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Executive Summary 

Visual impairment is a global concern, which is likely to become more significant, on a social, economic and personal level, as the standard of medical care improves, and the average lifespan increases. Low vision rehabilitation aims to improve functional ability, and possibly wider aspects, such as quality of life and psychosocial status, in those with visual impairment. Different service models have been developed to meet these goals, and there is need for a strong evidence base regarding the ability of these different strategies to achieve positive outcomes in various patient groups. This report is a systematic review of the literature on the effectiveness of different models of vision rehabilitation.

The primary objective of the review was to assess the effects of low vision service provision on rehabilitation outcomes in people with a visual impairment.

Secondary objectives:

1) To assess the relative effects of different service models on rehabilitation outcomes in people with a visual impairment.

2) To assess the impact of timing of outcome assessment on rehabilitation outcomes in people with a visual impairment.

3) To assess the evidence for a dose effect on rehabilitation outcomes in people with a visual impairment. 

4) To assess the effect of low vision service provision on special groups of service users, e.g. people with learning disabilities, children and people of working age.

5) To assess the costs associated with low vision service provision.

Literature was identified by searching the following databases: Web of Science, EMBASE, Medline, Cochrane CENTRAL, PsychINFO, and CRD databases. Additional literature was identified via hand searching of relevant reviews 


[82, 115, 131-134] ADDIN EN.CITE , and by asking experts in the field for additional sources of information.

Of 7,800 potential articles identified by the literature searching strategies, forty-six of the studies were found to be relevant to the general effectiveness of low vision services, 4 were relevant to children and minority groups, and 2 were relevant to the cost-effectiveness of low vision services. 

The findings of the report were as follows:

Quality of Evidence

Whilst there have been many publications on low vision rehabilitation outcomes the quality of these reports has not always been good.  That is, many studies fail to report in sufficient detail the study design, the nature of the intervention or indeed their findings (e.g. “p values” are reported but no data is presented). In addition, few studies control for any underlying deterioration in visual function during the follow-up period, which may have masked benefits associated with the rehabilitation. 
There is only 1 waiting list controlled randomised controlled trial of low vision service outcomes. There are 2 randomised low vision service comparison trials 


[75, 86-88] ADDIN EN.CITE  and 1 low quality randomised rehabilitation training comparison trial [142]. Because of the absence of high quality evidence (RCT) this review also included other types of study (e.g. ‘before and after comparisons’) but we excluded those having the weakest study design (i.e. ‘case reports’ and ‘case series’). 
In this review we use the terms: ‘very good evidence’ when referring to the results of well designed randomised controlled trials; ‘good evidence’ when referring to consistent results from at least two robust studies that are not randomised controlled trials and ‘evidence’ when referring to the results from at least one robust study. 

Does rehabilitation improve outcomes for service users?

The results reported by studies are dependent on: 1) the nature of the rehabilitation programme (content and dose), 2) the outcome measures used (larger effects are observed with functional ability measures, smaller effects with QOL measures), 3) the characteristics of the people studied, 4) when outcomes are measured, 5) study methodology. 
There is good evidence that low vision rehabilitation has a large effect on clinical reading ability (size of print read and reading speed) e.g. 


[70, 94, 96, 97, 145] ADDIN EN.CITE .

There is good evidence that low vision aids provided by rehabilitation services are valued by service users and used at home e.g.[75, 79]
There is very good evidence that Veterans’ Affairs rehabilitation programmes (both inpatient and outpatient) have a very large positive effect on self reported functional ability e.g. 


[61, 121, 130] ADDIN EN.CITE . 

There is evidence that other rehabilitation programmes have a medium effect on functional ability e.g. [122].

There is contradictory evidence about the ability of rehabilitation programmes to improve “vision related quality-of-life”. For example, whilst Kuyk et al (2008) and Stelmack et al., 2002 showed medium/small effects from the inpatient Veterans’ Affairs rehabilitation programme [90] and Scott et al, (1999) showed a medium effect for a more modest programme (60-90 min) [147], Lamoureux et al, (2007) showed only a small effect [58] and DeBoer et al, (2006) and Reeves et al, (2004) no change (before – after) 


[75, 83] ADDIN EN.CITE . 

There is no evidence that even the comprehensive Veterans’ Affairs rehabilitation programme can improve generic health related quality-of-life (e.g. SF-36) [61]. Similarly, less intense, multidisciplinary rehabilitation programmes and hospital based programmes have been unable to demonstrate a positive effect on the SF-36 and its derivatives e.g.


[58, 75, 147] ADDIN EN.CITE .

Despite reports of small improvements in mood / reduction in depression after low vision service intervention e.g. 


[42, 100, 150] ADDIN EN.CITE , there is no evidence that an intensive rehabilitation programme can reduce depressive symptoms [61]. However, there is some evidence that “Independent Living Programmes” and group instruction in “Adaptive Skills Training” can have a small to medium effect on adjustment to visual loss respectively [64, 69].

Is there evidence that some services are better than others?

A well conducted study provided no evidence that “enhanced” services were better at  improving vision related quality-of-life than good hospital services [75]. And, there is no evidence that multidisciplinary services are better at improving vision related quality-of-life than optometric services 


[83, 129] ADDIN EN.CITE . However, there is evidence that a group based “problem solving health education programme” is more effective than an “individual intervention” 


[86-88] ADDIN EN.CITE .

Do rehabilitation outcomes deteriorate with time? 

Only a few studies have followed rehabilitation outcomes over time. Effects at 2 months are slightly larger than at 6 months [90] and effects at 3 months are larger than at 12 months [130]. There is some evidence that the effects of intense programmes (e.g. Veterans’ Affairs Hines) ‘wash out’ at 3 years [72], although caution is needed because of the significant number of participants ‘lost to follow up’. However, the decline in outcomes with time is not a universal finding. For example, there is evidence that positive outcomes reported for ADLs following a “problem solving skills” based health education programme do not deteriorate over 28 months 


[86-88] ADDIN EN.CITE .

Is more rehabilitation better? 

There is conflicting evidence regarding a ‘dose effect’. For example, Stelmack et al, (2006) found a very large effect using the VA LV VFQ-48 following an intensive inpatient Veterans’Affairs rehabilitation programme (42 days) but only a small effect following a Veterans’ Affairs outpatient programme (2-4 visits) [121]. The larger effects reported in the literature tend to come from intensive rehabilitation programmes e.g. 


[61, 148] ADDIN EN.CITE , however, other studies have shown that it is possible to obtain a medium or large effect size with a relatively low dose intervention [70, 122].

Studies on children, those of working age and minority groups

There is very little evidence on rehabilitation outcomes in children. The only evidence relates to reading ability and use of aids [68, 156]. 

Most studies only involve older adults, and many of the more robust studies only older males (e.g. from Veterans’ Affairs rehabilitation programmes). Although several studies include ‘people of working age’ there are no specific studies on this group of people.
There is no evidence on outcomes in ethnic minority groups or those with learning disabilities.
How cost-effective is low vision service provision? 

When considering the wider question of the ability of interventions to deliver a cost effective service to people with low vision, little evidence was found. The available evidence was of a variable quality. Only 2 relevant studies were identified and both recruited older people rather than the wider population of people with low vision 


[140, 141] ADDIN EN.CITE . Eklund et al (2005) demonstrated a Health Education Programme delivered in groups was less costly than individual treatment [140]. Another study showed that in-patient rehabilitation was more costly and more effective than out-patient rehabilitation [141]. Neither study included incremental cost effectiveness ratios, therefore it is not possible to conclude that either were cost effective. We were unable to find any economic evaluations that included children with low vision. 

Estimation of cost-effectiveness is essential to support decision makers, such as NICE, to make recommendations for resource allocation.  This requirement becomes increasingly important for an aging population and in times of financial constraint. A significant problem in determining an economic case is the lack of effectiveness evidence; and of the data that does exist, even less is reported in a form that lends itself to inclusion in an economic model which could demonstrate cost-effectiveness. 

There is a need to investigate whether integrated low vision services lead to improved, cost effective outcomes for people with low vision. 
In summary this literature review shows: 

· There is a lack of high quality evidence to support the effectiveness of low vision service provision.

· The majority of studies use a relatively weak ‘before and after’ comparison design, many do not provide a full description of the intervention studied and results are not always reported in full.
· There has been little agreement about how best to measure outcomes and this frustrates study comparisons.

· Low vision aids improve reading ability and are valued by service users.

· Well resourced rehabilitation programmes (e.g. Veterans Affairs programmes in USA) can produce large improvements in ‘functional ability’ but there is no evidence that they improve ‘generic health related quality-of-life’.  

· There is contradictory evidence about the ability of services to improve ‘vision related quality-of-life’.

· Despite several reports of small improvements in mood following low vision rehabilitation there is no evidence that even the well resourced Veterans Affairs programme can reduce depressive symptoms in its client group. However, other types of programme such as “Independent Living Programmes” and “Adaptive Skills Training” may help people ‘adjust’ to vision loss.
· There is no evidence that ‘enhanced’ services are better at improving ‘vision related quality of life’ than ‘standard’ hospital based services in the UK. 

· There is no evidence that ‘multidisciplinary services’ are better at improving vision related quality of life than ‘optometric services’ in Holland.
· There is evidence that a ‘group based health education programme’ is more effective than an ‘individual intervention’.

· There is some evidence that rehabilitation outcomes peak at around 2-3 months and decline thereafter but this is not a universal finding.

· There is some evidence that rehabilitation outcomes are better following more intense rehabilitation programmes but, the optimum ‘dose’ has not yet been established.

· There is very little information about rehabilitation outcomes in children and none about outcomes in those of ‘working age’ and in minority groups.
· Only 2 studies are directly relevant to the cost of low vision rehabilitation but it is not possible to conclude that the programmes studied were cost effective. 

· Robust research methods and high quality reporting are necessary to advance our understanding of how rehabilitation services can best help people with a visual impairment.

Introduction

Visual impairment impacts on health-related quality-of-life through restricting functional ability, as well as having a detrimental effect on the psychosocial status of individuals. A variety of low vision service models have been developed, emphasising different aspects of rehabilitation, and addressing the needs of different patient groups. This report aims to critically review current literature regarding the effectiveness of different models of vision rehabilitation. The main review will be preceded by a discussion of some of the factors which are central to the analysis and understanding of this body of literature.
Visual Impairment: the scale of the problem 
The World Health Organisation estimates that over 135 million people are visually disabled, and nearly 45 million people are blind [1]. Age-related eye disease plays a large part in this statistic: in the UK approximately 80% of those who are registered as severely sight impaired or sight impaired are over the age of 65, and there is a significant increase in the incidence of certification with increasing age [2]. Given the prediction of a significant ageing of the global population over the coming decades, with the number of people aged over 60 expected to triple between 2005 and 2050 [3], and the lack of comprehensively effective treatments for age-related eye conditions such as age-related macular degeneration (AMD), glaucoma and diabetic retinopathy, it may be anticipated that the rehabilitation of patients with low vision will become increasingly important.

There are many estimates of the prevalence of visual impairment in the UK 
 ADDIN EN.CITE 
[4-7]
 and across the world 
 ADDIN EN.CITE 
[1, 8-13]
 but the reported values vary considerably based on the criteria employed to define the condition. Individuals may be characterised as being visually impaired on the basis of self-reported visual difficulties reported in a survey [14, 15] or based on visual acuity and clinical measures 
 ADDIN EN.CITE 
[9-11, 16]
. 
The World Health Organisation International Classification of Diseases (ICD-10) defines ‘blindness’ (categories 3-5) as a best corrected VA of less than 3/60, or a visual field of less than 10 degrees. ‘Low vision’ (categories 1 and 2) is defined by a best-corrected visual acuity of worse than 6/18, but equal to or better than 3/60, or visual field of less than 20 degrees [17]. The US adopts a slightly different definition i.e. blindness is a VA of 6/60 or worse in the better eye, and low vision is a VA of less than 6/12, excluding those categorised as being blind [18]. A number of studies into prevalence of visual impairment and blindness have used a combination of these two definitions as a universally comparable measure e.g. 
 ADDIN EN.CITE 
[9-11]
, whilst others adopt custom definitions. For example, Rahi et al. (2009) use the term “socially significant visual impairment” to define those who are unable to drive legally in the UK as a result of their impairment [16].  Even when ‘low vision’ appears to be well defined there remains the capacity for confusion e.g. when there is no guidance given on the characteristics of targets to be used to determine the extent of the visual field.  
The Low Vision Services Consensus Group (RNIB) describes a person with low vision as being “ …one who has an impairment of visual function for whom full remediation is not possible by conventional spectacles, contact lenses, or medical intervention and which causes restrictions in that persons everyday life…. This definition includes but is not limited to those who are registered as blind and partially sighted. ” [19]. This definition gives a clear sense that there is a move towards considering low vision not in absolute terms of clinically measured visual function, but in the context of the impact that the visual impairment has on a person’s everyday life. 

Prevalence estimates will also be affected by the mode of data collection. Large population studies attempt to extrapolate findings from a city or area to the wider population (e.g.
 ADDIN EN.CITE 
[8, 10, 11]
), whilst another approach is to look at national levels of registrations as for visual impairment (e.g.[4]). As people are usually registered as blind or partially sighted for irremediable causes of visual loss, treatable causes of visual impairment e.g. cataract, which feature highly in population based studies are less common when analysing registration details. In the UK, registration as ‘severely sight impaired’ and ‘sight impaired’
 occurs on a voluntary basis, requiring certification by a consultant ophthalmologist. It is likely that prevalence measures based on registration levels provide an underestimation, as it has been shown that not all eligible people are registered [20], however the registration forms usually provide useful extra information, such as cause of visual loss, and also facilitate evaluation of the changing incidence of visual impairment over time [4]. 
Figure 1 illustrates the NHS figures for the number of people registered as severely sight impaired and sight impaired in England by age group [21]. Figure 2 shows the RNIB estimate of the number of people with visual impairment in the UK, based on a range of population studies, principally derived from Tate et al. (2005), Evans et al., (2002) and Van der Pols et al (2002) 
 ADDIN EN.CITE 
[5, 6, 22, 23]
. In both cases the marked increase in prevalence of visual impairment with increasing age is apparent. 
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Figure 1. Total number of people on the NHS register in England as severely sight impaired or sight impaired (i.e. not just new registrations). The marked increase in registration with increasing age is apparent. Based on NHS figures for 2008 [21]. 

The prevalence of visual impairment in elderly patients has been widely reported 
 ADDIN EN.CITE 
[2, 5-7, 10, 11, 14, 23, 24]
, which is not surprising given the relative predominance of visual impairments in the older population [2]. Charles (2007) evaluated 2 population based prevalence studies of visual impairment in the UK and concluded that between 1.6 and 2.2 million people aged over 65 years suffer from visual impairment, with about half of these having a visual acuity of 6/12-6/18, and the other half having an acuity of worse than 6/18 [25]. The proportion of adults aged 65+ who subjectively report a visual impairment has been found to range from 15 to 20% [14, 24]. Epidemiological data for the UK similarly suggest that 12-15% of people living in the community over the age of 75 yrs have a visual acuity of less than 6/18, however this figure is likely to fall to about 6-8% if those with treatable causes of visual impairment are excluded 
 ADDIN EN.CITE 
[5-7]
. Charles (2007) commented that about half of those individuals with moderate to severe visual impairment in the UK aged over 75 years have potentially treatable conditions [25]. 
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Figure 2. Estimated total number of people with visual impairment (mild / moderate to severe) in the UK. Based on figures from the RNIB statistics [22].   

Causes of visual impairment in older adults

The leading causes of visual impairment in older adults depend on the definitions employed – cataract and uncorrected refractive error are leading causes of treatable visual impairment 
 ADDIN EN.CITE 
[8, 9, 11, 12]
, whilst age-related macular degeneration is the main cause of irreversible impairment, followed by glaucoma and diabetes 
 ADDIN EN.CITE 
[2, 4, 9, 10]
. The prevalence of visual impairment, and the principal causes are dependent on the country, with developing countries showing a higher level of low vision and blindness considered to be treatable or preventable than developed countries [26].
The profile changes when the whole adult population is considered (including younger adults). A recent study analysing self-reported visual impairment and diagnosed eye disease in adults in America estimated a prevalence of 9.3% (including cataracts) [15]. In adults of a working age in the UK, glaucoma and diabetic retinopathy were found to be the most common causes of certification as severely sight impaired or sight impaired, with hereditary retinal disorders such as retinitis pigmentosa, also comprising an significant proportion of cases [2]. 
Visual loss in children

The prevalence of severe visual loss in children is significantly lower than in adults, with 0.06% of children born in the UK becoming blind by their 16th birthday, and a further 0.12% becoming visually impaired [27]. More than 90% of these children develop their sight loss before their second month of life 
 ADDIN EN.CITE 
[28]
. Causes of visual impairment in children in the UK are numerous, and often form part of wider conditions or disabilities [29], with around 75-79% of children with visual impairments also having additional disorders or impairments, and 10% dying within a year of diagnosis [16, 29]. Rahi et al. (2009) suggest that prenatal factors (including genetic causes) are involved in over 60% of cases, and that more than 75% of childhood visual disorders are neither preventable or potentially treatable with current knowledge [16, 364].  
In summary, studies into the prevalence of visual impairment and blindness suggest that this is a global concern which affects all age groups, although the risk of visual loss increases with age. Different conditions become more important in different age-groups, and children with visual impairment are much more likely to have co-morbidities – factors which must be taken into account when designing a vision rehabilitation programme. Evidence suggests that the prevalence of visual impairment will continue to increase during the 21st century, and that the needs of individuals with low vision cannot be ignored. 
The Consequences of Visual Impairment 

The ability of individuals with an impairment to function independently is often assessed with reference to their ability to perform everyday tasks. Activities of Daily Living (ADLs) can be defined as tasks which are performed on a normal daily basis, including self-care, social activities, mobility tasks, leisure pursuits and work. A distinction is often made between basic ADLs, consisting of necessary self-care tasks, such as eating and personal hygiene, and instrumental ADLs (IADLs), which are not necessary for fundamental existence, but which facilitate independent and integrated functioning within a community, for example doing light housework, preparing meals, taking prescription medicines and taking care of personal finances [30]. However, the boundary between these two categories of daily activity is not always clearly defined. 
There is considerable evidence that adults who are visually impaired have a poorer functional status in terms of ability to carry out both ADLs and IADLs than their fully sighted counterparts e.g. 
 ADDIN EN.CITE 
[24, 31-36]
. Lamoureux et al. (2004), for example, investigated the limitations in activities of daily living in 319 participants with visual impairment with no visual rehabilitation history, and found that reading, outdoor mobility, participation in leisure activities and shopping were the greatest areas of activity limitation [35]. Restricted mobility and orientation skills in individuals with visual impairment also make them more vulnerable to falls, and associated complications such as hip fractures 
 ADDIN EN.CITE 
[37, 38]
.
Haymes et al. (2002) showed that contrast sensitivity, distance and near VA and visual fields are all significantly correlated with ability to perform ADLs and IADLs (assessed using Melbourne Low Vision Assessment Inventory Score, a measure which includes both self-report and clinician assessed measures) in individuals with visual impairment [33]. However it is apparent that, whilst 82.2% of the variance in ADL scores in this study could be accounted for by age and clinical visual measures, the assessment of ability/dependence in performing ADLs and clinical measures of visual function are not interchangeable and both are required to obtain a full picture of functional ability in these individuals. 
The psychosocial impact of visual loss

In addition to the functional disability associated with vision loss, it is becoming increasingly apparent that the psychosocial impact of visual impairment is also substantial 
 ADDIN EN.CITE 
[39-44]
.  For example, a large MRC funded study by Evans et al. (2007) reported findings of the association between visual impairment and depression in 13,900 people aged over 75 years in UK, who had been randomly selected for health screening from 49 GP practices. After assessment of visual acuity and depression, 13.5% of people with visual impairment were found to be depressed (with a score greater than 6 on the 15 item Geriatric Depression Scale), compared to 4.6% of people with good vision. After adjusting for age and gender, this amounted to an odds ratio of 2.69 (95% CI 2.03-3.56). The odds ratio was reduced after controlling for ability to perform activities of daily living, and the authors suggested that this may reflect a relationship between visual impairment and reduced ability to participate in daily activities, which in turn may result in depression. 
The incidence of depression in visually impaired older adults varies across studies. For example, Brody et al. (2001) found a 32.5% prevalence of depressive disorder in 151 older adults in the USA with visual impairment due to bilateral AMD, almost double the normal prevalence in this age group [41]. Also in America, Horowitz et al. (2005) found that, of 584 patients with vision loss presenting for rehabilitation services, 7% had major depression, whilst 26.9% met the criteria for subthreshold depression [43]. Evans et al. (2007) suggested that the variability across studies may be due to differences in confounding factors controlled for, and to differences in the study population, for example, a sample of individuals attending for rehabilitation services may have a different prevalence of depression to a community based sample [39].
In addition to the direct detrimental effect exerted by depressive disorders on quality-of-life, psychological status has also been shown to impact on an individual’s level of functional impairment 
 ADDIN EN.CITE 
[35, 41, 44, 45]
. Lamoreaux et al. (2004) found that in 319 individuals with visual impairment, mental health, physical health, and distance vision were all independent predictors of activity limitation in ADLs [35], whilst Brody et al. (2001) found that subjects with a diagnosis of depression had significantly higher disability scores on all measures of self-reported functional ability [41].  
However, the relationship between visual impairment, participation in activities of daily living and depression is likely to be a complex one [39].
There is less evidence regarding the impact of visual impairment on younger adults and children. However, it has been suggested that the risk of mental health problems associated with visual impairment is at least as high in working age adults as in older adults 
 ADDIN EN.CITE 
[46, 47]
. Boerner et al. (2005) hypothesised that in younger adults the visual disability may impact significantly on life goals such as career development and supporting a family, which could have a significant impact on psychological status [47]. Rahi et al. (2009) also found an association between a reduction in quality-of-life and impaired visual function in the 1958 British birth cohort, assessed at the age of 44 and 45 years [16]. A study investigating health related quality-of-life in 79 children with visual impairments, found the range of outcomes to be wide, and related to the co-morbidities of the individuals. Those children with other functional impairments (e.g. cognitive, auditory, mobility) tended to have lower quality-of-life scores than those with only visual deficits [48]. 
The economic impact of visual impairment and associated disabilities

The combination of social, functional and psychological disabilities attributable to visual impairment has been shown to result in an overall reduction in quality-of-life 
 ADDIN EN.CITE 
[49, 50]
, and an increased mortality rate [51]. However, in an environment where economic resources for healthcare are limited, and cost effectiveness must be demonstrated, the economic impact of visual impairment and associated disabilities is also an important consideration. Meads and Hyde (2003) carried out a detailed top down analysis of the main cost factors associated with blindness caused by AMD in the UK, and the proportion of people with AMD affected by those factors [52]. They considered costs and probabilities of incurring expenses in the following categories: low vision clinic assessment (with provision of aids and training in their use), low vision rehabilitation in activities of daily living, acute admission to geriatric ward for fall related injuries, registration as blind or partially sighted, admission into residential care, community care, social security benefits, blind person’s tax allowance, and treatment and support of an elderly person with depression. The authors concluded that the cost of the first year of blindness was approximately £6,455 per person (range £1,375-£17,100), dropping to £6,295 per subsequent year (range £1,325-£16,800). The highest cost was that of residential care, by a significant margin, and it was estimated that 30% of people with choroidal neovascularisation and a VA of 6/60 would require this care one year from diagnosis. This study considered specifically the costs of AMD, and Meads and Hyde commented that the costs associated with visual impairment and blindness vary depending on the age of an individual, and their diagnosis. Frick et al. (2007) used Medical Expenditure Panel Survey data from 1996-2002 to estimate the economic burden of visual impairment and blindness in the United States [53]. Through calculating the excess costs associated with visual impairment for an average individual, and estimating the prevalence of visual impairment and blindness, they suggested that excess expenditures of $2.8 billion were directly attributable to vision loss in those with visual impairment and blindness. The main contributor to this expense was home care. Furthermore, when the loss of quality adjusted life years was added to the equation, a total annual impact of nearly $16 billion was proposed.
There is an increasing interest in the costs associated with visual impairment and blindness as this information is vital in the cost utility analysis of treatments to prevent visual loss, for example lucentis for the treatment of AMD 
 ADDIN EN.CITE 
[52, 53]
. 
Vision Rehabilitation Services

The Low Vision Services Consensus group, composed of professional and user perspectives, defined a low vision service as “a rehabilitative or habilitative process, which provides a range of services for people with low vision to enable them to make use of their eyesight to achieve maximum potential” [19]. Rehabilitative processes involve re-learning how to perform familiar tasks, whereas habilitative processes are new skills, such as learning to use a cane. The 1998 Social Services Inspectorate Report suggested that services should also include psychological and emotional support, and also help the individual to be economically active [54]. In 2007, the NHS outlined some key design principles for low vision services, the primary of which was that services should reflect “a multi-disciplinary, multi-agency approach that co-ordinates with other health, social care and voluntary providers in the area, including services provided at the client’s residence, school or other appropriate location…”. They also stress the importance of basing all services on “evidence based knowledge and accepted guidance”[55]. This statement reflects a general shift in the emphasis of low vision services towards a more holistic attitude to the problems encountered by patients with low vision, but also emphasises the requirement of the funding bodies to see the effectiveness of these models supported by rigorous trials. 
In this review, frequently encountered service types included standard hospital-based services (provided by optometrists or trained low vision therapists, although these services now also often offer a high level of integration, including strong links to the social services) e.g. 
 ADDIN EN.CITE 
[56, 57]
; integrated or multi-disciplinary services i.e. the so-called “one-stop-shop” (including extra elements such as counselling, occupational therapy, orientation and mobility training, in one location) e.g. 
 ADDIN EN.CITE 
[58-61]
; and services with an emphasis on the psychological needs of patients e.g. [62]. Services could be inpatient e.g.[62, 63] or outpatient e.g.[61, 64], and could be designed to cater for the needs of a particular patient group, for example children 
 ADDIN EN.CITE 
[65-68]
, working age adults [66], older adults [69], or veterans 
 ADDIN EN.CITE 
[62, 70-72]
. 
Within the UK, low vision services have traditionally been provided in a hospital setting by optometrists and dispensing opticians [73]. Early low vision assessments were principally concerned with providing magnifiers which provided the patients with access to conventional sized print [74],  whilst modern hospital-based low vision services tend to adopt a more comprehensive approach, including assessment of the patient’s understanding of their diagnosis, goal assessment, provision of low vision aids, discussion of non optical approaches to maximising use of remaining vision, advice regarding other available services, and follow-up visits to assess progress [57, 75]. Indeed, many hospital-based low vision services in the UK now incorporate high levels of ‘integration’. In 2002, Culham et al. reported that approximately 65% of low vision work in the UK was taking place in a hospital environment [2]. Hospital departments have also expanded their services into outreach clinics in smaller community hospitals, and some have contracted low vision services to community based optometrists and dispensing opticians 
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. In other areas schemes have been developed whereby low vision services are available directly from primary care providers, using pre-existing optometric practices and specially trained staff, integrated with social services and the voluntary sector 
 ADDIN EN.CITE 
[2, 78]
.
With regard to the personnel who provide low vision services, traditional hospital-based low vision services rely primarily on optometrists, with referral to other professionals as necessary. However, in recent years a range of professionals have worked alongside, or in the place of, the optometrists in providing these low vision services. The field of visual rehabilitation has expanded to include rehabilitation workers (traditionally based in social services), for example the Rehabilitation Officers for Visually Impaired People (ROVIs
), ophthalmologists, nurses, social workers [79], orthoptists, and/or occupational therapists [80]. In the UK, for example, a move towards a wider ‘low vision therapy’ approach to vision rehabilitation in the 1990s saw the integration of ‘low vision therapists’ into services. These individuals are specially trained to provide patients with teaching in areas such as eccentric viewing, steady eye strategies and the use of LVAs. The South Devon Low Vision Service, developed in 1986 at Torbay hospital, was an early example of such a model [81]. 
A report by the Agency for Healthcare Research and Quality (ARHQ) in the USA gave an overview of licensed and unlicensed professionals currently involved in low vision provision, which included, alongside ophthalmologists and optometrists, occupational therapists, physical therapists, social workers, low vision therapists, vision rehabilitation teachers, and orientation and mobility specialists. This report gives some indication of the range of individuals involved in providing low vision services. [82].

In some services, this wider-reaching approach to low vision service provision has culminated in the development of multidisciplinary/interdisciplinary or integrated low vision services 
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[58-61, 79, 83-85]
, however, the exact nature of the multidisciplinary approach is often poorly defined. Multidisciplinary models vary widely in their composition, but often include a mixture of healthcare professionals, including those described by the AHRQ, as well as psychologists and/or counsellors, combined in an integrated service. There is no clear distinction in the literature between ‘multidisciplinary’ and ‘interdisciplinary’ services, with both terms applied to services which employ professionals from different disciplines within the rehabilitation process, although the word ‘multidisciplinary’ inherently suggests a lesser degree of integration between the component disciplines. A further type of integrated model which has been described is the ‘transdisciplinary’ service, which also involves a collaborative team, but uses extensive cross-training (team members train each other in other fields of rehabilitation) and role release (team members turn over aspects of training to other team members from different disciplines). This approach is used by the Veteran's Administration Southwestern Blind Rehabilitation Centre [155]. 
In future, may be helpful for studies to adhere to particular definitions. For example, where ‘multidisciplinary’ refers to services that involve the coordinated input from professionals from different disciplines but the individual professions work in relative isolation from each other and, where ‘interdisciplinary’ refers to services that involve input from a range of professionals but where their work directly overlaps.
Hinds et al. (2003) described an ‘interdisciplinary’ service established in 1995 in Fife, which involves professionals from ophthalmology, ophthalmic nursing, social work, and rehabilitation, carrying out joint assessment with patients and carers [79]. In contrast, other multidisciplinary/interdisciplinary approaches have concentrated on improving the co-ordination between pre-existing hospital low vision services and community-based social and voluntary services [80]. 
Horowitz et al., (2000) described a novel approach to low vision service provision, the “Adaptive Skills Training Programme”, which was based entirely on a group model of instruction, and was developed by the New York State Commission for the Blind and Visually Handicapped [69]. This programme included up to 12 sessions of 3-4 hours, each of which addressed a different aspect of rehabilitation including ADLs, orientation and mobility, and communication skills. There was also counselling facilitated discussion on topics such as independence vs. dependence. A similar group approach has also been adopted in Europe, as reported by Eklund et al., (2004 and 2008), and Dahlin Ivanoff et al., (2002), with the addition of a homework component and invited professional speakers e.g. ophthalmologists and lighting specialists 
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[86-88]
. 
Farish and Wen (1994) described another novel approach to rehabilitation, the “Independent Living Services Programme” offered to older blind persons living in Mississippi [89]. This programme was provided in a rehabilitation centre or in patient’s homes. In-home instruction was provided by 3 rehabilitation instructors, who also assisted clients in accessing the expertise of other instructors, counsellors and personnel of the vision rehabilitation centres, and included training in orientation and mobility, means of communication, use of communication aids, ADLs, low vision aids, family and peer counselling.

This wide range of components which may contribute to low vision service models is shown in Table 1, which illustrates the elements included in some of the key types of service. Although Table 1 shows that there is much in common between services, different professionals are involved in the various components in different services, and the duration, dose, and frequency of the intervention also vary widely, as does the setting.  
Given the wealth of different strategies employed in providing vision rehabilitation, there is a real need for evidence-based studies evaluating the effectiveness and cost-effectiveness of the various types of rehabilitation. 
Table 1 follows
	Service type
	Veterans Affairs Inpatient
	Veterans Affairs Outpatient
	South Devon
	Fife 
	Wales
	Moorfields

	Reference source
	1
	2
	3
	4
	5
	6

	Eye health check
	√
	√
	-
	√
	√
	√

	Explanation of eye condition
	√
	√
	√
	√
	√
	√

	Information e.g. lighting, registration, social benefits
	√
	√
	√
	√
	√
	√

	Assessment of needs/ goals
	√
	√
	√
	√
	√
	√

	Assessment of visual function
	√
	√
	√
	√
	√
	√

	Provision of LVA to enhance visual function
	√
	√
	√
	√
	√
	√

	Provision of electronic aids
	√
	√
	+/-
	+/-
	+/-
	+/-

	Provision of non-optical aid to enhance function
	√
	√
	√
	√
	√
	√

	Assessment of psychological status /counselling
	√
	-
	√
	√
	-
	R

	Referral to other services
	+/-
	- 
	√
	√
	√
	√

	Assessment of home and home modification
	-
	√
	+/-
	√
	+/-
	-

	Training in use of aids
	√
	√
	√
	√
	√
	√

	Training in eccentric fixation, mobility., ADLs etc.
	√
	√
	√
	√
	√
	R

	Social interaction with health/social team
	√
	√
	√
	√
	R
	R

	Telephone support
	-
	√
	-
	√
	+/-
	-

	Problem solving therapy
	√
	√
	-
	-
	-
	-

	Special support for minority groups e.g. children
	-
	-
	√
	-
	√
	√

	Service provided by
	BRT+ SW + Psych +  Oph + 

N + OO
	OO + LVT
	DO/ Orth/ Psych + ROVI + C
	Oph +   N +  RW + SW   
	OO
	OO

	Homework
	-
	5 hrs/week
	-
	-
	-
	-

	Dose
	~150 hrs   (~ 6 weeks inpatient)
	10 hrs + 17 hours homework + 1 home visit
	2 hrs + optional home visit + follow-up 6-12 weeks
	Main visit + follow-ups at home
	1.5 hrs + follow ups
	Main visit + follow ups


Table 1.  Components included in several key types of service. Most contemporary services provide an integrated approach, some referring to other agencies to provide a full-service, whilst others provide all services ‘inhouse’. Service 1: Inpatient Veterans Affairs (USA). 
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; Service 2: Outpatient Veterans Affairs (USA) 
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[61, 91]
; Service 3: The South Devon multi-agency, multi-disciplinary service (run by Optima low vision Services Ltd) [66]; Service 4: The Interdisciplinary Low Vision Service (ILVS), hospital based, Fife [79]; Service 5: The Welsh Low Vision Service, community-based [78]; Service 6: Moorfields eye hospital low vision service, hospital based [57]. √ = Provided ; - = No evidence of provision ; +/- = provided to some patients as required; R = via referral pathway. Service provided by: OO (optometrist), Oph (ophthalmologist/physician), N (nurse), Orth (orthoptist), DO (dispensing optician), SW (social worker), RW (rehabilitation worker), LVT (low vision therapist), BRT (blind rehabilitation therapist), ROVI (Rehabilitation Officer for the Visually Impaired), Psych (psychologist), C (counsellor).
Outcome Measures for Assessing the Effectiveness of a Service

The effectiveness of low vision service provision has been assessed in numerous ways, with little consensus on the best approach. This lack of consensus has a significant influence on the conclusions reported. In critically reviewing this literature, it is necessary to consider the outcome measures chosen, their relevance to the aims of low vision service provision, their psychometric measurement properties, and the advantages and disadvantages of different approaches.

1.1.1 Traditional Outcome Measures

Early studies tended to judge the outcomes of a service by either evaluating the frequency of use of low vision aids by patients at follow-up of a variable period 
 ADDIN EN.CITE 
[81, 92, 93]
, or by assessing clinical measures of visual function 
 ADDIN EN.CITE 
[94-97]
. Clinical outcomes include measures such as visual acuity, ability to read a certain print size, reading duration, and reading speed. Although these are important, they do not necessarily reflect the abilities that the patients will show in their home environment, or the differing impact that a specific impairment will have on different individuals in their daily life. For example, a large discrepancy has been demonstrated between individuals with a good near VA in the clinic (75%), and those able to resolve small print at home (39%) [95]. In 1997, Raasch et al. reviewed literature evaluating the effectiveness of low vision services and commented on the need for new outcome measures evaluating service outcome on the basis of quality-of-life [98]. 
1.1.2 Quality-of-life and Functional Self-Assessment Tools

In the past 10 years there has been a drive towards assessing outcomes based on self-reported measures of ability and/or independence in performing daily tasks (e.g.
 ADDIN EN.CITE 
[59, 64, 87]
), on measures of psychological status (e.g. 
 ADDIN EN.CITE 
[42, 99, 100]
) or on patient-reported quality-of-life on a more holistic basis, usually subdivided into subscales such as orientation and mobility, self-care, and social, functional and mental status (e.g.
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[58, 75, 79, 83]
). The National Eye Institute now requires quality-of-life measures in any clinical studies that they support. 
The term “quality-of-life” is particularly widely used in vision rehabilitation outcome studies, and needs some consideration. There is no single definition of quality-of-life, and the parameters assessed are often context dependent. For example, the Economist Intelligence Unit uses measures of subjective life satisfaction to compare quality-of-life between countries, and includes the assessment of factors such as family life, job security, gender equality and political freedom [101]. Such a scale is obviously inappropriate for determining health or vision-related outcomes, and illustrates the need for quality-of-life measures to be appropriate for context in which they are used. 
Numerous generic tools are available for the assessment of health-related quality-of-life - the Sickness Impact Profile (SIP) [102], and the Medical Outcomes Short Form 36 (SF-36) [103] are widely used examples. The EQ-5D is a relatively new general health-related QOL measure from the EuroQol group which has been evaluated in Europe and the USA, and consists of 5 dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression), requiring the respondent to rate each of these on a 3 point scale (no problems/some or moderate problems and extreme problems). This rating is accompanied by a visual analogue scale which allows the individual to rate their current health-related quality-of-life state [104]. 
Other QOL outcome tools have been developed to be specific to a particular disease or condition. For example a number of vision-specific QOL measures have been developed in recent years, including the Low Vision Quality-of-Life questionnaire (LVQOL) [105] and the National Eye Institute Visual Function Questionnaire (NEI-VFQ) [106]. These questionnaires often combine general quality-of-life type measures (e.g. psychosocial adjustment), with domains concerned with vision-related functional ability. For example, the Low Vision Quality-of-life Questionnaire (LVQOL) [105] contains 5 sub-sections with items relating to general vision, mobility and lighting issues, psychological adjustment, reading and fine work and activities of daily living. A combination of generic and disease specific quality-of-life tools is often included in assessing outcomes in a clinical trial as the general health measure provides data which can be compared more widely with other conditions and populations, whilst the disease specific measure may be more sensitive to the intervention [107].  

DeBoer et al (2004) give an overview of some important considerations in the design of self-report outcome measures. Content validity describes how well items in the tool sample the area of interest. This step is usually achieved by consulting focus groups from the affected patient population, experts in the field, relevant literature and previous questionnaires when developing the instrument [108]. Following the identification of potentially important questions for an outcome measure, an item reduction phase must take place to eliminate items which are not applicable to a large part of the population, show floor or ceiling effects (indicating that the item is too easy or too difficult), are redundant (measure exactly the same trait as another item), or are asking about a concept unrelated to the area of interest. The internal consistency of the final questionnaire must also be assessed, usually by calculating the Cronbach’s alpha coefficient, which should ideally fall between 0.7-0.9 (a lower value indicating that the items within the questionnaire do not reflect the same trait, and a higher value indicating redundancy) [108]. A questionnaire should then be assessed for factors such as reproducibility, reliability, responsiveness, construct validity (how well the questionnaire scores correlate with the scores of other instruments), and respondent burden. Massof and Rubin also comment on the importance of correctly analysing scores obtained with a particular questionnaire, suggesting that it is inappropriate to treat ordinal ratings mathematically (summing, comparing averages etc) in the same way as interval scores obtained through Rasch analysis [109].
It is relevant to note that vision related quality-of-life questionnaires may have been developed for a specific patient population. Early questionnaires were largely designed to assess functional impairment of people with cataracts e.g. the VF-14 [110], and the Visual Functions Index [111], and it cannot be assumed that content validity of a questionnaire will be sustained when the tool is transferred to a different patient population e.g. to a group of visually impaired people with mixed diagnoses and in particular where treatment many not be available or the prognosis is poor. In contrast, the LVQOL [105], VCM-1 [112], and the NEI-VFQ 
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[106, 113]
 were developed to be used with patients representing a broad range of ocular conditions. 
A distinction also needs to be made between self-assessed functional status measures and quality-of-life scales. The former assess the ability of a patient to perform activities of daily living, whilst the latter is a multi-dimensional assessment involving physical, functional, social and psychological dimensions [114, 115]. However, Massoff and Rubin suggest that rehabilitation specialists often rely on functional assessment instruments as surrogates for quality-of-life [109], on the basis that a reduction in functional ability has been shown to be related to a general decrease in quality-of-life [115]. 

Self-rated and parent-rated visual function and quality-of-life outcome measures have also been developed specifically to evaluate outcomes in children with visual impairment and blindness 
 ADDIN EN.CITE 
[116-118]
. For example, the Children’s Visual Function Questionnaire assesses quality-of-life in children up to the age of 7 through a parent questionnaire (with a separate version for children under 3 years of age being available) [116]. 
Information about the outcome measures used by studies included in this report is given in Appendix 2, Table 3: “Outcome Measures Employed by Studies”.
1.1.3 Economic outcomes

One important function of outcomes research is to assess the cost-effectiveness of medical interventions, to allow health economists and policy makers, such as the National Institute for Health and Clinical Excellence (NICE), to make judgements about the cost effectiveness of a particular treatment/intervention. These bodies tend to prefer a quantifiable single quality-of-life variable, which is more easily comparable between conditions and treatments than standard quality-of-life measures. “Quality-adjusted life years” (QALYs) are a measure of health gain, in which survival duration is weighted or adjusted by the patient’s (health-related) quality of life during the survival period [135]. This approach is used as a basis for determining which treatments are appropriate to fund when resources are limited. 

NICE guidelines have the potential to unlock the substantial resources of the NHS to contribute to the provision of comprehensive low vision services. There is one very good reason why such guidance has not been forthcoming. Although there is a general consensus that low vision rehabilitation works, and that integrated services may be particularly helpful to service users, the evidence base, particularly for cost-effectiveness and acceptability to clients is, with some notable exceptions, weak.  
Implementation of Outcome Measures
1.1.4 Mode of Implementation
Instruments assessing functional status may be scored entirely based on a patient’s judgement of their own ability (self-report/patient-rated assessment e.g. The Veterans Affairs LV VFQ-48 [121]), or may be completed by a single clinician, or group of professionals (provider/clinician-rated assessments e.g. The Independent Living Pre- and Post- Programme Assessment ILPPA [122]), whilst other tools combine the two, with some self-rated and some clinician-rated items (e.g. the Melbourne Low Vision ADL Index (MLVAI) [59]). Another type of tool is the proxy-based assessment, which relies on the judgement of a family member, or someone close to the patient (used more commonly in assessing outcomes of children or those with learning disabilities e.g. [116]). All are considered subjective tools as they are based on judgment, even if on expert opinion. Patient self-report may be considered preferable as patients are considered to understand their ability and change in ability over a wide range of tasks as well as being able to judge what personal impact their functional disabilities have on their quality-of-life [84]. They also tend to have more available time than clinicians, which increases efficiency and reduces the cost-impact of assessment [84]. It has been shown that patients’ self-ratings of their overall physical and mental health are influenced by their ratings of functional, physiological and emotional health factors, whereas clinicians place a greater emphasis on functional and physiological aspects. This discrepancy suggests that patients and clinicians have a different focus when judging quality-of-life 
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. Patient self-report measures are therefore considered to be important when assessing the impact of an intervention 
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. The limitations in self-report measures stem largely from psychological bias, for example reporting exaggerated change out of obligation to the clinician, or because any improvement from the pre-rehabilitative state is of great importance to the patient. Conversely, the patient may underestimate the impact of the intervention by comparing their level of function to what it had been prior to the onset of visual impairment, rather than to their status at the onset of rehabilitation [84]. A clinician-rated system also has advantages (largely in their experience in administering the tool, and thus their ability to calibrate outcomes against their experience with other patients); and disadvantages (for example, potential bias if their performance will be rated on these outcomes) [84]. McKnight and Babcock-Parziale (2007) compared two functional outcome measures, one self-rated and one clinician-rated, pre- and post visual rehabilitation on 81 individuals. They found that the two scales (FAST-SR and FAST-CR) showed little difference in outcome, suggesting that self- and clinician-rated scales give similar outcomes in the assessment of functional ability [84]. However, other studies have found that clinician- and patient- rated functional and quality-of-life measures tend to differ in their outcomes 
 ADDIN EN.CITE 
[115, 124, 127]

A further consideration with respect to self-report measures is how the questionnaire is actually presented to the patient. Wolffsohn et al. (2001) compared postal, telephone and personal implementation of a vision related quality-of-life tool (LVQOL) and found that postal administration was not only more cost efficient, but also showed greater internal consistency than telephone or personal implementation, without any reduction in reliability. However, there is the risk that written questionnaires may be biased by patients struggling to read and respond to the items, although this was not apparent in the study [128].

1.1.5 Timing of Outcome Assessment
Assessing the effectiveness of vision rehabilitation usually requires data to be collected on at least two occasion’s i.e. pre- and post- intervention. The baseline measure is generally taken immediately prior to the commencement of the rehabilitation service, however the timing of the follow up measure may be variable. Implementation immediately after discharge from the service is one approach (e.g. [85]), whilst others choose to obtain post-test data several months after the conclusion of the rehabilitation process (e.g. [90, 129]). It must also be decided whether it is more appropriate to wait until all follow up appointments are complete, or whether the end of the main body of rehabilitation is a preferable time point [128]. A main consideration in choosing the duration of follow-up is the likely rate of deterioration of visual function due to the progression of the underlying ocular condition – a long delay before post-test data is collected could mean a reduction in the baseline level of function, so making it difficult to determine the intervention effect. Conversely, the assessment of outcomes immediately post rehabilitation may give an overly optimistic view of the treatment effect due to the frequently observed overestimation of visual abilities by patients at discharge, before they have experienced the problems inherent in integrating their newfound skills into everyday life (the so-called “halo effect”) [85]. It should be noted, however, that Kuyk et al (2008) attributed a lower than expected effect size in the study of Stelmack et al. (2002) to an early follow up, suggesting that patients tend to underestimate the impact of an intervention when they have not had the opportunity to transfer their new skills to their home environment 
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. In general, however, researchers seem to be agreed that a too-early follow up is likely to impact on the reliability of the results, and that it may be better to delay assessment of outcomes for a period of weeks / months after the intervention to avoid any ‘halo effect’. 
Wolffsohn et al. (2000) investigated the change in vision-related quality-of-life scores (LVQOL) in 117 people, assessed at 4 time points (at time 0, 4 weeks, 8 weeks, and 12 weeks). They found a trend towards a reduction in quality-of-life scores 3 months after baseline measures were implemented, and suggested that outcomes should be assessed up to 2 months post-rehabilitation to avoid a significant decrease in the baseline level of visual impairment during the study period [128]. A no-treatment ‘matched’ control group, however, provides the only reliable means of teasing out the effects of intervention and disease progression [130].

Figure 3 illustrates the theoretical effect of a change in baseline on outcome measures. At early times, the effect of deterioration in baseline visual status is unlikely to have a big effect on measured outcome, but the longer the follow-up time, the more significant the effect is likely to be. 
Figure 3 illustrates the expectation that the effect of the intervention gradually decreases over time as the patient forgets their training, in the absence of ‘refresher’ courses. The speed of decline is likely to be related to the patient demographic e.g. patients who are long-term severely visually impaired may lose function more slowly than newly diagnosed patients with good residual vision. At early times (e.g. time A) the baseline decline will have less impact than at later times post intervention (e.g. time B) – Wolffsohn et al. suggest that any time-point before 2 months is likely to be largely unaffected by the decline in baseline [128]. The dashed line also represents the change which would be seen in an untreated control group of the same demographic as the treatment group. It would be possible at time B, if such control data was obtained, to determine the true impact of the intervention by subtracting the control group change from the intervention group change. 
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	Figure 3. A schematic figure illustrating the potential importance of changing baseline function over follow-up time post intervention. The dotted line illustrates the possible patient functional status after rehabilitation in the absence of any underlying change in disease state. The dashed line indicates the change in baseline disease state (and related function) which might be expected over time in the absence of treatment.  The black line indicates the overall change in measured function which results from a combination of the change in baseline function and the treatment effect. 


Objectives

This review seeks to critically review the available literature in order to address a number of key objectives. 
Primary objective:

1) To assess the effects of low vision service provision on rehabilitation outcomes in people with a visual impairment.

Secondary objectives:

1) To assess the relative effects of different service models on rehabilitation outcomes in people with a visual impairment.
2) To assess the impact of timing of outcome assessment on rehabilitation outcomes in people with a visual impairment.
3) To assess the evidence for a dose effect on rehabilitation outcomes in people with a visual impairment. 
4) To assess the effect of low vision service provision on special groups of service users, e.g.  people with learning disabilities, children and people of working age.

5) To assess the costs associated with low vision service provision.
Methods

Outcomes Assessed

In the introduction, an outline was given of the wide range of outcomes which have been used in the assessment of low vision services. In the main body of the report, when addressing the effectiveness of low vision service intervention, the findings of included studies were subdivided into 6 categories according to the nature of the outcomes used. These outcome categories can be seen in bold in Figure 4, a modified version of the AHRQ analytic framework for addressing the effectiveness of vision rehabilitation [82]. 
Figure 4 shows a shift towards an increasing emphasis on patient-centred perception of disability from top (clinical measures of visual function) towards the bottom of the chart (quality-of-life measures). The chart also illustrates that vision rehabilitation might be expected to have a direct impact on visual function and use of LVAs, which in turn may have an indirect impact on ability to perform activities of daily living, psychosocial status, and mood. These changes may ultimately affect overall quality-of-life. The AHRQ report suggested that subjective self-report outcome measures are likely to be more useful than objective measures of visual function because individuals will be disabled to varying extents by the same level of visual impairment. That is, the same reduction in visual acuity will lead to different levels of disability. Hence, the AHRQ report excluded studies which reported only basic clinical outcomes [82]. In the LOVSME report, studies were not excluded on the basis of outcome measures used. In this way it was possible to determine the magnitude of the effect of vision rehabilitation both directly, on visual function, and indirectly, on wider aspects of life satisfaction. An extra outcome measure has been added to the analytic framework i.e. LVA usage and satisfaction, as this self-report outcome has formed an integral part of low vision service evaluation, and provides a useful indication of the benefits obtained by the patient in their home environment. 

Inclusion/Exclusion Criteria

We used the following inclusion and exclusion criteria to determine which studies to include in this systematic review.

1) The study had to be of a rehabilitation service. This requirement included any type of vision rehabilitation service; however studies were excluded which assessed only components of a service (e.g. a specific assistive technology or psychological intervention) out of a wider service context. This decision was in order to meet the specific remit of this report i.e. “to assess the effectiveness of low vision service provision”, rather than specific components of an intervention.

2) The study had to involve people with low vision e.g. studies of simulated visual impairment were excluded.

3) Studies evaluating rehabilitation services for those with multiple disabilities were excluded because the interventions are complex and it is difficult to determine what is relevant / attributable to visual impairment. 
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Figure 4. A modified version of the AHRQ Analytic Framework for addressing effectiveness of vision rehabilitation [82]. The bold text denotes outcomes which are considered in this report. Outcomes progress from more objective, clinical measures of visual function towards the top of the diagram, to more patient-centred self-report measures towards the bottom of the diagram.
4) Studies had to include an intervention and some sort of comparison (between groups or over time), but could be of any design e.g. randomised controlled trial, non randomised trial, before and after study.

5) Studies had to include data on more than 10 service users i.e. case reports were excluded.

6) Studies had to be reported in English.
7) Studies only reported in meeting abstract form were excluded because there were likely to be insufficient details about methods to evaluate the study.

8) Studies evaluating the effects of surgical interventions were excluded because they are not generally available in a rehabilitation setting.

9) Studies of ‘visual restoration therapy’ were excluded because this is a specific intervention rather than ‘service’.
10) Studies which examined barriers to service access were excluded.

11) Studies of falls reduction programmes were excluded because this is a specific intervention rather than ‘service’ and do not always pertain solely to visual rehabilitation.
12) Included study design had to be one of the following (as defined by Cochrane): randomised controlled trial, quasi-randomised controlled trials, non-randomised controlled trials, controlled before and after studies, prospective cohort studies, retrospective cohort studies, historically controlled trials, nested case-control studies, case-control studies, cross-sectional studies, before and after comparisons. Studies of case reports or case series were excluded. 
Literature Searching Methods

Step 1: A comprehensive literature search was undertaken of the following databases: Web of Science, EMBASE, Medline, Cochrane CENTRAL, Psychinfo, and CRD databases. The search terms used were divided into 3 categories, namely target population (e.g. “visually impaired” OR “low vision”); intervention (e.g. service OR rehabilitation); and study design / outcomes (e.g. randomised OR effectiveness). All selected studies were required to match at least 1 search term from each column. The full list of search terms is given in Appendix 1. 

Additional literature was identified via hand searching of relevant reviews (Hooper et al., 2008; AHRQ report, 2004; The Lewin Report, 2002; Virgili and Acosta, 2006; Stelmack, 2001; Stelmack, 2005 
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), and by asking experts in the field for additional sources of information. The list of references of all identified studies was also checked to ensure that all relevant papers were considered.
Step 2: The titles and abstracts of potential ‘hits’ identified in step 1 were read to identify articles that appeared to satisfy our a priori  inclusion and exclusion criteria. References identified from each of the databases were amalgamated into a single ‘Master’ endnote library. Duplicate entries were removed, and each of the entries in the ‘Master’ library was sorted into one of 10 categories, including articles relevant to: 1) Minority and vulnerable groups; 2) Comprehensive integrated and standard low vision services; 3) The evaluation of assistive technology; 4) The evaluation of training programmes; 5) The evaluation of psychological interventions; 6) Visual impairment health economics; 7) Uncertain (insufficient information available to classify or determine relevance of study); 8) Abstracts only; 9) Reviews only; 10) Not relevant.
Step 3: According to our eligibility criteria, only those studies in libraries 1, 2, and 6 were potentially suitable for inclusion in this review i.e. those in libraries 3, 4 and 5 only assessed components of services, those in library 8 were abstracts only, those in library 9 were reviews only, and those in library 10 were not relevant to the study.  Articles in library 7 were reclassified to other libraries on obtaining sufficient information to determine the relevance of the study. A detailed examination of potentially relevant studies was carried out to determine those which matched the inclusion/exclusion criteria. Those studies in category 1 were assessed by J.M. Woodhouse, those in category 2 were evaluated by A.M. Binns and T.H. Margrain, and those studies in category 6 were directed to the Health Economics Team at Bangor University (P. Linck and R. Tudor-Edwards). 
 Evaluating Quality of Evidence

The quality of identified studies was evaluated according to recommendations by the Cochrane Collaboration in its handbook of systematic reviews for interventions (version 5.0.1) [135]. They suggest that a risk of bias table is more appropriate than a tool which provides a summary score. Such a table incorporates consideration of 6 features: sequence generation, allocation sequence concealment, masking, incomplete outcome data, selective outcome reporting, and other potential sources of bias. The risk of bias table requires information regarding what was done in the study to address each item, and a judgement regarding the adequacy of the study in regard to each item. The table featured in the Cochrane handbook was largely designed for the assessment of randomised controlled trials, but they comment that the general structure of the tool and assessments is useful to follow when assessing risk of bias in non randomised studies. A risk of bias table is included for all studies identified in the review, except for economic evaluations (see Appendix 3, Table 1). We chose to identify possible sources of bias with respect to the items recommended by the Cochrane Collaboration, so the reader can make judgements regarding the reliability of the outcomes reported. 
The Cochrane handbook (version 5.0.1.) recommends that the quality of the cost-effectiveness studies be evaluated using a checklist specifically designed for economic evidence [135]. The checklist for all economic evaluations is included in Appendix 3, Table 2.

Data extraction

Relevant data were extracted from all included studies, and inputted into a table, which was a modified version of the Cochrane recommendation. This table included details of study design and methods, eligibility criteria, participants, interventions, outcomes, results, key conclusions by study authors and comments from review authors. This information was summarised to produce the “Characteristics of Included Studies” table (see Appendix 2, table 1a), and was also used when assimilating the key findings of the review in the results section. 
A slightly modified table was used when characterising the included studies regarding the cost-effectiveness of low vision service provision (see Appendix 2, table 1b). This table summarised study design, intervention details, population and costs, results and comments. 

Statistical methods

The studies included in this review incorporated a range of outcome measures, follow-up times, and interventions (see Appendix 1, table 1, “Characteristics of Included Studies”) and varied greatly in methodology. To aid a qualitative comparison of the outcomes of different studies, effect sizes were calculated where possible, using Cohen’s d method. The Cohen’s d effect size is determined by calculating the mean change in an outcome parameter, and dividing this by the pooled standard deviation at baseline and follow up. One advantage of Cohen’s d measurement over other effect size metrics is that it is becoming very widely used, thereby facilitating comparison with other studies, another is that Cohen has suggested effect size bench marks which allow the classification of the magnitude of the outcome: effect sizes of less than 0.2 are considered small, approximately 0.50 are medium, and above 0.80 are large [58, 137]. It should be noted, however that these terms must be used in context – the effectiveness of an intervention can only be interpreted in relation to other interventions that seek to produce the same effect.  The practical importance of an effect depends entirely on relative costs and benefits.  We opted not to conduct a meta analysis in this review – because of the widely varying methodology, outcomes, follow-ups and interventions.  We have however, attempted to identify differences between studies which have found large and small effects in order to understand what factors account for such differences.    
Given the wide range of outcome measures used, and the different scoring systems, it was difficult to determine the differential impact of the interventions where effect sizes could not be calculated. Therefore, change scores were given as a percentage of the baseline value to give some idea of the relative magnitude of the intervention effects. 
In the economic studies, an on-line historical currency converter (http://www.x-rates.com/cgi-bin/hlookup.cgi) was employed to convert local currencies used in reviewed studies into pounds sterling.
Results
Search Results
After reading the titles and abstracts of 7,800 articles identified by the literature searching strategies, 453 appeared to be potentially relevant to this review and these were amalgamated into an electronic library.  27 were directed for further appraisal by the health economics team at Bangor University. A further 5 papers were identified by members of the team or through the references of included papers. Of these 32 papers, 10 were excluded based on the title and abstract, of the remaining 22 only two met the criteria for inclusion in the review. Thirty-four studies concerning children and minority groups were directed to J.M. Woodhouse for further consideration, of these only 4 were found to meet the eligibility criteria for inclusion in the review. Forty-six of the 7,800 studies were found to be relevant to the general effectiveness of low vision services. Hence, this resulted in a combined total of 52 included studies. This process of selection of appropriate studies is illustrated in Figure 5.
Details of excluded studies, and reason for exclusion are given in Appendix 2, Table 2. 
Quality of included studies 

Study design was categorised according to the Cochrane handbook (version 5.0.1) [135]. Figure 6 shows the breakdown of included studies by study design. It can be seen that the majority of included studies used a before and after design i.e. lacked a control group. This study design made it difficult to determine the effect of the intervention in many cases, as it was not possible to determine the underlying deterioration in function associated with a worsening of the disease condition over the time-course of the study (see Figure 3 in the introduction and associated text). Only 6 (14%) of the studies presented the results of a randomised controlled trial (the recommended study design according to the Cochrane collaboration, and indeed the only design generally included in their reviews [135]). 

[image: image8.emf]N= 7,800 potentially relevant articles 

identified through literature search.. 

N= 453 potentially relevant articles identified 

and amalgamated in master library after 

preliminary assessment of titles/abstracts and 

removal of duplicates.

N=34 minority and vulnerable groups (e.g. children)

N=11 uncertain (not enough information in the title or abstract to determine relevance) 

N=57 comprehensive integrated and standard rehabilitation services.

N=64 evaluation of assistive technology

N=39 abstracts  

N=27  visual impairment health economics 

N=23 the evaluation of psychological interventions

N=11 the evaluation of training programmes

N=13 reviews

N=174 not relevant

N= 2  visual impairment health economics 

N=4 minority and vulnerable groups (e.g. children)

N=46 comprehensive integrated and standard rehabilitation services.

Included Studies

Step 1

Step 2

Step 3

N= 7,800 potentially relevant articles 

identified through literature search.. 

N= 453 potentially relevant articles identified 

and amalgamated in master library after 

preliminary assessment of titles/abstracts and 

removal of duplicates.

N=34 minority and vulnerable groups (e.g. children)

N=11 uncertain (not enough information in the title or abstract to determine relevance) 

N=57 comprehensive integrated and standard rehabilitation services.

N=64 evaluation of assistive technology

N=39 abstracts  

N=27  visual impairment health economics 

N=23 the evaluation of psychological interventions

N=11 the evaluation of training programmes

N=13 reviews

N=174 not relevant

N= 2  visual impairment health economics 

N=4 minority and vulnerable groups (e.g. children)

N=46 comprehensive integrated and standard rehabilitation services.

Included Studies

Step 1

Step 2

Step 3


Figure 5. Flow diagram illustrating process of exclusion of studies identified by literature search. Those studies in the shaded boxes were those that met the criteria of addressing the effectiveness of whole services, and providing sufficient information for inclusion. Those in the 3 boxes at the bottom of the chart are the included studies. A pie chart follows over the page.
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Figure 6. Breakdown of included studies by study design. RCT = Randomised controlled trial, CBA = controlled before and after study, BA = before and after study. 
Of the studies shown in Figure 6, three included reports detailed the same study, therefore have only been included as 1 RCT in the chart 


[86-88] ADDIN EN.CITE . Also van Nispen et al (2007) presented data from the same study as DeBoer et al. (2006), and these have been included as one controlled before and after study 


[83, 138] ADDIN EN.CITE . Boerner et al. (2006) presented data from the same study as Horowitz et al. (2005), therefore these constitute a single entry as a before and after study in the pie chart [42, 139]. Both economic reports also represent data from other included studies so are not separately included in the pie chart 
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There was also much variability in study design between the included studies, even within these general categories. There was a notable paucity of data and detail about the precise methodological details in a number of cases. For example, Scanlan and Cuddeford (2004) [142] carried out a randomised controlled trial to determine the effectiveness of a low vision service model which used a prolonged period of education by a rehabilitation worker, compared to the current standard service. The potential value of this study was marred by small patient numbers (N=32 per group), lack of clarity about how loss of subjects to follow up may have affected outcomes, and, crucially, a lack of actual mean scores and standard deviations reported in the paper.  Rogers et al. (2000) similarly failed to give any actual data (only P values were provided) [143]. Engel et al. (2000) referred to a significant correlation between dose of rehabilitative intervention and outcome, but gave no details of the correlation [99]. Seventeen studies failed to give sufficient details of pre- and post- intervention data to allow effect sizes to be calculated (see Appendix 1, Table 1, “Characteristics of Included Studies”). This presented additional difficulties when attempting to compare the impact of different models of service provision.  

It may been seen from the “Risk of Bias” table (Appendix 3, Table 1), that a number of studies failed to employ the recommended procedures for minimising potential bias, or to report sufficient details of study design to allow the reader to assess the risk of bias. There are several types of bias particularly associated with the assessment of vision rehabilitation interventions, notably the loss of patients to follow up, which is inevitably a problem with prolonged follow-up periods, especially when an elderly population is being evaluated. Loss to follow-up can lead to bias when patients who drop out differ in characteristics from those who return for follow-up sessions. For example, if patients who were dissatisfied with the service are less inclined to return to be reassessed, then there will tend to be a bias towards a more positive reported outcome in the remaining individuals. A number of studies attempted to address this problem by comparing all available characteristics of those who did and those who did not complete the study, and by reporting reasons for loss to follow-up e.g. 
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. Another particular source of bias in this type of study is the mode of outcome data collection. There is a risk that patients, particularly after a prolonged rehabilitation training period with a particular individual, will be inclined to report more positively on outcomes if questionnaire items are presented by the service provider e.g. as in 
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. Ideally, those individuals collecting outcome data will also be masked to the intervention group of the individual when comparisons of different treatment models are being made. Eklund et al (2004) commented on the difficulties involved in preventing patients from divulging the nature of their treatment in the follow up interview, even when there is an intention to mask [88].
Another potential concern in evaluating these studies is the number of comparisons made. The outcome measures are often questionnaires made up of a number of items, grouped into several subscales. Many studies evaluated pre- to post- intervention data on 10 or more items, with no mention of correction to minimise the risk of a type I statistical error caused by multiple comparisons. If significance is taken at a P=0.05 level, then 5% of comparisons made would be expected to show a significant difference due to chance alone. Two studies addressed this issue directly, Scanlan and Cuddeford (2004) by using a Bonferroni correction 
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, and Stephens (2001) by using P<0.0125 as the cut-off for statistical significance [122]. 
The study which we believe shows least potential for bias in this review is the 2008 LOVIT report [61]. This RCT included a waiting list control, full details of randomisation and masking (with a specified protocol for avoiding the disclosure by patients of their intervention group), the use of a range of well-validated outcome measures, and full details of results. It may be that the publication of this report, and others with a similarly rigorous protocol development (e.g. Reeves et al., 2004 [75]), marks a shift towards greater consideration of experimental design in future assessment of low vision service provision.  

Evidence Synthesis
In Appendix 2, summary tables outlining the characteristics of included and excluded studies are presented (Tables 1 and 2). There is also a summary table defining the characteristics of the outcome measures used (Appendix 2, Table 3). Details of study design risk of bias and quality assessment are outlined in Appendix 3, Tables 1 and 2. 
Effect of Low Vision Service Intervention on Clinical Measures of Visual Function
The literature as a whole supports the expected finding that the provision of low vision services results in an improved level of clinically measured visual function, particularly with respect to aspects of reading ability.

On a basic level, Hiatt et al. (1963) found that the proportion of people who could read N8 rose from 6.6% before to 76.7% after provision of low vision aids (N=241) [94]. In a retrospective analysis of patient record cards, Margrain et al. (2000) similarly showed a significant improvement in ability of patients to read newsprint after provision of LVAs through a low vision service intervention (i.e. 23% could read N8 without an LVA, compared to 88% with an LVA) [96].  Virtanen et al (1991) looked at near VAs with and without magnifiers in 65 consecutive patients at a low vision service in Finland - 13.8% were able to read newsprint with the correct reading correction, a figure improving to 91.4% with LVAs [56]. These studies indicate that LVAs are an effective means of improving reading ability in patients with visual impairment. 

Nilsson (1986) provided good evidence that clinically measured improvements in functional outcomes can be long-lasting by evaluating clinical outcomes (VA and near VA) of 76 patients with diabetic retinopathy after vision rehabilitation over a mean follow up period of 3.6 years [145]. The intervention included the provision of distance telescopic and near low vision aids and a series of training sessions (an average of 4.1 hours for the first series of visits). Up to 4 sets of visits followed this over the remainder of the study (mean 1.4 hours per series). Large effect sizes in distance and near acuity were found after the initial set of visits (2.95 for distance VA and 2.41 near VA) and also between baseline and after the second set of visits (mean 2.6 years later: effect size distance 1.81 and near 1.02). The mean distance VA improved from 0.17 SD 0.11 (decimal Snellen) to 0.73 SD 0.27 after the first series of visits and near vision improved from N20.8 SD 13.2 to N4.2 SD 0.6. This increase in performance many be attributed to the provision of low vision aids e.g. 89% of people were given distance telescopic devices. Even allowing for worsening retinopathy throughout the duration of study, final near and distance VA were significantly better than at baseline. However, some caution should be employed when considering effect sizes in the case of improved visual acuity resulting from the prescription of magnifiers. An increase in magnification will result in improved acuity, and so an increased effect size. Clinically, however, high powered magnifiers are often not prescribed due to problems with shorter focal lengths and reduced field of view. Nilsson (1986) commented that a better acuity could have been achieved in all patients by prescribing an 8x telescope, but that this was impractical for many patients. Baseline visual acuity also has an impact on effect sizes relating to improved visual acuity – a ceiling effect will occur if patients have only moderately reduced VA at baseline. Nilsson recruited patients with “advanced diabetic retinopathy with at least some residual vision”, which could potentially have maximised effect sizes by eliminating those in the service with the best and the worst function at baseline. 
In a similar study looking at outcomes in patients with macular degeneration receiving optical and educational low vision intervention, Nilsson et  al. (1986) followed 120 patients for a mean of 5 years (range 3-8 years) [97]. After provision of LVAs, patients received an initial series of weekly training sessions (mean 3 SD 2.8 x 1 hour visits). This initial training period was followed up by further training sessions in subsequent years (a second series of sessions was provided, on average, 3.6 years after the first, a third series 2.8 years after this, and a fourth series of training sessions 2.4 years later). Again, large effect sizes were found of 2.1 for change in both distance and near VA from baseline to after the first set of visits, and 1.52 for near and 1.48 for distance VA between baseline and the end of the last set of visits, a mean of 5 years later. 
Other studies have gone beyond the assessment of change in near acuity, to look at other clinically measurable parameters of functional ability. For example, Goodrich et al (2006) showed a marked improvement in reading speed (effect size 1.01) after a comprehensive inpatient reading rehabilitation programme (prescription of best optical/electronic device with 10 x 45 minute training sessions) [70]. This was accompanied by an improvement in self-report measures of satisfaction with reading and difficulty reading. 
McCabe et al. (2000) measured functional outcomes both clinically (using the Functional Visual Performance test - FVPT) and by self-report (using the Functional Assessment Test - FAQ), and found an improvement in both measures; the mean FAQ scores improved by approximately 10%, whilst the FVPT improved by approximately 50% [60].  Although both outcome measures were found to be significantly improved after the intervention, the study did not directly evaluate whether individual patients showed a parallel improvement in the FVPT and FAQ scores, or whether the two outcomes detected a positive treatment effect in different individuals. In multiple regression analyses, age was found to be significantly related to the self-report measure but not to the clinically observed measure, suggesting that the improvement shown may not have been homogeneous across self-report and clinically evaluated outcomes. 
Frequency of Use of LVAs Following Low Vision Service Intervention and Satisfaction with LVAs and Service

Another way of assessing the benefits of low vision service provision is to determine how often patients use their low vision aids. Working on the premise that patients will only use their devices if they perceive that they provide a significant benefit, this provides an indirect measure of the effectiveness of a service. This approach has also been modified by asking patients how satisfied they are with the improvements conferred by their low vision devices, and by the service itself. The validity of using low vision aid usage as a surrogate for an effective service is demonstrated by the findings of Horowitz et al. (2006), e.g. that the use of LVAs is associated with a reduction in disability and depression at 6 months [100]. 

The Manchester Low Vision Questionnaire (MLVQ) has been used as a standardised tool to assess aspects of LVA usage and satisfaction. Hinds et al (2003) used independent interviewers to follow up 80 patients 6 months after they had attended the interdisciplinary low vision service in Fife using the MLVQ, and showed that patients valued their LVAs and used them for a wide range of reading tasks (e.g. newspapers, books, instructions, labels) [79]. Furthermore, 75% of those prescribed low vision aids had attempted to use them for reading ordinary print, and 72% had found them extremely/moderately useful. Reeves et al (2004) similarly used the MLVQ as an outcome measure in following up 226 patients up to 1 year after provision of 3 different service models (in an RCT), and showed that patients valued their LVAs highly, and showed a high use of LVAs throughout the trial, despite apparently negative outcomes in vision-related QOL and QOL domains [75]. 
In the earliest study included in this review, Hiatt et al (1963) sent out a questionnaire about usage of and satisfaction with LVAs up to 5 years after a basic low vision service in Virginia [94]. Of 130 respondents, 86% still had their spectacles or LVAs, 73% felt “general satisfaction”, and 65% stated that they read more than they did before getting their aid. These findings indicate that patients continue to benefit from their LVAs a considerable time after the conclusion of the service.

In an assessment of more general aspects of satisfaction with low vision service provision and patient expectations, Crossland (2007) carried out a qualitative analysis of a small group of patients (N=15) via an open interview before and 3 months after service delivery [57]. Six people specifically mentioned improved quality-of-life with a magnifier. Patients also valued the comprehensive examination, referral to other agencies, and further information about their medical condition. More than half said that they would definitely recommend a friend to attend the service. One of the clear expectancies at the outset (7/15) was that new spectacles would be provided, and the primary complaint after the service was that they did not receive spectacles. In a report by Scott et al. (1999) of the outcomes of a telephone interview conducted 3 months after a 60-90 minute low vision service appointment, most patients found the low vision service to be useful (as rated on a 5 point scale where 5 is very useful and 1 is not useful at all, about 90% rated 4 or 5) [147]. Most patients found their expectations were met or exceeded by the low vision service.
Effect of Low Vision Service Intervention on Performance of Activities of Daily Living (ADLs)
Many of the studies included in this review have involved some kind of assessment of participation in, difficulties associated with, or independence in performance of activities of daily living. A wide range of outcome measures has been employed for this purpose (see Appendix 2, Table 3 for overview). Despite the disparity in evaluation tools used there has been a general trend across the studies towards a finding of improved performance after low vision service provision. 
In the only waiting list controlled RCT reviewed, Stelmack et al. (2008) showed a large effect of intervention on visual function (using the VA LV VFQ-48) in the LOVIT evaluation of the effectiveness of a Veteran’s Affairs (VA) interdisciplinary outpatient intervention [61]. The primary outcome measure of this study was the reading domain of the questionnaire, and the largest effect size was found in this subscale (i.e. from baseline to 4 months Cohen’s d, adjusted for control group deterioration = 2.51). Large effect sizes were also seen in visual information processing (2.03), visual motor skills (1.82), mobility (1.14) and overall visual ability (2.51). The waiting list control group showed a small decline in all aspects of function over the 4 months (overall visual function effect size -0.2), as might be expected. 
Previous studies by Stelmack et al. (2006 & 2007), looking at the effectiveness of other Veterans’ Affairs service models have similarly found a marked functional improvement post-intervention using the VA LV VFQ-48 tool 
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. When Stelmack et al (2006) used the VA LV VFQ-48 to assess the outcomes of an intensive Veterans’ Affairs inpatient service after 3 months, they found a large effect size of 2.1 [121]. Similarly, in Stelmack et al., (2007) effect sizes of 2.035 and 1.405 were reported at 3 and 12 months respectively using the VA LV VFQ-48 following an intensive inpatient VA rehabilitation programme in 95 people. They comment that the 0.98 logit improvement seen at 3 months is equivalent to an 8 line improvement in visual acuity using the ETDRS chart [130]. The greater effect sizes found in comparison to those reported by studies using vision related quality-of-life tools to assess the same type of Veterans’ Affairs low vision service (e.g. Kuyk et al (2008) and Stelmack et al (2006), which both used the NEI VFQ-25 [72, 90]) suggests that an outcome measure targeting visual function may be more sensitive to the benefits of this type of service, which would not be unexpected as such outcome measures have a closer link to service capabilities. However, these findings might also reflect other differences between the studies’ methodologies, interventions and assessed populations. 

These findings indicate that the Veterans’ Affairs LV VFQ-48 outcome measure is sensitive to the effects of an integrated low vision service, however, this tool has to date only been used in assessing Veterans’ Affairs services 
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, which tend to be intensive, multidisciplinary services whose patient-base is almost exclusively male. It remains to be seen whether similar effect sizes will be found using this tool to assess the outcomes of other types of service. 
Stelmack et al (2006) illustrated the importance of how questionnaire items regarding functional ability are phrased in their comparison of NEI VFQ-25 outcomes of two VA inpatient units (Hines and Southwestern). They showed a significant improvement in functional ability for Hines but not Southwestern, and attributed this to the fact that patients were instructed in Hines to rate their ability in performing ADLs when using their LVAs, whereas the Southwestern patients were just told to use spectacles [72].

Different studies have adopted different angles of investigation when considering functional outcomes. For example, Nilsson (1986) studied the impact of an intervention involving training in use of aids and residual vision (e.g. eccentric viewing training), in patients with diabetic retinopathy and found that 89% of those who stopped work due to poor vision had vision good enough to return to work after intervention, 72% of these actually found a job [145]. Patients also reported a subjective improvement in reading ability and distance vision after the first series of visits.  Given the older adult demographic of most of the included studies, the ability to return to work has not been related elsewhere in the literature. 
Haymes et al. (2001) showed a large effect size in performance of ADLs (0.78) 1 week after a multidisciplinary service intervention, using the Melbourne Low Vision ADL Index (MLVAI) (summed score), but their sample (N=22) was small [59]. The tool includes 16 observed complex IADLs and 9 self-report broad ADLs i.e. it has a large clinician-rated component. Other studies have also used clinician/rehabilitation worker-rated tools as outcome measures. Pankow et al. (2004), for example, assessed functional outcomes in a small group (N=15) who attended a rehabilitation programme (home based “Independent Living Services Programme”) for an average of 3.18 months (follow-up 4-8 weeks after completion of the service) and found a large effect size on the Functional Independence Measure for Blind Adults (FIMBA; clinician-rated tool) living skills subscale (effect size 0.88 - significantly better than in the control group) [64]. The orientation and mobility items showed a small-moderate effect size, but this did not differ significantly from the change seen in the control group. Stephens et al (2001) looked at outcomes of low vision service provision (across 6 services, providing 4 different models of intervention) in a very large sample of 1194 people [122]. The Independent Living Pre-Programme assessment and Post-Programme assessment (ILPPA) used as an outcome measure assesses difficulty and independence of performance of ADLs and IADLs, through rehabilitation worker assessment. They found a significant pre- to post- rehabilitation improvement for all age groups studied (over 65 yrs) in all 4 parameters, with medium effect sizes for all ages. Although the service models used varied, there were similarities i.e. 86% of respondents had counselling services, 90% received independent living skills training, 58% received interagency referral, and 30% received mobility training.

The potential bias introduced by using a clinician-rated measure of functional outcomes was investigated by McKnight and Babcock-Parziale (2007), who compared the change in the Functional Assessment of Self-Reliance in Tasks (FAST) clinician-rated and self-rated scores between a pre- and post-rehabilitation assessment on the basis of complete data from 81 individuals [84]. Their Rasch analysis suggested that the tool gives equivalent results when administered as a self-report tool, and when clinician rated. However, the absence of a statistical difference between the self report and clinician rated scales is not the same as evidence of no difference.  They also commented that whilst the pre- to post-rehabilitation timing of outcome accounted for 56% of the variance in results (i.e. rehabilitation had a major effect on scores) patients did not differ much from each other at the pre- or post- times i.e. differences in diagnosis, age, VA and co-morbidity only accounted for 5% of the variance. The authors concluded that this indicates that all patients have the potential to benefit from low vision service provision, regardless of their demographic characteristics. However, it is noteworthy that the sample studied was mostly elderly and male (94%), although various eye diseases were represented. 
Other studies have evaluated the effects of more specialised interventions. Engel et al (2000) found that an orientation and mobility programme (average 5 home visits, 7 hours; N=70) resulted in a significant improvement in some aspects of ADLs (difficulty and confidence in using public transport), social activities and physical health [99]. These were assessed using a questionnaire developed by the research team, which contained items regarding physical health (days in bed, hospital stays, nursing home nights, contacts with physicians, in-home services used, falls, self-perception of health); activities of daily living; and social activities (contacts outside home, contacts inside home, participation in activities outside home). Kuyk et al (2004) also evaluated the effectiveness of orientation and mobility training, but following a much larger dose (35-40 hours over 6 weeks) in a Veterans’ Affairs inpatient programme [148]. At the 2 month follow up of 128 patients, using a specialised mobility questionnaire, they found a significant improvement in mobility functions, particularly use of public transport (a 14.6% improvement), avoiding tripping on uneven surfaces (14.4% improvement), seeing cars at intersections (13.2% improvement) and ease of use of stairs (approximately 12% improvement). Horowitz et al (2000) assessed limited functional outcomes (3 items) in a large group of participants (N=395) after completion of an “Adaptive Skills Training Programme” (AST) – a novel group model of rehabilitation instruction [69]. Functional outcomes assessed were: managing daily household tasks: small effect size; getting to places outside the home: medium effect size; and caring for personal needs: small effect size. Farish and Wen (1993) evaluated the outcomes of 57 people taking part in an in-house “Independent Living Services Programme” for older persons in Mississippi who are blind [89]. Using the Independent Living Assessment Inventory, in which 47 items were rated for capacity (difficulty) and mode of performance (need for help), they found large effect sizes, particularly for near work, daily living skills and communication skills.
Other findings include Scott et al (1999), who showed a medium effect size (0.42) in the VF-14 total score after a relatively low intensity intervention (60-90 mins; N=156)[147], and Robbins and McMurray (1988), who looked at ability to perform daily living skills in N=59 patients at the Kooyong low vision clinic and found a small-medium improvement (effect size 0.32), which was not statistically significant with their numbers.[149].

It can be seen that a wide range of self-rated and clinician-rated outcome measures have been used to assess functional ability in performing daily tasks. Furthermore, diverse service models have been evaluated, at a variety of different follow-up times. It is notable, though, that most studies reported a significant improvement in functional ability after intervention. Given the reported findings of Stelmack et al (2008) it is possible that these effect sizes might have been larger if reading/near vision subscales had been considered in isolation [61].
Crossland et al (2007) reported the findings of a qualitative study looking a patient expectations and needs before intervention, and satisfaction after the intervention [57]. In an open interview 14 out of 15 respondents identified reading as a major source of difficulty; face recognition, crossing roads and watching television were also important. This indicates that people are mainly seeking functional improvements from the service.
Effect of Low Vision Service Intervention on Vision-Related Quality-of-Life
There is not a clear distinction between the effects of low vision service provision on self-reported visual function and on ‘Vision-Related Quality-of-life’. Many vision related quality-of-life tools employ subsections which address functional deficits, and when outcome measures are reported in terms of overall score on such tools, it is not always possible to determine whether the improvement has actually been mainly in the functional domains e.g. self-reported ability to read or watch television, rather than in the additional ‘quality-of-life’ domains such as social and psychological status. Where possible, this distinction has been clarified in the following section. 

De Boer (2006) looked at the change in vision related quality-of-life 1 year after participation in optometric and multidisciplinary rehabilitation (evaluated together), using the outcome measures Vision Quality-of-life Core Measure (VCM1) and the Low Vision Quality-of-life Questionnaire (LVQOL) [83]. VCM1 is a vision related quality-of-life tool that does stand apart from the functional questionnaires, with items addressing more holistic aspects of life satisfaction, including embarrassment, anger, depression, loneliness, fear of deterioration in vision, safety at home, safety outside the home, coping with everyday life, and life interference. There is only 1 item which addresses inability to perform preferred activities. The LVQOL tool has subsections addressing general vision, mobility and lighting issues, psychological adjustment, reading and fine work, and activities of daily living (i.e. with a strong functional element). De Boer et al. (2006) found a small but statistically significant improvement in VCM1 scores from pre-rehabilitation to follow-up (small effect size of 0.132), but no statistically significant difference in LVQOL (deteriorated by effect size of -0.17), and no marked improvement in any of the subscales. The follow up of this study was at 1 year, and a large number of patients (27%, 81 of 296 who enrolled at baseline) were lost to follow up. The authors commented that the lack of positive effect in either vision- related quality-of-life tool might be attributable to the decline in baseline function over the course of the year (there was no untreated control group with which to compare outcomes). To address this, van Nispen et al., (2007) reanalysed this data using item response theory, and included a 5 month outcome. They found that neither the multidisciplinary or optometric service made much difference to vision-related quality-of-life, except for in “reading small print”, and also concluded that the VCM1 was unable to measure longitudinal change accurately because the item difficulty parameters were unstable over time [138].  Although the authors suggested that the improvement in reading suggests a successful outcome in one of the main aims of low vision service provision, it does indicate that a functional measure would have been better suited to detecting the improvements conferred by the intervention.
Reeves et al. (2004) also used the VCM1 to assess vision-related quality-of-life outcomes in a randomised controlled study of 226 individuals undergoing low vision rehabilitation (N=194 at follow up) [75]. Participants were allocated to one of three groups, each receiving a different model of care (enhanced rehabilitation vs. conventional rehabilitation vs. conventional rehabilitation controlled for additional contact time in enhanced low vision rehabilitation). In all groups, a small but statistically significant decline in vision-related quality-of-life was found over the 12 month follow-up period.   

Hinds et al. (2003) showed a small overall improvement in VCM1 at 6 months after an initial appointment with an interdisciplinary service [79]. There were also improvements in 3/10 subscales i.e. “how worried are you about eyesight getting worse”, “how often has eyesight made you concerned/worried about safety at home”, “how often has eyesight made you concerned/worried about coping with everyday life”, whilst 7/10 subscales did not show significant improvement; inability to carry out preferred activity and feelings of loneliness and isolation were least affected by the intervention. Effect sizes could not be calculated from the data provided, and allowance should be made for the possibility of a type I error due to multiple comparisons.

The LVQOL was developed by Wolffsohn and Cochrane (2000), and was evaluated on a group of individuals undergoing multidisciplinary low vision rehabilitation [105]. At a 1 month follow-up of 278 participants, there was a significant improvement in the LVQOL score. The reading and fine work subscale was most improved whilst other subscales also showed a significant improvement (general vision, mobility and lighting; psychological adjustment; activities of daily living). The effect size was small-moderate (0.28). 

The NEI-VFQ 51 and 25 item questionnaires are also widely used in assessing the effectiveness of low vision intervention. The 51 item questionnaire was designed by the Rand Institute, contracted by the National Eye Institute, to provide a vision-related quality-of-life instrument suitable for a wide range of conditions, and covering a wide range of health-related quality-of-life domains. Both versions of the tool contain functional (general vision, near vision, distance vision, driving, peripheral vision, colour vision), and more general quality-of-life (general health, ocular pain, vision expectations [51 item version only], social problems, mental health, role problems, dependency) subscales. 
La Grow et al., (2004) used the NEI-VFQ 25 tool to assess outcomes of comprehensive and standard low vision service models (N=93 per intervention group) [129]. Participants were followed up at 6 months and 1 year (participant numbers had dropped at the one year follow-up to N=70 in the experimental/integrated group and N=67 in the contrast /standard intervention group). Both groups showed stable scores with no significant change over the 1 year follow-up. They also found no significant change over the 1 year follow-up period in either group in scores on the “Measure of Functional and Psychosocial outcomes of Blind Rehabilitation”, which assesses functional capacity, feelings of self-worth and self-confidence through self-reported measurement of independence in performance of instrumental activities of daily living.  
In contrast, Kuyk et al. (2008) showed a moderate increase in vision-related quality-of-life (NEI-VFQ 25) i.e. the composite score effect size was 0.59-0.55 (Cohen’s d) depending on the timing of the outcome (2 vs. 6 months), after a very intensive inpatient service, only treating veterans (all male), who were legally blind [90]. The near vision subscale effect size was greatest (1.49 and 1.44 effect size at 2 and 6 months respectively), the distance vision subscale was also markedly improved (0.68 and 0.56); other subscales showed smaller improvements – the general health subscale was the only one to show a decrease i.e. -0.22 and -0.27. Stelmack et al. (2002) also used the NEI-VFQ 25 to assess the effectiveness of the intensive Veterans’ Affairs service (comparing it to the less intensive VICTORS service for the visually impaired, which lasts for 3-4 days outpatient or inpatient rehabilitation) [85]. They found an average increase in visual ability of 0.51 logits for the BRC service, and 0.35 logits for the VICTORS. The BRC was a very intensive programme to produce a fairly modest effect. Effect sizes could not be calculated from the data provided. Most of this change was attributed to the responsiveness of 7 items of the NEI-VFQ 25 (only 4 items were sensitive to both services). The difficulty of reading small print in the newspaper was the item whose difficulty was most reduced by the service intervention. The Veterans’ Affairs services tend to be intensive compared to standard low vision service provision. For example, Scott et al (1999) assessed outcomes in 156 patients after a 60-90 minute intervention [147]. They showed a significant improvement in NEI-VFQ 51 item score (outcomes assessed 3 months after treatment) but only in general vision, near activities, distance and peripheral vision subscales (effect sizes: general vision: 0.34, near activities: 0.59, distance activities: 0.21, peripheral vision: 0.33). 
Several studies have used other tools to assess vision-related quality-of-life. Following a multidisciplinary service tailored to the patients’ needs with variable follow up appointments as required for up to 6 months, Lamoureux et al (2007) showed a small effect size (0.25) on the overall Impact of Vision Impairment (IVI) profile score, with small effect sizes seen in mobility and independence (0.17), reading and accessing information (0.2) and emotional wellbeing (0.3) [58]. Elliott and Kuyk (1994) found a significant improvement in all items of a 13 item vision-related quality-of-life tool after a 55 day inpatient personal adjustment programme run by the department of VA [63]. Most items in the outcome questionnaire (11/13) related to function, but a higher level of reported “self-worth” was related to change in communication, food-preparation and personal care skills – emphasising the importance of rehabilitation teachers in personal adjustment training. 
To summarise, vision related QOL tools have been used to demonstrate a significant benefit of low vision intervention in a number of studies, but it is primarily the items which relate to functional measures, rather than less specific aspects of health-related QOL, which have shown the greatest sensitivity to the intervention.
Effect of Low Vision Service Intervention on Mood

We now consider outcomes which are less directly related to the immediately apparent effects of low vision intervention. If we revisit the definition of the Low Vision Services Consensus Group, a “low vision service” is an intervention that  “provides a range of services for people with low vision to enable them to make use of their eyesight to achieve maximum potential” [19]. That is, the intervention does not seek to directly address the emotional and psychological needs of the patient. However, as discussed in the introduction, there is evidence to suggest that mood and psychological status are connected closely with the ability to perform daily tasks [39]. The previous sections have demonstrated that functional ability improves post rehabilitation, hence an improvement in psychological status might be an expected consequence of low vision service provision, even in the absence of a specific counselling/psychological component. However, the preceding section on the effectiveness of low vision service intervention on vision related quality-of-life indicated that functional items tended to be more sensitive to rehabilitative intervention than psychosocial type items in most questionnaires. In the review of studies which have used tools designed specifically to detect changes in psychological status, the results have also been less encouraging than the outcomes regarding functional status. 
Stelmack et al. (2008) in the LOVIT trial found no improvement in self-reported symptoms of depression using the Centre for Epidemiological Studies Depression Scale (CES-D) at the 4 month follow up, even after a high dose intervention (VA outpatient service) which showed large improvements in visual function [61]. The service did not contain specific provision of counselling or psychological intervention.

Horowitz et al (2003 and 2005) found a very small positive effect of low vision service intervention (at variable settings in New York State) on CES-D outcomes (Cohen’s D = -0.045, indicating a reduced level of depression) at 20-27 month follow up, suggesting no sustained effect of low vision service on self-reported depressive symptoms 
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. The service was variable, but could include low vision clinical services, skills training, counselling, use of optical devices and use of adaptive devices. In bivariate analysis, receiving low-vision services and skills training was significantly associated with fewer depressive symptoms at follow-up, whilst utilising the counselling service was not. Although regression analysis indicated that baseline measures (e.g. depression, age, gender, health, functional vision and functional disability) explained 48% of the variance in depression at follow-up, 10% of the variance could be explained by rehabilitation services. Hence, the level of depression at follow-up could be explained to a certain extent by the low vision service provision, suggesting that the service did have a role in combating the psychological effects of low vision. The lack of a control group may have resulted in an underestimation of the effect of the service (i.e. over 2 years a significant decline in physical and mental health might be expected in an elderly population). Horowitz et al. (2005) commented that 39% (60/155) of patients who participated at baseline were lost to follow up, and that those who dropped out tended to be of lower mental and physical health at baseline [42]. They suggested that these individuals may have had the greatest capacity to improve, and thus their loss from the study may have negatively influenced the effect sizes. However, it should also be considered that those lost to follow-up could potentially have had worse outcomes, as a result of their higher level of baseline depression, so could have artificially inflated the positive outcomes of the study by failing to return for follow-up. 
Horowitz et al. (2006) carried out another study of the effect of vision rehabilitation at variable settings in New York, which could again include counselling, this time following up for a shorter period of 6 months. They found a larger, although still small, improvement in depressive symptoms (effect size -0.11) using the CES-D at 6 months post rehabilitation (mean dose of rehabilitation 5.8 hours), although there was an overall increase in functional disability (effect size 0.05) [100]. Horowitz et al. also reported that the use of optical aids was associated with a significant reduction in disability and depression whilst use of adaptive aids was not. The authors commented that those patients in the study with the greatest level of functional disability were prescribed adaptive aids, and that a greater level of disability at baseline was a significant predictor of depression and disability at the time of follow-up. This made it difficult to identify the independent effects of baseline disability and adaptive device use on outcomes. 
Robbins and McMurry (1988) evaluated depression outcomes of 57 individuals at the Kooyong Low Vision Clinic, using another generic depression measure, the Geriatric Depression Scale, (GDS-30), which distinguishes between normal, mildly and severely depressed older adults [149]. The Kooyong Clinic is a multidisciplinary centre, with the service provided by a team consisting of a coordinator, ophthalmologist, optometrist, orthoptist, occupational therapist, orientation and mobility instructor, and a welfare officer, along with visually impaired peer workers. No integral counselling or psychological service is specified. Subjects with high initial levels of depression were found to benefit less from rehabilitation. There was a small to moderate reduction in depression (effect size 0.39), but this change did not reach statistical significance with these data. 
Bernbaum et al (1988) looked at the psychological impact of an intensive low vision rehabilitation service on patients with visual impairment due to diabetic retinopathy [40]. This was a multidisciplinary programme, in which spouses and families were invited to all activities, and at least one session was devoted to the assessment of family relationships. Individual counselling was also available. Patients (N=29) were followed up at the end of a 12 week rehabilitation programme using the Zung Self-Rating Depression Scale, and the Rosenberg Self-Esteem Scale. They found a small improvement in the Zung score (effect size 0.24) for people with a stable visual state, and a medium effect size for people with transitional visual loss (effect size 0.59, p=0.06). Those said to have “transitional visual loss” generally had fluctuating vision, and were undergoing active medical intervention. There was a medium effect size in self-esteem for both types of visual status (effect sizes: stable visual state = 0.49, transitional visual loss = 0.56), which was statistically significant. 

Another widely used scale in the assessment of psychological outcomes following rehabilitation is the Nottingham Adjustment Scale (NAS), which was specifically designed to assess adjustment to vision loss 
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. A poorly described 10 week vocational and social programme (Dodds, 1993) on 100 people, followed up within a few days of the end of the service using the NAS found a statistically significant improvement in the anxiety, self-esteem, acceptance, self-efficacy and hopelessness/depression domains (effect sizes could not be calculated because the mean results and standard deviations were not reported). Attitudes showed an almost significant change, whereas attributional style showed no change. Dodds et al. (1993) commented that changes in both cognitive and emotional factors were seen post-rehabilitation, with the largest effect in self-cognition [152]. They attributed the improvement in self-esteem to the positive role models provided by visually impaired staff, to encouragement from peers, and the positive attitude of sighted staff to the patients. Pankow et al (2004) evaluated outcomes using the NAS, after an “Independent Living Programme” (home based, lasting a mean of 3.18 months). This programme consisted of low vision evaluations and provision of optical aids, orientation and mobility training, and blind rehabilitation training (depending on goals and needs). No counselling component was specified. They found a small effect size (0.14) in a small group of subjects (N=15), which was significantly better than the score gain for the control group (who received low vision aids but no rehabilitation service) [64].

Horowitz et al (2000) evaluated the effect of an “Adaptive Skills Training” programme (AST), using a group model of instruction (N=395) [69]. The service included 12 sessions of 3-4 hours, concerning management of personal care, clothing, meals, household tasks, orientation and mobility, communication skills and use of adaptive equipment. This programme was concerned not only with improving functional skills, but also “fostering global wellbeing and a better quality-of-life”. They found a significant improvement in the Adaptation to Age-Related Visual Loss (AVL) scale (medium effect size 0.42), when outcomes were assessed immediately after the service in person by the service provider (although this does introduce a potential for bias). The authors commented that the group model of vision rehabilitation service had a positive effect on psychosocial status. The other group intervention model reported by Dahlin-Ivanoff et al., 2002, and Eklund et al., 2004 and 2008 
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 did not provide psychological outcomes for comparison.

Needham et al (1992) evaluated the effectiveness of an inpatient Veteran’s Affairs 3 month adjustment to blindness programme on 80 patients (all male), of whom approximately half had a psychological disorder. Intensive psychological treatment was available to patients during their stay. After the first week, subjects were graded by staff on a 5-point scale (1=poor, 5=excellent) in terms of rehabilitation skill, attitude, and overall adjustment [62]. This rating was repeated at the end of the programme. Medium effect sizes were found for all staff-rated ability (effect size with/without psychological disorder = 0.59/0.51), attitude (effect size 0.65/0.55) and overall adjustment (effect size 0.62/0.50). There was no difference in the effectiveness of the service for those with and without a psychological disorder.

To summarise, effect sizes for psychological outcomes have ranged from negligible to moderate. The Veterans’ Affairs inpatients programme (effect size ~0.6 for adjustment and attitude) and the group intervention model (which provided 24-32 hours of rehabilitation - effect size 0.42) had the greatest effect ([62, 69]). It is notable that both of these interventions provided a high dose intervention, and patients were followed up immediately after the conclusion of the intervention. Bernbaum et al. (1988) found comparable effect sizes but only in the group of patients with transitional visual loss, which may have been due to their poor psychological status at baseline [40].

Effect of Low Vision Service Intervention on Generic Health-Related Quality-of-Life
The studies reviewed found generic health related quality-of-life measures to be insensitive to the benefits conferred by the intervention. Stelmack et al (2008) found no improvement in QOL (SF-36) even after a high dose intervention which showed large improvements in visual function [61]. Lamoureux (2007) found no change in SF-12 at a 3-6 month follow up after multidisciplinary service provision [58]. Kuyk et al (2008) used the SF-12 at 2 and 6 months after an intensive inpatient programme [90] and reported a significant improvement in the mental component summary (effect size 0.17) but a significant reduction in the physical component summary (-0.24). Other studies do not break the SF-12 into these components. Scott et al. (1999) showed that a basic low vision service (60-90 min visit) had no significant effect on quality-of-life assessed using the SF-36 [147]. Reeves et al (2004) showed a deterioration in SF-36 scores at 1 year follow up [75]. La Grow et al (2004) used a single item quality-of-life measure in their comparison of integrated and standard low vision service models, and found no change in either group at the 6 month or 1 year follow up period [153]. 

The one study which found positive results using a general quality-of-life tool had a very different setting and patient demographic to the other included studies. Vijaykumar et al (2004) evaluated the impact of a community based rehabilitation programme on the quality-of-life of 159 individuals in rural India who had “no useful residual vision” (VA<1/60) [154]. The 12-item instrument included largely activities of daily living, consisting of self-care, mobility, social and mental subscales. There was a marked improvement, especially in self-care and mobility subsections, but all effect sizes were very large (above 1), although the method of effect size calculation was unclear. The authors commented that the areas of improvement may have reflected the emphasis placed on physical rehabilitation in a rural setting. The intervention programme was delivered by trained community workers and included skills in orientation and mobility, skills in ADLs and economic rehabilitation. Details of the rehabilitation were not given, but the demographic of the patients was markedly different from most other studies e.g. mean age 45 years.

The Differential Effect of Low Vision Service Models on Rehabilitation Outcomes

Although some idea of the relative benefits of different service models can be obtained by comparing the effect sizes of different studies, the use of different outcome measures and follow up times on different populations of patients will almost certainly confound the comparison. However, several included studies have evaluated the effectiveness of different service models side by side, either in randomised controlled trials, or at least using the same outcome measures 
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Stelmack et al (2008) is the only study which used a waiting list control i.e. compared service to no service [61], using the VA LV VFQ-48 as an outcome measure. The waiting list control showed a mean deterioration in overall visual ability at the 4 month follow-up of 0.2 (SD 0.4) logits, whilst the treatment group showed a 1.43 (SD 0.8) logits improvement. 

Several studies have looked at the differential effect of optometric and multidisciplinary service models and found little difference in outcomes 
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. De Boer et al (2006) compared the outcomes of an optometric vs. a multidisciplinary service in the Netherlands in a non-randomised before and after study (patients allocated according to geographic location) using VCM1 and LVQOL vision-related quality-of-life outcomes measured at 1 year post-intervention [83]. There was a marked difference in the components of the two services: the optometric service provided advice about which low vision aids to use, and how to use them, with low vision aids being ordered where appropriate, whilst the multidisciplinary service included the above as well as training in activities of daily life by an occupational therapist, group or individual counselling by social worker/psychologist, and advice on adaptation of home environment (as required).  Both services included follow-up appointments as required. This was a large study (N=296), but no significant difference was seen between the service models except for mobility subscale of LVQOL, which was better in the optometric group (although the authors attribute this difference to possible type 1 errors due to multiple comparisons, or to differences in baseline mobility between groups). Van Nispen et al (2007) reanalysed these data using item response theory, and concluded that neither of the services contributed to improving vision related quality-of-life, except for reading small print [138].  
La Grow (2004) compared the outcomes of a comprehensive (experimental group) and a standard (contrast group) low vision service in New Zealand. The participants were allocated to groups based on geographical location, and the contrast group was chosen to match the experimental group for gender, age, ethnicity and baseline visual function. Follow up interviews took place at 6 and 12 months and outcome measures included the NEI VFQ-25, the “Measure of Functional and Psycho-social Outcomes of Blind Rehabilitation”, and a single item quality-of-life tool (measure of life satisfaction).  There were 93 individuals in the experimental and contrast groups at baseline, which decreased to 70 in the experimental group and 67 in the contrast group at 1 year. All participants in the experimental group received a minimum of a preclinical assessment before the appointment, an initial low vision evaluation, training with low vision aids/devices, loan of low vision aids, a follow-up visit in their home from Royal New Zealand Foundation for the Blind (RNZFB) field staff, with repeated instruction visits if required. The contrast group received services normally available to them including field services from RNZFB in addition to treatment from their optometrist/ophthalmologist. Both groups showed stable primary outcomes over the course of study (no significant change in quality-of-life, Measure of Functional and Psycho-social Outcomes or NEI-VFQ-25), but showed improved (decreased) use of inpatient and outpatient medical services post-treatment (6 months and, in most cases, 1 year). There was a significant difference in the Measure of Functional and Psycho-social Outcomes and quality-of-life at baseline (the contrast group had a higher mean score for both) however, there was no significant difference in change in primary outcomes between the two groups at 6 months or 1 year. The only significant difference was a significantly greater reduction in the mean frequency of outpatient care in the experimental group than the contrast group. The authors suggested that the lack of a significant difference between groups could potentially be attributed to the high proportion of RNZFB members in the contrast group. The RNZFB provided home visits to members within the contrast group, which may have been equivalent to any extra component of the experimental model [153]. 
Reeves et al. (2004) conducted a randomised controlled trial to compare the effectiveness of three different models for low vision service provision [75]. The first arm involved a standard optometric low vision assessment (including checking of patient understanding of diagnosis and prognosis, discussion of needs/requirements and goal setting, refraction, re-appraisal of goals, demonstration of low vision aids, advice on lighting and other methods of visual enhancement, provision of large print supporting literature, and referral to other services where necessary, with a follow up usually offered at 3 months and 12 months with additional appointments as necessary); the second intervention arm consisted of the optometric service as in arm 1, as well as a home-based rehabilitative intervention at 2 weeks, 4-8 weeks, and 4-6 months (emphasising training in low vision aid use, use of alternative devices and other strategies for enhancing vision); the third arm included the optometric intervention as in arm 1, supplemented by home visits by a community care worker with no formal training in low vision, at the same times as those visits in arm 2. Outcome measures included the vision-related quality-of-life tool VCM1, the Manchester Low Vision Questionnaire (MLVQ), and the Nottingham Adjustment Scale (NAS), all carried out at 12 months after the initial assessment. Reeves et al. found no significant benefit to the enhanced model compared to the conventional model of service provision for any of the outcomes (a few significant differences tended to favour the standard service, and were attributed to type I errors). The authors put forward several explanations for the lack of significant difference found between the two models, suggesting that it could either be attributable to the service models (the enhanced service may have lacked critical components, the home rehabilitation officer may have been ineffective, or the conventional service could have been adequate to achieve maximum outcomes), or could be due to the outcome measures chosen (which may have been inappropriate or insensitive to benefits of enhanced intervention) [75]. 
Although various credible explanations have been offered to explain the absence of improved outcomes in the “multidisciplinary” or “enhanced” vs. “standard care” models, there is currently no evidence to support the multidisciplinary/enhanced service model. 

Other studies have compared outcomes in services which have varied specific components of the intervention. McCabe et al (2000), for example, found no significant difference in improvement in functional outcomes with and without the inclusion of the family in the rehabilitation process, although outcomes were measured immediately after rehabilitation, so there was little chance for the impact of the family involvement to become apparent [60]. There was also a high drop-out rate from this study before the intervention commenced (23% of those who were randomised at baseline), with individuals reporting that they did not wish to take part in the study, or were reluctant to ask family members. This resulted in insufficient subject numbers to reach the desired 70% power.
 Rogers et al (2000) compared two service models retrospectively, but didn’t present any data and commented that their findings were of insufficient quality to allow conclusions to be drawn [143]. Stelmack et al (2006) used the functional self-report measure VA LV VFQ-48 to assess the outcomes of an inpatient (Veterans’ Affairs intensive service) and outpatient services (provision of LVAs, low vision evaluation, training in LVA use and 2-4 therapy sessions) and found an effect size of 2.1 for the inpatient service and 0.26 for the outpatient service [121]. They commented, however, that the inpatient participants had a much lower level of visual function at baseline, and therefore had more scope for greater improvement through rehabilitation. Interestingly, there was also a significant gender difference between the participants in the services, (inpatient 93% male; outpatient 62% male).

Eklund et al (2004 & 2008) and Dahlin Ivanoff (2002) all assessed the outcomes of a “health education programme”, which involved an 8 week intervention period (2 hours per week) using problem solving therapy 
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. Participants were randomly assigned to the health education programme, or an individual intervention programme. The health education programme was based on group rehabilitation (run by an occupational therapist) and included self-care, meals, communication, orientation and mobility, food preparation, shopping, financial management, cleaning topics, with homework to practice skills and invited professional speakers (e.g. optometrists, low vision therapists, ophthalmologists). The individual intervention, carried out by an occupational therapist, typically included 1 to 2 x 1 hour sessions at the clinic followed up by telephone contact within 2 to 4 weeks. Dahlin Ivanoff et al (2002) described the 4 month follow up data with respect to perceived security in performance of ADLs (N=94 individual intervention, N=93 health promotion programme) [86]. The health promotion programme showed an improvement in 22/28 ADLs, the individual optometric intervention improved in 5/28 ADLs, with the biggest improvement seen in reading an article in newspaper, writing a memo, reading a bank statement. The mean change in RP (relative position of the group, where 1 = maximum improvement i.e. all individuals change from minimum score to maximum score, and -1 = maximum reduction) was -0.005 in the individual intervention group and 0.22 in the health education programme (data was collected by an unmasked occupational therapist, but one who wasn’t involved in the programme). In terms of ADL performance, the standard optometric intervention did not appear to be effective at the 4 month outcome measure, however there was a marked improvement in “reading an article in your newspaper” (RP=0.34), “threading a needle and sewing on a button” (RP=0.31) and “following the news on your TV” (RP=0.17), which are the vision-related items which would be expected to be improved by a standard low vision service; the authors comment that possibly the lack of overall effect was due to masking of these improvements by lack of improvement in other ADLs (e.g. meal preparation, self-care, mobility, shopping, financial management) [86]. 
Eklund et al (2004) presented the 28 month follow-up data from this study (at this time, N=69 individual intervention, and N=62 health programme), showing that patients in the health education group retained a significantly improved level of security in 20 ADLs compared to baseline, whilst the individual intervention group showed a significant change towards decreased security in 12 ADLs [88]. The mean RP in the individual group was -0.13 at 28 months; in the health education group the mean score was 0.22. Although this finding indicates no reduction in the improvement at 28 months, it should be noted that approximately a third of the sample were lost between the two follow up periods.  Eklund et al (2008) presented further 28 month follow-up data, this time evaluating dependence rather than perceived security in performance of ADLs [87]. They found a general reduction in independence over the 28 months, which reached significance in the individual intervention group, but not the health promotion group. This systematic group change was significantly different between groups, suggesting that independence was better maintained in the health promotion group. An overall reduction in general health would be expected over the 28 months in this elderly population, but there was a substantially greater reduction in the individual intervention group, as assessed by 1 item of the SF-36 tool. The health promotion group appeared to have a more positive attitude towards their state of health, reporting fewer health conditions. 

It should be noted that the novel analytical methods used by Dahlin-Ivanoff et al., 2002, Eklund et al., 2004, and Eklund et al., 2008, preclude direct comparison with other studies; however, the functional outcome measures used were clearly sensitive to the interventions. This positive result could be attributed to the particular “problem solving intervention” used in this study 
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The Effect of Follow-up Timing on Rehabilitation Outcomes

The studies included in this report had follow up times which ranged from immediately post-intervention to 5 years (median 4 months, interquartile range 1-12 months). Figure 7 shows the relationship between effect size and follow-up time for all studies where sufficient data were available. The effect size is plotted for each outcome measure employed. There is no obvious relationship between follow-up time and effect size, which is likely to be attributable to all the other variables which differed between studies (intervention model and dose, patient demographic, outcome measures employed), which may have obscured the impact of follow up time. 
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Figure 7. Effect size plotted as a function of follow-up time (in months) for studies in which effect sizes could be calculated 
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. When multiple outcomes were assessed, more than 1 effect size is shown per study. 
The studies which best demonstrate the effect of follow up timing are those which sample patient outcome data at a number of time points. It is generally expected that the outcomes of rehabilitative intervention (particularly in older adults) will decrease over time, due to a general decline in baseline function [128] (see Figure 3 in the introduction). This expectation is perhaps reflected in the lack of positive effect observed in some of the studies that obtained follow up outcomes after a significant period of time. For example, DeBoer et al. (2006) reported a decrease in some outcomes on the LVQOL questionnaire at 12 months [83]. They commented on the need for a non treatment group to detect any change in the baseline visual function. 
Kuyk et al (2008) compared outcomes of the intensive Veterans’ Affairs inpatients programme (duration  6-7 weeks) at 2 and 6 months post-rehabilitation [90]. A greater improvement in almost all subscales of NEI-VFQ 25 was seen at 2 than 6 months, but the difference was small (effect size 0.59 at 2 months and 0.55 at 6 months). Kuyk et al. (2008) found a larger effect size than Stelmack et al (2002), who also evaluated a Veterans’ Affairs inpatients service using the same outcome measure, but followed up immediately after the end of rehabilitation. Kuyk et al. suggested that this discrepancy in outcome could be attributable to the difference in follow-up time and postulated that the full effect of treatment will not be apparent until patients have had the opportunity to use their new skills in their home environment 
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Stelmack et al (2007) evaluated functional (VA LV VFQ-48) outcomes at baseline to 3 months and 1 year after the completion of a comprehensive Veterans’ Affairs inpatient programme [130]. Ninety-five patients provided data at all 3 time points. Stelmack et al. (2007) calculated an effect size of 2.035 and 1.405 at 3 and 12 months respectively, a finding showing that the beneficial effects of rehabilitation were maintained, but reduced at 1 year. 

Dahlin Ivanoff (2002), Eklund (2004) and Eklund (2008) looked at the outcomes of a “problem solving” group health education programme at 4 months and 28 months 
 ADDIN EN.CITE 
[86-88]
. The positive effect of the health education programme in perceived security in ADL was undiminished at 28 months, possibly because the “problem solving skills” acquired allowed participants to meet new challenges as they developed further visual problems. It should be noted, however, that 42% of participants (98 of 229) randomised at baseline were lost to follow-up over 2 years, which may have biased outcomes if these were the individuals who achieved less long term benefits from the service. Other parameters were maintained less well: there was a trend towards a decrease in independence in ADL over 28 months (4 month data not given), but this finding was not statistically significant, whilst general health (one item from the general health-related QOL questionnaire SF-36) decreased significantly over 28 months (4 month data not given). 

Goodrich et al. (2006) followed up immediately post intervention and self-report measures were checked again at 2 months [70]. They found that improvement in reading satisfaction and difficulty were maintained at 2 months, although this follow-up time falls within the range where a significant reduction in baseline function is unlikely [128].  
Studies with very long follow up periods (exceeding 1 year) have tended to find a washout of any rehabilitation effect. Stelmack et al (2006) followed up patients at the Hines VA rehabilitation centre after 3 years [72]. They found that the improvement in visual ability (person measure) seen at the conclusion of the service did not persist, and visual ability got worse compared to baseline, suggesting further advancement of visual loss. However, only 35 out of the 77 veterans who participated in the study were involved in the follow up (3 died). 
Horowitz et al. (2005) followed up 155 patients at 20-27 months after provision of a vision rehabilitation service (variable setting in New York), and only found a very small effect size (0.045) in terms of reducing psychological symptoms of depression. As they did not present data from an earlier follow up time it is hard to determine whether the initial effect was greater, although in another study they found an effect size of 0.11 using the same outcome measure 6 months after an intervention which was not described in detail [42].
None of the studies have presented evidence for a halo effect (i.e. a peak in outcome effect at very early times post service). Future work should obtain outcome data at regular intervals to chart more precisely the change in effect which occurs as a function of follow up time. 

The Effect of Low Vision Service “Dose” on Rehabilitation Outcomes
The studies included in this review have used service models which differ widely both in terms of “content” and “dose”. Many of the studies reviewed do not detail the number of hours of rehabilitation provided, but a median of 21 hours (interquartile range 4.4-114.8 hours) was calculated from the 19 services which allow an estimation of dose (this included any hours of homework specified). The value is skewed towards a large intervention dose as the intensive Veterans’ Affairs inpatients services, lasting around 40 days have been involved in a number of the included studies (40 days equates to a ‘dose’ of approximately 210 hours, on the basis of 7 instruction periods per day, each lasting for 45 minutes, as described in Kuyk et al. 2008 [90]). 
Figure 8 plots the relationship between “dose” and effect size for 11 studies which provided sufficient information. Where more than one measure was used, a point was plotted on the graph for each outcome. The plot again shows little clear evidence of an association between dose and effect size, although it might be suggested that generally, those services which provided a very high level of intervention showed medium or large effect sizes. It should also be noted that the ‘dose’ has been plotted for the intervention as a whole, not broken down into the different components of the service. It is possible that a stronger relationship may be seen between the intensity of a particular element of the service and specific outcomes pertaining to that aspect of rehabilitation. A further confounding factor in the comparison of the dose-effect size relationship in different studies is introduced by the different levels of training which are likely to be required to achieve a positive effect in different aspects of rehabilitation. For example, a larger ‘dose’ of orientation and mobility training is likely to be required to result in an improved self-reported function than the level of training required to achieve a large improvement in clinically measured function with a magnifier (e.g. reading acuity). 
Stelmack et al. (2008) evaluated a high intensity outpatient Veterans’ Affairs service in the LOVIT trial (10 hours clinical contact and 17 hours homework) [61]. They found a very large effect size (2.51) relating to near visual function. Kuyk et al (2004) evaluated the impact of large dose of orientation and mobility training in an inpatient Veterans’ Affairs service (35-40 hours over 6 weeks), and found a significant improvement in mobility functions, particularly use of public transport (a 14.6% improvement), avoiding of tripping on uneven surfaces (14.4%), seeing cars at intersections (13.2% improvement) and ease of use of stairs (approximately 12%) [148].
However, several studies provide a large effect size without an intensive inpatient intervention e.g. Goodrich et al. (2006) provided a mean intervention 6.67 hours, and achieved an effect size of 1.01 
 ADDIN EN.CITE 
[61, 70]
. Scott et al (1999) also showed medium effect sizes in NEI-VFQ 51 (0.59, near vision subscale) and VF-14 (0.42), although only 60-90 minutes of service were provided (including training) with no follow up [147]. Mean number of devices provided was high, however, at 3.4 per person, and may explain the specific improvement in near function.
[image: image5.emf]-0.5

0

0.5

1

1.5

2

2.5

3

0 50 100 150 200 250

Dose of Intervention (hours)

Effect size (Cohen's D)

Clinical Outcomes Functional Outcomes Vision-Related QoL 

Psychological Outcomes General Health-Related QoL


Figure 8. Effect size plotted as a function of “dose” in hours for studies in which effect sizes could be calculated, and where sufficient information regarding the intensity of intervention was provided 


[40, 69, 70, 85, 90, 100, 105, 121, 130, 147, 155] ADDIN EN.CITE . When multiple outcomes were assessed, more than 1 effect size is shown per study. 
Studies differed in follow-up timing and outcome measures used (as well as in hours of intervention), which complicates the analysis of any relationship between dose and effect size in different reports. 
Several studies did directly evaluate the effect of service dose. For example, Horowitz et al (2006) assessed functional and psychological outcomes at 6 months post-rehabilitation and found that change in visual disability over time was not associated with number of rehabilitation service hours after accounting for the level of disability at baseline (patients received a mean of 5.8 service hours, SD 7.9) [100]. The intervention was provided at various community rehabilitation centres, and it is not clear whether the hours of service provided were determined by patient needs, or by the protocols of different service models within the study. Engel et al. (2000) looked at effect of dose of an orientation and mobility programme on outcomes including performance of ADLs, physical health and mental health [99]. They found that an increased number of rehabilitative sessions were significantly correlated with fewer days in bed, fewer talks with doctors, less difficulty taking medicines, increased frequency of hobbies and activities, whilst increased hours of intervention were related to fewer talks with doctors, less difficulty with walking, increased hobby activity, and increased moderate physical activity. However, it should be noted that details of the correlation are not provided in the paper. Scanlan and Cuddeford (2004) found that 5x1 hour teaching sessions (on reading skills and use of LVAs) had a significantly greater effect than a single 1 hour session on the Pepper Visual Skills for Reading Test (VSRT) and on some items of the NEI VFQ-25. However, actual scores were not given (only the significance of differences) therefore the magnitude of the effect could not be determined. Each training session was one-on-one with a rehabilitation worker and involved reviewing reading techniques, correcting poor skills, assigning increasingly difficult reading exercises, and answering questions  [142]. Stelmack et al, (2006) found a very large effect using the VFQ 48 following an intensive inpatient Veterans’ Affairs rehabilitation programme (42 days) but only a small effect following a Veterans’ Affairs outpatient programme (2-4 visits) [121].
The Effect of Low Vision Services on Rehabilitation Outcomes in Specific Patient Groups
The vast majority of the services included in this review were principally concerned with the rehabilitation of elderly adults with visual impairment. It is noteworthy that, within this group, neither Horowitz et al. (2000) or Stephens (2001) found age to have any significant effect on outcome [69, 122]. It is also worth commenting that the Veteran’s Affairs studies e.g. 
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 involved participants who were almost all male. 

Our literature search indicates that there are currently no rigorously controlled studies of interventions by low vision services for children. Corn et al (2002) measured reading rates and comprehension for children before and after issue of LVAs (optical magnifiers) to 130 children and showed a significant improvement in silent reading speed (effect size 1.29) and comprehension (but, interestingly, not in oral reading speed or comprehension) [156]. However, the authors did not control for an improvement with time; their subjects had at least four months of magnifier use, which may have been long enough for a natural improvement in reading skills. The lack of a control group was unfortunate as a total of 185 children were first evaluated, and the 55 children who did not receive magnifiers could, presumably have acted as controls providing they were matched for visual impairment and reading requirements. The reason for non-prescription of aids was not given. Nevertheless, this study provides a hint that LVAs improve reading in children. 

In a descriptive study, Ruddock et al (2004) selected 57 children in school who were either in a school with a resource base for VI, or in mainstream school but considered by teachers to have problems accessing near tasks [68]. Fourteen children (25%) had LVAs, of whom only 3 (21%) used them regularly. Once an integrated low vision scheme was set-up and 32 children assessed, 29 (91%) had LVAs, and of these, 25 (86%) were making regular use of aids at review. 

This paucity of information indicates that there is an urgent need for properly conducted studies. Part of the reason for the dearth of studies may be that valid outcome measures have not been available for children. Most QOL questionnaires for children have been developed from, or include, opinions and experience of caregivers and/or experts rather than from the direct responses of children 
 ADDIN EN.CITE 
[117, 118, 157]
. One recently developed questionnaire has been described, which has been developed entirely from directly expressed opinions of children with visual impairment, in focus groups [158]. This measure is likely to become a useful tool for the evaluation of interventions such as low vision services, making such studies feasible.
The Cost-Effectiveness of Low Vision Service Provision
This review aimed to identify which low vision service models deliver the most cost effective outcome for people with low vision. Only two studies were identified which met the criteria for inclusion in the report 
 ADDIN EN.CITE 
[140, 141]
. These 2 papers were comparisons of rehabilitation interventions to improve outcomes for people with visual impairment, one delivered in a community setting [140] and one comparing inpatient delivery with outpatient delivery [141]. 

Both included papers were of poor quality, scoring ≤.20 out of a possible 35 (Appendix 3, Table 2). There were methodological problems with both studies 
 ADDIN EN.CITE 
[140, 141]
. Full details of unit costs were not given in either paper and it was unclear whether all relevant costs had been included. The randomised controlled trial [140] did not detail randomisation methods and had a high drop-out rate. The other study compared treatment groups from 2 different trials,  thus it is possible that there were differences between the groups which could impact on the outcomes [141]. Generalisability of the results to other countries was also unclear.

The identified papers related to interventions aimed at improving outcomes for older people, either legally blind [141], or with AMD [140]. 
The single centre RCT set in Sweden, reported by Eklund et al. (2005), compared the cost-effectiveness of a group “Health Education Programme” delivered to groups of 4-6 people with AMD, to ‘usual care’ using an individually designed programme ([140]). The “Health Education Programme” was designed to prevent or delay the onset of problems in daily activities and to enable the early detection of perceived insecurity in performing daily activities. The intervention was an 8 week programme of weekly 2-hour sessions led by a specially trained occupational therapist and cost SEK 6558 (£630) per person. ‘Usual care’ at the low vision clinic cost SEK 5907 (£567) per person. When calculating the total costs for each service (SEK 28,004 (£2688) and SEK 36,341 (£3488) for the health education and ‘usual care’ services respectively) the clinical costs were added to ‘external costs’ which resulted from things like ophthalmological care, home care, housing adaptations etc. Differences in costs between the 2 groups were not statistically significant. However, at 28 months, there was a statistically significant difference in cases showing an improved level of ‘security’ (45% vs. 10%) between those in the health education programme and those receiving usual care. The average clinical cost per improved case for the “Health Education Programme” was SEK (Swedish Krona) 14,522 [£1,395] and, for ‘usual care’ SEK 58,226 [£5,591]. When looking at the total cost per improved case (i.e. including ‘external costs’) the average cost for the “Health Education Programme” was SEK 62,010 [£5,955] compared with SEK 358,216 [£34,399] for usual care. Incremental cost effectiveness ratios were not conducted. 
Stroupe et al (2008) evaluated the short term cost consequences of an outpatient (OP) rehabilitation programme compared with residential rehabilitation for legally blind American Veterans [141].  The programme was designed to improve functional ability as measured by Veterans’ Affairs LV VFQ-48, and changes in performing everyday tasks. Follow up was at 3-4 months. Both inpatient and outpatient groups showed significant improvement in overall visual acuity (VA), mobility (M) and visual motor skill (VMS) at 3 or 4 month follow-up. When adjusted for baseline differences in LV VFQ-48 score, age and gender using linear regression analysis, the inpatient group showed significant improvement over the outpatient group, (difference in VA 0.22 p value =0.05; M 0.52 p value =0.0005; and VMS 0.59 p= 0.001). The costs for the inpatient group were higher, per inpatient the cost was US$43,682 [£23,795] (SD US$8,854 [£4,823]) compared with the mean outpatient cost of US$5,054 [£2,753] (SD US$405 [£221]); difference US$38,627.3 [£21,040] (95%CI: US$17,414-US$273,482).  Incremental cost effectiveness ratios were not performed. 

The literature searches found no economic evaluations of either standard or integrated service delivery. An economic evaluation of service delivery had been planned (Russell et al 2001; pers. comm. Feb.09), but lack of funding prevented the evaluation taking place.
Summary
An extensive list of ‘key words’ were used to search for articles, relevant to vision related rehabilitation services, in Web of Science, EMBASE, Medline, Cochrane CENTRAL, PsychINFO, and CRD databases. 

The literature search identified 7,800 potentially relevant articles. Upon reading the titles, abstracts and articles where necessary, only forty-six of the studies were found to be relevant to the general effectiveness of low vision services, 4 were relevant to children and minority groups, and 2 were relevant to the cost-effectiveness of low vision services. 

Overall, there is a lack of high quality evidence to support the effectiveness of low vision service provision. There are only three randomised controlled trials of low vision services (only one includes a waiting list control) and one randomised rehabilitation training controlled trial. The majority of studies use a relatively weak ‘before and after’ comparison design. Few studies incorporate a comparison group and very few control for the underlying deterioration in visual function that may offset any benefits associated with rehabilitation. Many articles fail to provide an adequate description of the intervention studied and results are not always reported in full. There has been little agreement about how best to measure low vision service outcomes and this lack of consensus frustrates study comparisons. 

In summary the literature indicates that:
· Low vision aids provided by rehabilitation services improve reading ability and are valued by service users [70, 75, 79, 94, 96, 97, 145].
· There is very good evidence that well resourced rehabilitation programmes, such as those provided by the Department of Veterans Affairs in the USA, produce large improvements in the ‘functional ability’ of service users [61, 121, 130].
· There is no evidence that low vision services improve ‘generic health related quality of life’ [61] and, contradictory evidence about the ability of services to improve ‘vision related quality of life’ [90, 159,147, 58, 75, 83].

· Despite several reports of small improvements in mood following low vision service provision [42,100,150] there is no evidence that even the well resourced rehabilitation programmes provided by the Department of Veterans Affairs in the USA can reduce depressive symptoms [61]. However, other types of programme such as “Independent Living Programmes” and “Adaptive Skills Training” may help people ‘adjust’ to vision loss [64, 69]. 

· There is little evidence that ‘enhanced’ services are better than ‘standard’ services. For example, a well conducted study provided no evidence that enhanced services that involve additional home based low vision training by a rehabilitation officer were better at improving ‘vision related quality of life’ than good hospital based services in the UK [75]. And, there is no evidence that ‘multidisciplinary services’ are better at improving vision related quality of life than ‘optometric services’ in Holland [83,129]. 
· However, there is evidence that a group based ‘problem solving health education programme’ is more effective than an ‘individual intervention’ [86-88].

· It is not yet clear how rehabilitation outcomes change over time. There is some evidence that the benefits are greatest about 2-3 months after the intervention [90,130] and that over the following year/s the beneficial effects ‘wash out’ [130, 72]. However, the decline in outcomes over time is not a universal finding. This may be because some programmes provide people with skills that enable them to adapt to changing circumstances e.g. ‘problem solving skills’ [86-88]. 
· There is some evidence that better outcomes are achieved with more intensive rehabilitation programmes (i.e. a ‘dose effect’) [121]. However, whilst larger effects are generally reported following more intensive rehabilitation programmes [61,148] this is not always the case [70,122]. The optimum ‘dose’ of rehabilitation has not yet been established.
· There is very little information about rehabilitation outcomes in children, in those of working age and in minority groups. What little evidence there is for children only relates to the use of low vision aids and reading ability [68, 156].

· There is little information about the cost effectiveness of low vision rehabilitation. Only 2 studies are directly relevant to the cost of low vision rehabilitation [140, 141] and neither included incremental cost effectiveness.  Therefore, it is not possible to conclude that the programmes studied were cost effective.

Although the literature demonstrates that low vision services can help people with a visual impairment many fundamental questions about the effectiveness of low vision rehabilitation programmes remain. For example:

· What are the characteristics of effective rehabilitation programmes?

· Who benefits most from this type of intervention?

· What is the most appropriate dose?

· What is the cost effectiveness of rehabilitation? 

· How do outcomes change over time and when is the best time to provide ‘follow up’? 

· To what extent do rehabilitation programmes meet the needs of children, those of working age and minority groups? 

Robust research methods and high quality reporting are necessary to advance our understanding of how rehabilitation services can best help people with a visual impairment. 
Appendix 1: Key Words used in Identifying Relevant Studies

A comprehensive literature search was undertaken of the following databases: Web of Science, EMBASE, Medline, Cochrane CENTRAL, Psychinfo, and CRD databases. The search terms used were divided into 3 categories, namely target population (e.g. “visually impaired” OR “low vision”); intervention (e.g. service OR rehabilitation); and study design / outcomes (e.g. randomised OR effectiveness). All selected studies were required to match at least 1 search term from each column.

Group 1

"low vision" OR "vis* impair*" OR "sight impair*" OR "partial* sight*" OR "age-related macular degeneration" OR "age related macular degeneration" OR "central scotoma" OR hemianopia OR "tunnel vision" OR "retinitis pigmentosa" OR "visual disability" OR "subnormal vision" OR "low-vision"

AND

Group 2 

service OR rehabilitation OR integrated OR assessment OR provision OR intervention OR training OR "eccentric viewing" OR "assistive technolog*" OR "peripheral prism*" OR "LVES" OR "cognitive skills" OR psychosocial OR psychological OR education* OR LVA OR "low vision aid" OR magnifier OR clinic OR prescribing OR multiprofessional OR "multi-professional" OR "multi professional" OR "multi-disciplinary" OR multidisciplinary OR "multi disciplinary" OR CCTV OR "sensory aid*" OR "reading aid*" OR "guide dog*" OR "sensory substitution" OR "mobility training" OR "occupational therapy" OR "activities of daily living" OR "low vision device*" AND

Group 3

observational OR randomised OR randomized OR audit OR effectiveness OR outcome* OR controlled OR "quality-of-life" OR "quality-of-life" OR questionnaire* OR "self-efficacy " OR depression OR empowerment OR evaluation OR "economic evaluation" OR "economic analysis" OR "cost allocation" OR "cost benefit analysis" OR "cost containment" OR "cost effectiveness analysis" OR "cost minimisation analysis" OR "cost utility analysis" OR "health care costs" OR "health care finance" OR "health economics" OR "social economics" OR "disability adjusted life years" OR DALY* OR QALY* OR EuroQol OR EQ5D OR HUI OR "quality of wellbeing" OR SF6 OR SF12 OR SF36 OR survey

Appendix 2: Evidence Synthesis

Table 1a: Characteristics of Included Studies: General
Aki and Atasavun, 2007 [160]
Tables of contents appear on successive, following pages.
	1. Aim
	2. A comparison of the effectiveness of a motor training program conducted in the physio dept or at home

	3. Follow up
	4. 3 months

	5. Participants
	6. N=220 children with severe visual impairment in each group (no other impairment), mean age 8 years, each group 50% male

	7. Intervention
	8. Training group: attended physio department. Control group: parents trained for one session in physio department, then conducted programme at home

	9. Outcome measures
	10. Motor proficiency test, assessing running speed and agility, balance, bilateral co-ordination, strength, upper limb co-ordination, response speed, visual motor control and upper limb speed

	11. Key conclusions
	12. Scores on five subtests were significantly higher in training group. No sig. difference between groups on remaining three sub-tests.


Bernbaum et al., 1988 [40]   
	13. Aim
	14. To assess psychological impact of an intensive low vision rehabilitation service on patients with visual impairment due to diabetic retinopathy.

	15. Follow up
	16. End of the 12 week rehabilitation programme.

	17. Participants
	18. N=29; VA<20/100; diabetes mellitus; median age 38 (range 21-66 yrs); 38% male

	19. Intervention
	20. Intensive multidisciplinary programme for VI patients with diabetes: 12 weeks duration, including exercise programme, diabetes self-management education, self-care support group, assessment of family relationship. Individual counselling available.

	21. Outcome measures
	22. Change in Zung Self-rating depression scale, Mental health index, Rosenberg self-esteem scale, diabetes self-reliance test

	23. Key conclusions
	24. Patients with transitional impairment had greater psychological distress than those with chronic stable visual impairment. Both groups showed significant improvement in all psychological profiles after participation.


Boerner et al., 2006 

NB/ same study as Horowitz 2005 [42, 139]  
	25. Aim
	26. To determine how rehabilitation affects changes in coping strategy

	27. Follow up
	28. 24 months

	29. Participants
	30. N=155 at baseline referred for first time visual rehab, N=95 (61%) at follow up; aged 65 + (mean 76.9, SD 6.5 yrs); 45% male.

	31. Intervention
	32. 3 interventions may have been accessed: 1) seeing a vision specialist; 2) receiving counselling; 3) receiving rehabilitation/ orientation and mobilty training

	33. Outcome measures
	34. Change in % of people reporting use of distinct coping strategies (ECRC Coping Scale).

	35. Key conclusions
	36. Patterns of coping changed over the 2 year period of this study but, only 'instrumental' coping displayed a significant reduction. Affective and escape coping did not change.


Corn et al., 2002 [156]  
	37. Aim
	38. To determine effect of LVAs on reading rate and comprehension

	39. Follow up
	40. At least 4 months

	41. Participants
	42. N=185 children; average age 10.5 years, pre-school to grade 12; 66% male; 81.6% had VI as their only impairment

	43. Intervention
	44. LVAs prescribed to 70%  (N=130) of children

	45. Outcome measures
	46. Change in silent and oral reading speed and comprehension scores

	47. Key conclusions
	48. Significant improvement in silent comprehension, not in oral comprehension. Significant improvement in silent but not oral reading speed.


Crossland et al., 2007 [57]  
	49. Aim
	50. To assess expectations of patients before attending low vision clinic, and the benefit perceived by these patients post intervention.

	51. Follow up
	52. 3 months

	53. Participants
	54. N=15 waiting for appointment at hospital low vision clinic; mean 83 yrs (range 72-91 yrs); 47% female.

	55. Intervention
	56. Optometrist led low-vision service including refraction, prescription of LVAs, advice on methods of enhancing vision e,g, lighting, facilitation of access to other services and  referrals if required.

	57. Outcome measures
	58. Interview with open questions regarding impact of low vision clinic, expectations, sources of disappointment with clinic, whether they’d recommend the clinic to a friend. Interviews assessed independently by 2 optometrists.

	59. Key conclusions
	60. Large proportion concerned about acuity related tasks, likely to respond well to magnification. Many expected 'stronger' reading glasses, which tended to result in disappointment.


Dahlin Ivanoff et al., 2002  
NB/ same study as Eklund 2004 and 2008 but different follow-up period 
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	61. Aim
	62. To evaluate changes in perceived security in performing activities of daily living after a health education/promotion programme for elderly persons with VI, as compared with a standard individual intervention.

	63. Follow up
	64. 4 months

	65. Participants
	66. N=253 aged 65+, with AMD, living at home, N=187 participated at 4 month follow-up. Age range 65-94 (median 79). N=94 participated in individual programme, N=93 in health promotion programme. Best VA ≥ 6/60.

	67. Intervention
	68. Health education programme: groups of 4-6 persons; 8 weeks; 2 hours per week; problem-solving model for carrying out ADLs; visits from a professional (e.g. ophthalmologists, optometrists); homework. Individual intervention programme: standard intervention at low vision clinic; typically 1 to 2 x 1 hours at the clinic followed up by telephone contact. Both interventions carried out by occupational therapists.

	69. Outcome measures
	70. Change in perceived security in performing ADLs

	71. Key conclusions
	72. The health education group moved towards a higher level of security than the individual intervention group in 22 ADLs (significantly in 13 activities). Health promotion programme resulted in improvement in all ADLs, individual intervention group improved mainly in areas related to reading. Suggests health education better at promoting independent lifestyle.


de Boer et al., 2006 [83]
	73. Aim
	74. To compare QOL outcomes of persons referred to optometric vs. multidisciplinary LV services

	75. Follow up
	76. 12 months

	77. Participants
	78. N=296 referred to low vision services aged 50+. N=215 completed follow-up (N=99 multidisciplinary, N=116 optometric); of those who completed follow-up optometric group: mean age = 78.5 (SD8.3), 36.2% male; multidisciplinary group: mean age = 78.0 (SD 9.0), 37.4% male.

	79. Intervention
	80. Referred to optometric low vision service or multidisciplinary rehabilitation centre, allocated by location. Optometric: LVAs with advice and instructions. Multidisciplinary: LVAs with advice and instructions, training in ADLs, counselling, advice on adaptation of home environment. Both services: follow up appointments as required.

	81. Outcome measures
	82. Change in Vision Quality-of-life Core Measure (VCM1); the Low Vision Quality-of-life questionnaire (LVQOL) from baseline. 1 year follow up corrected for baseline measures, and potential confounders in linear regression analyses.

	83. Key conclusions
	84. No difference in long term outcome with optometric vs. multidisciplinary service, except for mobility (better in optometric group). Only small impact of intervention in general (both groups together) on VRQOL at 1 year.


Dodds et al., 1993 [152]
	85. Aim
	86. To evaluate the effectiveness of rehabilitation in terms of its impact on psychological functioning.

	87. Follow up
	88. Within a few days of leaving centre

	89. Participants
	90. N=100 (clients at rehabilitation centre)

	91. Intervention
	92. Inpatient low vision rehabilitation centre; 10 weeks social and vocational rehabilitation.

	93. Outcome measures
	94. Change in Nottingham Adjustment Scale (NAS)

	95. Key conclusions
	96. Significant improvements in both cognitive and emotional factors post-rehabilitation. Largest changes in self-cognitions (self-esteem and acceptance), and a general improvement in mood. Attitudes showed an almost significant change, attributional style showed no change.


Eklund et al., 2004 

NB/ same study as Dahlin Ivanoff 2002, but prolonged follow-up, and Eklund 2008, but different outcomes 
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	97. Aim
	98. To evaluate changes in perceived security in performing activities of daily living after a health education/promotion programme for elderly persons with VI, as compared with a standard individual intervention.

	99. Follow up
	100. 28 months

	101. Participants
	102. N=131 participated at 28 month follow-up. Mean age = 78 (range 66-91); 26% male; N=69 individual intervention programme, N=62 health education/ promotion programme.

	103. Intervention
	104. As in Dahlin Ivanoff et al (2002)

	105. Outcome measures
	106. As in Dahlin Ivanoff et al (2002)

	107. Key conclusions
	108. The health education group showed significant changes towards improved level of security in 20 activities. The individual intervention group showed significant changes towards a lower level of security in 12 activities. The health education programme gave better 28 month outcomes in perceived security in ADLs.


Eklund et al., 2008 

NB/ same as Eklund 2004 but different outcomes [87, 88]
	109. Aim
	110. To compare a health education/ promotion programme with a standard individual intervention in terms of ADL dependence and self-reported health.

	111. Follow up
	112. 28 months

	113. Participants
	114. As in Eklund et al., 2004.

	115. Intervention
	116. As in Dahlin Ivanoff et al., 2002 and Eklund 2004

	117. Outcome measures
	118. Change in dependence in ADL, general health (SF-36), self-reported health problems and best corrected VA

	119. Key conclusions
	120. The health education programme resulted in significantly better independence in ADL (especially IADL) than the independent intervention. The improved level of independence in IADL was maintained despite a reduction in VA. The health education programme participants had a significantly better perceived general health than the individual intervention group.


Elliott and Kuyk, 1994 [63]
	121. Aim
	122. To investigate the impact of personal adjustment training in a residential rehabilitation programme on self-reported QOL.

	123. Follow up
	124. 4 months

	125. Participants
	126. N=40 inpatients at blind rehabilitation centre; mean age 64 (range 36-85yrs); 97% male

	127. Intervention
	128. Veteran’s Affairs Inpatients Blind Rehabilitation Centre. Average 55 days intervention.

	129. Outcome measures
	130. Change in 13 item QOL survey addressing factors adversely affected by vision loss and directly targeted by non-vocational personal adjustment programmes

	131. Key conclusions
	132. Significant improvement in all 13 items at post-test.


Engel et al., 2000 [99]
	133. Aim
	134. To evaluate short term outcomes of rehabilitation services in older VI people, and relationship between outcomes and hours of rehabilitation.

	135. Follow up
	136. Up to 10 months at 2 month intervals

	137. Participants
	138. N=88 aged 60+. N=70 completed follow-up, mean age 76 (range 59-91yrs); 25.7% male; 75.6% counts fingers or worse VA.

	139. Intervention
	140. Three agencies providing O&M training. Average 5 home visits by rehabilitation teachers (range 1-14). Average number of hours nearly 7 (range 1-21)

	141. Outcome measures
	142. Comparison of pre- and post-intervention interview containing items regarding physical health, ADLs, depressive symptomatology, (assessed using compressed form of Centre for Epidemiologic Studies Scale). Post-intervention scores from all time points averaged.

	143. Key conclusions
	144. Significant improvement in a few items of general health (number conversations with doctor) and ADLs (public transport use); a significant improvement in some and worsening in other social activities; a significant improvement in sense of control. Some evidence of dose effect.


Farish and Wen, 1994 [89] 
	145. Aim
	146. To evaluate the effectiveness of an Independent Living Services Programme in enhancing independent living skills.

	147. Follow up
	148. Follow-up on discharge

	149. Participants
	150. N=57; age range 58-94 yrs; 33% male.

	151. Intervention
	152. Independent living services programme. Training provided by rehabilitation instructors in O&M, communication and ADLs; low vision services and aids; family and peer counselling services. Facilitation of access to other instructors, counsellors and personnel of vision rehabilitation centres.

	153. Outcome measures
	154. Change in Independent Living Assessment Inventory

	155. Key conclusions
	156. Significant gains in capacity and mode of performance for all areas of function assessed. Wider gap between capacity and mode of performance seen at exit than entrance – suggests that improved capacity has not yet translated completely into improved performance at discharge.


Goodrich et al., 2006 [70] 
	157. Aim
	158. To assess the effectiveness of a low vision reading rehabilitation programme

	159. Follow up
	160. 2 months

	161. Participants
	162. N=64 legally blind; mean age 74 (range 48-89 yrs); 97% male.

	163. Intervention
	164. Inpatient Veteran’s Affairs Reading Rehabilitation Programme. Prescription of best optical reading device, training in use of device, training in use of CCTV. 10 40-minute sessions held on successive days.

	165. Outcome measures
	166. Pre vs. post intervention change in reading speeds and comprehension, and Reading Behaviour Inventory (RBI) scores

	167. Key conclusions
	168. Improvements in reading speed, variety of materials read, time spent reading, patient satisfaction with reading and difficulty reading; improvements were maintained at follow up. Large effect size on reading speed indicated clinically significant improvement. 


Haymes et al., 2001 [59] 
	169. Aim
	170. To determine the responsiveness of the Melbourne Low Vision ADL Index (MLVAI) to low-vision rehabilitation for people with AMD

	171. Follow up
	172. 1 week

	173. Participants
	174. N=25 at baseline, N=22 at follow up. Aged 60+ (79.4 SD 6.7 yrs); 41% male; diagnosis of AMD

	175. Intervention
	176. Multidisciplinary low vision service including a coordinator, ophthalmologist, optometrist, orthoptist, occupational therapist, orientiation and mobility instructor, welfare officer, vision impaired peer workers.

	177. Outcome measures
	178. Change in Melbourne Low Vision ADL Index (MLVAI) score.

	179. Key conclusions
	180. There was an increase in the MLVAI score, indicating an improvement in ADL.


Head et al., 2000 [155] 
	181. Aim
	182. To determine ability of a transdisciplinary team to assess functional status in VI veterans using a standardised tool

	183. Follow up
	184. At end of rehabilitation

	185. Participants
	186. N=230 veterans discharged from blind rehabilitation centre during period of study. Mean age 70.8 (range 39-94 yrs); 90% male.

	187. Intervention
	188. Veteran’s Affairs inpatient transdisciplinary inpatient service. Goal-based training programme lasted from 10-117 days (mean length 42 days).

	189. Outcome measures
	190. Change in Functional Assessment of Self-Reliance on Tasks (FAST) scores.

	191. Key conclusions
	192. Significant increase (improvement) in mean score for all three subscales (IADL, health, mobility) at end of intervention.


Hiatt et al., 1963 [161] 
	193. Aim
	194. To evaluate the immediate and long term results of a low vision aids programme

	195. Follow up
	196. Up to 5 years post-intervention.

	197. Participants
	198. N=276 given LVAs were sent the questionnaire and N=130 replied.

	199. Intervention
	200. Low vision examination by an optical aids counsellor i.e. VA testing, magnification needs assessed by clinician and low vision aids prescribed where appropriate. Referral to other agencies if required.

	201. Outcome measures
	202. Change in distance and near visual acuity. Questionnaire on satisfaction and use of LVAs.

	203. Key conclusions
	204. Pre-service only 6.6% could read N8, post-service this rose to 76.7%. 86% of those who returned a questionnaire still had their spectacles or LVAs and 73% "felt general satisfaction". 65% stated that they "read more than they did before getting the optical aid”


Hinds et al., 2003 [79] 
	205. Aim
	206. To investigate the impact of an integrated low vision service on vision related QOL.

	207. Follow up
	208. 6 months (after initial appointment)

	209. Participants
	210. N = 80 at baseline, with appointments at low vision clinic; N=71 at 6 month follow-up. Of N=71, the majority (54%) were between 71-85 yrs; 31% male.

	211. Intervention
	212. Interdisciplinary Low Vision Service (ILVS) based at 2 district general hospital low vision clinics. Tailored service included initial clinical assessment, provision of LVAs, diagnosis, referral for treatment, registration, information, counselling and support. Rehabilitation/social workers conducted domiciliary follow-ups.

	213. Outcome measures
	214. Change in Vision Quality-of-life Core Measure (VCM1) and Manchester Low Vision Questionnaire (MLVQ) pre to post intervention.

	215. Key conclusions
	216. Wide range of tasks attempted by patients (MLVQ). Increase in respondents reading ordinary print and decrease of those reading large print suggested successful use of LVAs. Intervention improved mean overall VCM1 score, and scores in fear of deterioration of vision, safety at home and coping with everyday life.  Inability to carry out preferred activity and feelings of loneliness and isolation were least affected by the intervention.


Horowitz et al., 2000 [69] 
	217. Aim
	218. To evaluate psychosocial and functional outcomes of a group rehabilitation programme for older adults

	219. Follow up
	220. Immediately after service

	221. Participants
	222. N=432 legally blind, aged 55+, living in communities with populations of 25,000 or under. N=395 completed study; mean age 77 (range 55-99 yrs); 21% female;

	223. Intervention
	224. Adaptive Skills Training Program (AST). Taught ADLs, O & M; communication skills, use of adaptive equipment. Also counselling-facilitated discussion. 12-sessions (each 3-4 hours).

	225. Outcome measures
	226. Change in pre vs. post intervention Adaptation to Age-Related Visual Loss (AVL) scale. Global life satisfaction and depression items. 3 items to assess disability in areas of everyday functioning. Self-reported need for additional rehabilitation services after completion. General health rating (5 point scale).

	227. Key conclusions
	228. There was a significant improvement in adaptation to vision loss and life satisfaction and significantly less sadness or depression. Significant improvement seen in all areas of functional status. Programme equally effective for all ages and those who lived alone or with others. The majority of patients planned to continue rehabilitation services


Horowitz et al., 2005 (and Horowitz 2003 methods) 
 ADDIN EN.CITE 
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	229. Aim
	230. To examine the effect of different types of vision rehabilitation service on depressive symptoms in a group of elders with age-related visual loss

	231. Follow up
	232. 20-27 months after baseline visit

	233. Participants
	234. N=155 at baseline aged 65 yrs+, newly referred to a vision rehabilitation service. N=95 at follow-up; mean age at baseline 76.9 (range 65-89 yrs); 43.2% male; 57% legally blind.

	235. Intervention
	236. Vision rehabilitation services could include: low vision clinical services, skills training, counselling, use of optical and adaptive devices. Types of services received determined on individual basis.

	237. Outcome measures
	238. Change in Centre for Epidemiological Studies Depression Scale (CES-D) score pre- to post-intervention.

	239. Key conclusions
	240. 33.7% significant depressive symptoms at baseline vs. 25.3% at follow-up. Combined contribution of rehabilitation service use explained 10% of the variance in depression change.


Horowitz et al., 2006 [100]
	241. Aim
	242. To evaluate the relationship between optical and adaptive device use and change in functional disability and depression in older adults with low vision

	243. Follow up
	244. 6 months

	245. Participants
	246. N=584 were recruited at baseline. N=438 took part at follow up; mean age 80.4 (SD 7.4 yrs); 46.6% male; 20% met the criteria for 'blindness' i.e. 6/60 or worse

	247. Intervention
	248. Community based vision rehabilitation services, mean number of 'service hours' = 5.8 (SD 7.9)

	249. Outcome measures
	250. Relationship between optical and adaptive device use and change in disability (assessed using modified version of OARS Multidimensional Function Assessment Questionnaire) and depression (assessed using CES-D) at follow-up.

	251. Key conclusions
	252. Functional disability significantly increased from baseline to follow up. Depression significantly reduced from baseline to follow up. Use of optical devices was associated with a decline in disability and depression at 6 months.


Kim et al., 2003 [162] 
	253. Aim
	254. To compare social skills before and after assertiveness training in children with VI.

	255. Follow up
	256. At end of 12 weeks intervention

	257. Participants
	258. N=13 training, N= 13 controls from school grades 7-12, with social skills rated as poor at baseline. Age range 13-19 yrs. 11 treatment and 12 controls completed the study: 54% male; 22 VI from birth, 2 acquired at ages 10 and 15, 2 acquired at unknown age

	259. Intervention
	260. Assertiveness training in school setting – 12 lessons.

	261. Outcome measures
	262. Social skills scales, assertiveness measure, cognitive distortion scales, role-play test.

	263. Key conclusions
	264. No significant treatment effect for any outcome measure.


Kuyk et al., 2008 [90] 
	265. Aim
	266. To evaluate the effect of residential blind rehabilitation on vision related QOL and general physical and mental function.

	267. Follow up
	268. 2 and 6 months

	269. Participants
	270. N=206 at baseline, meeting the US definition of blindness; age 70.2 SD 12.6 yrs; 95% male; N=167 completed all interviews.

	271. Intervention
	272. Department of Veteran’s Affairs inpatient blind rehabilitation programme. Average length of stay = 6-7 weeks. Each training day includes 7, 45 minute instruction periods.

	273. Outcome measures
	274. Change in National Eye Institute Visual Funtion Questionnaire (NEI VFQ-25 + appendix questions) results between baseline and 2 and 6 months.  Also SF-12; Coopersmith self-esteem inventory; Hope Scale.

	275. Key conclusions
	276. There was a significant improvement in vision related items on the NEI VFQ (except peripheral vision and ocular pain) at 2 and 6 months. The general health subscale showed a significant decline. SF-12 showed a significant improvement in mental but not physical component summary. There was no change in the Hope Scale but a small but significant increase in the self esteem measure. Largest improvements in younger individuals with better vision.


Kuyk et al., 2004 [148] 
	277. Aim
	278. To evaluate the effect of a comprehensive blind rehabilitation program on self-reported mobility function.

	279. Follow up
	280. 2 months

	281. Participants
	282. N=128 completed rehabilitation programme; mean age 70.86 (SD 12.2; range 30-91 yrs); 94% male.

	283. Intervention
	284. Department of Veteran’s Affairs inpatient blind rehabilitation programme. O&M training according to individual needs. ~35-40 hours spent in training by most patients over average 6 week program.

	285. Outcome measures
	286. Change in mobility questionnaire score at 2 months post-discharge.

	287. Key conclusions
	288. Allowing for type 1 errors, significant reduction in difficulty in 70% of mobility parameters assessed after rehabilitation; greatest declines in difficulty in areas in which subjects received most specific training; order of difficulty of tasks fairly constant. Significant increase in confidence in travel in unfamiliar places, in stores and outdoors.


La Grow, 2004 [129] 
	289. Aim
	290. To compare the effectiveness of comprehensive low vision services with standard services (contrast group) on visual function, IADLs, QOL and the use of health care services.

	291. Follow up
	292. 6 months and 1 year

	293. Participants
	294. N=93 at baseline (aged 65+yrs, 31% female, mean age 80.3, range 65-95 yrs: contrast group age and gender matched); N=80 (experimental) and 71 (contrast) at 6 months; N=70 (experimental) and 67 (contrast) at one year.

	295. Intervention
	296. Integrated services at low vision clinics at 4 population centres. Experimental group: Assessment of ocular health and visual function, prescription and loaning of LVAs, with training in use, follow-up visit in homes from RNZFB field staff, with repeated instruction visits if required. 

297. Contrast group received services normally available to them including field services from RNZFB +optometrist/ophthalmologist treatment

	298. Outcome measures
	299. NEI VFQ-25; Independence in IADLs, QOL (single item measure of life satisfaction). Pre-test scores used as baseline measures for post-test comparisons.

	300. Key conclusions
	301. Both groups showed stable primary outcomes over course of study (no significant change in QOL, IADL or visual function), but showed improved (decreased) use of inpatient and outpatient medical services post-treatment (6 months and, in most cases, 1 year).


Lamoureux et al., 2007 [58] 
	302. Aim
	303. To evaluate the effectiveness of a multidisciplinary low vision rehabilitation programme on QOL.

	304. Follow up
	305. 3-6 months 

	306. Participants
	307. N=254 at baseline with VA <6/12 (or better with visual field loss) and age 18+ yrs. N=192 at follow-up; mean age at baseline 80.3 (SD 13.1 yrs); 35.4% male Mean duration of visual impairment at baseline = 6.2 SD 9.4 years.

	308. Intervention
	309. Multidisciplinary low vision service. Initial assessment usually with: occupation therapist, orthoptist, O&M or welfare specialist. Meeting with low vision trained optometrist (usually, 1 hour) for low vision assessment and provision of LVAs. Teaching provided and LVAs made available for trial at home. Optometrist may also refer to other agencies. Individuals pay for LVAs. Tailored 'pathway plans' generated for each patient - intervention lasted up to 6 months (sometimes just one visit). On average clients made 4 visits to the multidisciplinary team.

	310. Outcome measures
	311. Pre- to post- intervention change in Impact of Vision Impairment (IVI) profile and SF-12 scores

	312. Key conclusions
	313. Moderate improvement in IVI scores. Changes in the 'reading and accessing information' and 'emotional wellbeing' subscales showed a statistically significant improvement but no significant change seen in the 'mobility and independence' subscale. There was no change in SF-12 score post intervention.


Margrain, 2000 [96] 
	314. Aim
	315. To assess ability of low vision aids to reduce the degree of disability associated with visual impairment.

	316. Follow up
	317. Immediately post intervention (retrospectively analysed data)

	318. Participants
	319. N = 168 new referrals to the low vision clinic; mean age 76 (range 12-103 yrs); 37% male.

	320. Intervention
	321. Low vision assessment at university low vision clinic, including: history and symptoms, assessment of patient requirements and visual performance, refraction, and provision of appropriate LVA.

	322. Outcome measures
	323. VA (distance and near) after refraction and with and without appropriate LVA.

	324. Key conclusions
	325. Refraction improved VA in approximately 33% of subjects. LVAs significantly improved ability to read newsprint i.e. N8 text (23% without LVA, 88% with LVA, P<0.0001). Benefit of LVA was not dependent on underlying pathology.


McCabe et al., 2000 [60] 
	326. Aim
	327. To evaluate impact of integrated low vision rehabilitation on function and to assess the effect of family involvement.

	328. Follow up
	329. At end of rehabilitation programme

	330. Participants
	331. N=97 aged 19 yrs+, VA ≤ 6/30; 33.3% male; 50% had an acuity worse than 6/60. N=48 individually focussed intervention (mean age 70 yrs), N=49 family focussed intervention (mean age = 67.9 yrs)

	332. Intervention
	333. Integrated, hospital based vision rehabilitation service. All participants: standard vision rehabilitation programme. First seen by optometrist for low vision evaluation, then by occupational therapist for training with LVAs and adaptive techniques, then licensed clinical social worker for assessment of psychological status, support networks, need for additional support services and assistance with referrals for community services and short-term counselling. Individual protocol: all family members were excluded from all sessions. Family protocol: family members (or friend/carer/neighbour) included in all stages of rehabilitation.

	334. Outcome measures
	335. Pre to post treatment change in score for Functional Assessment Questionnaire (FAQ) and Functional Visual Performance test (FVPT) 

	336. Key conclusions
	337. Significant improvement in self-reported and objectively observed function after integrated vision rehabilitation intervention. No evidence that family involvement improved outcomes


McKnight and Babcock-Parziale, 2007 [84]
	338. Aim
	339. To assess the role of respondent i.e. self-report vs. clinical observation, in evaluating change due to low-vision rehabilitation 

	340. Follow up
	341. At end of rehabilitation programme.

	342. Participants
	343. N=81 (provided complete data) legally blind. Mean age 74 years. 94% male.  

	344. Intervention
	345. Multidisciplinary inpatient rehabilitation scheme for 'blind' veterans.

	346. Outcome measures
	347. Pre- to post-rehabilitation change in Functional assessment of Self-Reliance on Tasks (FAST: clinician-rated and self-rated) scores. 

	348. Key conclusions
	349. FAST items at both administrations provided similar results regardless of respondent, apart from reading (which clinicians rated as having a lower disability than patients). Systematic shift in response ratings (towards more functional ability) between pre- and post- intervention.


Needham et al., 1992 [62]
	350. Aim
	351. To compare the effectiveness of inpatient rehabilitation for blind people with and without histories of significant psychological disorders.

	352. Follow up
	353. At end of rehabilitation programme.

	354. Participants
	355. N=112 blind, male veterans. N=67 controls and N=45 with diagnoses of psychological disorders. Mean age of group with psychological disorder 56.49 (SD 13.03 yrs); mean age controls 62.19 (SD 12.02 yrs). 100% male.

	356. Intervention
	357. 3 month adjustment to blindness programme. Included training in mobility, communication, braille, manual skills, adjustment to daily living. Also nurse, social worker and psychologist gave detailed evaluations and testing. Intensive psychological treatment available to patients during stay. 

	358. Outcome measures
	359. Staff graded rehabilitation skill, attitude, and overall adjustment at the completion of the programme.

	360. Key conclusions
	361. No significant difference in skill, attitude or overall adjustment of two groups in initial ratings, or at end of programme – suggests that any patient capable of functioning on an open psychiatric ward could complete rehabilitation programme. Both groups improved significantly in all areas.


Nilsson, 1986a [145] 
	362. Aim
	363. To evaluate the effectiveness of low vision rehabilitation to improve functional ability of visually impaired individuals with diabetic retinopathy.

	364. Follow up
	365. Average of 3.6 years

	366. Participants
	367. N=115 attended first series of visits (first time visit to low vision clinic; diabetic retinopathy; some residual vision). N=79 attended for 1 or more follow up; mean age 47.9 (SD 13.9 yrs); 48% male.

	368. Intervention
	369. Hospital low vision clinic. Ophthalmic optician and low vision teacher prescribed advanced optical aids and gave training in use of aids and residual vision. Those with absolute central scotoma trained to use eccentric viewing. TV viewing patients often advised to move nearer to TV. Less than 2 hours training per year on average.

	370. Outcome measures
	371. Distance and near VA (with LVA). Subjective Qus: Can you see TV pictures? Can you see TV titles? Can you read newspaper headlines? Can you read newspaper text?

	372. Key conclusions
	373. Positive effect of rehabilitation aids and training seen in near and distance visual function, objective and subjective. Even after worsening retinopathy of duration of study, final near and dist VA significantly better than baseline. Large increase in number with vision allowing return to work.


Nilsson 1986b [97] 
	374. Aim
	375. To evaluate the effectiveness of low vision rehabilitation to improve functional ability of visually impaired individuals with age-related macular degeneration.

	376. Follow up
	377. Minimum 3 years (mean 5 years, maximum 8 years).

	378. Participants
	379. N=120 with macular degeneration, receiving both optical and educational rehabilitation. Mean age 72 (SD 9.9, range 30-87yrs). 29% male.

	380. Intervention
	381. Low vision clinic, department of ophthalmology. Ophthalmologist, ophthalmic optician and low vision therapist, with close collaboration with regional social counsellor for the visually handicapped. Provision of optical aids and training in their use, followed by series of training visits at weekly intervals. Eccentric viewing training.

	382. Outcome measures
	383. Distance and near VA. Questionnaire on ability to perform visual tasks. Reading speed (if able to read newspaper print).

	384. Key conclusions
	385. Average visual acuity at baseline 6/33. Significantly improved after first series of visits to 6/9. Reduced by last series of visits to 6/12. Before rehabilitation 69.2% could see TV pictures, after first series of visits this increased to 94.2%, after last series this had fallen to 89.2%. Near VA improved from 20.9 pt to 4.9 pt after the first series of visits, accompanied by an increase in those who could read newspaper text from 0.8% to 92.5%. Near VA had deteriorated to 6pt after the last series of visits (80% could read newspaper text). Overall showed that provision of low vision aids and training significantly improved distance and near visual function.


Pankow et al., 2004 [64] 
	386. Aim
	387. To test the effectiveness of a vision rehabilitation programme in enabling older adults with visual impairment to achieve rehabilitation goals to improve independence and psychological well-being.

	388. Follow up
	389. 1-1.5 months

	390. Participants
	391. N=30 aged 55+; VA ≤ 20/50 and/or severe visual field loss; first time access to rehabilitation service; mean age 77.8 (range 65-90 yrs); 43% male. N=15 treatment group, N=15 control group. 40% of treatment group and 80% of control group legally blind

	392. Intervention
	393. Home-based vision rehabilitation programme. At enrolment established rehabilitation goals. Treatment group: Optometrists provided low vision evaluations and optical aids. O&M, and/or blind rehabilitation teaching given by individual with master's degree in relevant discipline. Also certified driver rehabilitation specialist and occupational therapist (provided prism training to patients with hemianopsia) available. Control Group: received education about their disease, demonstration of optical and non-optical aids for functional enhancement, and telephone contact regarding when rehabilitation would begin

	394. Outcome measures
	395. Comparison of pre- to post scores on Functional Independence Measure for Blind Adults (FIMBA) and Nottingham Adjustment Scale (NAS2). Goal attainment assessed by: pre- to post-test improvement in reading speed and comprehension; achievement of driving licence; ability to demonstrate particular hobby; improvement on FIMBA score relevant to particular task.

	396. Key conclusions
	397. Significantly better goal attainment for the treatment group (29/30) than the control group (1/30). Significantly better score gains for the treatment than control group for FIMBA living skills and NAS2, but not for FIMBA orientation and mobility scores. Apparent improvement in ability to perform living skills independently, and in psychological status.


Reeves et al., 2004 (results) and Russell et al., 2001 (methodology) [163] 
	398. 
	399. To evaluate the effectiveness (including cost-effectiveness) of 3 models of low-vision rehabilitation for people with AMD.

	400. Follow up
	401. 12 months

	402. Participants
	403. N=226 at baseline: N=76 conventional low vision rehabilitation (CLVR), N=75 enhanced low vision rehabilitation (ELVR), N=75 controlled for additional contact time in enhanced low vision rehabilitation (CELVR). All new referrals to low vision clinic; AMD diagnosis; VA (6/18 and ≥ 1/60. Median age 81 (range 64-95yrs). CLVR median age 81 (range 77-84yrs). ELVR median age 80 (range 76-85yrs), CELVR median age 83 (range 78-86 yrs); 33.6% male.

404. At follow-up N=194: N=60 CLVR, N=64 ELVR, N=70 CELVR.

	405. Intervention
	406. Hospital low visit clinic +/- home visits. CLVR: optometric low vision intervention, follow-up usually offered at 3 months with additional appointments as necessary. Final follow-up 12 months. No formal integration of service with local social services and voluntary sector. ELVR: Optometric intervention as in CLVR, also three home visits from rehabilitation officer at 2 weeks, 4-8 weeks, and 4-6 months with emphasis on LVA handling, use of alternative devices, and other strategies for enhancing vision. CELVR: Optometric intervention as in arm 1, also community care worker with no formal training in low vision to provide general advice and support as normally offered by Age Concern. Visits at same intervals as home visits in arm 2. 

	407. Outcome measures
	408. The Vision Quality-of-life Core Measure VCM1); The Manchester Low Vision Questionnaire (MLVQ); SF-36; Nottingham Adjustment Scale (NAS). Change in scores compared across groups. 

	409. Key conclusions
	410. No evidence of benefit from the model of enhanced low vision rehabilitation compared with conventional low vision rehabilitation. Visual function and general health of study population deteriorated over time. Deteriorations in VCM1 and SF-36 scores were statistically significant, but small. All other outcomes remained fairly constant. Use of LVAs high throughout trial in all groups


Robbins and McMurray, 1988 [149] 
	411. 
	412. To assess whether psychological and visual baseline measures influence outcomes of visual impairment rehabilitation for AMD.

	413. Follow up
	414. At end of rehabilitation programme. 

	415. Participants
	416. N=60 at baseline: new patients on low vision clinic waiting list; diagnosis AMD. N=57 with outcome data; mean age 73.8 (+/- 6.7 yrs); average VA 6/36.

	417. Intervention
	418. Multidisciplinary low vision clinic

	419. Outcome measures
	420. Pre to post change in geriatric depression scale (GDS), activities of daily living questionnaire, near VA with magnifier

	421. Key conclusions
	422. Depression and daily living skills improved but not significantly. Better outcome associated with higher level hardiness, lower initial depression, living alone, younger age, more years education, higher income, better near VA, better low contrast VA, better distance VA, better health.


Rogers et al., 2000 [143] 
	423. 
	424. To evaluate two models of low vision service rehabilitation models

	425. Follow up
	426. At end of rehabilitation programme (retrospectively analysed data)

	427. Participants
	428. N=507 (rehabilitation model), N=85 (consultant model). Consultant model: 52% aged 55-79 yrs, 48% aged 80+yrs. Rehabilitation model: 54% aged 55-79 yrs, 47% aged 80+ yrs; 29% male.

	429. Intervention
	430. Consultant model: Consultants with vision rehabilitation backgrounds trained home care managers of Area Agencies on Aging to assess the need for rehabilitation services, and home care aides to provide services, including aids, appliances and instruction. Rehabilitation model used rehabilitation teachers to assess service needs and carry out instruction.

	431. Outcome measures
	432. Change between Independent Living Pre-Programme Assessment and Independent Living Post-Program Assessment (IPPLA)

	433. Key conclusions
	434. The rehabilitation group had a significantly higher change score on mobility, but the consultant group had a significantly higher change score on access to text. Type of service only explained 2% of variance for mobility, and 4% for text access. Type of model did not affect outcomes in the domains of ADL, IADL and cooking. 


Ruddock et al., 2004 [68] 
	435. Aim
	436. Comparison of LVA use before and after an integrated paediatric low vision service.

	437. Follow up
	438. Not clear

	439. Participants
	440. N=56 children (age 14-18 yrs) attending a school with a visual impairment base, mainstream school where teachers suspected problems with near work. N=32 given low vision assessment

	441. Intervention
	442. Low vision assessment, LVAs where appropriate.

	443. Outcome measures
	444. Use of LVAs by participant report

	445. Key conclusions
	446. Pre-intervention: 25% had LVAs of whom 21% used regularly, post Post-intervention: 91% had LVAs of whom 86% used them regularly.


Scanlan and Cuddeford, 2004 [142] 
	447. Aim
	448. To determine outcomes of a low vision service which used an extended period of education when assisting patients with AMD to use low vision devices 

	449. Follow up
	450. 5 weeks and 12 weeks after admission to study

	451. Participants
	452. N=64 new referrals to low vision clinic; diagnosis of AMD; VA 6/18- in better eye of 6/18 to 6/120. Mean age 81 (range 65-89yrs); 36% male; N=32 per group.

	453. Intervention
	454. Service provided by optometrists and vision rehabilitation workers. Control (current standard): Initial education session 60 minutes. Client takes loaned equipment home. Review in 1 week. Purchases equipment or loans other devices. Reading exercises given. Reassessment if vision changes. 6 month telephone call to determine effectiveness of devices. Experimental group: As standard, but extended teaching programme (5x1 hour sessions over weeks 1-4, one-on-one with rehabilitation worker). Reading techniques reviewed, poor skills corrected, increasingly difficult reading exercises assigned, questions answered.  

	455. Outcome measures
	456. Change in scores of Pepper Visual Skills for Reading Test (VSRT) and National Eye Institute Visual Function Questionnaire (NEI-VFQ-25 item). 

	457. Key conclusions
	458. Extended teaching made a significant difference to participants overall perceptions of quality-of-life, as well as ability to read. Experimental, nut not control, group showed significant improvement at 5 weeks on reading accuracy and reading rate, maintained at 12 weeks. No significant difference between groups at baseline on NEI-VFQ. At 12 weeks, experimental group were significantly better than control group on 6 items. 78% of experimental group purchased LVAs compared to 37% of control group.


Scott et al., 1999 
 ADDIN EN.CITE 
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	459. Aim
	460. To evaluate impact of low-vision service on functional status and quality of life.

	461. Follow up
	462. 3 months

	463. Participants
	464. N=156, first time visit to low vision clinic. Mean age 72.5 (SD 17.1; range 15-93 yrs). 45.5% male.

	465. Intervention
	466. Low vision examination (60-90 mins) including goals, refraction, training in use of LVAs, eccentric viewing training and/or prism relocation (if required). Not specified who provides examination.

	467. Outcome measures
	468. Patients asked to rate from 1-5 how useful low-vision services were in helping them to do things they wanted/needed to do. 

469.  SF-36; VF-14; NEI-VFQ-51.

	470. Key conclusions
	471. Vision targeted health status questionnaires appeared to be more sensitive than general health-related quality-of-life questionnaires to differences in functional status and QOL before and after low-vision service provision.  Absolute increases in questionnaire scores modest. None of the subscales of SF-36 changed significantly after low-vision services were provided. VF-14 improved significantly. The NEI-VFQ subscales associated with significant improvement were general vision, near activities, distance activities, and peripheral vision. Patient's assessment of usefulness of low vision service (rated 1-5): 53.9% said very useful (5); 36.2% rated as 4, only 0.7% rated 1 (not useful at all) or 2. 


Stelmack et al., 2002 [159] 
	472. Aim
	473. To evaluate the sensitivity of the NEI VFQ 25 to change in visual ability after low-vision rehabilitation in two centres, of different intensity.

	474. Follow up
	475. At conclusion of rehabilitation service.

	476. Participants
	477. N=128 veterans (N=51 VICTORS, N=77 Hines BRC). VICTORS: mean age = 68 (range 44-87yrs), 78.4% male. BRC mean age = 72 (range 38-88yrs), 93.5% male. 

	478. Intervention
	479. VICTORS is a less intensive interdisciplinary programme including optometry, ophthalmic examination, psychological examination, assessment by a social worker, audiologic examination, sessions with a low-vision training speciality. 3-4 days inpatient or outpatient treatment. Hines VA BRC is a comprehensive inpatient rehabilitation programme. Interdisciplinary team of optometrists, psychologists, nurses, physicians, social workers, blind rehabilitation specialists. Participate in a variety of skill courses e.g. low vision evaluation and training, O and M, daily-living skills, manual skills. Receive counselling to achieve healthy attitude. Average duration 42 days. 

	480. Outcome measures
	481. NEI VFQ-25 plus supplement questions at beginning and end of rehabilitation.

	482. Key conclusions
	483. 7 items on NEI-VFQ 25 were responsive to the effects of rehabilitation. Items which were sensitive to both programmes were those likely to respond to telescope or magnifiers. A significant increase in visual ability was seen in both programmes post- rehab. Equivalent to functional improvements of 3-4 lines of visual acuity. BRC patients seemed to gain more than VICTORS patients in visual ability and reduced item difficulty. Authors suggest that NEI-VFQ 25 not sensitive to all outcomes of rehabilitation e.g. O and M scores didn't reflect mobility training. Decrease in difficulty of items post rehab reflects benefit of low vision devices.


Stelmack et al., 2006a [72]  
 ADDIN EN.CITE 
[142, 147]
 [159] [72]
	484. Aim
	485. To assess the effectiveness of the NEI-VFQ 25 at detecting changes due to low vision rehabilitation at 2 centres

	486. Follow up
	487. 3 months and 3 years (one centre only)

	488. Participants
	489. N=282. N=77 Hines VA BRC; mean age 72 (range 38-88 yrs); at 3 year follow-up mean age 73 (range 41-92 yrs). N=205 Southwestern BRC; mean age 71 (range 38-93 yrs).

	490. Intervention
	491. Interdisciplinary Veterans’ Affairs inpatient rehabilitation programmes. Both centres use nurse practitioner, nursing, optometry, psychology, social work, and blind rehabilitation specialists. Offer courses in visual skills, living skills, orientation and mobility, manual skills, plus psychosocial interventions and recreational activities. 

	492. Outcome measures
	493. National Eye Institute Visual Function Questionnaire (NEI VFQ 25). 

	494. Key conclusions
	495. Southwestern BRC data: No significant change in scores at 3 months post rehabilitation, no change in order of difficulty of items. Hines BRC data at 3 months: small improvement in ability overall; 7 of 34 items tested from VFQ-25 + appendix questions were sensitive to change after rehabilitation (showed reduced difficulty). At 3 year follow-up (Hines): Reduction in difficulty of certain items persisted to 3 years, improvement in visual ability did not persist and visual ability got worse compared to baseline.


Stelmack et al., 2006b [121]  
	496. Aim
	497. To evaluate the sensitivity of the LV VFQ-48 to change associated with different rehabilitation programmes

	498. Follow up
	499. 3 months

	500. Participants
	501. N=285. Inpatient = 139, Outpatient = 116, Control = 30.

	502. Intervention
	503. The inpatient programme (Hines BRC) is as described in Stelmack 2006a; mean stay 40 days. The outpatient programme included low vision evaluation, prescription of LVAs, training in their use and involved 2-4 therapy sessions.

	504. Outcome measures
	505. Person measure change in the Veteran’s Affairs Low Vision Visual Function Questionnaire (VA LV VFQ-48)

	506. Key conclusions
	507. The inpatient programme produced a 7 fold greater effect than the outpatient programme although the inpatient group were much less able at baseline, therefore had more room for improvement.


Stelmack et al., 2007 [130]  
	508. Aim
	509. To compare visual ability in patients before, 3 months and 12 months after vision rehabilitation 

	510. Follow up
	511. 3 and 12 months

	512. Participants
	513. N=178; mean age 69.4 (SD 11.6 yrs); average VA 6/60. N=95 provided data at both follow-up times. 

	514. Intervention
	515. The inpatient programme (Hines BRC) is as described in Stelmack 2006a; mean stay 40 days.

	516. Outcome measures
	517. Person measure change in the Veterans’ Affairs Low Vision Visual Function Questionnaire (VA LV VFQ-48)

	518. Key conclusions
	519. The large beneficial effect sizes observed at 3 months were maintained (but reduced) at 1 year.


Stelmack et al. 2008 
 ADDIN EN.CITE 
[61, 91]
  
	520. Aim
	521. To evaluate the effectiveness of a low vision rehabilitation trial

	522. Follow up
	523. 4 months

	524. Participants
	525. N=126 with macular disease and VA 6/30 to 6/150. N=64 treatment group; mean age 78.8 (SD 7.8); 98.4% male. N=62 control group; mean age 79 (SD 8.1); 96.8% male. 

	526. Intervention
	527. Interdisciplinary outpatient Veterans’ Affairs  low vision programmes at 2 facilities. Counselling about diagnosis, prescription and provision of low vision services by optometrist/certified low vision therapist (+occupational therapist). 5 weekly sessions (approx 2 hours each), at low vision clinic to teach strategies for effective use of remaining vision, including use of LVAs; 1 home visit; 5 hours homework per week (reviewed by therapist). Treatment and control group bi-monthly phone calls for 4 months. Waiting list control group (delayed treatment by 4 months).

	528. Outcome measures
	529. Veteran’s Affairs Low Vision Visual Function Questionnaire (VA LV VFQ-48); SF-36; Centre for Epidemiological Studies Depression Scale (CES-D). Primary outcome change in reading ability estimated from responses to LV VFQ-48 reading items.

	530. Key conclusions
	531. Treatment group demonstrated significant improvement in all aspects of visual function compared with the control group. Waiting list controls displayed decline in visual ability. Treatment effect for subjective reading ability was very large - 8 times greater than average in previous studies. Also large effect sizes seen for mobility, visual information processing, visual motor skills and overall visual function. No significant change in CES-D or SF-36.


Stephens, 2001 [122] 
	532. Aim
	533. To determine the relationship between age, rehabilitation, and changes in performance and independence in ADLs and IADLs

	534. Follow up
	535. At end of rehabilitation programme

	536. Participants
	537. N=1,194 aged 65+ yrs; median age 80 yrs, mean and mode 81 yrs; 27% male. Separated into 3 age groups: N=300 (25%) in 65-74 group; N=570 (48%) in 75-84 yr group; N=324 (27%) in 85+ group. 

	538. Intervention
	539. Low vision programmes representing 4 primary models of service provision for independent living programmes for older blind people. Services could include: independent living skills training (90% of cases), Counselling (86%), Adaptive devices (79%), Low vision devices (69%), Communication Aids (48%); Mobility training (30%); Interagency referral (58%). 

	540. Outcome measures
	541. Differences between Independent Living Pre Programme assessment and Post Programme assessment (ILPPA).

	542. Key conclusions
	543. Programme participants exhibited statistically significant gains on overall levels of performance and independence. These were demonstrated in both ADLs and IADLs. Age-group differences were not a significant factor in improvements observed.


van Nispen et al., 2007 [138] 
	544. Aim
	545. To investigate the outcome of 2 low vision rehabilitation services using a 3-level Item Response Theory method using the data of de Boer et al, 2004

	546. Follow up
	547. 5 months and 12 months

	548. Participants
	549. N=296 at baseline, N=246 at 5 months, N=215 at 1 year (N=99 multidisciplinary, N=116 optometric); optometric group: mean age = 78.5 (SD8.3), 36.2% male; multidisciplinary group: mean age = 78.0 (SD 9.0), 37.4% male.

	550. Intervention
	551. As in de Boer et al., 2004

	552. Outcome measures
	553. Change in Vision Quality-of-life Core Measure (VCM1); the Low Vision Quality-of-life questionnaire (LVQOL) from baseline to 5 and 12 months.

	554. Key conclusions
	555. VCM1 unable to measure change over time accurately because the item difficulty parameters were unstable over time. For the multidisciplinary service, mobility had deteriorated at 1 year. There was a moderate improvement in the 'adjustment' dimension of the LVQOL only at 5 months for the multidisciplinary service. There was an improvement in the 'reading and fine work' dimension of the LVQOL only at 5 months for the multidisciplinary service. The results imply that neither of the services made a substantial contribution to vision related QoL except for 'reading small print'.


Vijaykumar et al., 2004 [154] 
	556. Aim
	557. To assess the impact of a community based rehabilitation programme on quality-of-life in people with incurable blindness in rural community in India.

	558. Follow up
	559. 6 months

	560. Participants
	561. N=159 who had best corrected VA <1/60; mean age 45 (+/- 17.7 yrs); 56.5% male.

	562. Intervention
	563. Community based rehabilitation programme in rural area of S India. Full eye exam at base hospital before referral to programme. Service provided by community workers trained in primary eye care and to provide rehabilitation for the blind. Included skills for O&M and ADL, economic rehabilitation (focused on providing skills to run a trade or pursue a profession that had the potential for sustainability; provided with support and start up funds from local community).

	564. Outcome measures
	565. Pre- to post-intervention change in score on 12 item QOL questionnaire 

	566. Key conclusions
	567. Some improvement of QOL in 95% of subjects, worsening for 4.4% and no change for 0.6%. Benefit from rehabilitation greatest for self-care (range of improvement 24.7% - 30%) and mobility (range of improvement 37.6%-44.3%). 


Virtanen and Laatikainen, 1991 [56] 
	568. Aim
	569. To evaluate the benefit conferred on patients obtaining LVAs from a low vision service.

	570. Follow up
	571. At end of service provision

	572. Participants
	573. N=65 with a diagnosis of AMD referred to low vision unit; mean age 75.2 (range 57-88 yrs); 43% male.

	574. Intervention
	575. Hospital low vision unit. Ocular exam, LVAs fitted by joint negotiation between ophthalmologist, optician, low vision teacher and patient. Best aid + 1 or 2 others supplied to the patient for use at home. Lamp and/or reading stand provided if necessary. 

	576. Outcome measures
	577. Best VA with most suitable aid, at most appropriate working distance.

	578. Key conclusions
	579. The majority of patients with AMD found LVAs useful for reading, most chose not to use a distance aid. 13.8% were able to read newsprint with the correct reading correction, this improved to 91.4% with LVAs. N=26 achieved a near VA with magnifier of at least 0.5 (snellen decimal).


Walter et al., 2007 [164] 
	580. Aim
	581. To determine the influence of visual rehabilitation on activities of daily living.

	582. Follow up
	583. Pre and post interviews together approximately 1 year after service provision.

	584. Participants
	585. N=879 telephoned. N=417 responded to interview. N=337 had low vision; mean age 70.8 yrs; 33% male. 

	586. Intervention
	587. Multidisciplinary low vision clinic including low-vision optometrist, occupational therapist, social worker, orientation and mobility instructor, vision teacher.

	588. Outcome measures
	589. Retrospectively rated i.e. patients required to recall difficulty before rehab, then asked to scale difficulty after rehab. Self-report questionnaire and a surrogate report questionnaire by another adult in the household. Instrument consisted of 20 items of activities of daily living, many items taken from the NEI VFQ-25.

	590. Key conclusions
	591. Only N=105 were aware of having had rehabilitation (N=232 who had rehabilitation were not aware of the fact). Overall statistically significant improvement in ability to perform activities of daily living. 13/20 questions responded to effects of rehabilitation. Near activities which require magnification were most likely to show improvement post rehabilitation.


Wolffsohn et al., 2000 [105] 
	592. Aim
	593. To design and validate a vision-specific QOL assessment tool to be used in a clinical setting to evaluate low-vision rehabilitation strategy and management.

	594. Follow up
	595. 1 month

	596. Participants
	597. N=515 first time patients of low vision clinic sent questionnaires before rehabilitation; mean age 75.3 (SD 15.3 yrs); 36.3% male. N=278 completed before and after questionnaires. N=150 involved in questionnaire validation. N=70 age and gender-matched controls completed the LVQOL 25 item at baseline only.

	598. Intervention
	599. Multidisciplinary low vision clinic. A 15 minute to 30 minute interview with a case manager to identify visual needs. A 60 minute low vision assessment with an optometrist. Services from multidisciplinary team as appropriate (i.e. occupational therapist, orthoptist, O&M instructors, audiologists, welfare officers).

	600. Outcome measures
	601. Pre- to post- change in 25 item Low Vision Quality-of-life questionnaire (LVQOL).

	602. Key conclusions
	603. Significant improvement in the LVQOL score post rehabilitation, reading and fine work subscale most improved. Improvement in LVQOL was not related to patient demographics or diagnosis. Those who saw the multidisciplinary team had lower QOL scores at baseline and follow-up, but had a significantly larger improvement than those who did not. Those classified as having not accepted their condition tended to have a lower QOL and less improvement with rehabilitation.


Table 1b: Characteristics of Included Studies: Economic

Stroupe et al., 2008 [141] 

	Study design
	Cost consequence analysis comparing treatment groups from 2 previous RCTs

Country: US; Currency: US$; Cost year: 2004, inflated to 2006 using Consumer Price Index; Time horizon: 4 months; Discount rate = Nil;  US payer perspective.

	Intervention details
	Rehabilitation programme included teaching eccentric viewing skills, use of LV aids, prescription and issuance of devices delivered in either a residential setting or a outpatients (OPs). 

Sessions: OPs received initial LV examination, 5 sessions of 1.5 to 2.5 hrs, 1 home visit and home study.  Time commitment was 44.6 hours (SD = 12.1hrs ). IPs were residential for 42.0 days (SD 9.2 days).   

Follow-up: Visual acuity measures at baseline and 4 months for OPs and 3 months for residents.

	Population and costs
	Study population:  Legally blind people of all ages. OPs were unable or unwilling to be residential.

N=176; N=55 OP and N=121 IP.

Source of effectiveness data: VA LV VFQ-48 data from 2 RCTs 

OP programme costs: Staff time with patient and in meetings, assessment fitting and supply of aids, admin support, home visiting plus travel, devices and overheads.

IP programme costs: based on national median cost / day, length of stay and cost of devices.  Patient level costs not included for inpatients,  authors assumed IP had the same aids as OPs.

	Results
	Effectiveness / patient / alternative: Both groups showed significant improvement in overall visual acuity (VA), mobility (M) and visual motor skill (VMS) at 3 or 4 month over baseline. When adjusted for baseline differences in LV VFQ-48 score, age and gender, IPs showed significant improvement over OPs.

Cost / patient / alternative: Mean cost per IP was US$43,682 [£23,93] (SD US$8,854 [£4823]). The mean cost per OP was US$5,054 [£2753] (SD US$405 [£221]). Difference US$38,627.3 [£21,040] (95%CI: US$17,414-US$273,482).  

Sensitivity analysis: Authors varied mean cost per patient by 20%. The OP range was US$4588 [£2499] to US$5,220 [£2843]. The range for IP was  US$34,945 [£19034] to US$52,418 [£28,512]

	Comments
	Weaknesses: The study compared 2 treatment groups from 2 previous RCTs, consequently there were possible differences between groups. In particular the group of out OPs were unwilling or unable to be treated as IPs. No details of the control groups from previous study . Differences in follow-up time between groups. Unit costs not stated, nor total programme costs. No syntheses, cost study only. Differences in attendance not stated


Eklund et al., 2005 [140]
	Study design
	Cost effectiveness  analysis alongside a single centre RCT. Country: Sweden; Currency: Swedish Kroner (SEK); Perspective: Societal; Cost year: 1996

Time horizon: 2.3 yrs; Discount rate 5% in sensitivity analyses only 

Funding: Not stated.

(Ref. NHS EED Review  22006007550)

	Intervention details
	Activity based Health Education Programme designed to prevent or delay problems in daily living for people with AMD.

Comparator: individual treatment/usual care to prevent or delay problems in daily living. Typically included 1 or 2 1-hour session in clinic and  follow-up phone contact after 2-4 weeks

Providers: Community based LV specialist OT; also invited optometrists, ophthalmologists, LV therapists and lighting specialists.

Sessions: 1- 2 hours session weekly for 8 weeks,  4-6 people per class

Follow-up: 28 month follow-up

	Population and costs
	Study population: N=312 with AMD referred to clinic, N=229 (73%) agreed to participate. Of these, N=109 were randomised to the Health Education Programme, and N=120 to the individual programme. Analysis based on 131 (57%) completers: Health Education Programme, N = 62; Individual Programme, N = 69.

Source of effectiveness data: Individual’s change in median response of improved security. 

Programme costs: Direct staff time, admin and office use. Overheads not included. LV clinic costs: attendances, glasses, LV devices costs from finance dept at local hospital. Other costs included home assistance service, informal care, home adaptations and residential care

	Results
	Effectiveness / patient / alternative: At 28 months, there was a statistically significant difference in cases showing an improved level of security between the Health Education Programme and UC. 28 cases (45%) in the Health Education Programme showed an improved level of security compared with 7 cases in the UC (95% confidence interval: 21 to 49; p=0.0001).

A total of 26 (42%) of cases maintained their level of security in the Health Education Programme, compared with 35 (51%) in the Individual Programme. Difference not significant (95% CI: -8 to 26; p=0.326).

Cost / patient / alternative: The mean total LVC costs per person were SEK 6,558 (£630) for the Health Education Programme and SEK 5,907 [£567] for the Individual Programme.  The total per-patient costs (LVC costs plus external costs) associated with each programme over the study period were SEK 28,004 [£3529] for the Health Education Programme and SEK 36,341 [£2689] for the Individual Programme. Differences were not statistically significant.

The costs and benefits were combined in average cost-effectiveness ratios.

The authors reported the average cost per improved case for the Health Education Programme (SEK 14,522 [£1395] for low vision care costs only; SEK 62,010 [£5955] for total costs) and for the Individual Programme (SEK 58,226 [£5591] for low vision care costs only SEK 358,216 [£34,399] for total costs).

	Comments
	Weaknesses: High loss to follow-up, analysis not ITT as stated in text. Levels of adherence to programme not reported. May not be generalisable to other settings. Not all costs were included. Unit costs were reported but not quantities. No statistical analysis was performed for either set of variables. Local costs were extrapolated from a single centre to the country of Sweden. . 

No ICER.  


NHS EED URL:  http://www.crd.york.ac.uk/CRDWeb/ShowRecord.asp?ID=22006007550  Accessed 19.4.09 

Table 2a: Characteristics of Excluded Studies: General 

	604. Study
	605. Main Reason for Exclusion

	606. Alio et al., 2004 [165]
	607. No evaluation of service (technology only)

	608. Appollonio et al., 1996 [166]
	609. No evaluation of service (technology only)

	610. Asonuma et al., 2005 [167]
	611. No comparison made (before and after or between group)

	612. Ballinger et al., 2000 [168]
	613. No evaluation of service (technology only)

	614. Bernard, 2001 [169]
	615. No evaluation of service (novel training programme only)

	616. Bischoff, 1994 [170]
	617. No comparison made (before and after or between group)

	618. Bischoff, 1995 [171]
	619. No comparison made (before and after or between group)

	620. Blasch et al., 1987 [172]
	621. No evaluation of service (technology only)

	622. Bonatti et al., 2008 [173]
	623. No evaluation of service (technology only)

	624. Bowers et al., 2005 [174] 
	625. No evaluation of service (technology only)

	626. Bowers et al., 2001 [175]
	627. No evaluation of service (technology only)

	628. Bowers et al., 2004 [176]
	629. No evaluation of service (technology only)

	630. Brody et al., 2002 [177]
	631. No evaluation of service (participants recruited were not awaiting service provision)

	632. Body et al., 2002 [178]
	633. Abstract only

	634. Brody et al., 2006 [179]
	635. No evaluation of service (participants recruited were not awaiting service provision)

	636. Body et al., 2005 [180]
	637. No evaluation of service (participants recruited were not awaiting service provision)

	638. Buijk, 1994 [181]
	639. No comparison made (before and after or between group)

	640. Burton et al., 2008 [182]
	641. No evaluation of service (technology only)

	642. Campbell et al., 2005 [183]
	643. No evaluation of service (training only)

	644. Carvalho et al., 2004 [184]
	645. Not in English

	646. Cheong et al., 2005 [185]
	647. No evaluation of service (training porgramme only)

	648. Coco Martin et al., 2001 [186]
	649. Not in English

	650. Coleman et al., 2006 [144]
	651. Not specifically low vision patients

	652. Collins and Skilton, 2004 [66]
	653. No comparison made (before and after or between group)

	654. Contestabile et al., 2002 [187]
	655. No evaluation of service (technology only)

	656. Culham et al., 2004 [188]
	657. No evaluation of service (technology only)

	658. D’Allura et al., 1995 [189]
	659. No comparison made (before and after or between group)

	660. De Witt et al., 1988 [190]
	661. No evaluation of service (technology only)

	662. Demer et al., 1989 [191]
	663. No evaluation of service (technology only)

	664. Drasdo et al., 1978 [192]
	665. No evaluation of service (technology only)

	666. Eperjesi et al., 2002 [193]
	667. Abstract only

	668. Eperjesi et al., 2004 [194]
	669. No evaluation of service (technology only)

	670. Eperjesi et al., 2007 [195]
	671. No evaluation of service (technology only)

	672. Fonda et al., 1975 [196]
	673. No evaluation of service (technology only)

	674. Frolich and Lackerbaur, 2006 [197]
	675. No comparison made (before and after or between group)

	676. Genensky, 1974 [198]
	677. No evaluation of service (technology only)

	678. Giorgi et al., 2005 [199]
	679. No evaluation of service (technology only)

	680. Giorgi et al., 2004 [200]
	681. No evaluation of service (technology only)

	682. Goodrich, 2001 [201]
	683. Abstract only

	684. Goodrich, [202]
	685. Abstract only

	686. Goodrich and Kirby, 2001 [203]
	687. No evaluation of service (technology only)

	688. Goodrich et al., 1997 [204]
	689. Abstract only

	690. Goodrich et al., 1998 [205]
	691. Abstract only

	692. Grandin et al., 2008 [206]
	693. No evaluation of service (technology only)

	694. Harper et al., 1999 [207]
	695. No comparison made (before and after or between group)

	696. Hartong and Kooijman, 2006 [208]
	697. No evaluation of service (technology only)

	698. Hill, 1989 [209]
	699. No comparison made (before and after or between group)

	700. Humphry and Thompson, 1986 [210]
	701. No comparison made (before and after or between group)

	702. Jones and Troscianko, 2006[211]
	703. No evaluation of service (technology only)

	704. Jose et al., 1975 [212]
	705. No comparison made (before and after or between group)

	706. Kleweno et al., 2001 [213]
	707. No evaluation of service (technology only)

	708. Kooijman et al., 2008 [214]
	709. No evaluation of service (technology only)

	710. Kuyk, 1996 [215]
	711. No evaluation of service (technology only)

	712. Lancioni and Oliva, 1999 [216]
	713. Included patients with multiple disabilities

	714. Langmann et al., 1998 [217]
	715. Not in English

	716. Lavinsky et al., 2001 [218]
	717. No evaluation of service (technology only)

	718. Leat et al., 1994 [95]
	719. No comparison made (before and after or between group)

	720. Leat et al., 2005 [219]
	721. No evaluation of service (technology only)

	722. Lindsay et al., 2004 [77]
	723. No comparison made (before and after or between group)

	724. Lowe and Rubinstein, 2000 [220]
	725. No evaluation of service (technology only)

	726. Mancil et al., 1986 [221]
	727. No evaluation of service (technology only)

	728. Mancil and Ross, 1997 [222]
	729. No evaluation of service (technology only)

	730. Mancil et al., 2005 [223]
	731. No evaluation of service (technology only)

	732. Matchinski et al., 2003 [224]
	733. No evaluation of service (technology only)

	734. Miller et al., 2003 [225]
	735. Abstract only

	736. Mitchell and Bradley, 2001 [226]
	737. Questionnaire evaluation only

	738. Moore et al., 2001 [227]
	739. No comparison made (before and after or between group)

	740. Morimoto et al., 2002 [228]
	741. No evaluation of service (effect of conference evaluated)

	742. Morissette et al., 1983 [229]
	743. No evaluation of service (technology only)

	744. Nilsson et al., 2003 [230]
	745. No evaluation of service (training only)

	746. Oritz et al., 1999 [231]
	747. No evaluation of service (technology only)

	748. Owsley et al., 2004 [232]
	749. No evaluation of service (training only)

	750. Pambakian et al., 2004 [233]
	751. No evaluation of service (training only)

	752. Park, 1999 [79]
	753. No comparison made (before and after or between group)

	754. Peli, 2005 [176]
	755. No evaluation of service (technology only)

	756. Peli et al., 2004 [234]
	757. No evaluation of service (technology only)

	758. Pierrottet et al., 2003 [235]
	759. No evaluation of service (technology only)

	760. Ponchillia and Kaarlela, 1986 [236]
	761. No comparison made (before and after or between group)

	762. Porter et al., 1993 [237]
	763. No evaluation of service (technology only)

	764. Radvay et al., 2007 [238]
	765. No evaluation of service (training only)

	766. Rohrschneider et al., 2002 [239]
	767. Not in English

	768. Rohrschneider et al., 2000 [240]
	769. Not in English

	770. Rohrschneider et al., 2005 [241]
	771. Not in English

	772. Romano et al., 2008 [242]
	773. Visual restoration therapy

	774. Rosenberg et al., 1989 [243]
	775. No evaluation of service (technology only)

	776. Rossi et al., 1990 [244]
	777. No evaluation of service (technology only)

	778. Rovner et al., 2008 [245]
	779. No evaluation of service (participants recruited were not awaiting service provision)

	780. Rovner et al., 2007 [246]
	781. No evaluation of service (participants recruited were not awaiting service provision)

	782. Sanders, 2000 [247]
	783. No evaluation of service (effect of guide dog use evaluated)

	784. Schmier et al. 2006 [248]
	785. No comparison made (before and after or between group)

	786. Sellier et al., 1999 [249]
	787. Not in English

	788. Shah et al., 2008 [250]
	789. No comparison made (before and after or between group)

	790. Shuttleworth et al., 1995 [81]
	791. No comparison made (before and after or between group)

	792. Spandau et al., 2002 [251]
	793. No evaluation of service (technology only)

	794. Spitzberg et al., 1995 [252]
	795. No evaluation of service (technology only)

	796. Spitznya et al., 2007 [253]
	797. No evaluation of service (training only)

	798. Stelmack et al., 1987 [254]
	799. 10 participants only

	800. Stelmack et al., 1998 [255]
	801. No evaluation of service (technology only)

	802. Szlyk et al., 1998 [256]
	803. No evaluation of service (technology only)

	804. Takahashi et al., 2006 [257]
	805. No evaluation of service (technology only)

	806. Tejeria et al., 2002 [258]
	807. No evaluation of service (technology only)

	808. Temel, 1989 [259]
	809. No comparison made (before and after or between group)

	810. Tzovaras et al., 2004 [260]
	811. No evaluation of service (technology only)

	812. Vanrens et al., 1991 [92]
	813. No comparison made (before and after or between group)

	814. Verezen et al., 2006 [261]
	815. No evaluation of service (technology only)

	816. Verezen et al., 1996 [262]
	817. No evaluation of service (technology only)

	818. Watson et al., 1997 [263]
	819. No comparison made (before and after or between group)

	820. Watson et al., 1997 [264]
	821. No comparison made (before and after or between group)

	822. West et al., 2004 [265]
	823. Abstract only

	824. Witkin et al., 1995 [266]
	825. No comparison made (before and after or between group)

	826. Wolffsohn et al., 2002 [267]
	827. No evaluation of service (technology only)

	828. Yamada et al., 2004 [268]
	829. Not in English

	830. Zagler et al., 1997 [269]
	831. No evaluation of service (technology only)


Table 2b: Characteristics of Excluded Studies: Economic 

	832. Study
	833. Main Reason for Exclusion

	834. Bonastre, et al., 2002 [270]
	835. No intervention or service costs 

	836. Chiang, et al., 1994 [271]
	837. No intervention or service costs 

	838. Chou et al., 2006 [272] 
	839. No intervention or service costs 

	840. Frick, et al., 2007  [53] 
	841. No intervention or service costs 

	842. Frick et al., 2005 [273]
	843. No intervention or service costs 

	844. Garattini et al., 2004 [274]
	845. No intervention or service costs 

	846. Gieser et al., 2006 [275]
	847. Wrong population 

	848. Grover, 2008 [276]
	849. No economics

	850. Honeycutt et al., 2004 [277]
	851. No intervention or service costs 

	852. Krumpaszky et al., 1992 [278] 
	853. No intervention or service costs 

	854. Kymes and Lee, 2007 [279]
	855. Methodology paper

	856. Lafuma et al .,2006, [280]
	857. No intervention or service costs 

	858. Lotery et al., 2007 [281]
	859. No intervention or service costs 

	860. McBroom et al. 1991[282]
	861. Wrong population Vocational rehab

	862. McIlwaine et al.,1991 [93]
	863. No intervention or service costs 

	864. Meads and Hyde, 2003 [52]
	865. No intervention or service costs 

	866. O'Neill et al., 2001 [283]
	867. No intervention or service costs 

	868. Rein et al., 2006 
 ADDIN EN.CITE 
[284]

	869. No intervention or service costs 

	870. Schmier et al., 2006 [248]
	871. No intervention or service costs 

	872. Sharma et al., 2004  [285]
	873. No intervention or service costs 

	874. Soubrane et al., 2007 [286]
	875. No intervention or service costs 

	876. Stelmack, 2005 [287]
	877. No economics

	878. Swanson et al., 1995 [288] 
	879. No economics

	880. Taylor et al., 2006 [289] 
	881. No intervention or service costs. All eye disease

	882. Taylor et al., 2007 [290] 
	883. Wrong population. All eye disease 

	884. Venkataraman and Herron, 2003 [291]
	885. No intervention or service costs 

	886. Wirth and Rein, 2008 [292]
	887. Wrong population 

	888. Wright et al., 2000  [293]
	889. No intervention or service costs 


Table 2c: Characteristics of Excluded Studies: Specific Patient Groups e.g. Children

	890. Study
	891. Main Reason for Exclusion

	892. Aki & Kayihan, 2003 [294]
	893. Not in English

	894. Alagaratnam et al., 2002 [295]
	895. No comparison made (before and after or between group)

	896. Boulton et al., 2006 [296]
	897. No comparison made (before and after or between group)

	898. Caballo and Verdugo, 2007 [297]
	899. No intervention

	900. Cochrane et al., 2008 [298]
	901. No intervention

	902. Dale et al., 2007 [299]
	903. No intervention

	904. D’Allura, 2002 [300]
	905. No service evaluated

	906. French, 2008 [301]
	907. No intervention

	908. Genensky et al., 1978 [302]
	909. No service evaluated (technology only)

	910. Gothwal et al., 2003 [118]
	911. No intervention

	912. Jan and Robinson, 1989 [67]
	913. No comparison made (before and after or between group)

	914. Joshi et al., 2008 [303]
	915. No comparison made (before and after or between group)

	916. Kapperman et al., 2002 [304]
	917. No comparison made (before and after or between group)

	918. Lee and Cho, 2007 [305]
	919. No comparison made (before and after or between group)

	920. Lennon et al., 2008 [306]
	921. No comparison made (before and after or between group)

	922. Lund and Gaigher, 2002 [307]
	923. No comparison made (before and after or between group)

	924. Murphy et al., 2008 [308]
	925. No service evaluated

	926. Parker et al., 2008 [309]
	927. Literature review

	928. Rahi et al., 2005 [310]
	929. No comparison made (before and after or between group)

	930. Ritchie et al., 1989 [311]
	931. No service evaluated (technology only)

	932. Robb, 2003 [312]
	933. No service evaluated

	934. Stuart et al., 2006 [313]
	935. No intervention

	936. Taras et al., 1993 [314]
	937. No service evaluated (training only)

	938. Tongue, 1980 [315]
	939. No comparison made (before and after or between group)

	940. Van Dijk, 2007 [316]
	941. No comparison made (before and after or between group)

	942. Vervloed et al., 2006 [317]
	943. No intervention

	944. Walther et al., 1994 [318]
	945. Not in English

	946. Warburg, 2001 [319]
	947. No comparison made (before and after or between group)

	948. Wilkinson and Stuart, 1996 [65]
	949. No comparison made (before and after or between group)

	950. Wilkinson et al., 2000 [320]
	951. No comparison made (before and after or between group)

	952. Williams, 1985 [321]
	953. Included patients with multiple disabilities

	954. Wong et al., 2006 [322]
	955. No service evaluated

	956. Wrzesinska et al., 2007 [323]
	957. Not in English

	958. Zannin et al., 1997 [324]
	959. No intervention


Table 3: Outcome Measures Employed by Studies

Objective Measures

	960. Tool
	961. Distance Visual Acuity

	962. Review studies using
	963. Margrain, 2000; Nilsson et al., 1986; Eklund et al., 2008; Virtanen and Laatikainen, 1991; Hiatt et al., 1963 
 ADDIN EN.CITE 
[56, 87, 94, 96, 325]



	964. Tool
	965. The Functional Visual Performance Test (FVPT)

	966. Aspect of function/status assessed
	967. Ability to perform standardised tasks

	968. Development
	969. Extension of earlier efforts to develop objective measure of functional vision

	970. Description
	971. Observer rated. Time and accuracy of patient's visual performance in standardised tasks assessed - spot reading, short-term text reading, identifying paper currency, clock reading. Correct response score 1 point, total points 0-3 per task (i.e. total 12).

	972. Psychometric characteristics
	973. Reliability and validity satisfactory on 21 patients.

	974. Comments/Refs to instrument design
	975. Turco et al., 1994 [326]

	976. Review studies using
	977. McCabe et al., 2000 [60]


	978. Tool
	979. Near Visual Acuity

	980. Review studies using
	981. Margrain, 2000; Nilsson et al., 1986; Virtanen and Laatikainen, 1991; Robbins and McMurray, 1988; Hiatt et al., 1963 
 ADDIN EN.CITE 
[56, 94, 96, 149, 325]



	982. Tool
	983. The Pepper Visual Skills for Reading Test (VSRT)

	984. Aspect of function/status assessed
	985. Reading speed and accuracy

	986. Description
	987. 3 versions of test prevent learning and allow pre- and post- test measures.

	988. Comments/Refs to instrument design
	989. Stelmack et al., 1987 [254]

	990. Review studies using
	991. Scanlan and Cuddeford, 2004 [142]


	992. Tool
	993. Reading Accuracy

	994. Review studies using
	995. Pankow et al., 2004 [64]


	996. Tool
	997. Reading Comprehension

	998. Review studies using
	999. Goodrich et al., 2006; Corn et al., 2002 
 ADDIN EN.CITE 
[70, 156]



	1000. Tool
	1001. Reading Speed

	1002. Review studies using
	1003. Goodrich et al., 2006; Pankow et al., 2004; Corn et al., 2002 
 ADDIN EN.CITE 
[64, 70, 156]



Functional Measures

	1004. Tool
	1005. The Daily Living Questionnaire (DLQ)

	1006. Aspect of function/status assessed
	1007. Assesses ability and confidence in everyday activities of increasing complexity

	1008. Development
	1009. Designed for Robbins & McMurray 1988. Chose items in areas where difficulty reported and assistance given to patients according to a patient survey, low vision centre staff and literature.

	1010. Description
	1011. Assessed ability and confidence in performing activities of daily living.

	1012. Psychometric characteristics
	1013. No validity/reliability data available

	1014. Comments/Refs to instrument design
	1015. Robbins and McMurray 1988 [149]

	1016. Review studies using
	1017. Robbins and McMurray 1988 [149]


	1018. Tool
	1019. Dependence level in ADL questionnaire

	1020. Aspect of function/status assessed
	1021. Assesses dependence level in ADL

	1022. Development
	1023. 4 well-defined IADL and 5 personal activities were selected from the literature.

	1024. Description
	1025. 9 dichotomous items (independent/dependent), cumulative score of 0-9 (9=dependent in all items)

	1026. Psychometric characteristics
	1027. Reliability and validity satisfactory 

	1028. Comments/Refs to instrument design
	1029. Sonn et al. 1991 [327]

	1030. Review studies using
	1031. Eklund et al. 2008 [87]


	1032. Tool
	1033. Functional Assessment Questionnaire (FAQ)

	1034. Aspect of function/status assessed
	1035. Assesses activity level of people with visual impairments

	1036. Development
	1037. Developed specifically to assess activity levels in people with visual handicap. Piloted on 129 veterans. 

	1038. Description
	1039. Items assess "independence" and "difficulty" in performing various activities, "felt loss" in not performing the activities, and "motivation to learn" the activities. 3 point rating scale.

	1040. Psychometric characteristics
	1041. Some evidence of reliability and validity. Rasch analysed to give interval scale.

	1042. Comments/Refs to instrument design
	1043. Becker et al., 1985 [328]

	1044. Review studies using
	1045. McCabe et al., 2000 [60]


	1046. Tool
	1047. Functional Assessment of Self-Reliance on Tasks; Clinician Rated scale (FAST-CR) and patient Self-Report scale (FAST-SR).

	1048. Aspect of function/status assessed
	1049. To assess ability to perform ADL and IADL

	1050. Development
	1051. Developed to assess change in functional status post vision rehabilitation. Based on pre-existing ADL and IADL instruments, items selected by treatment staff and questionnaire authors. 

	1052. Description
	1053. Clinician-rated and self-rated scoring of 11 items including food preparation, home safety, fine motor skills, personal management, leisure activities, financial management, personal communication, reading, travel, community mobility, shopping/indoor travel. 3 sub-scales (IADL, mobility, health promotion). 10 point scale (1=unable to perform task). Additive scoring. Clinician-rated scale assessed by consensus from treatment team. 

	1054. Psychometric characteristics
	1055. Internal consistency high (above 0.9 for all subscales). Comment that inter-rater reliability is ensured by reaching consensus score within rehabilitation team. 

	1056. Comments/Refs to instrument design
	1057. Babcock-Parziale et al. 2005 
 ADDIN EN.CITE 
[329]


	1058. Review studies using
	1059. McKnight et al., 2007 (FAST-CR and SR); Head 2000 (FAST-CR) [84, 155]


	1060. Tool
	1061. Functional Independence Measure for Blind Adults (FIMBA) 

	1062. Aspect of function/status assessed
	1063. Assessment of activities of daily living and psychosocial status.

1064. 

	1065. Development
	1066. Developed to assess outcomes of veterans at a low vision rehabilitation centre and to plan individualised rehabilitation programmes. Focus groups used to identify important items for questionnaire. 

	1067. Description
	1068. Consists of pre-admission interview and post-discharge interview. Assessment of 32 activities (23 ADLs and IADLs, 3 activities associated specifically with the use of low vision devices, and 6 psychosocial items). Assessed on frequency, ease (or difficulty), and satisfaction. 4 point response scale. 

	1069. Psychometric characteristics
	1070. Focus groups used to establish content validity. Limited reliability and validity data available.

	1071. Comments/Refs to instrument design
	1072. Long et al., 2000 [330]

	1073. Review studies using
	1074. Pankow et al., 2004 [64]


	1075. Tool
	1076. Functional Vision Status Questionnaire (FVSQ)

	1077. Aspect of function/status assessed
	1078. To assess subjective impairment severity

	1079. Development
	1080. Developed as part of an educational and outreach project for older people in the community to facilitate early identification of vision problems and referral for comprehensive clinical evaluations.

	1081. Description
	1082. 15-item index. Items assess difficulty associated with specific functional areas e.g. reading newspaper print. Potential scores 0-15.

	1083. Psychometric characteristics
	1084. Good internal consistency (Cronbach's alpha 0.78)

	1085. Comments/Refs to instrument design
	1086. Horowitz et al., 1991; Horowitz 1998 [331, 332]

	1087. Review studies using
	1088. Horowitz et al., 2005 [42]


	1089. Tool
	1090. Independent Living Pre-Programme Assessment and Post-Programme assessment (ILPPA) 

	1091. Aspect of function/status assessed
	1092. Assesses ability to perform ADL thought to be critical for independent living among blind individuals.

	1093. Development
	1094. From Functional Assessment Report (Crews 1991). The FAR was refined in 1995, reducing tasks evaluated from 58 to 41 and changing demographic info section. ILPPA rating scale aggregated into logical ordinal hierarchy comprising 4 levels of task performance (4 = no difficult, 1 = incapacity), and a 3-point scale for independence (3 = autonomous, 2=human assisted, 1= non-performance) 

	1095. Description
	1096. Ability to perform 41 specific daily living tasks assessed based on interview, observation, demonstration and rehabilitation worker's professional judgement. 

	1097. Psychometric characteristics
	1098. Content validity evidenced by inclusion of tasks identified by literature as relevant ADL and IADL domains. Items selected for tool by factor analysis. Sub-scale reliability and factoral validity assessed. 

	1099. Comments/Refs to instrument design
	1100. Stephens et al., 2001; Crews et al., 1991 [122, 333]

	1101. Review studies using
	1102. Stephens et al., 2001; Rogers et al., 2000 [122, 143]


	1103. Tool
	1104. Independent Living Assessment Inventory

	1105. Aspect of function/status assessed
	1106. Assesses capacity for and performance of independent living skills

	1107. Description
	1108. 47-item inventory. Subsections: travel and movement skills, daily living skills-I, visual functioning for near and distance tasks, communication skills, daily living skills-II. Capacity assessed on a 4-point scale, (0=no difficulty, 3=incapacity). Mode of performance assessed on 6-point scale (1=performing task alone, 6=having no desire to perform a task)

	1109. Review studies using
	1110. Farish & Wen, 1994 [89]


	1111. Tool
	1112. Manchester Low Vision Questionnaire (MLVQ)

	1113. Aspect of function/status assessed
	1114. Task analysis and patterns of LVA use.

	1115. Development
	1116. Designed to evaluate outcomes of low vision rehabilitation. Items identified through low vision literature, existing questionnaires and discussions with experts in low vision. 

	1117. Description
	1118. Section 1: Process measures (frequency of use, length of continuous use and ease of use of the LVAs); rated importance of LVAs; satisfaction with the LVAs, explanations given and visits to the clinic. Section 2: Task specific (use of magnifier in ADLs, the relative importance to the subject of tasks and the helpfulness of LVAs in permitting the task to be carried out. Mainly 5 point response scale (and dichotomous responses). 

	1119. Psychometric characteristics
	1120. Piloted on patients on 56 subjects with age-related macular degeneration (ARMD). Test-retest reliability of the questionnaire satisfactory. Content validity study check via interviews with 9 patients with ARMD. 

	1121. Comments/Refs to instrument design
	1122. Harper et al., 1999 [207]

	1123. Review studies using
	1124. Russell et al. 2001 & Reeves et al, 2004; Hinds et al., 2003 
 ADDIN EN.CITE 
[75, 79, 163]



	1125. Tool
	1126. Melbourne Low Vision ADL Index (MLVAI)

	1127. Aspect of function/status assessed
	1128. Assesses ADL performance

	1129. Development
	1130. Designed for a low-vision population.

	1131. Description
	1132. 25 items: 16 observed items on complex IADLs and 9 self-reported items on broad self-care ADLs. 5 level score rating based on speed, independence and accuracy of performance. Summed to give score out of 100. Standardised instructions. All but 2 observed items performed at 25cm with habitual specs. 

	1133. Psychometric characteristics
	1134. Validity and reliability satisfactory for the general low vision population (Cronbach's alpha 0.96). 

	1135. Comments/Refs to instrument design
	1136. Haymeset al., 2001[334] 

	1137. Review studies using
	1138. Haymes et al., 2001 [59]


	1139. Tool
	1140. Older Americans Resources and Services (OARS) Multidimensional Functional Status Questionnaire

	1141. Aspect of function/status assessed
	1142. To assess disability in ADL

	1143. Development
	1144. Designed as a means of determining the impact of services and alternative service programs on the functional status of older persons - not vision specific. 

	1145. Description
	1146. Modified version used by studies included 7 personal and 11 instrumental ADLs. 4 items added to specifically address functional tasks affected by vision loss. 3 point rating scale.

	1147. Psychometric characteristics
	1148. Good internal consistency (Cronbach's alpha 0.86). Substantial validity and reliability information available for the original version [335]

	1149. Comments/Refs to instrument design
	1150. Centre for the Study of Aging and Human Development, 1975

	1151. Review studies using
	1152. Horowitz et al., 2005; Boerner et al., 2006 (same study); Horowitz et al., 2006 
 ADDIN EN.CITE 
[42, 100, 139]



	1153. Tool
	1154. Patient-Based Assessment of Difficulty in Mobility

	1155. Aspect of function/status assessed
	1156. To measure perceived visual ability for independent mobility

	1157. Development
	1158. Developed to assess patients with RP, validated for glaucoma

	1159. Description
	1160. Subjects rate on a scale of 1 (“no difficulty") to 5 ("extreme difficulty") the level of difficulty they experienced in each of 35 mobility situations when they did not have an accompanying person or mobility aid to assist them. 

	1161. Psychometric characteristics
	1162. Good construct and content validity and high reliability scores for patients with glaucoma and RP.

	1163. Comments/Refs to instrument design
	1164. Turano et al., 1999; 2002 
 ADDIN EN.CITE 
[336, 337]


	1165. Review studies using
	1166. Kuyk et al., 2004 [148]


	1167. Tool
	1168. Perceived security in performing ADL

	1169. Aspect of function/status assessed
	1170. Assesses perceived security/insecurity in performing ADL

	1171. Development
	1172. ADL items were based on focus group information from people with AMD, focus groups were then used to discuss face validity and coverage.

	1173. Description
	1174. Self-administered questionnaire. Patients assess their performance in different tasks, without help from other people, at that point in time. 28 items in 7 domains (meals, self-care and care of clothing, communication, cleaning, mobility, shopping, financial management). Rated security on 4 point scale (1= very insecure, 4=very secure). Miss out any items they do not perform.

	1175. Psychometric characteristics
	1176. Test-retest study showed that the ADL-instrument had a high level of test-retest stability.  14 items showed responsiveness to rehabilitation programme [338].

	1177. Comments/Refs to instrument design
	1178. Dahlin Ivanoff et al., 2001 [338]

	1179. Review studies using
	1180. Eklund et al., 2004 & Dahlin-Ivanoff et al., 2002 
 ADDIN EN.CITE 
[86, 88]



	1181. Tool
	1182. Reading Behaviour Inventory (RBI)

	1183. Aspect of function/status assessed
	1184. To assess difficulty reading items read on a daily/weekly basis, and frequency of reading, satisfaction with reading etc. 

	1185. Development
	1186. Developed as a targeted outcome measure of a low vision reading rehabilitation programme. 

	1187. Description
	1188. Items include materials currently read on daily/weekly basis, 1-5 scale of difficulty reading (5=least difficult), time spent reading each day, satisfaction with current ability to read (5=most satisfied), comparison with reading ability 2 months previously (5=much better, 1=much worse).

	1189. Psychometric characteristics
	1190. No validity/reliability data available

	1191. Comments/Refs to instrument design
	1192. Goodrich et al. 2006 [70]

	1193. Review studies using
	1194. Goodrich et al. 2006 [70]


	1195. Tool
	1196. Veterans’ Affairs Low Vision Visual Function Questionnaire (VA LV VFQ-48)

	1197. Aspect of function/status assessed
	1198. Assesses functional ability of low vision patients

	1199. Development
	1200. Designed to measure outcomes in a general population of low vision patients.  Addresses practical tasks that a low vision service might improve. Clinicians, rehabilitation specialists, scientists, research staff and persons with visual loss contributed to item development and selection. 

	1201. Description
	1202. 48 items, 4 domains (reading, mobility, visual information, visual-guided motor behaviour). Participants rated the difficulty of each item using the
ordered response categories: (1) not difficult, (2) slightly/moderately difficult, (3) extremely difficult, and (4) impossible

	1203. Psychometric characteristics
	1204. Validity and reliability good [339]

	1205. Comments/Refs to instrument design
	1206. Stelmack et al., 2004; 2006 
 ADDIN EN.CITE 
[121, 339]


	1207. Review studies using
	1208. Stelmack et al. 2006; 2007; 2008 
 ADDIN EN.CITE 
[61, 72, 130]



	1209. Tool
	1210. Visual Function Questionnaire (VF-14)

	1211. Aspect of function/status assessed
	1212. To assess performance of vision-related activities

	1213. Development
	1214. Developed to assess patients with cataract. Evaluated for corneal grafts, retinal disease and AMD patients. 

	1215. Description
	1216. Difficulty in performing 14 vision related activities assessed. Scored 0-4 (4=no difficulty), sixth response = not applicable. Ratings are averaged and multiplied by 4 to get score out of 100.  Items include different types of reading, recognizing people, seeing steps, curbs etc., reading traffic, street signs etc., doing fine handiwork, writing cheques & filling in forms, games, sports, cooking, TV, driving (daytime and night-time).

	1217. Psychometric characteristics
	1218. Weakly correlated with VA, and more strongly with Sickness Impact Profile (SIP) and vision related Sickness Impact Profile (construct validity). Re-evaluated using Rasch analysis to obtain interval scale. Generally good content validity and reproducibility.

	1219. Comments/Refs to instrument design
	1220. Steinberg et al., 1994 [110]

	1221. Review studies using
	1222. Scott et al., 1999 [147]


Vision-Related Quality-of-life
	1223. Tool
	1224. The Impact of Vision Impairment (IVI) profile

	1225. Aspect of function/status assessed
	1226. Assesses functional, social and psychological factors.

	1227. Development
	1228. To assess vision rehabilitation needs. Used focus groups to ensure range of items relevant and important to people with impaired vision. Based on previously validated questionnaire. 

	1229. Description
	1230. 32 items assessing level of restriction of participation in common daily experiences. Five domains. Participants asked how many times their eyesight had interfered with an activity in the past month. Answers from "not at all" (0) to "all the time" (5), or "don't do because of other reasons (8). Total and domain scores arithmetic mean of ratings for applicable items. 

1231. Also available 28-item questionnaire with 4 category response scale for 26 items and 3 category scale for 2 items. Three sub-scale structure (mobility and independence, emotional well-being, reading and assessing information). Higher IVI scores indicate less impairment. 

	1232. Psychometric characteristics
	1233. Content validity good, showing effective item reduction, subscale grouping and internal consistency. Reproducibility was also satisfactory. 

	1234. Comments/Refs to instrument design
	1235. Hassell et al., 2000; Weih et al., 2002 
 ADDIN EN.CITE 
[340, 341]


	1236. Review studies using
	1237. Lamoreaux et al., 2007 [58]


	1238. Tool
	1239. 13-item QOL measure

	1240. Aspect of function/status assessed
	1241. Assesses QOL factors which are adversely affected by loss of sight and directly addressed by non-vocational personal adjustment programmes

	1242. Development
	1243. Review of literature on problems of adults who are visually impaired and opinion of experts in field used to determine content validity. 

	1244. Description
	1245. Two versions (pre-test, including detailed instructions for interviewer, and post-test). 13 question survey, mainly functional, 2 more QOL (areas covered: using remaining vision effectively, able to read what I want, able to communicate, capable of preparing own meals, able to take care of daily needs, often leaving property without help, able to walk with safety and confidence, able to orientate and know where going, social interaction, hobbies and leisure activities, able to work with hands on fine tasks, able to help with chores, an asset to family and community). Rated 1-4 (strongly disagree-strongly agree)

	1246. Psychometric characteristics
	1247. Not specified

	1248. Comments/Refs to instrument design
	1249. Designed by Elliott and Kuyk for Veterans’ Affairs Blind Rehabilitation Centre

	1250. Review studies using
	1251. Elliot and Kuyk (1994) [63]


	1252. Tool
	1253. Low Vision Quality-of-life Questionnaire (LVQOL)

	1254. Aspect of function/status assessed
	1255. Assesses functional, social and psychological aspects of quality-of-life in persons with low vision.

	1256. Development
	1257. Designed as a vision-specific quality-of-life assessment tool to evaluate low-vision rehabilitation services. Items selected through assessment of previous questionnaires by low-vision rehabilitation professionals and patients. After pre-testing, items that were unreliable, internally inconsistent, redundant, or not relevant were excluded.

	1258. Description
	1259. 25-items, 5 sub sections (general vision, mobility and lighting issues, psychological adjustment, reading and fine work, activities of daily living). Each item rated 1-5 in terms of scale of problem (1 = great problem, 5 = no problem). Summed score between 0 (a low quality-of-life) and 125 (a high quality-of-life). Linearity of scaling not assessed. Scores correlated to best corrected VA and contrast sensitivity. 

	1260. Psychometric characteristics
	1261. High internal consistency (alpha = 0.88), good item reduction and subscale grouping. Satisfactory reliability. The average LVQOL score for a population with low vision significantly lower than the average score of those with normal vision and rehabilitation improved the LVQOL score of those with low vision.

	1262. Comments/Refs to instrument design
	1263. Wolffsohn and Cochrane, 2000 [105]

	1264. Review studies using
	1265. deBoer et al. 2006; Wolffsohn and Cochrane, 2000; Wolffsohn et al, 2000;Van Nispen et al., 2007 
 ADDIN EN.CITE 
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	1266. Tool
	1267. Measure of Functional and Psychosocial Outcomes of Blind Rehabilitation

	1268. Aspect of function/status assessed
	1269. Assesses QOL, as measured by functional capacity, feelings of self-worth and self-confidence.

	1270. Development
	1271. Produced a list of QOL factors i) adversely affected by loss of sight and ii) directly addressed by non-vocational personal adjustment programmes. Review of literature, and expert opinion used to develop items. 

	1272. Description
	1273. 13 questions stated in first person e.g. "In my daily life at home I am capable of preparing my own meals", respondent asked to rate on 4 point scale from strongly agree to strongly disagree. Domains include orientation and mobility, independent living skills, communications and leisure pursuits. 

	1274. Psychometric characteristics
	1275. Test-retest reliability and content validity satisfactory.

	1276. Comments/Refs to instrument design
	1277. Elliot and Kuyk 1994 [63]

	1278. Review studies using
	1279. La Grow et al., 2004 (modified version); Elliott and Kuyk, 1994 [63, 129]


	1280. Tool
	1281. NEI-VFQ (National Eye Institute Visual Function Questionnaire) 51 item

	1282. Aspect of function/status assessed
	1283. Assesses the effect of visual disability on health-related quality-of-life (including functional, social, psychological and physical elements)

	1284. Development
	1285. Designed by the Rand Institute, contracted by the National Eye Institute, to provide VR QOL instrument suitable for wide range of conditions, and covering wide range of health-related QOL domains. Items selected through focus groups with patients with range of conditions. 

	1286. Description
	1287. 52 items. 13 domains (general health, general vision, ocular pain, vision expectations, near vision, distance vision, social problems, mental health, role problems, dependency, driving, peripheral vision, colour vision). Responses are difficulty, frequency or agreement ratings (5 or 6 categories). Subscales scored 1-100 (100 best score). 

	1288. Psychometric characteristics
	1289. Validation and repeatability studies showed moderate to high internal consistency for all items (Cronbach's alpha above 0.9 for some subscales, indicating redundancy of items), but factor analysis by Massof and Rubin suggested that only 4 domains are required (not 13). Good test-retest reliability for near activities, distance activities, dependency, general vision, role difficulties, social function and mental health, but was poor for the other 6 domains. Some items were strongly correlated with binocular VA, VF-14, ADVS (construct validity). Only the general health domain correlated strongly with SF-36 scores. 

	1290. Comments/Refs to instrument design
	1291. Mangione, 1998 
 ADDIN EN.CITE 
[342]


	1292. Review studies using
	1293. Scott et al., 1999 [147]


	1294. Tool
	1295. NEI-VFQ (National Eye Institute Visual Function Questionnaire) 25 item (+appendix questions) 

	1296. Aspect of function/status assessed
	1297. Assesses the effect of visual disability on health-related quality-of-life (including functional, social, psychological and physical elements)

	1298. Development
	1299. Designed to be a shorter version of the NEI-VFQ-51 item questionnaire, placing less of a response burden on patients and increasing responsiveness. Responses of 859 people to NEI-VFQ-51 were analysed. Items kept had low missing data rates, represented all fields of original questionnaire, showed close to normal distribution, and explained the greatest amount of variance in linear regression.

	1300. Description
	1301. 25 items in 11 vision-related domains (expectations subscale has been removed) and an additional single-item general health rating question. 5-6 response categories per item. Subscale scores an average of the item scores in the subscale transformed to a 0 to 100 scale, where (100 represents best possible score). Composite score average of the scores on the 11 vision-related subscales.

	1302. Psychometric characteristics
	1303. Content validity good on item selection and reduction. Satisfactory construct validity. 

	1304. Comments/Refs to instrument design
	1305. Mangione, 2001 [113]

	1306. Review studies using
	1307. Kuyk et al., 2008; La Grow et al., 2004; Scanlan and Cuddeford, 2004; Stelmack et al., 2006; Stelmack et al., 2002 
 ADDIN EN.CITE 
[72, 85, 90, 129, 142]



	1308. Tool
	1309. Vision Quality-of-life Core Measure (VCM1) 

	1310. Aspect of function/status assessed
	1311. Assesses vision-related quality-of-life (psychological and social aspects).

	1312. Development
	1313. Interviewed patients with visual impairments to identify issues for questionnaire, which were then reduced after pilot studies to assess consistency, validity and reliability.

	1314. Description
	1315. 10-items: embarrassment, anger, depression, loneliness, fear of deterioration in vision, safety at home, safety outside the home, coping with everyday life, inability to do preferred activities, life interference. One domain. Rated 0 = no problem to 5 = extreme problem (6 point scale)

	1316. Psychometric characteristics
	1317. Internal consistency high, (Cronbach's alpha 0.93 - possible redundancy of items). Strong correlation between VCM1 score and binocular VA, contrast sensitivity and VF-14 score. Good reliability for individual items and instrument. 

	1318. Comments/Refs to instrument design
	1319. Frost et al. 1998 [112]

	1320. Review studies using
	1321. deBoer et al.; Russell et al. 2001 & Reeves et al, 2004; Van Nispen et al., 2007; Hinds et al., 2003 
 ADDIN EN.CITE 
[75, 79, 83, 138, 163]



Mood/Psychological 

	1322. Tool
	1323. Adaptation to Age-Related Visual Loss (AVL) scale 

	1324. Aspect of function/status assessed
	1325. Assesses psychosocial adjustment to vision loss

	1326. Development
	1327. Developed for visually impaired patients. 

	1328. Description
	1329. 24 statements, dichotomous agree/disagree response. Overall life satisfaction rated on 4 point scale (higher score = more satisfied) and feelings of depression rated on 5 point scale (higher score = more depressed). Assessment of disability in 3 areas of everyday functioning rated on 4 point scale (higher score = greater disability). 

	1330. Psychometric characteristics
	1331. Scale shown to have satisfactory internal consistency and reliability and to show positive relationship with global life satisfaction and negative relationship with depression. 

	1332. Comments/Refs to instrument design
	1333. Horowitz and Reinhardt 1998 [331]

	1334. Review studies using
	1335. Horowitz et al., 2000 [69]


	1336. Tool
	1337. Centre for Epidemiological Studies Depression Scale (CES-D)

	1338. Aspect of function/status assessed
	1339. Measures self-reported symptoms associated with depression experienced in the past week in the general population

	1340. Development
	1341. Items selected from a pool of items from previously validated depression scales. The main components of depressive symptomatology identified from clinical literature and factor analyses. Higher scores indicate more depressive symptoms (16+ considered cut-off for depressive symptoms).

	1342. Description
	1343. 20 items, 6 scales reflecting major dimensions of depression: depressed mood, feelings of guilt and worthlessness, feelings of helplessness and hopelessness, psychomotor retardation, loss of appetite, and sleep disturbance. 4 point likert scale. 

	1344. Psychometric characteristics
	1345. The CES-D has been shown to be a reliable measure for assessing the number, types, and duration of depressive symptoms across racial, gender, and age categories. High internal consistency (alpha coefficients ranging from 0.80 to 0.90). Content validity evidenced by clinical and self-report criteria, substantial evidence of construct validity. 
 ADDIN EN.CITE 
[343-345]


	1346. Comments/Refs to instrument design
	1347. Radloff, 1977 [344]

	1348. Review studies using
	1349. Stelmack et al, 2008; Horowitz et al., 2005; Horowitz et al., 2006; Engel et al. 2000; Kuyk et al., 2004 
 ADDIN EN.CITE 
[42, 61, 99, 100, 148]



	1350. Tool
	1351. Coopersmith self-esteem inventory

	1352. Aspect of function/status assessed
	1353. Assesses self-esteem

	1354. Development
	1355. Developed to assess attitude toward oneself in general, and in specific contexts: peers, parents, school, and personal interests. Adult version later developed. 

	1356. Description
	1357. 50 items, dichotomous rating scale ("like me" or "unlike me") in response to statements.

	1358. Psychometric characteristics
	1359. Satisfactory reliability (internal consistency and test-retest) and validity (convergent and discriminant) information.

	1360. Comments/Refs to instrument design
	1361. Coopersmith, 1967; Blascovich & Tomaka, 1991 [346, 347]

	1362. Review studies using
	1363. Kuyk et al. 2008 [90]


	1364. Tool
	1365. Elderly Care Research Center (ECRC) Coping Scale 

	1366. Aspect of function/status assessed
	1367. Assesses types of coping strategies in older people

	1368. Development
	1369. Modification of scale developed for assessing college students. 

	1370. Description
	1371. 3 subscales: instrumental, affective, escape/distraction. Rated on 4 point scale how likely to use coping items. 

	1372. Psychometric characteristics
	1373. Internal consistency and reliability satisfactory.

	1374. Comments/Refs to instrument design
	1375. Kahana et al., 1987 [348]

	1376. Review studies using
	1377. Boerner et al., 2006 [139]


	1378. Tool
	1379. Geriatric Depression Scale (GDS)

	1380. Aspect of function/status assessed
	1381. Distinguishes between normal, mildly and severely depressed elderly adults. 

	1382. Development
	1383. Developed as a basic screening measure for depression in older adults. 100 items selected by experts were pre-tested, and those with closest correlation to total score chosen. 

	1384. Description
	1385. 30 item, dichotomous scale. 15 item scale also available.

	1386. Psychometric characteristics
	1387. Satisfactory reliability and validity. High degree of internal consistency. Mean scores for those classified as normal, mildly depressed and severely depressed correlated well with research diagnostic criteria (RDC) for depression.

	1388. Comments/Refs to instrument design
	1389. Yesavage et al. 1982 [349]

	1390. Review studies using
	1391. Robbins & McMurray 1988 [149]


	1392. Tool
	1393. Hope Scale

	1394. Aspect of function/status assessed
	1395. Assesses levels of hope

	1396. Development
	1397. Developed as a dispositional self-report measure of hope 

	1398. Description
	1399. 12-item questionnaire. Each statement rated from 1, "definitely false," to 4, "definitely true." Four items each comprise the Agency scale (goal-directed determination) and the Pathways scale (planning of ways to meet goals)

	1400. Psychometric characteristics
	1401. Satisfactory internal consistency and test-retest reliability. Factor analysis supports the subgroups. Satisfactory validity. Construct validity demonstrated in regard to predicted goal-setting behaviors.

	1402. Comments/Refs to instrument design
	1403. Snyder, 1991; Jackson et al., 1998 
 ADDIN EN.CITE 
[350, 351]


	1404. Review studies using
	1405. Kuyk et al. 2008 [90]


	1406. Tool
	1407. Minnesota Multiphasic Personality Inventory  (MMPI)

	1408. Aspect of function/status assessed
	1409. Assesses mental health in adults

	1410. Development
	1411. Developed by Rand Corporation to assess mental health in adult US population.

	1412. Description
	1413. Self-report questionnaire. 43 items, addressing feelings/behaviours during past month. 5-6 graded response options. Provides total mental health index (MHI), and subscales of psychological distress (PSYDS) and psychological well-being (PWB)

	1414. Psychometric characteristics
	1415. Reliability and validity well-documented (Veit & Ware, 1983) [352]. Used as mental health measure for patients with chronic illness. 

	1416. Comments/Refs to instrument design
	1417. Brook et al., 1979 [353]

	1418. Review studies using
	1419. Bernbaum et al. 1988 [40]


	1420. Tool
	1421. Nottingham Adjustment Scale (NAS) and NAS2

	1422. Aspect of function/status assessed
	1423. Assesses psychological adjustment to vision loss.

	1424. Development
	1425. Developed for low vision patients. Modified in 1993 to reduce redundant items.

	1426. Description
	1427.  NAS-1: 55 item questionnaire; 7 sub-sections: anxiety/depression, self-esteem, self-efficacy, locus of control, acceptance of impairment, attitudes to blindness, attributional style. Modified (Dodds et al., 1993) to 47 items, locus of control and attributional style subsections eliminated. 7 response categories. 

	1428. Psychometric characteristics
	1429. Little assessment of psychometric properties - principal component analysis used to group subscales. No measure of reliability. Linearity of scaling not assessed. 

	1430. Comments/Refs to instrument design
	1431. Dodds et al., 1991; 1993 
 ADDIN EN.CITE 
[151, 152]


	1432. Review studies using
	1433. Russell et al. 2001 & Reeves et al, 2004; Pankow et al. 2004; Dodds et al., 1993 
 ADDIN EN.CITE 
[64, 75, 152, 163]



	1434. Tool
	1435. Rosenberg Self-Esteem Scale

	1436. Aspect of function/status assessed
	1437. Assesses attitudes towards the self along a favourable to unfavourable dimension

	1438. Development
	1439. Developed as a self-esteem measure. 

	1440. Description
	1441. 10 item Likert type scale. Higher score indicates lower self-esteem.

	1442. Psychometric characteristics
	1443. Face validity, reliability (internal consistency and test-retest) and validity (convergent and discriminant) satisfactory [346]

	1444. Comments/Refs to instrument design
	1445. Robsinson & Shaver 1972 [354]

	1446. Review studies using
	1447. Bernbaum et al. 1988 [40]


	1448. Tool
	1449. Zung self-rating depression scale

	1450. Aspect of function/status assessed
	1451. Quantifies the depressed status of a patient.

	1452. Development
	1453. Designed at Duke University by Dr Zung to assess the level of depression for patients with a depressive disorder.

	1454. Description
	1455. Self-rated, 20 items representing commonly found characteristics of depression, including vegetative signs and subjective complaints of depression. 4 response options. 

	1456. Psychometric characteristics
	1457. Construct validity demonstrated (correlated well with the treating physician's global rating and Hamilton rating scale in depressed patients). Sensitivity adequate (able to differentiate four severity groups classified on the basis of the global rating) [355]. Reliability also satisfactory [356].

	1458. Comments/Refs to instrument design
	1459. Zung, 1965; Biggs et al., 1978 
 ADDIN EN.CITE 
[355, 357]


	1460. Review studies using
	1461. Bernbaum et al. 1988


General Health Related Quality-of-life
	1462. Tool
	1463. Euroqol thermometer

	1464. Aspect of function/status assessed
	1465. Assesses perceived general health related QOL

	1466. Development
	1467. Developed as a standardised, non-disease-specific instrument for describing and valuing health states. The Euroqol group conducted postal surveys across Europe to determine the relative values put on different health states. 

	1468. Description
	1469. A part of the Euroqol tool - also consists of a 5 item survey (EQ5D). The 'thermometer' is a visual analogue scale like a thermometer. For the visual analogue scale, participants draw a line from a box to the point on the thermometer-like scale corresponding to their health state, 0-100 (100 = Best health state)

	1470. Psychometric characteristics
	1471. Test-retest repeatability [104]; internal consistency [358]; construct validity i.e. related to SF-36 scores [359]; and responsiveness [358] have been reported.

	1472. Comments/Refs to instrument design
	1473. Euroqol Group, 1990 [360]

	1474. Review studies using
	1475. de Boer et al., 2006 [83]
1476. 


	1477. Tool
	1478. Medical outcomes Short Form SF-36 

	1479. Aspect of function/status assessed
	1480. Health-related QOL measure (multipurpose short form health survey)

	1481. Development
	1482. 8 health concepts selected from 40 included in the Medical Outcomes Study (chosen to be those most frequently measured in health surveys, and those most susceptible to change by disease or treatment) . Designed to meet minimum necessary psychometric requirements for group comparisons. 

	1483. Description
	1484. 36 items; 8 sub-scales related to general health, each scored 1-100 (100 best possible score). There are 2 summary scales (mental - subscales: vitality; social functioning; role-emotional; mental health; physical - subscales physical functioning; role-physical; bodily pain; general health)

	1485. Psychometric characteristics
	1486. Well characterised. See Australian Health Outcomes
Collaboration (AHOC) Instrument Review (2005) for details [361].

	1487. Comments/Refs to instrument design
	1488. Ware et al., 1992 [103]

	1489. Review studies using
	1490. Scott et al. 1999; Russell et al. 2001 & Reeves et al, 2004; Eklund et al., 2008 
 ADDIN EN.CITE 
[75, 87, 147, 163]



	1491. Tool
	1492. Medical outcomes Short Form SF-12

	1493. Aspect of function/status assessed
	1494. Assesses health-related QOL measure (multipurpose short form health survey)

	1495. Development
	1496. 12 items chosen from the SF-36 Health Survey to produce a brief version, which still contained the Physical Component Summary and Mental Component Summary scales.

	1497. Description
	1498. Includes 12 items from the SF-36: 2 concerning physical functioning; 2 questions on role-physical; 1 question on bodily pain; 1 question on general health perceptions; 1 question on vitality; 1 question on social functioning; 2 questions on role-emotional; 2 questions on general mental health.

	1499. Psychometric characteristics
	1500. Predicted well the Mental and Physical Component summaries of the SF-36 survey. Good test-retest repeatability. Less able to distinguish between disease groups than the SF-36 [362].

	1501. Comments/Refs to instrument design
	1502. Ware et al., 1996 [362]

	1503. Review studies using
	1504. Lamoreaux et al., 2007; Kuyk et al. 2008; Kuyk et al., 2004 
 ADDIN EN.CITE 
[58, 90, 148]



	1505. Tool
	1506. NEI-VFQ health status survey

	1507. Aspect of function/status assessed
	1508. To determine non-ophthalmic co-morbidities.

	1509. Development
	1510. As addendum to NEI-VFQ vision related QOL tool.

	1511. Description
	1512. Patients asked if they suffer from any of 16 health conditions.

	1513. Psychometric characteristics
	1514. NA

	1515. Comments/Refs to instrument design
	1516. Mangione et al., 1998 
 ADDIN EN.CITE 
[342]


	1517. Review studies using
	1518. Scott et al. 1999 (added a scale to the comorbidity assessment) [147]


	1519. Tool
	1520. 12-item QOL instrument

	1521. Aspect of function/status assessed
	1522. Assesses QOL by addressing vision attributable limitations important to ADL

	1523. Description
	1524. Questionnaire. 12-items, 4 sub-scales (self-care, mobility, social, mental). Difficulty for each item graded from 1 (not at all) to 4 (a lot). Composite score for each subscale obtained by expressing cumulative total as fraction of total possible score, then converting so that a score of 100 = no difficulty, and 0 = maximum difficulty. 

	1525. Psychometric characteristics
	1526. Validity, responsiveness, reliability, reproducibility, acceptability, interview length, general comprehension all satisfactory (Fletcher et al., 1997)

	1527. Comments/Refs to instrument design
	1528. Fletcher et al., 1997 [363]

	1529. Review studies using
	1530. Vijaykumar et al., 2004 [154]


	1531. Tool
	1532. Single item QOL measure

	1533. Psychometric characteristics
	1534. Single item grading overall quality-of-life in the past 6 months.

	1535. Review studies using
	1536. La Grow et al., 2004 [129]


Appendix 3: Risk of Bias Table
Table 1: Risk of bias in included studies

	Study
	Study Design
	Recruitment/ randomisation / sequence generation / allocation concealment
	Masking of participants / personnel
	Incomplete outcome data / outcome reporting
	Other sources of bias

	Aki and Atasavun 2007  [160] 
	BA 
	Not clear how participants were allocated to groups. Not clear whether all patients meeting inclusion criteria were invited to enrol, whether any declined, and what differences were between participants and non participants.
	Not clear
	No details of any participant drop out.
	None apparent

	Bernbaum et al., 1988 [40] 
	BA 
	Non-randomised study. Not clear whether all patients meeting inclusion criteria were invited to enrol, whether any declined, and what differences were between participants and non participants.
	Research staff carried out interviews, not health care professionals i.e. those carrying out interviews not involved in providing intervention.
	No drop out of participants reported or details given of any who did not participate.
	No untreated control group. Very small sample size, therefore comparisons should be made with caution.

	Boerner et al., 2006 [42, 139]  
	BA 
	See Horowitz et al.,  2005
	See Horowitz et al.,  2005
	See Horowitz et al.,  2005
	See Horowitz et al.,  2005

	Corn et al 2002 [156] 
	BA 
	Non randomised study. Not clear whether all eligible students invited to participate. 
	Not clear who collected outcome data. 
	N=55 not prescribed magnifiers. 
	No untreated control group.

	Crossland et al., 2007 [57]
	BA 
	Non- randomised study. Not reported how eligible patients were chosen for inclusion, how many were invited to participate and declined, and what the characteristics were of those that declined (if any did)
	Psychologist administering interview was not part of the low vision clinic, and did not analyse the data. Data were analysed by optometrists who were part of the clinic, but tapes were anonymous.
	No patients were reported to withdraw from the study. 
	Qualitative not quantitative data.

	Dahlin Ivanoff et al., 2002 [86]NB/ same study as Eklund 2004 and 2008 but different follow-up period. 
	RCT
	Subjects were randomised to 2 groups using randomisation table. Consecutive subjects referred to LV clinic for the first time were invited to participate.
	No masking, but occupational therapists carrying out questionnaires were not involved with treatment.
	N=347 invited to participate, N=253 participated, N=187 continued to 4 month follow up. Gave details of reasons for dropping out. Compared demographic/ baseline characteristics of those who participated and those who did not. Means and SDs not given therefore effect size could not be calculated.

The analysis was on ‘an available case’ basis rather than ‘intention to treat’.  
	No untreated control group. 

	DeBoer et al., 2006 [83]
	CBA 
	Non randomised study. Subjects allocated according to geography therefore confounding by indication unlikely. No difference in age, gender or logMAR between those who chose to participate, and those who didn't.
	Participants and clinical staff not masked to group. Not specified whether staff carrying out questionnaires were masked. 
	Loss of subjects to follow up (27.4%) was reported, and was not related to intervention type. Reasons for drop out were reported, and comparisons of baseline data made between completing and non-completing individuals.
	Considered potential confounders such as age and gender differences between groups. Other potential confounding effects e.g. differences in mobility in two groups, not accounted for.

	Dodds et al., 1993 [152]
	BA 
	Non randomised study. Not clear whether all patients meeting inclusion criteria were invited to enroll, whether any declined, and what differences there were between participants and non participants.
	Not clear who conducted interviews, or whether they were involved with provision of service or were masked to baseline outcome
	No details of any individuals dropping out before end of rehabilitation or refusing to complete study. Details of study sparse e.g. of intervention and means and SD of results.
	No untreated control group.

	Eklund et al., 2004  [88] NB/ same study as Dahlin Ivanoff 2002, but prolonged follow-up, and Eklund 2008, but different outcomes.
	RCT
	Subjects randomised to 2 different studies using randomisation table. Consecutive subjects referred to LV clinic for the first time were invited to participate.


	No masking, but occupational therapists carrying out questionnaires were not involved with treatment.
	N=312 invited to participate, N=229 participated, N=131 continued to 28 month follow up. Gave details of reasons for dropping out. Compared demographic/basline characteristics of those who participated and those who did not. Means and SDs not given therefore effect size could not be calculated. The analysis was on ‘an available case’ basis rather than ‘intention to treat’.  
	No untreated control group

	Eklund et al., 2008 [87] NB/ same as Eklund 2004 but different outcomes
	RCT
	See Eklund et al., 2004
	See Eklund et al., 2004
	See Eklund et al., 2004
	See Eklund et al., 2004

	Elliott and Kuyk, 1994 [63]
	BA 
	Non randomised study. Not clear exactly how patients were selected. Comment that only those who completed the programme were used, but don't comment whether this constituted all within time period, or whether some refused to participate.
	Not specified whether author carrying out post-test interview was masked to pre-test results of patient. Patients could not remember pre-test scores.
	Comment that 40 subjects completed full rehab training. Details of those who failed to complete follow-up not given. No SDs given for pre and post-test scores or change scores, therefore effect size could not be calculated.
	Non-standardised QOL questionnaire. No untreated control group.

	Engel et al., 2000 [99] 
	BA 
	Non randomised study. Recruitment was from 3 agencies, which decided who was eligible for referral. Does not specify whether all meeting inclusion criteria were invited to participate.
	Not clear who conducted interviews, or whether they were involved with provision of service or were masked to baseline outcome
	Those lost to follow-up, or not receiving services after enrollment were specified, but differences between completers and non-completers, and reasons for loss to follow-up not specified. No SDs given for pre and post-test scores or change scores, therefore effect size could not be calculated.
	No untreated control group. Duration of follow-up dependent on time of referral, all post-test visits averaged out. 

	Farish and Wen, 1994 [89] 
	BA 
	Non randomised study. Not clear whether all patients meeting inclusion criteria were invited to enroll, whether any declined, and what differences were between participants and non participants.
	Entrance and exit interviews carried out by rehabilitation staff - possible source of bias (patients wishing to please staff).
	N=57 in total. 10 apparently dropped out (according to discussion only 47 finished programme due to death, ill health, refusal to continue), comparisons between completers and non-completers not made. 
	No untreated control group.

	Goodrich et al., 2006 [70] 
	BA 
	Non randomised study. Consecutive patients meeting eligibility criteria were recruited.
	Therapist administering therapy also assessed pre- and post-training outcome measures (although researcher unaware of previous scores administered 2 month follow up).
	N=24 of N=64 who were enrolled did not complete follow-up, reasons for leaving study mentioned, but differences between completers and non-completers were not evaluated.
	No untreated control group.

	Haymes et al., 2001 [59] 
	BA 
	Non randomised study. All new referrals to the clinic who met the inclusion criteria were asked to participate.
	Testing was conducted by a practitioner who was not involved in the delivery of the rehabilitation programme.
	N=3 of N=25 were lost to follow up. Reasons for loss to follow up given, but differences between completers and non-completers were not analysed.
	No untreated control group.  Small number of participants. The outcome measure is part objective, a possibility that clinician bias may influence outcomes.

	Head et al., 2000 [155] 
	BA 
	Non randomised study. Recruitment protocol not fully explained. Just over 30% of those discharged from the service during the study did not participate - reasons for non-participation, and characteristics of non-participants not given.
	Outcome measure administered by clinicians treating individual.
	Data missing from some participants for each subscale, but explained in text as different patients underwent different programmes, therefore were assessed on different subscales.
	No untreated control group. Clinician rated outcomes possible source of bias.

	Hiatt et al., 1963 [161] 
	BA 
	Non randomised study. Not clear if questionnaires sent to all eligible patients within the time period.
	Not clear who evaluated questionnaire, or whether they were involved with provision of service or were masked to baseline outcome.
	N=130 of N=276 replied to questionnaires. No comment on baseline differences between responders and non-responders.
	No untreated control group.

	Hinds et al., 2003 [79] 
	BA 
	All subjects with appointments at LV clinics within date range invited to participate. Characteristics of those who chose not to participate not reported.
	Not clear who conducted interviews, or whether they were involved with provision of service or were masked to baseline outcome
	Loss of subjects to follow up (11%) reported, but comparison of characteristics of those who continued and those who dropped out was not carried out. Missing results for some items on MLVQ questionnaire - reported in table but reasons not addressed in text. No SDs given for pre and post-test scores or change scores, therefore effect size could not be calculated.
	No untreated control group. Possible bias due to inclusion of those who had previously used the service, although no significant difference found in outcome between those who had and had not.

	Horowitz et al., 2000  [69]
	BA 
	Non randomised study. Not clear whether consecutive patients were invited to participate.
	Entrance and exit interviews carried out by rehabilitation staff - possible source of bias (patients wishing to please staff).
	37/432 failed to complete study. Also missing data for individual outcomes. Reasons for loss to follow-up given, and analysis of differences between those who did and those who did and those who didn't complete the study made.
	No untreated control group.

	Horowitz et al., 2005 (and Horowitz 2003 methods). Same patient group as Boerner et al., 2006 [42]
	BA 
	Non randomised study. Not reported which patients were selected for inclusion, or what were characteristics of subjects who chose not to participate at baseline.
	Not clear who conducted interviews to collect outcome data, or  whether they were involved with provision of service or were masked to baseline outcome
	No comment on whether any eligible patients chose not to participate. Loss of participants to follow up (N = 60 of N=155 at baseline) was reported, and reasons for drop out were reported, as well as potential inclusion bias caused by drop out of more mentally and physically impaired individuals from baseline measures.
	No untreated control group. 

	Horowitz et al., 2006  [100] 
	BA 
	Non randomised study. All new applicants for community-based vision rehabilitation services who met the inclusion criteria were invited to participate. 55.4% did not participate, comparisons made between those who did and did not.
	Not clear who conducted interviews to collect outcome data, or  whether they were involved with provision of service or were masked to baseline outcome.
	Of N=584, N=455 took part at follow up. Reasons for loss to follow-up given, and comparisons made between completers and non-completers (non-completers had more depressive symptoms at baseline).
	No untreated control group.

	Kim, 2003 [162] 
	CBA
	Groups matched for gender and ranked for visual acuity and then randomly assigned to treatment or control.
	No masking.
	Of N=26, N=23 completed the study (2 withdrew from the treatment group due to other commitments).
	No other apparent sources of bias. 

	Kuyk et al., 2008 [90] 
	BA 
	Non randomised study. Patients completing inpatient program were included. Did not specify whether all patients were invited, or how patients were selected.
	Not clear who conducted interviews to collect outcome data, or  whether they were involved with provision of service or were masked to baseline outcome.
	Of N=206 who completed the baseline measures, N=39 did not complete one or other of the follow up measures. The main reason for loss to follow up was inability to contact subjects within the 3 week period that was allowed to collect follow up data i.e. at 2 and 6 months. Comparisons not made between completers and non-completers.
	No untreated control group. 

	Kuyk et al., 2004 [148] 
	BA 
	Non randomised study. Patients completing inpatient program were included. Did not specify whether all patients were invited, or how patients were selected.
	Not clear who conducted interviews to collect outcome data, or  whether they were involved with provision of service or were masked to baseline outcome.
	Not specified if any participants lost to follow-up. No SDs given for pre and post-test scores or change scores, therefore effect size could not be calculated.
	No untreated control group. Attributed changes to mobility training, but could be due to other aspects of comprehensive inpatients programme. Risk of fall assessed for past 12 months, but 12 month periods overlapped by 8 months.

	La Grow, 2004 [129] 
	CBA
	Non randomised study. Referrals to integrated clinic were taken as treatment group. Contrast group was 'selected' from 192 volunteers who were referred for low vision services in areas where comprehensive service was not available and were willing to take part. Chosen to be matched to treatment group in gender, age, ethnicity and baseline visual function. Some were randomly selected from participants which matched these criteria.
	Not clear who conducted interviews to collect outcome data, whether they were involved with provision of service or whether they were masked to baseline outcome or patient group. Third person followed up participants to assess quality of telephone administration of questionnaire. 
	Differences between those lost to follow up (N=23/93 experimental gp and 26/93 contrast gp) and those who continued not specified. Reasons for dropping out not specified. No SDs given for pre and post-test scores or change scores, therefore effect size could not be calculated.
	No untreated control group.

	Lamoreux et al, 2007 [58] 
	BA 
	Non randomised study. Adults attending for low vision rehabilitation service for the first time - not specified whether all were invited. Characteristics of those who chose not to participate not given.
	Interviews were conducted by authors, not service providers. Not clear if authors were masked to baseline outcomes.
	Loss of subjects to follow up (N = 62) was reported, and reasons for drop-out given. No significant difference in baseline characteristics between those who completed the study, and those who failed to complete.
	No untreated control group.

	Margrain, 2000 [96] 
	RBA
	Data retrospectively analysed from all new patients attending LV clinic.
	None
	None
	No untreated control group

	McCabe et al., 2000 [60] 
	RCT
	All eligible patients invited to participate. Randomly assigned to group, but method of sequence allocation not given. Details not given of 44% of eligible patients who chose not to participate, but reasons for declining given.
	When carrying out phone interview for FAQ outcome, personnel were masked to patient group. Not specified whether occupational therapist who assessed FVPT was masked to intervention group. Not clear whether they were masked to baseline outcomes. 
	12% of those who initially agreed then withdrew after randomisation (and baseline data collection) were included on "intention to treat" basis, but details were not given of this group, a further 13% withdrew during the study. Reasons for withdrawal, and comparison of baseline characteristics carried out, but number  withdrawn per intervention not given. Means and SDs of each intervention group pre-test and post-test not given, only change data.
	No untreated control group

	McKnight and Babcock-Parziale, 2007 
	BA 
	Non randomised study. Not reported which patients were selected for inclusion (all of them), or what were characteristics of subjects who chose not to participate at baseline.
	Clinician-rated outcome carried out by clinicians treating patient, not clear whether they were masked to baseline data. Research assistant, not clinician interviewed patient for self-rated version of outcome, not clear whether they were masked to baseline data.
	Not specified exactly how many subjects give incomplete outcome or baseline data. Reasons for missing data given as problems with timing of data collection and problems contacting patients post-rehabilitation. Pre- vs. post- rehabilitation data not analysed fully, as purpose of study was not to look for sign effect of rehabilitation, but to evaluate tool.
	No untreated control group.

	Needham et al., 1992 [62]  
	CBA 
	Non randomised study. Not clear whether all patients meeting inclusion criteria were invited to enrol, whether any declined, and what differences there were between participants and non participants.
	Entrance and exit interviews carried out by rehabilitation staff - possible source of bias (patients wishing to please staff). Staff not masked to history of patients (were aware of likely psychological grouping) when they rated outcome.
	N = 112 in total, N=80 completed outcome measures. No disproportionate loss of patients from one group, but comparisons not made of characteristics of those who did and did not complete study.
	No untreated control group.

	Nilsson,1986 [145]
	BA 
	Consecutive patients meeting eligibility criteria were recruited.
	Not specified whether individual carrying out assessment was masked to baseline results of patient.
	Those lost to follow up at different time points were considered (number given, reasons for loss stated, and comparisons made between full group and smaller group who completed follow-up).
	No untreated control group. Included those with under-corrected Rx and cataracts (i.e. reversible causes of vision loss) in baseline group.

	Nilsson 1986b
[97]  
	BA
	Non randomised study. Consecutive patients meeting eligibility criteria were recruited.
	Not specified whether individual carrying out assessment was masked to baseline results of patient.
	Participants followed for different period of time, as they attended for varying number of follow-up sessions. This was related to type of macular degeneration. 
	No untreated control group. Included those with cataracts (i.e. reversible cause of vision loss) in baseline group.

	Pankow et al., 2004 [64] 
	RCT
	Not clear whether all individuals meeting recruitment criteria were invited to take part, or whether any refused. Those meeting eligibility criteria were randomly assigned in yoked pairs to treatment or control group.
	Personnel carrying out low vision intervention also administered outcome measures - possible source of bias - but did not have access to pre-test measures when administering post test measures.  No masking of staff or patients.
	1 control excluded from evaluation due to extra occupational therapy and administration to nursing home
	Very small patient numbers (N=15 per group)

	Reeves et al., 2004 (results) and Russell et al., 2001 (methodology) [163]
	RCT
	Subjects randomised in blocks to 3 treatment groups, size of blocks varied across sample and not disclosed to researcher. Randomisation allocation sealed in envelope until after recruitment, and baseline data collected. N=104 of N=330 initially invited did not take part. Reasons given, but baseline parameters of those who did and did not participate not compared.
	Research staff carrying out service provision, and subjects could not be masked to intervention, but researchers responsible for outcome data collection were masked (any breaking of the masking procedure was reported).
	N= 194 of N=226 completed study. Reasons for loss given for each group, evidence of differential loss to follow up in different groups. Due to small numbers lost to follow-up, possible bias suggested to be small. Not all outcome data obtained from all subjects, but missing data identified.
	No untreated control group.

	Robbins and McMurray, 1988 [149] 
	BA 
	Non randomised study. Consecutive patients invited to be enrolled.
	Not clear who conducted interviews to collect outcome data, whether they were involved with provision of service or whether they were masked to baseline outcome.
	N=57 of N=68 invited to participate took part in the study. No details given of those who dropped out (reasons, or differences between these individuals and those who participated). Gender balance of participants not given.
	No untreated control group. Outcome measures not designed for visually impaired individuals.

	Rogers et al., 2000 [143]
	RCBA 
	Patients assigned to groups according to geographical location. Not specified whether all patients given rehabilitation during duration of study completed outcome measures (retrospective study).
	Not clear whether outcome data collected by individual masked to pre-training data.
	Not specified exactly how many subjects give incomplete outcome or baseline data. Didn't discuss reasons for missing data. Descriptive statistics not given, or P-values for significant differences. Means and SDs not given, therefore effect sizes could not be calculated.


	No untreated control group. Differences between baseline characteristics of the two groups not analysed.

	Ruddock et al., 2004 [68] 
	BA 
	Non randomised study. Not clear whether all eligible students were included in the study. 
	No masking
	N=32 children given low vision assessment of N=57 attending schools without a vision support base. Selected according to symptoms of visual problems. 
	No untreated control group. 

	Scanlan and Cuddeford, 2004 [142]
	RCT
	All eligible patients who agreed to take part were randomly assigned to the control or experimental group. Method of randomisation not fully characterised. Details not given of patients who chose not to participate.
	Patient and research worker who carried out training and performed outcome measures were aware of patient group (after allocation), all other researchers were masked to group.
	Details (including numbers) of those who dropped out due to reduced vision during study not given - these were replaced by other subjects to keep numbers up (presumably replacement was not randomised). Details of those who dropped out for other reasons not given, not specified whether these were also replaced by other individuals. Authors comment that more dropped out from the control group at follow up, due to lack of motivation.
	No untreated control group. Limited data provided. Means and SDs not given, so effect size could not be calculated.

	Scott et al., 1999 
 ADDIN EN.CITE 
[142, 147]
 
	BA 
	Non randomised study. Consecutive subjects visiting for first low vision appointment enrolled.
	Same interviewer conducted pre- and post-test interviews. Not clear whether they were masked to pre-test data at post-test time. 
	No participants withdrew from study. Responses not obtained for all for all NEI-VFQ items. Not addressed in text.
	No untreated control group.

	Stelmack et al., 2002 NB/ same study that was included in comparison in 2006 paper [159] 
	CBA 
	Non randomised comparison of patients receiving 2 types of service. Allocated by geography and level of impairment. Consecutive patients meeting eligibility criteria were recruited.
	Investigators not masked to patient group, as primarily observational study of sensitivity of outcome measure.
	Patients lost to follow-up mentioned, along with reasons for drop out. Analysis not carried out of differences between these patients and others at baseline. Loss of data for any individual outcomes was not reported.
	No untreated control. Differences between baseline visual function of two groups makes comparison of effectiveness of treatment strategies difficult. Changes in mean scores and SDs not given

	Stelmack et al., 2006 (NEI-VFQ) [72] 
	Pooling of 2 BA studies
	Non randomised study. Consecutive patients admitted to BRC services were invited to participate. Not specified whether any declined.
	Not specified whether those administering questionnaires were aware of baseline outcomes, or whether in Hines study those administering questionnaire were those who carried out rehabilitation programme.
	Details not given of any who chose not to participate, or who dropped out during programme (if any). Details given for reasons for lack of follow-up for 3 year follow-up in Hines study, but comparison not made between baseline characteristics of those who did and did not complete.
	Detailed results not given here (individual studies presented in other publications).

	Stelmack et al., 2006 (VA LV VFQ 48) [121] 
	BA
	Non randomised study. The groups attending outpatient and inpatient services were very different in baseline characteristics.
	Trained interviewers carried out interviews, not specified if they were masked to baseline outcomes. Another interviewer scored questionnaires of new interviewers and periodically thereafter as a quality control measure.
	The completeness of the dataset is unclear. A small number of participants (n=19 out of 285) were excluded by clinicians. However, the main concern is that although it is claimed that recruitment took place over a 2 year period from 5 different centres only 285 datasets are available i.e. representing just 28 patients per centre per year.
	The only potential source of bias relates to the extent to which participants or clinicians dictated enrolment. That is, given the duration of the enrolment period it seems highly likely only a small proportion of those eligible to take part (consecutive attendees) actually took part.

	Stelmack et al., 2007 [130] 
	BA 
	Non randomised study. Participants were consecutive attendees at one low vision rehabilitation centre.
	Trained interviewers carried out interviews, not involved in rehabilitation. Not clear whether they were masked to baseline outcomes. 
	46.6% of the original group did not provide data at all follow up periods. Comparison made between baseline characteristics of those who did and did not complete the study. 
	No untreated control group. 

	Stelmack et al. 2008 (2008 paper in J Visual impairment and Blindness gives further details of intervention) 
 ADDIN EN.CITE 
[61, 91]
 
	RCT
	Multi-centre randomised controlled trial. After screening for eligibility criteria, participants were randomly assigned to a group by co-ordinating centre staff, according to computer generated allocation schema based on permuted blocks of random sizes. Randomisation stratified by dist VA and study site. P=50% of allocation to each group.
	Patients and clinical staff were aware of patient group (after allocation), all other researchers were masked to group. Outcome data were not disclosed until the end of the study.
	N=9 out of N=64 lost to follow up from the treatment group. Data analysed on 'intention to treat' basis.
	No obvious sources of other bias.

	Stephens, 2001 [122] 
	BA 
	Non randomised study. All eligible patients were included.
	Post programme interview administered by same rehabilitation worker, but without reference to pre-programme ratings.
	33% of those enrolled in programme did not complete. Reason for loss to follow-up, and differences between those who did and did not complete not given. Data missing for some subjects for all outcomes, reasons for this not given.
	No untreated control group.

	van Nispen et al., 2007 [138] 
	BA
	Groups came from different geographical regions.
	Participants and clinical staff not masked to group. Not specified whether staff carrying out questionnaires were masked.
	Approximately 30% of those recruited at baseline did not provide data at the 5 or 12 month time periods. The baseline VCM1 and LVQOL scores of those who did not provide data at 1 year were significantly worse than those who did provide data at 1 year. The re analysis of the LVQOL introduced a new sub scale "reading small print". For the optometric service this was the only scale that showed a significant improvement i.e. if the original subscales had been used no significant differences would have been found.
	No untreated control group

	Vijaykumar et al., 2004 [154] 
	BA 
	Non randomised study. Patients with visual impairment identified by door-to-door canvassing, then referred.
	No masking of interviewers to intervention (economic vs. non economic).
	Not clear whether any refused to participate. No apparent drop out of subjects before 6 month follow up. No data regarding effect of economic rehabilitation provided, despite indication in methods that this was one analysis carried out. Means and SDs not given for pre-test and post-test data.
	No untreated control group. 

	Virtanen and Laatikainen, 1991 [56] 
	BA 
	Non-randomised study looking at VA improvement in consecutive patients referred to low vision clinic.
	No masking. Outcome measure was assessed by clinician providing service.
	No drop outs or refusals to participate reported. Means and SDs not given for pre-test and post-test data.
	Very basic study looking at change in VA with magnifiers etc under clinical conditions. No assessment of effectiveness in home environment.

	Walter et al., 2007 [164] 
	RBA 
	All subjects seen at low vision clinic invited to participate.
	No masking. 
	Only used data from N=105 of N=377 respondents who had received low vision rehabilitation, as the others were unaware of having done so. Didn't report on differences between these two groups. Seems likely that those unaware of having received rehabilitation would have received less benefit. Surrogate data collected from family members also not presented. No SDs given.
	No untreated control group. Pre- and post-test assessment both carried out retrospectively after rehabilitation - questionnaire at variable time after rehabilitation. Potential for bias in patient recollection of pre-rehabilitation status.

	Wolffsohn et al., 2000 [105]
	BA
	Consecutive subjects visiting for first low vision appointment sent questionnaire.
	No masking. 
	No difference in functional or biographical data between those who did and didn't participate. Reasons for not participating not given. 
	No untreated control group for pre-test to post-test data. 


 BA = Before and after

RBA = Retrospective before and after

CBA = controlled before and after

RCBA = Retrospective controlled before and after

RCT = randomised controlled trial

Table 2: Quality Assessment in Economic Studies

	1537. Methodology checklist Drummond and Jefferson, 1996
	1538. Eklund et al., 2005 [140]
	1539. Stroupe et al., 2008 [141]

	1540. Was a research question stated?
	1541. Yes
	1542. Not clear

	1543. Was the economic importance of the research question stated?
	1544. Yes
	1545. Yes

	1546. Was the viewpoint/s of the analysis clearly stated and justified?
	1547. Yes
	1548. Yes

	1549. Was the rational for choosing the alternative programs or interventions to be compared stated?
	1550. Yes
	1551. Yes

	1552. Were the alternatives being compared clearly described? (that is, can you tell who? did what? to whom? Where? and how often?)?
	1553. Not clear
	1554. Yes

	1555. Was the form of economic evaluation used, clearly stated?
	1556. Yes
	1557. Yes

	1558. Is the choice of the economic evaluation justified in relation to the questions addressed?
	1559. Yes
	1560. No

	1561. Was the source of the effectiveness estimates used clearly stated?
	1562. Yes
	1563. Yes

	1564. Were the details of the design and results of the effectiveness study given? ( if based on a single study)
	1565. Yes
	1566. No

	1567. Were the details of the synthesis or meta-analysis of estimates given? (If based on an overview of a number of effectiveness studies)
	1568.  No
	1569. No

	1570. Was the primary outcome measure/s for the economic evaluation clearly stated?
	1571. Yes
	1572. Yes

	1573. Were the methods to value health states and other benefits stated?
	1574. Yes
	1575. Yes

	1576. Were the details of the subjects from whom valuations were obtained given?
	1577. Yes
	1578. not clear

	1579. Were any productivity changes ( if included) reported separately?
	1580. Not included
	1581. Not included

	1582. Was the relevance of any productivity changes to the study questions Discussed? 
	1583.  
	1584.  

	1585. Were the quantities of resources reported separately from their unit costs?
	1586. No
	1587. No

	1588. Were the methods for estimation of quantities and unit costs described?
	1589. Not clear
	1590. Yes

	1591. Was the currency and price data recorded?
	1592. Yes
	1593. Yes

	1594. Were the details of currency of price adjustments for inflation or currency conversion given?
	1595. Not included
	1596. Yes

	1597. Was the time horizon of costs and benefits stated?
	1598. Yes
	1599. Yes

	1600. Was the discount rate stated?
	1601. Yes
	1602. Yes

	1603. Was the choice of discount rate justified?
	1604. Yes where applied
	1605.  

	1606. Was an explanations given if costs or benefits were not discounted?
	1607. No
	1608. Yes

	1609. Were the details of statistical tests and confidence rates given for stochastic data?
	1610. Yes
	1611. No

	1612. Was the approach to sensitivity analysis given?
	1613. Yes
	1614. Yes

	1615. Was the choice of variables for sensitivity analysis justified?
	1616. No
	1617. Yes

	1618. Were the ranges over which the variables are varied stated?
	1619. No
	1620. Yes

	1621. Were relevant alternatives compared?
	1622. Yes
	1623. Not clear

	1624. Was the incremental analysis reported?
	1625. Yes
	1626. No

	1627. Were the major outcomes presented in a disaggregated and aggregated form?
	1628. No
	1629. No

	1630. Was the answer to the study question given?
	1631. No
	1632. Yes

	1633. Did the conclusions follow from the data reported?
	1634. No
	1635. Not clear

	1636. Were the conclusions accompanied by the appropriate caveats?
	1637. Yes
	1638. Yes

	1639. Did the study allude to, or take account of important factors in the choice or decision under consideration (for example, distribution of costs and consequences, or relevant ethical issues)?
	1640. No
	1641. No

	1642. Did the study discuss issues of implementation, such as the feasibility of adopting the 'preferred' programme given existing financial or other constraints, and whether any freed resources could be redeployed to other worthwhile programmes?
	1643. No
	1644. No

	1645. OVERALL ASSESSMENT OF STUDY
	1646. 20/35
	1647. 19/35
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�  Prior to the introduction of the ‘Certificate of Visual Impairment’ in 2003 in the UK, the BD8 in England and Wales, the BP1 in Scotland and the A655 in N.Ireland referral forms used the terms ‘blind’ and ‘partially sighted’ in the place of ‘severely sight impaired’ and ‘sight impaired’.  
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