilitation services

designed to support patients with complex needs.

In conclusion, the provision of community services to support

the on-going rehabilitation of people with complex LTNCs

following discharge from in-patient care carries significant costs

that shift from health to social care, and involves considerable

input from family carers according to the nature and severity of

patients’ disabilities. Prioritising services towards those in greatest

need could limit access to others needing on-going specialist

community rehabilitation services, which may have implications

for the independence and well-being of patients and their families

more generally. Further methodologically sound research to

increase knowledge of service inputs, outcomes and costs by

condition type and disability over longer time scales is now needed

to inform the provision of equitable high quality services that

promote autonomy for people with complex LTNCs.
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