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Wolf-Hirschhorn syndrome (WHS) is a rare genetic illness caused by a deletion of the short arm of chromosome 4. It is a complex, heterogenous illness; clinical features include learning disability, epilepsy, feeding difficulties and cardiac defects. As a result of its low prevalence and lack of appropriate assessments, clinicians unfamiliar with the disease may fail to assess the patients appropriately, resulting in unmet clinical needs of this population. 

This study utilised a mixed-methods approach to develop a Clinician-rated Clinical Outcome Assessment (COA) to address this, to ensure appropriate and safe assessment of patients with WHS. 

COA development is a complex and iterative process; the methods of the current project included: 

· Extensive literature reviews

· An interview study with family caregivers of adults and children with WHS living in the UK; results directly informed the content of the COA and highlighted a plethora of previously unreported psychosocial implications of being a caregiver for a relative with WHS

· Development of a Conceptual Framework, based on published literature and interview findings, that directly informed COA content (items, domain structure)

· A consensus study with international clinician experts on WHS to ensure clinical utility, acceptability and content validity of the COA, changes were made in accordance with comments and suggestions

· A validation study to assess accuracy, reliability and construct validity of the COA; using vignettes as a creative, novel method to validate COAs for rare diseases 


Overall, results indicated moderate to good reliability and high levels of construct validity. Due to the study design, future work is required to ensure field testing with a large patient cohort and an assessment of criterion-related validity.
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There are an estimated 7000 rare diseases; affecting around 350 million people worldwide. The majority are genetic in nature, chronic and often life-limiting (Department of Health, 2013; Eurodis (Rare Diseases Europe), 2005, 2014, 2017; Global Genes, 2017). One such rare disease is Wolf-Hirschhorn Syndrome (WHS), caused by a deletion of the short arm (p) of chromosome 4, with a live birth incidence of 1 in 50 000 - 96 000 (Shannon, Maltby, Rigby, & Quarrell, 2001). The symptom profile associated with WHS is heterogeneous, but includes epilepsy, learning disability, cardiac defects and hypotonia (Battaglia, Carey, & South, 2015; Sabbadini, Bombardi, Carlesimo, Rosato, & Pierro, 2002; Sukarova-Angelovska, Kocova, Sabolich, Palcevska, & Angelkova, 2014)
Due to the complexity and rarity of these diseases there is a plethora of unmet clinical needs, which include the assessment of health status and functioning (Huber et al., 2011). Traditional definitions of ‘health’ fail patients with rare diseases due to the goal of ‘complete health’ being neither realistic nor obtainable for patients whose illnesses are characterised as chronic. There are discrepancies between perceptions of indicators of ‘health’ between patients, or their advocates and families, and treating health care professionals (IRDiRc, 2016; O’ Boyle, 1995; Slevin, Plant, Lynch, Drinkwater, & Gregory, 1988; Smith, 2008). Clinical Outcome Assessments (COAs) used in routine care can offer alternative, valuable and more objective insights into patient health and functioning. Their development is iterative, complex and challenging; requiring multi-step processes (Martinez-Martin, 2010; O’ Boyle, 1995; Relja, 2012; Slevin et al., 1988; Smith & Weldring, 2013).

The primary objective of this thesis was to develop a Clinician-Rated Clinical Outcome Assessment (COA) for WHS. Specific, secondary objectives were:

· the conduction of extensive, systematic literature reviews (i) to ensure no previously developed COA existed or that (ii) no previously developed measure could be developed into a COA, (iii) to assess the psychosocial aspects of living with, and caring for, adults and children with WHS

· the conduction of a qualitative interview study to gain insight into the lived experiences of relatives of patients with WHS living in the UK, as by proxy reports, to inform the development of a Conceptual Framework on which to base the COA on 

· the involvement of international experts in the field of WHS as part of a consensus study, to ensure clinical utility, acceptability and content validity of the COA

· the conduction of a validation study using a novel approach to scale validation for rare diseases, to assess the COA’s reliability, accuracy and construct validity. 

Chapter 2 provides an overview of definitions of rare diseases. The reader is introduced to the rare disease that is WHS and its clinical features. Challenges patients with these illnesses present to prevalent discourse of ‘health’ and health assessment are discussed. The development of COAs is one approach to addressing these issues. Their development and validation, in accordance with guidance by the U.S Food and Drug Administration (FDA), is presented. This guidance is supplemented by other sources to address the issue of developing and using COAs in clinical practice, rather than for research purposes only.

[bookmark: _heading=h.30j0zll]	Scale development must be grounded in the scientific literature, as an evidence base. Systematic reviews are the ‘gold standard’ of collecting evidence; therefore, two systematic reviews were conducted to support the development of the current COA; these are presented in Chapter 3. The first systematic review sought to assess whether there already was an excising COA for WHS and which existing measures have been used with patients with WHS. While a number of clinical outcome assessments were found to have been used with patients with WHS, none were validated for this purpose and the use of some was inappropriate. The second systematic review sought to investigate the psychosocial impact of WHS on patients and families. This systematic review obtained nil findings. These results reflect a gap in the academic literature and a clear unmet need in regard to understanding psychosocial impact of the condition on patients and their families.
An immediate consequence of these findings for the current project was that no past psychosocial research informed the development of the interview schedule for the qualitative interview study that followed (Chapters 4, 5). This qualitative interview study had the primary aim of informing the development of the COA, to represent the caregivers’ views on the condition and its impacts. Its secondary aim was to investigate potential psychosocial impacts of WHS on patients and families, to address the insufficient knowledge in the systematic review. Twenty-two family members of adults and children with WHS from geographically diverse locations in the United Kingdom were recruited for this interview study. Interviews were analysed using Thematic Analysis. 
Five over-arching themes were identified in the interviews: (1) Clinical Features of WHS, (2) Experiences with the NHS, (3) Family adaptation, (4) Quality of life of patients and relatives and (5) Support needs. The results of the first theme (1: Clinical Features) are presented and discussed in Chapter 4, due to the direct relevance to informing the content of the COA. The remaining four themes are presented Chapter 5; these remaining four themes were classed as psychosocial. They addressed gaps in the literature and complimenting research on the impact and management of clinical features, while not directly impacting the content of the COA. However, it is important to report these aspects to ensure inadequacies are addressed in order to improve quality of life for patients and their caregivers. 
From these findings, in combination with the literature, a conceptual framework for the COA was produced and further developed into the first draft of the COA; this is presented in Chapter 6. This first draft of the COA was then sent to international experts (n=9) in the field of WHS for feedback, utilising the QQ-10 questionnaire and open-ended questions (Chapter 5), to assess content validity, clinical utility and acceptability. Overall, the quantitative results were positive and qualitative comments received were constructive, enabling valuable changes to be made to the COA. Although some participants evidently did not understand the purpose of the COA. 
Following from this, Chapter 7 represents the result of the validation study of the COA. Validation of COAs for rare diseases are complex and challenging, due to issues of highly heterogeneous patient populations and lack of patients, creating issues for psychometric testing requiring large samples. As a result, clinical outcome assessments for rare diseases are often not validated fully but nonetheless used by both clinicians and researchers. The literature recognises that novel and creative approaches are needed to address these challenges; this thesis presents a novel technique, using vignettes to further the validation of COAs for rare diseases. Using five vignettes, the COA was trialled on a range of medical health professionals (n = 91) at either one, or two time points to assess inter-rater reliability, intra-rater reliability and construct validity of the COA. Results indicate that the COA has excellent construct validity and moderate inter- rater as well as good intra-rater reliability. Participants made suggestions about how the COA could be further developed and used; these were also incorporated into the final version of the COA. This chapter also presents an overall evaluation of the COA and recommendations for future work. 

This thesis’ original contributions to research are three-fold: 

Firstly, this thesis presents the development and validation of a new COA specifically developed to be used for the assessment of adults and children with WHS. This was needed as there was no validated COA for this group. The developed COA will ensure patients with WHS are assessed appropriately in clinical practice, due to its clinical utility, acceptability and construct validity.
Secondly, this thesis presents a novel and creative approach to scale validation for rare diseases using vignettes. While this methodology requires future refinement, it is a positive step towards enabling the validation of COAs for rare diseases while circumventing the need for unattainably large patient samples.
Thirdly, the thesis is the first to report the psychosocial impact of being a family caregiver of an adult or child with WHS. The implications of these findings are discussed, and future research must be carried out to address identified and unmet support needs of these individuals.
[bookmark: _Toc39270358][bookmark: _Toc39270603][bookmark: _Toc40173058]Graphic 1: Graphic of the project's methodology
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It is estimated that there are more than 7000 rare diseases in humans, most of which are genetic in nature. An exact number of rare diseases is almost impossible to state, as new rare diseases are continually discovered through advances in technology and science (Department of Health, 2013, Genetic and Rare Diseases Information Center, 2010, 2017). Approximately 350 million people worldwide are affected by a rare disease; thirty million of whom live in the European Union (EU), and thus make up about 6-8% of EU citizens. In the UK, there are thought to be three million people affected by rare illness (Department of Health, 2013; Eurodis (Rare Diseases Europe), 2005, 2014, 2017; Global Genes, 2017). Seventy-five percent (75%) of whom are children; and it is estimated that around 30% die before their 5th birthday as a result of their rare disease (Limb, Nutt, & Sen, 2010; Slade et al., 2018).
Rare diseases are predominantly chronic in nature, and often life-threatening (Eurodis (Rare Diseases Europe), 2005). They have a significant impact on patients, their families, resources, health-care professionals and health-care systems (Angelis, Tordrup, & Kanavos, 2015; Department of Health, 2013; Slade et al., 2018). As a result, patients and family members frequently report a significant impact on their quality of life as a result of the rare disease, and emphasise serious unmet clinical needs (Slade et al., 2018). 

[bookmark: _Toc2336980][bookmark: _Toc17977832]Different definitions of rare disease
Across the field, there are differences of opinion concerning the definition of a “rare disease”. Literature from the EU classes an illness as “rare” if, statistically, one (or less than one) in 2000 people is/are affected; whereas the American definition states that, collectively, “fewer than 20 000” individuals in the United States must suffer the illness (Department of Health, 2013; Eurodis (Rare Diseases Europe), 2014, 2017; Genetic and Rare Diseases Information Center, 2017). This could possibly mean that, according to the EU definition, more illnesses could be classed as rare in those countries. 
A synonym for “rare disease”, predominantly used in the American literature, is “orphan disease” (Eurodis (Rare Diseases Europe), 2014; Genetic and Rare Diseases Information Center, 2017). This synonym emerged because until the 1980s, U.S. drug companies had little interest in investigating rare illnesses or developing medications to treat these diseases and their symptoms (Genetic and Rare Diseases Information Center, 2017) due to the limited financial gain from this niche area. As a response, in 1983, the U.S. Congress introduced the “Orphan Drug Act of 1983” which promised financial incentives for companies investigating drug therapies for rare illnesses (Genetic and Rare Diseases Information Center, 2017). Since then, a significant effort has been made to develop drug treatments for these diseases(Genetic and Rare Diseases Information Center, 2017), in order to increase the quality of life of patients suffering such illnesses. This was the first important step towards improving the health-related quality of life (HRQoL) of patients suffering such rare diseases (e.g. Cohen & Biesecker, 2010; Eurodis Rare Diseases Europe, 2005). 

[bookmark: _Toc40172978]Wolf-Hirschhorn Syndrome (WHS)

[bookmark: _Toc17977834]Overview
One such rare genetic illness is WHS (WHS). It is referred to as OMIM number 194190 (Online Mendelian Inheritance in Man, 2017; World Health Organisation, 2016) and is typically caused by deletions of the short arm (p) of chromosome 4. It has an incidence rate of 1 in 96000 live births (Shannon et al., 2001) and as such it satisfies both the definitions for rare diseases provided by the European Union and the United States. 
WHS was first described in 1961 by Hirschhorn and Cooper (1961), who described a child with a multitude of congenital malformations, low birth weight, delayed development and recurrent seizures. A case with similar features was later also described by Wolf, Reinwein, Porsch, Schroter and Baitsch (1965). Eventually, this led to the use of the term WHS, after a full report of both cases was published in the journal Humangenetik, now called Human Genetics (Hirschhorn, Cooper, & Firschein, 1965; Hirschhorn, 2008). 

[bookmark: _Toc22126788]WHS: Aetiology and Diagnosis 

A diagnosis of Wolf-Hirschhorn is made when a heterozygous deletion of the Wolf-Hirschhorn critical region occurs (WHSCR) at 4p16.3 (Zollino et al., 2003). About 50% of WHS diagnoses can be made through G-banding karyotype analysis (Ho et al., 2016). The detection of smaller deletions may require ‘targeted fluorescent in-situ hybridisation’ (FISH) (Coppola, Chinthapalli, Hammond, Sander, & Sisodiya, 2013; Ho et al., 2016) or ‘array comparative genomic hybridisation’, also known as array-CGH (Coppola et al., 2013; Mulley & Mefford, 2011). The genetics of WHS are complex: it is believed that multiple genes are involved in its aetiology (Simon & Bergemann, 2008; Zollino et al., 2003), such as WHSC1 and LETM1 (Zollino et al., 2003). Within the location 4p16.3 on the short arm of chromosome 4, there are two smaller regions, deletion of either of which can cause WHS. These are termed WHS critical region1 and 2 (WHSCR1, WHSCR2). WHSCR1 contains the genes WHSC1 and WHSC2, while WHSCR2 contains the genes WHSC1 and LETM1. It is believed that loss of WHSC1 is the key factor in causing WHS, although it can be caused by a deletion of WHSCR1 or a deletion of WHSCR2 without a deletion of WHSCR1 (Rodriguez et al., 2005; Zollino et al., 2003), suggesting limited knowledge about the specific chromosomal deletion site. 
WHS can also occur due to unbalanced chromosome translocations (Coppola et al., 2013), interstitial deletions (Rauch et al., 2001) and further genetic mechanisms (Ho et al., 2016). It is therefore not a genetically homogeneous condition. Around 50-60% of WHS patients have a pure deletion of 4p16.3 while the other 40-45% of patients have an “unbalanced translocation” with deletion of the WHSCR as well as trisomy of another portion of a chromosome (Battaglia, Carey, & Wright, 2001) (for example: “monosomy for distal 4p, partial trisomy for distal 8p” in Dai, Yang, Chen, Bao and Cheng, 2013). When WHS is the result of a translocation, it is possible that additional symptoms of WHS may be present or that there will be some variation in the patients’ clinical presentations (Dai et al., 2013). 
However, the most common translocation in WHS is between the short arm of chromosome  4 (4p) and the short arm of 8 (8p) (South, Whitby, Battaglia, Carey, & Brothman, 2008). In children with this type of translocation, one of the parents carries a “balanced translocation”, whereby the short arm of chromosome 4 is swapped with the short arm of chromosome 8. The parent themselves remains unaffected by the re-arrangement of chromosomes as they still have the correct number of genes; but if they pass on the affected translocated chromosome, containing 8p instead of 4p, the child will develop WHS as a result of the missing WHSCR on 4p.
Most commonly, a diagnosis of WHS is made early in life. However, some later diagnoses have been reported (Coppola et al., 2013). As previously outlined, the incidence rate of WHS is estimated as 1 in 50 000 to 96 000 live births (Shannon et al., 2001). It has previously been suggested that such a low number may be an underestimate of its actual prevalence due to the lack of clinical knowledge of doctors (Battaglia et al., 2001), who are not necessarily able to reliably identify the disease, especially in mild cases where the typical dysmorphic features are not obvious (Coppola et al., 2013). 
In regard to prevalence, two things must be noted: firstly, infant mortality is increased in this patient group. An epidemiological study calculated an infant mortality rate of 17.4 % for WHS children (aged between 0 and 12 months), increasing to 21% between the first and second year of life. These deaths are often the result of the severe malformations they are born with (Shannon et al., 2001). Secondly, females are twice as likely to be affected (Lurie, Lazjuk, Ussova, Presman, & Gurevich, 1980; Shannon et al., 2001), although no ethnic differences are noted (Johnston & Franklin, 2006).

[bookmark: _Toc2336983][bookmark: _Toc17977836]WHS: Clinical features
Patients with WHS present on a spectrum of syndrome severity, with some individuals being more affected by the condition than others. Some literature suggests that the size of the deletion site is responsible for the varying severity of disability; however, it has been found that individuals with similar deletion sizes can present with marked individual differences, which suggests that other mechanisms may also be involved (Sukarova-Angelovska et al., 2014). Graphic 2 is taken from a recent review on the clinical features of WHS and depicts children with varying deletion sizes and different degrees of dysmorphic features (Battaglia et al., 2015). 
Sukarova-Angelovska et al. (2014) compared six children with WHS and found a positive correlation between clinical presentation (classed as minor, mild and severe) and the size of the deletion. Consequently, the authors claim that their results ‘confirm’ the hypothesis that the deletion site is responsible for the syndrome severity. This claim is however problematic, as the sample size is considerably too small in size to achieve representative results. Furthermore, the use of the word ‘confirm’ remains questionable as is possible that the reported results represent a type 1 error.
The clinical features of WHS are multifaceted and complex. 

Figure 1: Overview of characteristics facial features typically found in patients with WHS (Battaglia et al, 2015)[footnoteRef:1] [1:  Permission for reproduction obtained. ] 
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Facial Features
As depicted in Graphic 2, patients with WHS typically have characteristic facial features in varying degrees: a wide nasal bridge with a raised forehead, which is referred to as the “Greek warrior helmet”. Microcephaly (birth defect, small head circumference due to under-developed brain), (cranio-) facial asymmetry and hypertelorism (widely spaces eyes) are also reported (Battaglia, Carey, & South, 2015; Sukarova-Aneglovska, Kocova & Sabolich, 2014). In regard to hypertelorism, there is some inconsistency in the literature. One study found that all their participants presented with this feature regardless of deletion size (Dickmann et al., 2009), another found this feature present in all of their participants with large deletion sites as well as in the majority of patients with smaller deletion sites (Maas et al., 2008) and a third study found hypertelorism in only one out of ten patients (Wu-Chen et al., 2004). While the findings of Dickman et al. and Wu-Chen et al.’s studies are somewhat compromised due to their sample sizes of only ten patients each, they clearly demonstrate the nature of individual differences between different patients with WHS. In rare disease research, having small sample sizes is an unavoidable, recurrent and extensive problem (Augustine, Adams, & Wink, 2013), which is difficult to overcome.

Slow growth and development
Poor foetal and post-natal growth, low birth weight and developmental delay are common features (Antonius et al., 2008; Austin et al., 2015; Battaglia et al., 2015; Centerwall et al., 1975; Fisch et al., 2010; Sabbadini et al., 2002; Shannon et al., 2001; Terrone et al., 2014; Zollino et al., 2008). One cohort study found that the mean height of WHS children at age four was 4 to 4.5 standard deviations away from the mean of healthy controls (Antonius et al., 2008); which indicates a pronounced growth delay. This study however may be biased as children with varying deletion sizes were included and there is no record of the actual sizes of deletion sites. It is possible that disproportionately more children with greater deletion sizes were included, to achieve such a marked difference in height as deletion size is thought to impact the severity of WHS in patients, with reduced size and weight being two symptoms. Furthermore, it is not clear whether the poor growth, as recorded in this study, is the result of the condition itself or other additional factors, such as poor feeding or gastrointestinal issues. (e.g. Battaglia et al., 2015), additional genetic factors, associated disease or repeated infections (Hanley-Lopez, Estabrooks, & Stiehm, 1998), which are other commonly reported problems in WHS affecting growth (Battaglia et al., 2015; Mazzeu et al., 2007; Shannon et al., 2001). These possibilities are not considered in the publication and neither are its limitations, thus the research must be regarded as correlational, rather than causal. 

Developmental delay (learning disability, language)
Global developmental delay, learning disability (Battaglia et al., 2015; Terrone et al., 2014) and speech impairments are further features of WHS. To date, there have only been a handful of studies assessing the cognitive-behavioural features of the disorder in detail (Fisch et al., 2012, 2010; Fisch, Battaglia, Parrini, Youngblom, & Simensen, 2008; Nag, Bergsaker, Hunn, Schmidt, & Hoxmark, 2017; Sabbadini et al., 2002). One 2002 study revealed that all of their eleven WHS participants presented with learning disabilities, which were often further exacerbated by both behavioural and attention disorders (Sabbadini et al., 2002). However, the study also concluded that there were marked individual differences between patients with WHS. A further study compared intelligence quotient (IQ) scores of children with WHS to those of children with other subtelomeric deletion syndromes: it was found that the mean scores for children with 4p- were lower (mean = 44.1; range = 33-64) than children with 2q37 (mean = 50.3) or 8p23 (mean = 51.3), however the difference did not reach statistical significance (Fisch et al., 2008). Unfortunately, neither standard deviations nor further range scores were reported as they may have revealed more details about the differences.
Regarding, language and communication abilities, the most detailed description of WHS patients has been produced by Sabbadini et al. in 2002. This study involved a sample of eleven patients with WHS with age ranges between 7 and 20 years (mean: 12.7 years). This study reported that 91% of patients were able to respond to their names, 82% were able to understand statements relating to personal needs and requirements and 73% communicated using non-verbal expressions. Only four out of the eleven participating patients were able to use a number of single words, and only one patient was able to have a meaningful conversation. While this study effectively reflects the role of individual differences and heterogeneity of the abilities of patients with WHS, it must be taken into consideration that this is both relatively dated and based on a very small sample. 
This is especially important as educational tools, such as the Picture Exchange Communication system (PECs) (Didden et al., 2008; Homlitas, Rosales, & Candel, 2014) or the rise of electronic communication devices (Cobb, 2011; Courtad & Bouck, 2013), may have had an influence on the abilities and skills of WHS patients. There is a need for more research into the communication abilities that takes into consideration more recent electronic advances, as well as more longitudinal research into the development of language in WHS. 

Functioning (daily activities)
Due to the severity of the learning disability for WHS patients, only a small minority of patients are able to, for example, dress or undress themselves, do limited household chores or express themselves graphically, i.e. writing or drawing as the graphic abilities of most are limited to scribbling (Battaglia et al., 2015). 
In relation to WHS patients’ social skills, some potential links to autism have been described; however no consensus as to whether this constitutes a clinical feature of the disorder has been reached (Karabekiroglu, Yüce, & Karabekiroğlu, 2014; Terrone et al., 2014). 

Epilepsy & seizure activity
Lastly, one of the major concerns in WHS is epilepsy, a common feature of chromosomal abnormalities which is thought to affect around 90% of 4p- patients (Battaglia et al., 2001; Worthington, Rigby, & Quarrell, 2008), with peak onset being between the ages of 6 to 12 months. There are different types of seizures reported for WHS, these include generalised tonic-clonic, tonic spasms,  complex partial seizures and clonic seizures (Battaglia, Filippi, South, & Carey, 2009).
Seizures are mainly generalised tonic-clonic (formerly referred to as grand mal seizures or convulsive seizure; their signs are muscles stiffening and twitching) in nature, and are often fever-induced (Battaglia et al., 2015, 2009; Coppola et al., 2013; Worthington et al., 2008). However, one study also reported that for two patients, high-degree fevers appeared to inhibit seizures, which- again- demonstrates individual differences within the syndrome (Battaglia et al., 2009). In a cohort study with 27 adults with WHS aged between 17 and 40, all were reported by their parents to suffer from epilepsy, with 96% of patients in this sample experiencing an onset of epilepsy between ages one and two. The study also found that many families attempted to prevent seizures by managing raised temperatures. The study classed the WHS patients into two categories, those who have had seizures in the past three years (group 1, n = 9) and those who did not (group 2, n = 18). A mean of 11.3 years (range 2-28 years) was calculated for the last seizures of group 2, which may suggest that a considerable amount of WHS patients stop having seizures during their teenage years. It is also noteworthy that the 28 years was the only outlier; most patients stopped having seizures before reaching adulthood (Worthington et al., 2008). While this study has a good sample size of 27 for a rare disease patient group, there is a range of limitations. Firstly, the authors have described the participants of the study insufficiently; there are no records of how many mothers or fathers took part in the study. It could be suggested that there may be reporting differences in regard to gender. A further limitation arises from the study design, as the telephone study relied on the memory of participants to accurately report about seizure activity and the corresponding ages of their children; and no medical records were used to validate statements. 
[bookmark: _Toc2336986][bookmark: _Toc17977839]	Despite the inconsistencies between different research findings, many poorly designed or insufficiently reported studies and a lack of agreement over the aetiology of the syndrome, the conclusion remains that WHS is a severe and complex multi-system disorder with individuals suffering from significantly compromised health. 

Skeletal abnormalities & hypotonia
Skeletal anomalies , such as congenital hip dysplasia (Centerwall et al., 1975), and extremity malformations (Hannes, Drozniewska, Vermeesch, & Haus, 2010), such as such as Ectrodactyly (Shanske, Yachelevich, Ala-Kokko, Leonard, & Levy, 2010; Shanske et al., 2010), polydactyly and syndactyly (Biswas et al., 2014) are also reported as Clinical features of the phenotypic expression of WHS. Patients also commonly experience delay or difficulty in walking, and it is estimated that only around 45% of patients are able to walk independently or with support (Battaglia, Carey, & South, 2015). 
As aforementioned, hypotonia, a condition describing decreased muscle tone, is also common and especially associated with muscle hypotrophy of the lower legs in Wolf-Hirschhorn-syndrome, which is a condition whereby the muscle fibres are smaller than usual ( Battaglia et al., 2015). 

Immunodeficiency
Overall, patients with WHS frequently suffer from antibody deficiencies (Battaglia et al., 2015), thus making patients more prone to develop infections.. Interestingly, antibody deficiencies have been found in patients with both smaller and larger deletions (Hanley-Lopez et al., 1998). 

Cardiology
Cardiac, renal, genitourinary, respiratory  as well as gastrointestinal problems are also reported for patients with WHS. Heart defects are often congenital, and thus present from birth, these include atrial septal defect, pulmonary stenosis, ventricular septal defect; and are usually operable ( Battaglia, Carey, & South, 2015; Battaglia et al., 2001; Centerwall et al., 1975; Plaiasu et al., 2011; Tautz et al., 2010; von Elten, Sawyer, Lentz-Kapua, Kanis, & Studer, 2013)

Renal and genitourinary abnormalities
Renal deficiencies, such as cystic dysplasia/hypoplasia, oligomeganephronia, horseshoe kidney, renal malrotation, bladder exstrophy, obstructive uropathy and vesicoureteral reflux are reported (Ferrara et al., 2010; Prunotto et al., 2013; Zollino et al., 2008). Furthermore, up to 50% of patients present with genitourinary tract effects  ( Battaglia et al., 2015). 

Respiratory issues
Structural abnormalities in the respiratory tract and lung are also reported and this thus places individuals at higher risk for respiratory infections (Battaglia et al., 2015; Hanley-Lopez et al., 1998). 

Gastrointestinal features
In addition to the gastrointestinal feature alluded to above (poor feeding, …), further abnormalities of the gastrointestinal features involve the liver, gallbladder, gut, diaphragm and oesophagus  (Battaglia et al., 2015). 

Additional features
Further clinical features of WHS include skin changes, such as hemangiomas, dry skin and sacral dimples (Battaglia et al., 2015; Shanske et al., 2010), retarded bone age of patients (Centerwall et al., 1975), disturbed sleep (Sabbadini et al., 2002) and a general failure to thrive (e.g. Plaiasu et al., 2011; Zollino et al., 2004). Some cases with malignant haematological abnormalities, such as myelodysplastic syndrome, anaemia and neutropenia (Sharathkumar et al., 2003) have also been reported. 

[bookmark: _Toc23522708][bookmark: _Toc38821423][bookmark: _Toc40172979]Health and rare disease

In 1946, the World Health Organisation (WHO) Constitution ambitiously defined (Huber et al., 2011) health as “a state of complete physical, mental and social well-being, and not merely the absence of disease or infirmity” (WHO, 1946; 2017). This definition has been applauded for addressing other important determinants of health, rather than simply defining it as  “the absence of illness”, as suggested in the medical model of health and illness (Huber et al., 2011). However, it fails the field of rare disease. As aforementioned, rare diseases are often chronic and life-limiting in nature, and therefore pressuring to strive for “complete physical, mental and social well-being” is unrealistic and potentially harmful. A further problem with this definition is that, as O’ Boyle (1995) points out, some patients with health conditions may report feeling better than -‘objectively’ - healthy persons; also referred to as the Disability paradox (Albrecht & Devlieger, 1999) . Aside from this, it may also lead to “medicalising” physical irregularities that do not necessarily require medication, but could potentially be treated (Huber et al., 2011; Jadad & Grady, 2008; Smith, 2008), which is a limitation of this definition that applies to both rare and more common diseases.
Naturally however, the medical field benefits from using the concept of “health” when communicating with patients about either the absence of illness or the management of it (Huber et al., 2011; Smith, 2008). At the same time, there are often discrepancies between the perceptions of health professionals and patients, or their families, as to what is the most important indicator of ‘health’, ‘treatment success’ or ‘efficacy’ (IRDiRc, 2016; Slevin, Plant, Lynch, Drinkwater, & Gregory, 1988; Smith, 2008) – especially in rare disease or life-threatening illness (O’ Boyle, 1995; Slevin et al., 1988).
As a result of this increased understanding of the complexities of measuring ‘health’, it has been argued that subjective, health-related quality of life (HRQoL) should be the “ultimate” focus and goal for healthcare, and what medical professionals should be assessing and addressing – for its specificity and relevance to the patients (McDowell, 2006; O'Boyle, 1995; Tengland, 2006) rather than the health professionals’ perceptions. Following this recognition, the WHO further elaborated their definition of ‘health’ in their International Classification of Functioning, Disability and Health Framework (ICF) by emphasising that the functioning or abilities of an individual are more important than their (diagnosed) health conditions (Burgess, Harris, Coombs, & Pirkis, 2017; World Health Organisation, 2016). In detail, this framework highlights two important aspects of a person’s health: “Body Function and Structures” but also “Activities and Participation”. The Framework “systematically groups different domains for a person in a given health condition (e.g. what a person with a disease or disorder does do or can do)”; a “domain’ being ‘a practical and meaningful set of related physiological functions, anatomical structures, actions, tasks, or areas of life” (World Health Organisation, 2016). These definitions and the definitions around ‘health’ are central to this thesis, as will become obvious in the following paragraphs. 

[bookmark: _Toc2336987][bookmark: _Toc17977840]Measuring health in rare disease: Clinical outcome assessments
This recognition that better assessments for health, or rather HRQoL, are needed, resulted in the development of Clinical Outcome Assessments (COAs) (Martinez-Martin, 2010; O’ Boyle, 1995; Relja, 2012; Slevin et al., 1988; Smith & Weldring, 2013). These clinical outcome assessments can bridge, and consequently address, differing understandings of health between patients and their health care professionals or help health care professionals assess patients with a specific condition in a meaningful way to the patient. It is important to note that they do not serve as means to a diagnosis; they are assessment tools of health status rather than diagnostic tools (Powers et al., 2017).
The use and development of COAs has increased significantly over the past twenty years (McDowell, 2006). To illustrate: a 2008 systematic review focusing on outcome measures in ‘clinical genetics services’, identified 67 validated measures. The measures ranged from assessments of psychological aspects, such as coping or worry, to health status and QoL measures (Payne et al., 2008). Disease-specific scales, such as the Prostate Cancer Genetic Screening survey, and general measures, such as the ‘Beck Depression Inventory’ or ‘Worry Interference Scale’, were reported. A limitation is that Payne et al. (2008)’s Inclusion criteria were very broad, and not necessarily focused on the assessment of genetic disease in general, which would have increased its relevance. For example, the review also reported on measures for the use with medical professionals only, such as ‘Measure of Counselees’ Knowledge of Down Syndrome’ as the scope of the review was to assess outcome measures in clinical genetic services, and not limited to patient-related outcome measures. However, the review has distinct strengths: one strength is that it provided a good, if now slightly dated, overview of validated measures used in clinical genetics services. 
The review also concludes that most measures identified focused solely on psychological effects rather than medical ones; the authors argue that this needs to be challenged and changed through the development of more medically oriented measures. This conclusion is especially relevant to the current PhD project as the Clinical Outcome Assessment that this thesis seeks to develop should take into account medical measures rather than psychological ones. Elsewhere, this move has also been emphasised: “The question is no longer whether these factors  should be measured, but what is the most reliable and practical means of obtaining these essential data.” (Slevin et al., 1988, p. 109)
Furthermore, Payne et al. (2008) initially identified 70 outcome measures for their review, on the basis of the authors of papers claiming their scales had been validated for use. However, upon investigation, the authors found that three of the 70 instruments did not have (published) evidence for their validity and were therefore excluded. Validation of outcome measure is extremely important, due to ensuring that the results obtained and thus inferences made from the instrument are valid and reliable. 

[bookmark: _Toc2336988][bookmark: _Toc17977841]Single-item and multi-item scales
The goal of any COA is to accurately measure the underlying construct it is designed to assess, such as disease status, functioning or HRQoL (Clark & Watson, 1995; Relja, 2012). A relevant example for this thesis is, for example, the Medical Research Council Prion Disease Rating scale which assesses the underlying construct of ‘Prion Disease’ across five domains which are cognitive function, speech, mobility, personal care/feeding and continence (Thompson et al., 2013). 
There are two over-arching types of clinical outcome assessments, as illustrated in Graphic 3 (Martinez-Martin, 2010) : single-item (Graphic 3: Diagram A) and multi-item clinical outcome assessments (Graphic 3: Diagrams B and C). While single-item scales are significantly easier to administer and exert little burden on respondent and assessor (Relja, 2012), especially in terms of time commitment, they are not suitable for rare diseases, which are characteristically complex and heterogeneous with a significant variety of different clinical features (Martinez-Martin, 2010). On the other hand, multi-item scales are perceived as more ‘scientifically strong’ compared to single-item scales, but a limitation is that they produce less tangible and potentially meaningful scores (Hobart, Cano, Zajicek, & Thompson, 2007). 
[bookmark: _Toc25137996]There are two further types of multi-item scales: Unidimensional (i.e. one item per clinical feature; Graphic 3: Diagram B) or multi-dimensional (i.e. a number of items per clinical feature; Graphic 3: Diagram C), where one construct (e.g. epilepsy) is broken down into a number of smaller items, or subscales (e.g. types of seizures, frequency or duration) (application of Martinez-Martin, 2010). 

[bookmark: _Toc39270360][bookmark: _Toc40173059]Graphic 3: Overview of different clinical outcome assessments (Martinez-Martin, 2010)[footnoteRef:2] [2:  Reproduced with permission.] 
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Furthermore, rating scales can assess both construct (directly observable, measurable constructs; e.g. number of seizures a week) and latent variables (indirectly measurable constructs; e.g. perceived illness burden) (Robertson, 2017). 

[bookmark: _Toc2336990][bookmark: _Toc17977843]The role of the U.S. Food and Drug Administration for Rare Disease Research
Disease-specific COAs have been, and are being, developed to have the interests of rare disease patients at the core (IRDiRc, 2016) by asking either the patients themselves, their caregivers (observers) or their clinicians to make judgements about “what” “how” and “how much” burden does the illness bring to the patient, or what their experiences are (Acquadro et al., 2003; Morel & Cano, 2017). 
The U.S. Food and Drug Administration (U.S. FDA), situated within the U.S. Department of Health and Human Services (U.S. Food and Drug Administration, 2017b), is the world-leading authority providing guidance for these clinical outcome assessments, as a result of the “Orphan Drug Act of 1983” mentioned earlier. Since then, the FDA has overseen all “efforts to improve and bring to market treatments for rare diseases” (Genetic and Rare Diseases Information Center, 2017). As part of this, they ensure that there are reliable, validated tools available (which includes outcome assessments) that systematically assess the health of patients with orphan diseases as well as the effects of newly developed drugs and treatments for rare disease patients (Augustine et al., 2013; IRDiRc, 2016). The U.S. FDA has published a significant amount of guidance surrounding the development of clinical outcome assessments (PDUFA, 2015; U.S. Department of Health and Human Services: Food and Drug Administration & U.S. Food and Drug Administration, 2017; U.S. Food and Drug Administration, 2017b). 
However, as a result of the circumstances of the “Orphan Drug Act” and its focus on drug development, much of this guidance is focused on research and drug development, not acknowledging the essential and significant contributions clinical outcome assessments now make to routine clinical practice in terms of ‘patient care, safety and quality’ (Smith & Weldring, 2013). This project seeks to address this, by ensuring that the development of this COA will be particularly useful and applicable to (routine) clinical practice.

[bookmark: _Toc2336993][bookmark: _Toc17977844]The NHS and Clinical Outcome Assessments
In the United Kingdom, in 2010, the Department of Health published the “Equity and Excellence: Liberating the NHS” report (Department of Health, 2012). In this report, the Secretary of State for Health (at that time: Andrew Lansley), together with the Prime Minister (at that time: David Cameron) and the Deputy Prime Minister (at that time: Nick Clegg) laid out goals for the NHS. Under goal 2.7 (‘Putting patients and the Public first’), the ministers recognised the important contributions COAs make to healthcare, their utility and effectiveness and that they were, at the time, under-used. The Department of Health pledged to increase the use of COMs “across the NHS wherever practicable”. 

[bookmark: _Toc2336991][bookmark: _Toc17977845]Different types of Clinical outcome assessments
COAs rely upon either subjective self-assessment of the patient themselves, or objective judgment of the patient’s health status by their relatives or clinicians (Acquadro et al., 2003). In detail, the U.S. FDA lists four distinct sources from whom these judgements can be obtained for the purpose of clinical outcome assessments (IRDiRc, 2016; U.S. Food and Drug Administration, 2017a). These sources are the patients themselves (via Patient-reported Outcome Assessments, PROs), relatives or caregivers (via Observer-reported Outcome Assessments, ObSROs) or trained medical professionals, who are asked to transform observations into “evaluations” along a rating scale (via Clinician-Reported Outcome Assessments, CLinRO, or Performance Outcome Assessments PerfO) (Acquadro et al., 2003; Walton et al., 2015). Naturally, the choice of type of COA is dependent “on a determination of the most appropriate report for the concept of interest and the context of use” (U.S. Food and Drug Administration, 2017a). Table 1 provides an overview of the differences between the different types of COAs, their advantages, limitations and some examples for each type of COA.
In addition to the distinction between PRO/ClinRo/ObSRO/PerfO, a further distinction has to be made. This distinction refers to the content of the COA, such as, for example, whether it can only be used with one group of patients with a specific illness (e.g. Health-related quality of life in Huntington’s disease (HDQLIFE) (Carlozzi et al., 2016), Medical Research Council Prion Disease Scale (Thompson et al., 2013)) or whether it is a site-specific measure that assesses the functioning of a specific part of the body (e.g. shoulder, arm) that can be used for different medical conditions. Table 2 provides an overview of these further distinctions, including their definitions, advantages, limitations and some examples.

[bookmark: _Toc40173026]Table 1: Overview of different types of Clinical Outcome Assessments
	Type of outcome measure
	Definition
	Advantages
	Limitations
	Examples

	Patient-reported outcome measures (PROMs or PRO)
	Direct self-report from the patient about perceived HRQoL/daily functioning
(Smith & Weldring, 2013)
	Patient most likely to give accurate representation/
answers (Smith & Weldring, 2013)
	Dependent on literacy of patient, i.e. must have ability to understand questions;
self-report bias
(Coster, 2013),

	Gastrointestinal Quality of Life Index (Eypasch et al., 1995)
Pelvic Floor Impact Questionnaire 
(Barber, Walters, & Bump, 2005)
European Organization for Research and Treatment of Cancer’s Quality of Life Questionnaire (EORTC QLQ C-30)

	Observer-reported outcome measures (ObSRO)
	Provision of information about HRQoL and functioning by third-party when patient unable to do so (e.g. as result of young age, cognitive deficits or patient unavailability) (Lewis et al., 2017) 
	Relatively easy to obtain this data; multiple sources (Lewis et al., 2017)
	Dependent on characteristics of observer (i.e. health literacy, relationship to patient/participant & involvement) (Coster, 2013)
	TAPQOL (Bunge et al., 2005)
RSV Caregiver Diary (Lewis et al., 2017)

	Clinician-reported outcome measures (ClinRO)
	Trained medical professional rates aspects of a patient’s life, such as HRQoL, functioning.(Powers et al., n.d.) 
	Tailored for specific patient group
	Requires medically trained professional 
	Unified Wolfram Disease (Nguyen et al., 2012)
Medical Research Council Prion Disease Scale (Thompson et al., 2013)

	Performance outcome (PerfO) measures
	Assessment of individual’s capability to perform a certain task/collection of tasks (Coster, 2013)
	Easy to administer in routine practice
	Suitability to patient/participant group, i.e. ability to understand the task instructions- (Coster, 2013; Hawkins & Riddick, 2018)
	2-Minute Walk Test (Bohannon, 2017)
Test of Grocery Shopping Skills (Hamera & Brown, 2000)





[bookmark: _Toc40173027]Table 2: Further distinctions for Clinical Outcome Assessments
	Type of Clinical Outcome Assessment
	Definition 
	Advantages
	Disadvantages
	Examples

	Disease-specific/ Population-specific 

	Condition- or population-specific (e.g. epilepsy and adults with epilepsy),
or evaluation of treatment;
(Velentgas, Dreyer, Nourjah, Smith, & Torchia, 2013);
usually include aspects rated highly important for particular disease either by patient or medical professional (Garratt, Schmidt, & Fitzpatrick, 2001)
	High relevance to patients (El Miedany, 2016);
Most accurate assessment of patient (Garratt et al., 2001);
Sensitive to changes (improvement, decline or stability) 
(Patrick & Denyo, 1989; Velentgas et al, 2013)
High completion rates as specifically tailored (Fitzpatrick et al., 1998)
	Unsuitable for comparisons with groups, who do not have the disease (Fitzpatrick et al., 1998; Velentgas et al., 2013);
Lengthy to develop 
(Fitzpatrick et al., 1998; Velentgas et al., 2013)
	Unified Batten Disease Rating scale (Marshall et al., 2005);
Health-related quality of life in Huntington’s disease (HDQLIFE) (Carlozzi et al., 2016)
Medical Research Council Prion Disease Scale (Thompson et al., 2013)


	Site/region specific
	Assesses the abilities/functioning of a specific region/site of the body, e.g. arm or shoulder (Beaton et al., 2001; Gummesson, Atroshi, & Ekdahl, 2003)
Created to assess all aspects of specific site (Mulligan, n.d.)
	Site-specific change can be measured (Gummesson et al., 2003; Robling et al., 2002)

	As created to assess all aspects of specific site, potentially lengthy assessment process with some irrelevant questions  (Gummesson et al., 2003; Robling et al., 2002)
	Disabilities of the arm, shoulder and hand outcome questionnaire (Gummesson et al., 2003)

	Dimension specific
	Assesses dimension of an illness (Garratt et al., 2001), such as physical or cognitive functioning (El Miedany, 2016)
	Detailed insight into this dimension of patients’ health (El Miedany, 2016)
	Often such measures are developed with the view of person receiving diagnosis vs not receiving the diagnosis (El Miedany, 2016), could potentially create bias 
	McPhill Pain Questionnaire (Melzack, 1983); Beck Depression Inventory (Beck, Steer, & Garbin, 1988)

	Generic/general

	Designed for use across a range of different groups to assess health status (Fitzpatrick et al., 1998; Velentgas et al., 2013)
Focus ranges from narrow to broad features of functioning/illness (Velentgas et al., 2013)
	Allows comparisons between populations, or with ‘normative scores’;
Psychometric properties well understood 
(Velentgas et al., 2013);
Good overview of general health (Fitzpatrick et al., 1998)
Assesses aspects of health across different groups of patients or populations (Noble & Marson, 2016).
	Not tailored for specific illness;
May require validation within specific population (Garratt et al., 2001; Velentgas et al., 2013)

	Health of the Nations Outcome Scale 
(Pirkis et al., 2005)
 EQ – 5D (Euroquol, 2016)
Short-Form Health Survey (SF-36/12) (Ware, 2000)

	Summary item
	Combines different aspects in one item (or limited number of items) (El Miedany, 2016)
	Brief to complete (El Miedany, 2016)
	Limited knowledge to be gained from often simple, brief measures (El Miedany, 2016)
	Manchester Oxford Foot Questionnaire (MOXFQ) (Morley et al., 2013)

	Individualised
	Measures of specific problems for patient (Donnelly & Carswell, 2002)
Provides overview of activities meaningful to patients (Johnsson et al., 2012)
	Use with different groups of people (Donnelly & Carswell, 2002),
Individualised 
	May miss/ignore some aspects of functioning;
May not necessarily allow for comparisons between groups (Mulligan, n.d.)
	Patient Specific Functional Scale (Kyte et al., 2015; Nicholas, Hefford, & Tumilty, 2012)

	Utility outcome assessment
	Assessment of risk, benefit and cost of an intervention;
(Sinno et al., 2012)
Economically motivated term, used as a justification for using resources to treatment/patient (Sinno et al., 2012; Velentgas et al., 2013)
	Outlines the (economic) ‘burden’ of certain interventions (Sinno et al., 2012; Sinno, Thibaudeau, Duggal, & Lessard, 2010)
	Not necessarily relevant to the assessment of symptoms in clinical practice
	Standard gamble (Van Osch & Stiggelbout, 2008)







[bookmark: _Toc2336994][bookmark: _Toc17977848][bookmark: _Toc23522709][bookmark: _Toc38821424][bookmark: _Toc40172980]Development of a Clinical Outcome Assessment

The development of Clinical Outcome Assessments is complex and iterative (U.S. Food and Drug Administration, 2017a), necessitating elaborate multi-step processes and methodological consideration to address arising challenges (McDowell, 2006; Morel & Cano, 2017). As aforementioned, guidance for the development of COAs is largely provided by the U.S. FDA, but their guidance is largely focused on developing Outcome Assessment for use in Clinical Trials (with fixed endpoints), rather than clinical practice. Therefore, guidance by the FDA will be supplemented with guidance and information from other sources, making the following section on development of Clinical Outcome Assessments especially relevant for clinical practice. These sources include the COnsensus-based Standards for the selection of Health Measurement Instruments (COSMIN) initiative, developed and based in the Netherlands (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; Lidwine, Mokkink et al., 2014), the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) and the International Society for Quality of Life Research (ISOQOL) (Acquadro et al., 2003; International Society for Quality of life research, 2019; Powers et al, 2017).
The FDA recognises three steps in the development of a COA., these are illustrated in Graphic 4. This graphic refers to Step 2 as ‘Conceptualising treatment benefit’; this demonstrates the graphics applicability to clinical trials, rather than clinical practice. A more accurate title for Step 2, in the context of clinical practice, is ‘Determining concept of interest and context of use’. This is what Step 2 will from now on refer to. 

[bookmark: _Toc39270361][bookmark: _Toc40173060]Graphic 4: Steps involved in the development of a COA (U.S. Food and Drug Administration, 2017a)[footnoteRef:3] [3:  Permission for reproduction not needed.] 
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Step 1 and 2: Understanding the Disease/ Condition & conceptualising concept of interest and context of use

“It is important to invest in a careful description of the clinical manifestations, disease course, clinical outcomes and – importantly – of the disease impact on patients’ daily life and of the patients’ chief complaints and expectations from future therapies” (Morel & Cano, 2017, p.3)

Underlying any measure development, there must be an in-depth investigation to gain understanding of the disease or condition that is to be measured, in order to inform the content of a Clinical Outcome Assessment (McDowell, 2006; Morel & Cano, 2017). Graphic 4 gives an overview of the steps involved. These initial steps towards gaining this understanding are usually achieved via a number of literature reviews; either in narrative or systematic format (Boateng, Neilands, Frongillo, Melgar-Quiñonez, & Young, 2018; Clark & Watson, 1995; Morgado, Meireles, Neves, Amaral, & Ferreira, 2017). The first literature review should assess the ‘concept of interest’ (i.e. the illness being studied with all relevant aspects such as onset, severity and comorbidities) (Graphic 4: Steps 1A-C). This can also include ‘less immediately-related constructs’ (Clark & Watson, 1995), such as the psycho-social impact of the illness on patients and their families or the financial burden of the illness(Graphic 4: Step 1D). 
Once the concept of interest (= WHS) and the context of use (= routine clinical practice) have been identified (Graphic 4: Step 2A-B) appropriate design-related issues have to be addressed, i.e. who will assess the patient. For the current study, due to issues relating to learning disability found in all patients and medically complex clinical features, a ClinRo is proposed; as family members, although often presenting with higher health literacy (Keim-Malpass, Letzkus, & Kennedy, 2015), may not be able to make those clinically sensitive judgements.

Step 3: Selecting/Developing the Outcome Measure
	Once the concept of interest, the context of use and the relevant type of COA required, are chosen, further literatures reviews are conducted to assess existing measures that have been used with the population of interest (Boateng et al., 2018)(Graphic 4: 3A). This serves the purpose of assessing whether there already is a clinical-rating scale for the illness of interest, which measures have previously been used with this population and whether these measures have been validated for use with the population being studied (Boateng et al., 2018; U.S. Food and Drug Administration, 2017a). If a similar measure already exists to the one the developers wanted to create, the modification of existing measures is also a possibility. 
	If no previous measure exists (Graphic 4: Step 3A), developers of a clinical outcome assessment can take one of two approaches: they can either start by creating their item pool for the COA  based on their literature review findings (Clark & Watson, 1995) (= deductive approach), or they can supplement their understanding of the disease with, for example, interviews or focus groups (combined, deductive and inductive approach) (Hinkin, 1995; Morgado et al., 2017). In theory, one could use a deductive approach to scale development; however, this would be a clear limitation of the developed rating scale (Morgado et al., 2017).
The combined approach is the recommended approach to developing rating scales. This is reflected in a finding published in a recent systematic review: Morgado et al. (2017) reported that the combined approach of deductive and inductive methods was the most commonly used approach to scale development (56%). A relevant example for this is the development of an ‘Observer-rated outcome measure for the assessment of Respiratory Syncytial Virus (RSV)’ by Lewis et al. (2017): the development of their ObsRo involved a literature review for both existing ClinRos and ObsROs for RSV, which was followed by semi-structured interviews with patient caregivers. A further example is the development of the Parental Needs Survey (Pelentsov, Fielder, Laws, & Esterman, 2016), based on a scoping literature review and four qualitative focus groups. Although it is unclear how the interviews and focus were analysed for both scales, which produces issues around content validity and reproducibility, these are good examples of applying the combined approach to scale development.
If taking the combination approach, there is much variation as to what additional research is carried out to supplement and further the understanding of the disease/illness of interest to inform the content of the clinical outcome assessment. Interviews are reported to be the most commonly used inductive approach to scale development (27%) (Morgado et al., 2017); these interviews can be conducted with the patients themselves, their caregivers or even health care professionals. When developing their performance-based measure for patients with Schizophrenia (Test of Grocery Shopping Skills), Hamera & Brown (2000), used semi-structured interviews with patients to gain further insights into the challenges faced when performing every-day tasks, such as grocery shopping, when living with schizophrenia. Robling et al. (2002), on the other hand, conducted interviews with health care professionals (referred to as ‘key-informant interviews’) during the development of the site-specific measure of quality of life for breast problems (The Cardiff Breast Scales). For the development of The Medical Research Council Prion Disease Rating Scale, relatives and caregivers (n=69) of patients with Prion disease were asked to complete the Barthel Index of Activities of Daily Living as well as rank up to four clinical features in order of importance; only a subset of their participants (n=10) completed in-depth structured interviews that were analysed using discourse analysis (Thompson et al., 2013). This inductive approach, naturally, also links with Step 1D in Graphic 4, and aids the understanding of the Concept of Interest to be assessed in the COA.
After having conducted in-depth investigations, developers can now refine what constitutes the concept of interest, related concepts and their relationships with each other (Jabareen, 2009; Maxwell, 2012). For the description of complex and multidisciplinary topics (Jabareen, 2009), such as the description of a multi-systemic illness or aspects of living with a chronic disease, conceptual frameworks are recommended to be developed. Jabareen (2009, p. 51) defines a conceptual framework (CF) “as a network, or ‘a plane’, of interlinked concepts that together provide a comprehensive understanding of a phenomenon or phenomena”. In contrast to theoretical frameworks, conceptual frameworks are much more complex, rooted in both iterative, critical and multidisciplinary research processes. (Imenda, 2014; Maxwell, 2012). Frameworks serve to inform the item pool for the measure that is to be developed, providing ‘guidance’ to developers (Leamy, Bird, Boutillier, Williams, & Slade, 2011; Liehr & Smith, 1999). However, the subsequent use of a framework is not just limited for use during scale development, but can also inform further research (Imenda, 2014) and clinical practice. 
Two examples of such CFs are presented below: The first CF (Graphic 5) was developed by Dobbels et al. (2014), describing COPD (Chronic Obstructive Pulmonary Disease) patients’ experiences of physical activity. This conceptual framework was developed based on three qualitative studies with 116 patients from four demographically and geographically different countries, and the objective was to develop a PROM for physical activity in COPD patients. This framework clearly illustrates how the development of the Conceptual framework (circled red) informed the development of the items (circled purple).
The second example was developed by Oberdhan et al. (2018) (Graphic 6). This CF underlies the development of the Autosomal Dominant Polycystic Kidney Disease Impact Scale. It was developed on the basis of extensive literature reviews and multiple internal focus groups with both expert clinicians (n = 26; USA, Europe, Japan) and patients (n = 117; USA, Europe, Japan). The objective of this CF was to develop a PROM for HRQoL in patients with Autosomal Dominant Polycystic Kidney Disease. 

Graphic 5: Conceptual Framework of COPD patients’ experience of physical activity, developed by Dobbels et al. (2014)[footnoteRef:4] [4:  Reproduced with permission of the © ERS 2019:  European Respiratory Journal 44 (5) 1223-1233; DOI: 10.1183/09031936.00004814 Published 31 October 2014] 
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[bookmark: _Toc39270363][bookmark: _Toc40173062]Graphic 6: Conceptual Framework of the Autosomal Dominant Polycystic Kidney Disease Impact Scale (Oberdhan et al., 2018)[footnoteRef:5] [5:  Permission for Reproduction not needed.] 

[image: ]

Once a CF has been designed, developers must also address the format of the COA that would be most suitable for the population to be assessed (DeVellis, 2017; Powers et al., 2017; U.S. Department of Health and Human Services: Food and Drug Administration & U.S. Food and Drug Administration, 2017; Walton et al., 2015), i.e. ClinRo versus PRO etc.

Step 4: Assessment of Psychometric properties
Once the first draft of a Clinical outcome assessment has been developed, it has to undergo the process of psychometric validation as well as assessments of different types of validity (Boateng et al., 2018; Cook & Beckman, 2006; Morgado et al., 2017; Nguyen et al., 2012). Although not its own step in Graphic 4; the assessment of psychometric properties warrants its own step in the development of a COA and thus, its own discussion. It is reflected in Step 3C in Graphic 4 in ‘Complete COA development’. The COSMIN initiative, for example, calls this step ‘Assessment of Measurement properties of a COA’ and provides both a graphic and informational framework for what this step should entail.
At this point, a nomenclature issue should be addressed. Although sometimes used interchangeably, validity and validation refer to different concepts and are often linked to different scientific approaches (or philosophies) to generating knowledge: ontology and epistemology (Borsboom, 2005; Scotland, 2012). The difference between validity and validation can be described as “ a property , while validation is an activity” (Borsboom, 2005, p. 154). This means that validity can be demonstrated by using concepts, such as content or criterion validity[footnoteRef:6] (e.g. Cook & Beckman, 2006; Mosier, 1947); validation refers to measurement properties, and therefore the use and application of statistical methods to investigate the reliability and responsiveness of a COA (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a, 2019b; Mokkink et al., 2014; van Melle, van Stel, Poldervaart, de Wit, & Zwart, 2018). Linking this back to the aforementioned philosophical approaches, the ontological perspective is that a concept exists (i.e. WHS), and that it has causal influences (i.e. clinical features); it is often referred to as the more subjective of the two approaches and therefore related to validity (applied from Borsboom, 2005). The alternative is the epistemological perspective which reflects how one can, objectively, be certain that the concept causes the hypothetical (i.e. clinical features, scoring) consequences. The majority of epistemological approaches therefore apply more empirical methods to document this; a process which is referred to as scientific validation (Borsboom, 2005).  [6:  Elaborated below] 

It is seen as essential that any developed outcome measure, especially those used in clinical research and practice, should be both valid and validated to prevent incorrect conclusions being drawn or inadequate patient assessment and subsequent treatment (National Center for Chronic Disease Prevention and Health Promotion: Division of Population Health, 2018; Streiner, Norman, & Cairney, 2015). However, the majority of publications, scholarly works and governing bodies uses the word ‘validation’ to incorporate both validation and validity, including the US FDA (for reference, see Step 3: U.S. Food and Drug Administration, 2017a). The use of these term interchangeably may lead to measures being approved for use by the FDA or measures being used without being suitable validated and valid. 
Due to the aforementioned confusion and sometimes omission around the words ‘validation’ and ‘validity’; there is some discussion about which nomenclature approach is most suitable. While some scholars, such as Bi and Kuesten (2012), suggested calling this last step an ‘assessment of scale accuracy’. This term is generally seen to cover a scale’s reliability and validity; and therefore unifies the aspects of validity and (the activities associated with) validation that are integral to producing a high-quality scale (Bi & Kuesten, 2012). A strength of this (nomenclature) approach is that it recognises that reliability and accuracy assess different aspects of a COA. A COA can be reliable but not accurate, yet it cannot be accurate if it is not reliable (Kline, 1998). Assessment of accuracy, therefore, goes beyond reliability (analyses) and incorporates whether a measure is assessing what it claims to be measuring (i.e. the concept of interest) (Slocum-Gori & Zumbo, 2011). However, this approach fails to take other important aspects of a COA into account, such as a measure’s ability to capture change over time or the interpretability of results of a COA (McClimans, 2011). 
In response, and in an effort to improve the development and appropriate use of COAs in research and clinical practice, the COnsensus-based Standards for the selection of health Measurement Instruments (COSMIN) Initiative has been developed in the Netherlands (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; Lidwine, Mokkink et al., 2014).The COSMIN initiative suggests calling this last step in the development of a COA ‘Assessment of Measurement properties of a COA’ Graphic 7 provides both COSMIN’s graphic framework for what this step should entail. These recommendations made as part of this framework, were the result of an international consensus study with 57 international experts on scale development (Lidwine et al., 2014). The measurement properties of outcome instruments that the COSMIN checklist recommends are assessments of reliability, validity and responsiveness. This checklist also included interpretability as an important aspect of a scale; although it is recognized that this is not a measurement property as such (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; Lidwine et al., 2014). 

[bookmark: _Toc39270364][bookmark: _Toc40173063]Graphic 7: Measurement Properties of Outcome Measurement Instruments (COSMIN initiative)[footnoteRef:7] [7:  Permission for reproduction not needed.] 
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A distinct strength of this approach is that it generally includes aspects of both validity and psychometric validation (reliability, but also responsiveness) under the umbrella term assessment of ‘measurement properties’ (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a) and therefore becomes an all-encompassing framework of reference. Although primarily developed for PRO/PROM instruments, this checklist provides an overview of recommendations of different aspects that should be assessed in the final stage of scale development; and there is no current alternative, framework or guidance developed for ClinRos.
Reliability
As aforementioned, reliability is important for all cases of psychometric testing and scale development, however it is arguably most important in the fields of health care and medicine, as the use and application of unreliable measures can have serious consequences for patient health and care (Slocum-Gori & Zumbo, 2011; Zaki, Bulgiba, Nordin, & Ismail, 2013). There are three aspects to reliability aiming to assess different questions that need to be demonstrated in a COA, to ensure its quality: Internal consistency reliability (“How coherent are the items within a measure?”), equivalence (“How much agreement is there between one or more raters?”) and stability (“Does the measure obtain comparable results at more than one occasion?”) (DeVellis, 2017; Kline, 1998; Park, Kang, Jang, Lee, & Chang, 2018; Salmond, 2008; U.S. Department of Health and Human Services: Food and Drug Administration, 2009). A scale is deemed reliable if the score/s accurately represent/s the variable that it is measuring; in practice, this means that a given score should not change unless the variable is changed (DeVellis, 2017). For example, if a patient consistently has one seizure per week, this should be a consistent rating for this time period; however, if the patient starts having three seizures a week, the score will change and should now be reflected in the subsequent ratings obtained. Essentially, scale reliability refers to how closely a score on a scale represents the true score (what percentage of the variance is attributable to the true score, as opposed to error) (DeVellis, 2017). Reliability of scales is often assessed in terms of internal consistency (Cronbach’s α, ≥ 0.70) (Hudgens, Spalding, & Chaudhari, 2016), and reproducibility via test-retest testing/intra-rater reliability (Eton et al., 2013; U.S. Department of Health and Human Services: Food and Drug Administration, 2009) and comparisons of inter-rater results (Buesser et al., 2017; Hallgren, 2012). 

Validity
The concept of validity describes “how well one can legitimately trust the results of a test, as interpreted for a specific purpose” (Cook & Beckman, 2006); it therefore does not directly refer to the measurement properties of a measure, and validity is also not a static concept. It relates to how the tool is used, or “the context of its use” (Cook & Beckman, 2006; DeVellis, 2017, p. 86). In practice this therefore means that demonstrating validity means demonstrating how well inferences can be made from the responses to a measure, whether these are meaningful, and in which contexts (Beckstead, 2009; Cook & Beckman, 2006; DeVellis, 2017). A measure may be valid for use with one population, but not with another. 
There are different types of validity: content validity, construct validity and criterion validity. Content validity refers to how relevant an instrument’s content is to the concept of interest being studied and how  representative a score given on a measure is to how a patient feels about themselves (Almanasreh, Moles, & Chen, 2019; Ballinger, Kerr, Mowbray, & Bush, 2018; Haynes, Richard, & Kubany, 1995), in the context of the current study that would be WHS. Content validity also incorporates face validity, which assesses whether a measure, or intervention, appears valid on the surface (Mosier, 1947; Royal, 2016). Face validity refers to whether a measure 
 looks as though it addresses the right domains and contains the right items; however, there is no clear definition or agreement as to who should make this judgment, whether these are clinicians, patients or researchers. It has been widely argued that face validity is neither a scientific nor valid assessment of validity, as something appearing appropriate does not equate to being scientific or correct (Downing, 2006; Mosier, 1947; Royal, 2016), and is thus often regarded as the weakest type of validity (Downing, 2006). Demonstrating content validity (including face validity) may involve consulting published research, (international) experts on the illness that is being studied or involving patient representatives for feedback (DeVellis, 2017).
Next, construct validity refers to whether the rating scale accurately reflects the underlying construct as well as its related concepts. Demonstrating construct validity is vital and will “instill confidence in all consequent inferences” (Morgado et al., 2017). A measure’s construct validity is therefore a reflection of how justifiably inferences, based on the measure, can be made (Mathison, 2019).  There are two further types of construct validity: Convergent and discriminant validity. Convergent validity refers to the degrees of correlation with measures assessing similar concepts (r ≥.30)  (Cohen, 1988; Hofman et al., 2017; Hudgens et al., 2016), and discriminant validity refers to no or low correlation with dis-similar measures (Cohen, 1988; Eton et al., 2013). There is no correlation size for discriminant validity; however, it would be expected to be close to 0 and smaller than the coefficients obtained for convergent validity (Hubley, 2014). 
Criterion validity, also referred to as concrete validity, refers to the degree of correspondence to an outcome. There are two types of criterion validity: Concurrent and predictive validity. Concurrent validity refers to the ability of a measure to differentiate between sub-groups of a population based on scores along a scale, such as different educational level, health status etc. (Eton et al., 2013; Hofman et al., 2017). Predictive validity refers to a measure’s ability to predict future scores, such as functioning or performance (Sailkind, 2011). It assesses how well a measure predicts a participant’s, or patient’s, score from Time 1 to administration at Time 2 (Lin & Yao, 2014); and therefore assesses how well a measure is able to predict future outcomes or abilities (Clemens, Ragan, & Pickett, 2018). 

Responsiveness
For completion, another important aspect to mention is a measure’s responsiveness, capturing changes in patients’ health over time (Lindeboom, Sprangers, & Zwinderman, 2005; Streiner & Norman, 2008). It is important to note that there is some debate as to whether responsiveness is simply an aspect of content validity (Streiner & Norman, 2008). Nonetheless, an instrument’s responsiveness is an important aspect of a measure, especially if used in the context of clinical trials to show treatment benefit, for example. 

Interpretability
Finally, interpretability refers to how meaningful obtained scores on a COA are to the context in which the measure is used (Fitzpatrick et al., 1998; McClimans, 2011; Sechrest, McKnight, & McKnight, 1996). In practice, this refers to how meaningful an increase (or decrease) of a score on a particular scale is for the patient as well as what the implications are for the patient, their care and health. The EORTC QLQ C-30, a PROM for cancer patients’ QoL, for example has been criticized by McClimans (2011) for lacking interpretability. McClimans puts forward the criticism that a 20-point decrease in a score is not interpretable, as it is not clear what this means. In detail, she questions whether this means that “patients” are “able to enjoy their hobbies?” or “are… able to socialize more regularly?” (McClimans, 2011, p. 390). This lack of (clinical) interpretability is especially problematic when decisions, such as treatment plans or assessments of intervention efficacy, are made based on these scores (McClimans, 2011). Therefore, it is of the utmost important that COAs provide interpretable and meaningful scores, rather than mere numbers. 

Conclusion
	In summary, the development and use of COAs has much to offer for both research and routine clinical practice, especially for patients with rare diseases. The following thesis present the development of a Clinician-Rated COA for the rare disease WHS. It is the aim for this COA to be applicable to, and useful for, both research and clinical practice. The thesis will present the development of this COAs, following guidance outlined above. Aspects, such as content or face validity and reliability, will be assessed in the following thesis. 


[bookmark: _Toc17977851][bookmark: _Toc23522710][bookmark: _Toc38821425][bookmark: _Toc40172981]Chapter 3: Systematic reviews to support the development of a Clinical Outcome Assessment for WHS
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The development of a Clinical Outcome Assessment is a long and iterative process. One of the initial steps involved in this development is the consultation of the current state of the scientific literature on the topic. This is usually achieved either by consulting existing reviews or conducting one/a number of literature review of primary research findings to maximise understanding and knowledge of the concept of interest (COI) (Carpenter, 2018; Clark & Watson, 1995; Morgado et al., 2017). These reviews can either be narrative or systematic (Boateng et al., 2018; Cipriani & Geddes, 2003; Noble & Smith, 2018). The main difference between narrative and systematic reviews is that systematic reviews are based on (previously specified) methods (including search strategy and synthesis), which make them reproducible (Cipriani & Geddes, 2003; Noble & Smith, 2018). Systematic reviews are seen as a more ‘conservative’ approach (Cipriani & Geddes, 2003) to synthesise research findings than narrative reviews. This is reflected in the fact that systematic reviews are referred to as the ‘gold standard’ for evidence synthesis and appraisal (Noble & Smith, 2018). Systematic reviews are often used in the first steps during scale development (e.g. Ching et al., 2003; Preston et al., 2015; Duncan et al., 2017; Powell, Powell and Robson, 2018; Tsai and Lee, 2018). 
Narrative reviews do not contain a methods section, but instead are often based on the author’s/ authors’ expertise rather than systematic searches and appraisal of the literature (Cipriani & Geddes, 2003). There is a chance that such reviews may be biased in their reports and conclusion(s) drawn (Cipriani & Geddes, 2003; Mulrow, 1987); it is important to critically appraise such narrative reviews or expert reviews to assess for contributions, author expertise and potential conflict of interests. 
For outcomes research, the following reviews are usually required (Boateng et al., 2018; U.S. Food and Drug Administration, 2017a): 

(1) Firstly, a review on the concept of interest of the COA is required (Graphic 4 in Chapter 1). For the current project, this means a review on WHS, its clinical features, prevalence and comorbidity is needed. In 2015, Battaglia et al. (2015), three leading international experts on WHS (Italy, United States of America), published an article titled “WHS: A review and update” in the American Journal of Medical Genetics Part C. This was a narrative expert review. This paper is based on the clinical expertise of the three authors who have been publishing on WHS since 1993 (e.g. Battaglia, Carey and South, 1993; Bamshad, O’Quinn and Carey, 1998; Battaglia et al., 1999, 2000; Battaglia, Filippi and Carey, 2008; South et al., 2008; Battaglia et al., 2015). 
Considering the expertise of these authors and their extensive experience with WHS and its publication date, it is unlikely that a recent systematic review on this topic would have yielded further insights into the topic than a narrative review based on more than two decades of experience with patients with the syndrome. This review, together with further research as well as the clinical experiences of the author of this thesis and expertise of her supervisor (AM) of caring for and managing patients with WHS, was taken as sufficient to achieve expertise and in-depth understanding on the medical aspects of the concept of interest.
(2) Secondly, a review assessing existing measures that have been used with the population of interest (i.e. patients with WHS) must be conducted. The results will yield insights into whether any existing measures ‘adequately serve the same purpose’ that the new measure is proposing to fulfil, whether a new measure is justified and/or identify gaps in knowledge and measurement properties of previously used measures (Mokkink et al., 2018). Currently, no such investigation of primary research findings has taken place. This review must therefore be undertaken (reported in Systematic Review 1). 
(3) [bookmark: _Toc6774584]Thirdly, ‘less immediately-related concepts’ to the concept of interest must be reviewed (Clark & Watson, 1995). For the current project, this means an investigation into the psycho-social impact of WHS on patients and their families to further inform the content of the COA by providing insights into the quality of life of patients and their families. As for review (2), no such investigation of primary research findings has taken place; and must also be conducted for the purpose of this thesis.
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Searches 
Five databases were searched (PubMed, Cinahl, PsycINFO, Web of Science and Scopus) in January 2016, and subsequently updated in April 2019. The following search-term combinations were used, totalling 30 searches across the five data bases: Wolf-Hirschhorn* AND (scale OR assessment OR rating OR outcome), Wolf-Hirschhorn* AND clinical, Wolf-Hirschhorn* AND diagnos*, (4p16 deletion) AND (scale OR assessment OR rating OR outcome), 4p16 deletion AND diagnos*, 4p16 deletion AND clinical (Appendix 3.1).

[bookmark: _Toc6774588]Rayyan
Search results for each database were imported into the web and mobile app Rayyan via CSV files, and stored online (Ouzzani, Hammady, Fedorowicz, & Elmagarmid, 2016). This application was used to screen for duplicates and to keep a record of reasons for exclusion from the review.

Inclusion Criteria 
The inclusion criteria for this systematic review is illustrated in Table 3. No limitations in terms of publication date were set; however only English-language full-text, original research papers were included. Papers needed to include samples either consisting entirely of patients with WHS, or have mixed samples clearly indicating that patients with WHS were included. Studies needed to have used at least one validated measure for use with and study of WHS, ad-hoc measures, non-validated as well as clinical checklist reporting were excluded. Comparative as well as non-comparative study designs were eligible.



[bookmark: _Toc40173028]Table 3: Inclusion and Exclusion Criteria for Systematic Review 1
	Criterion
	Inclusion criterion
	Exclusion criterion

	Publication date
	No restrictions
	

	Publication language
	English-language only
	

	Publication type
	Full-text, original research only
	Systematic reviews, letters to the editor, (conference) abstracts

	Sample
	Patients diagnosed with WHS;
Mixed samples with other developmental disorders 
	

	Measures
	Use of at least one validated outcome measure investigating clinical features of WHS, patient functioning or health
	Ad-hoc measures,
Non-validated measures
Checklist format (absent versus present) (e.g. 
 Battaglia et al., 1999; Wieczorek et al., 2000; Wu-Chen et al., 2004).

	Design
	Comparative as well as non-comparative 

	



Findings: Records obtained & screened

A total of 697 results were obtained; all records were imported into Rayyan, a web and mobile application for systematic reviews (Ouzzani et al., 2016). Using Rayyan, 351 articles were found to be duplicates, leaving the titles of 346 articles to be screened. Upon screening of the titles, 279 records were excluded. The abstracts of the 67 remaining records were assessed. Fifty-five papers used ad-hoc measures with their patient samples with WHS, and were thus also excluded. Thirteen studies remained for full-text assessment. Out of those, four articles were not available in English, they were either in Polish (n = 1) or French (n = 1), or Spanish (n = 2) and thus excluded. The remaining eight studies were assessed in-depth, an overview of these studies is provided in Tables 4 and 5. However, as none of the measures used in these studies were validated for WHS, they also had to be excluded from this systematic review. Consequently, no records (or measures) matching the inclusion criteria were found. Prisma Diagram 1 (Appendix 3.2) illustrates the flow throughout the search. 

[bookmark: _Toc40173029]Table 4: Overview of studies excluded in the last step of the systematic review
	Authors (Year), Country
	Study Objective

	Cossu et al., (2014), Italy
	Characterisation of neuropsychological WHS phenotype

	Fisch et al. (2008; 2010), USA (n = 2)
	Systematic study of cognitive-behavioural features of WHS (2008: preliminary report of 12 cases; 2010: full report of 45 patients)

	Fisch et al. (2012), USA
	Comparison of developmental trajectories for patients with WHS and other subtelomeric syndromes

	Ho et al. (2018), USA, Europe and Asia 
	Measurement of antiepileptic drugs responses in WHS

	Marshall (2010), 16 countries and the commonwealth of Puerto Rico 
	Examination of the impact of WHS on communication and expressive language skills

	Nag et al. (2017), Norway
	Structured assessment of motor function, behaviour and communication in WHS

	Van Borsel, De Grande, Van Buggenhout, & Fryns (2004), Belgium
	Assessment of speech and language development




[bookmark: _Toc40173030]Table 5: Overview of non-validated scales used to study WHS
	Scale, Frequency (f) of use in studies in the review
	Scale developed to assess
	Scale validated for patients with WHS 
	Type of Scale 
Patient - reported (P)
Observer- reported (O)
Clinician – reported (C)
	Used by included papers 

	Child Autism Rating Scale (CARS)
	Childhood Autism Disorders (Chlebowski, Green, Barton, & Fein, 2013) (Schopler, Reichler, DeVellis, & Daly, 1980)
	No
	O
	Fisch et al. (2008; 2010)

	Child Behaviour Checklist 
	Youth and Child Behaviour problems (Ebesutani et al., 2010)
	No
	O
	Nag et al. (2017): 
Fisch et al. (2008; 2010)

	Conners’ Parent Rating Scale 

	Childhood Behaviour Problems (Conners, Sitarenios, Parker, & Epstein, 1998)
	No
	O
	Fisch et al. (2008; 2010)

	Early Childhood Epilepsy Severity Scale
	Childhood Epilepsy in Children with Tuberous Sclerosis (Humphrey, Ploubidis, Yates, Steinberg, & Bolton, 2008)
	No
	C or O (unclear)
	Ho et al. (2018)

	Griffiths Mental Development Scale 
	Mental development (Griffiths, 1970)
	No
	Predominantly C (psychologist, paediatrician) (Child Psychologist Australia, n.d.)
	Cossu et al. (2014)

	MacArthur Communicative Development Inventories
	Lexical development (da Silva, Comerlatto Junior, Bevilacqua, & Lopes-Herrerda, 2011)
	No
	O
	Marshall (2010)

	McCarthy scales of Children’s Abilities
	Children’s cognitive and motor abilities
	No
	O
	Van Borsel, De Grande, Van Buggenhout, & Fryns (2004)

	Receptive expressive emergent language test (REEL-2)
	Receptive and expressive language skills 
	No
	O
	 Marshall (2010)

	Reynell-Developmental language scale
	Speech/language delay; Receptive and expressive language skills 
	No
	O (speech and language therapists)
	Van Borsel, De Grande, Van Buggenhout, & Fryns (2004), 

	Social Communication Questionnaire
	Autistic features
	No
	O
	Nag et al. (2017)

	Stanford Binet 4th edition (SBFE)
	Intelligence
	No
	O
	Fisch et al. (2012)
Fisch et al. (2008; 2010)

	Vineland Adaptive Behavioural Scale
	Adaptive Behaviour
	No
	O (two forms: parent/caregiver and teacher)
	Nag et al. (2017)
Fisch et al. (2012)
Fisch et al. (2008; 2010)
Cossu et al. (2014)

	Wechsler Pre- and Primary School Scale of Intelligence
	Intelligence
	No
	O
	Van Borsel, De Grande, Van Buggenhout, & Fryns (2004)





[bookmark: _Toc17977859]Discussion: Systematic Review 1

This systematic review was conducted to investigate and produce an overview of COAs used and validated for WHS. The main findings of this review were that (1) there is currently no Clinical Outcome Assessment for WHS, which supports the objective of the current project, and (2), none of the scales used in the literature to assess patients with WHS (n = 13) were validated for use with this patient group. 
This has a number of serious consequences: using scales that have not been validated for the population of interest (or populations with similar characteristics at the very least) suggest unreliable results of empirical studies. Perhaps most striking is the use of the Early Childhood Epilepsy Severity Scale (E-CHESS) by (Ho et al., 2018), which was developed to assess epilepsy in children with Tuberous Sclerosis (Humphrey et al., 2008). While epilepsy is a shared clinical feature between these two conditions, there is no scientific literature suggesting that these two conditions share either the same aetiology underlying the epilepsy nor share common experiences of this clinical feature. At face value, this scale assesses salient aspects to epilepsy severity, such as frequency of seizures or number of anticonvulsant medications taken. However, without validation for use with patients with WHS or at least some attempt to demonstrate validity for this patient group, the results of Ho et al.’s study have to be questioned. 
In addition to the use of non-validated measures, arguably very unsuitable measures were also used with this population group: for example, the use of the Griffiths Mental Development Scale for patients with WHS is highly unsuitable as a degree of verbal skill is needed in the first instance to complete this scale (Luiz, Foxcroft, & Stewart, 2003); this adds further scrutiny to results previously obtained in the literature for patients with WHS due to non-validated, as well as unsuitable assessments chosen.
Unsurprisingly, all measures found to have previously been used for patients with WHS, were either reliant on observer- or clinician- report; likely due to a recognition of lack of communicative abilities and cognitive skills of patients.
Not only does this study highlight a lack of validated measures for patients with WHS, but it also highlights the lack of knowledge in the medical community about the importance of using validated, and appropriate measures. While a (previous) lack of guidance on which measures to choose or a lack of scales to choose from may excuse older research, recent research, such as Ho et al.’s (2018) paper, should have chosen a different and validated measure as there is now a plethora of guidance on how to choose appropriate outcome measures for clinical trials and outcomes research (e.g Coster, 2013).

[bookmark: _Toc17977860][bookmark: _Toc23522714][bookmark: _Toc38821428][bookmark: _Toc525647930][bookmark: _Toc40172984]Systematic review 2: The psychosocial impact of WHS on families and patients 
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Searches
The intention for this systematic review was registered on PROSPERO (Reference number: CRD42017060561) in March 2017. Searches were conducted in November 2016, and subsequently updated in April 2019. Five databases were used for the review (Scopus, Web of Science, PsycInfo, CINAHL and PubMed). The search terms were: (psychosocial) AND (Wolf-Hirschhorn* 4p16 deletion), (experience OR patient) AND (Wolf-Hirschhorn* OR 4p16 deletion), (living OR life) AND (Wolf-Hirschhorn* OR 4p16 deletion), (car*) AND (Wolf-Hirschhorn* OR 4p16 deletion), (parent OR child OR adult) AND (Wolf-Hirschhorn* OR 4p16 deletion), (burden OR impact) AND (Wolf-Hirschhorn* OR 4p16 deletion). A total of 30 searches were performed across the five databases (Appendix 3.3).

Rayyan
As above, search results for each database were imported into the web and mobile app Rayyan via CSV files, and stored online (Ouzzani et al., 2016). Duplicates were screened for using this application. 

Inclusion criteria
The inclusion criteria for studies was set as particularly broad with the intention to be able to allow inclusion of a variety of papers in the review (Table 6). The study design was not set as an inclusion criterion as both qualitative and quantitative approaches have been used to study the psychosocial impact of rare genetic conditions on families. These methods have previously included personal narratives (Funk & Seem, 1998), ethnographic studies (Blake, 2001), semi-structured (Barke, Coad, & Harcourt, 2016; Gemma Maria Griffith et al., 2011) or in-depth interviews (Boardman, 2014), quantitative questionnaires or surveys (Green & Murton, 1996; Hercher & Bruenner, 2013; Spilkin & Ballantyne, 2007). The only requirement for studies to be included was for them to investigate some aspect of the psychosocial impact of WHS on either WHS patients themselves or their families. Furthermore, the search was not limited in terms of publication date; however, searches were conducted in the English language.

[bookmark: _Toc40173031]Table 6: Inclusion and Exclusion Criteria for Systematic Review 2
	Criteria
	Inclusion criteria
	Exclusion criteria

	Publication date
	No restrictions
	

	Publication language
	English-language only
	

	Publication type
	Full-text, original research only
	Systematic reviews, letters to the editor, (conference) abstracts

	Sample
	Patients or family caregivers of children and adults with WHS 
	

	Variable of interest
	Psychosocial aspects of living with and caring for an individual with WHS
	If only clinical aspects, such as frequency of seizures, are reported on

	Design
	Quantitative, Qualitative and Mixed-Methods 
	



[bookmark: _Toc525647932]Findings: Records obtained & screened
A total of 1603 results were obtained and, as above, imported into Rayyan. Nine hundred and eighty-nine were found to be duplicates, leaving 614 articles to be screened for inclusion. Upon screening of the titles, 600 results were excluded; due to the fact that the vast majority of results were aetiology and genetics-specific papers, and therefore deemed irrelevant to the purpose of this systematic review. The full-text versions of the remaining 14 results were assessed. None of the papers matched the inclusion criteria and all had to be excluded. Seven of the 14 papers were assessments of functioning, such as verbal skills, of patients with WHS (n = 7), three were clinical case studies (n = 3), two were clinical management papers (n = 2) and the full-text of another one was available in Spanish only (n = 1, email correspondence investigating whether there was an English translation that took place, unfortunately no translation was obtained). A further record was deemed irrelevant as it focused on collaboration between academics and patient groups (n= 1; Total n = 14). Prisma Diagram 2 (Appendix 3.4) illustrates the flow throughout the search.

[bookmark: _Toc525647933][bookmark: _Toc17977863]Discussion

Despite a rise in research interest into the psychosocial effects of rare genetic disorders on families and patients, no articles could be found that, at least to some extent, assess the psychosocial impact of being a patient with WHS or having a child or family member with WHS. This reflects a gap not only in the academic literature, but also identifies a clear unmet need in the understanding and psychosocial support provided to those affected by this genetic disorder. Given the severity of the disorder, it can be suspected that such support will be much-needed.
It could be suggested that it comes as no surprise that there are no papers investigating the psychosocial impact of the condition on WHS patients themselves, as due to a high prevalence of severe learning disability and inability to communicate (Battaglia et al., 2015; Fisch et al., 2012; Fisch et al., 2008), such studies are potentially very challenging, if not impossible conduct. This may also explain why other rare genetic diseases, where the degree of learning disability is much more varied or not a symptom of the disorder itself, have been investigated in this way, including, long QT syndrome, 22q11 deletion or Huntington’s disease (Andersen, Øyen, Bjorvatn, & Gjengedal, 2008; Costain, Chow, Ray, & Bassett, 2012; Herlihy et al., 2011; Hollman & Olsson, 2004; Jonathan A. Smith et al., 2006). However, by proxy reports have been used to try and understand the quality of life of patients with other severe and debilitating conditions, and are unable to communicate this themselves. The lack of literature investigating the psychosocial impact of WHS on and from the parents/carers perspective, especially considering its complexity and severity in some cases (Battaglia et al., 2015; Sukarova-Angelovska et al., 2014; von Elten, Sawyer, Lentz-Kapua, Kanis, & Studer, 2013), is surprising. 
It could be argued that this gap in the literature is, to some degree, the result of lack of health care researchers investigating the burden and psychosocial impact of rare condition, such as WHS on families, rather than as a result of unwilling participants. The American website wolfhirschhorn.org, for example, lists the tab “Our Stories” on their website, where different parents regularly share their experiences of their children’s illness and the impact of the syndrome on their family life. One parent couple, for example, talk about their journey of raising an 18-month old girl with WHS and describe it as “a very humbling and educational time in our lives” (Wolfhirschhorn.org, 2016). There is also a book published by an American WHS mother titled “Swan: The story of a very special person and her mom”(Gilker, 2016) where she describes her life with her daughter Bree who grew up in a time, where not much was known about the condition, and how she learnt to manage the syndrome herself. She also talks of the impact WHS had on her life, her relationships and her emotional health. In a blog post she wrote for ‘the caregiverspace’, she argues for the existence of caregiver PTSD and describes the profound psychosocial impact that caring for her daughter has had on her (Gilker, 2014). The themes of “joy” and “sorrow” were found in Mrs Gilker’s writing: the extreme challenges that accompany caring for her WHS daughter, the pressure on her to cope but also the profound love she has for her daughter (“As I look back in retrospect on these years, I am amazed that I am even still on this planet and the only reason I am here is because of my beautiful little daughter”) (Gilker, 2014, 2016).


[bookmark: _Toc22126817][bookmark: _Toc23522715][bookmark: _Toc38821429][bookmark: _Toc40172985]Chapter 4: Family perspectives on living with and caring for family members with WHS: qualitative interview study to inform the development of the Clinical outcome assessment 
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From the literature reviews conducted and described in Chapter 3, it has become obvious that the clinical features of WHS are well described, but that there is a lack of psychosocial literature investigating the effect of the condition on patients’ HRQoL. While there are some narrative personal accounts from parents, which are published in blog or book format, the majority of these are from US-based families. This in itself is another limitation of the use of these narratives for developing a COA predominantly used in NHS settings in the UK. The need for conducting research investigating the HRQoL of WHS patients and their families living in the United Kingdom, is therefore pressing. This is essential for informing the content of the COA and to determine the HRQoL of patients and their relatives; as well as to assess unmet needs for this population. 
Due to the lack of past research, the methodology (interview schedule) for this study could not be based on previous psychosocial literature, and instead had to be guided by clinical literature and the relied on the expertise of the psychologist involved in the study (KV, GJ) to ensure relevant psychosocial aspects of the conditions were assessed as well as clinical aspects.

[bookmark: _Toc22126820][bookmark: _Toc38821431][bookmark: _Toc40172987]The importance of qualitative research

	As discussed in Chapter 2, a combination of inductive and deductive methods is the most commonly used approach to scale development (56%) (Morgado et al., 2017). Chapter 2 also outlines which research methods are commonly used when taking an inductive approach to scale development, these include focus groups, individual interviews and surveys (e.g. Hamera & Brown, 2000; Lewis et al., 2017b; Pelentsov et al., 2016; Robling et al., 2002; Thompson et al., 2013), with interviews being the most commonly used inductive method (Morgado et al., 2017). 
Using focus groups and interviews are qualitative research methods. Unlike quantitative methods, it is not the aim of qualitative methods to provide quantifiable answers or ‘to enumerate’ (Al-Busaidi, 2008; Pope & Mays, 1995) but to further understanding of complex experiences (Pope & Mays, 1995). Qualitative research acknowledges the complexity of the human experience, a core strength of the qualitative research approach. Relevant examples include investigations of the psychosocial impact of living with Long QT syndrome in adult patients (Andersen et al., 2008), parents’ experience of parenting a child with neurofibromatosis (Barke et al., 2016) or parental reactions to unclear genetic testing results of their intellectually disabled children (Wilkins, Archibald, Sahhar, & White, 2016).
It can be argued that the biggest difference between qualitative and quantitative research is in regard to their central aims: while quantitative methods, as a result of the frequent use of standardised validated instruments, aim for reliability; qualitative methods aim for validity, thus gaining accurate information about what experiences people have had and what meaning they attribute to those experiences (Al-Busaidi, 2008; Pope & Mays, 1995). The importance of the concept of validity, for the purpose of scale development, has been discussed in Chapter 2; and thus, further emphasises the importance of conducting (supplementary) qualitative research to inform the content of the Clinical Outcome Assessment that is being developed, especially considering the lack of research surrounding patient or family experiences. 
Often, qualitative and quantitative work are presented in an antithetic light as opposite ends of a spectrum (Al-Busaidi, 2008; Pope & Mays, 1995), however Pope and Mays (1995), for example, argue that these approaches should be viewed as complimentary rather than opposing. It is now widely acknowledged that qualitative research methods can provide insight into complex phenomena that are often not accessible for quantitative research. These complex phenomena can include illness experience, (health-related) quality of life, family attitudes or personal coping (e.g. Bourke, Snow, Herlihy, Amor, & Metcalfe, 2014; Hollman & Olsson, 2004; Smith et al., 2006). 
Within qualitative health research, interviews are the most common form of data collection (Al-Busaidi, 2008), which is also reflected in the fact that they are the most commonly used inductive method for scale development (Morgado et al., 2017). For scale development, the second most commonly used qualitative research methodology is the conduction of focus groups  (Morgado et al., 2017). However, for rare disease research, in particular WHS, conducting a focus group would be extremely challenging for a number of reasons: as WHS is a rare condition, the participant pool is already limited; a lack of (potential) participants living in close proximity to each other, requiring participants and their families to travel to a mutually convenient location for other participants; the high heterogeneity of clinical features in this patient group may exacerbate these challenges due to different families having, for example, different priorities or experiences. Individual interviews are therefore preferred in these such situations. 
Using open-ended questions in interviews enables participants to answer relevant questions and elaborate on experiences they also perceive as relevant. Usually, interviews are characterised by their flexibility, as during the interview process researchers are able to ask for clarification or further explore certain topics resulting in much richer data (Guest, Macqueen, & Namey, 2014). Of course, focus groups may also offer rich data but are affected by the aforementioned limitations, individual experiences or social desirability. 
In conclusion, interviews offer a more appropriate way of data collection than focus groups for the purpose of investigating the psychosocial impact of WHS on patients and families and informing the development of a Clinical outcome assessment to measure health-related quality of life of patients.

[bookmark: _Toc22126821]Methods for qualitative research and analysis

A distinction must be made between ‘content-driven’ (exploratory/inductive) and ‘hypothesis-driven’ (confirmatory/deductive) methods of qualitative data analysis. When choosing to work from a content driven perspective, a researcher immerses themselves into the data by reading the interviews repeatedly then looking for “keywords, trends, themes and ideas” within the data. Codes or themes that are the result of such analyses are never predetermined in such exploratory analyses but are a direct result of working with the data. Contrary to this are the confirmatory analysis methods, where the ‘analytic categories’ are pre-determined. The approach chosen by the researcher/s may also influence their sampling: exploratory work usually applies purposive sampling and data collection for their specific topic, whereas confirmatory work usually employs random sampling of pre-existing data (Guest et al., 2014). 
Some argue that the exploratory approach is less valid than confirmatory ones, however, it is typically the first step to generating hypotheses exploring a mostly unknown field (Guest et al., 2014), and is therefore applicable to the current project. While there is a breadth of published literature about key clinical features of WHS, there is a distinct lack of psychosocial literature as well as literature exploring the caregiver and patient perspectives. In keeping with the FDA guidance, the patient/caregiver perspectives must be incorporated in the development of a new COA (U.S. Department of Health and Human Services: Food and Drug Administration & U.S. Food and Drug Administration, 2017). As no research has previously been conducted in this area, the work is explanatory and requires an inductive approach. 
For (exploratory) interviews investigating an area where no previous research has been conducted, there are a number of suitable qualitative analysis methods: Content Analysis, Grounded Theory, Thematic Analysis (TA), and Interpretative Phenomenological Analysis.

Content Analysis
Content analysis is arguably the most basic of analysis approaches and focuses on categorising data and frequencies of certain categories within a data set (Joffe, 2012; Yardley & Marks, 2011). While it offers a systematic approach to data analysis, it has been criticised as being reductionist and failing to take account of the complexity within these categories (Joffe, 2012). This is a serious limitation, especially if the aim of the study is to explore the psychosocial implications of WHS syndrome for patients and their families, which are likely to be complex. Therefore, alternative analysis methods are more appropriate for the current project. 
Grounded Theory
Grounded Theory, on the other hand, aims to derive a unified theory of a phenomenon, concept or experience, not a mere quantification of the data. Usually, research utilising a grounded theory methodology starts with a broad research question using an inductive approach and, as the research process progresses, becomes more focused and deductive in nature (de Chesnay, 2015; Foley & Timonen, 2015; Glaser, 1992). One of the key aspects of Grounded Theory is that data collection and analysis are simultaneous processes; interview schedules, for example, can be continually amended after each interview. This demonstrates that Grounded Theory also heavily relies on the researcher to make judgements about what constitutes a phenomenon, and what does not (de Chesnay, 2015). This is a limitation of its utility to the current project; as the study seeks to investigate caregiver perspectives on what constituted syndrome severity and thus, which items or clinical feature warrant inclusion in the Clinical Outcome Assessment.
As a result of Grounded Theory utilising a bottom-up approach to data collection, data collection and analysis is usually a lengthy process (Glaser, 1992; Timonen, Foley, & Conlon, 2018). This raises a number of issues for the current study: firstly, due to the time constraints of the current project and the qualitative study being conducted as part of an iterative research process to scale development, this was not practical or appropriate. Secondly, as significant individual differences are found between patients with WHS, it is also likely that these significant differences are reflected in the caregiver experiences. Therefore, an analysis approach that seeks to unify the experience of these people is not appropriate either. Thirdly, due to the myriad categories of clinical features associated with WHS, results of the qualitative study and its analysis should provide a framework of experiences, rather than a unified theory of experience, as typically seen in Grounded Theory. 

Thematic Analysis
Thematic analysis (TA) offers an alternative approach to both content analysis and grounded theory. On one hand, TA was developed to enable researchers to go beyond assessing categories within the parameters of frequencies (and is thus somewhat superior to content analysis). It is a qualitative analysis method that goes “beyond counting explicit words or phrases”, rather it aims to explore ideas expressed in the data that are both implicit and explicit (Braun & Clarke, 2006; Guest et al., 2014; Yardley & Marks, 2011). It offers a systematic way to analyse qualitative data (Joffe, 2012) in an inductive way. However, it does not aim to generate a hypothesis or theory in the same way as Grounded Theory does. 
When analysing collected data, a researcher applies codes to ideas and later combines them into themes that encapsulate those expressed ideas (Braun & Clarke, 2006; Guest et al., 2014; Yardley & Marks, 2011). These codes can be latent or semantic, which is a key strength of the method and makes it very different from Grounded Theory as it allows for both implicit and explicit meaning to be reflected in the results. Semantic codes are those that are close to the data and thus reflect the data at an explicit level, for example, the number of seizures a day. Latent codes, on the other hand, reflect the data at a deeper level: these codes go beyond the explicit meaning of a code and allow for exploration into the meaning attributed to the experiences/ phenomena discussed (Braun & Clarke, 2006, 2012), such as the emotional experience of having a relative experience a seizure.
On the basis of these codes, themes are developed. A theme represents meaningful information in regard to the research question/s (i.e. How does having WHS affect the HRQoL of patients with the syndrome and their relatives. What is the impact of its clinical features?). Braun and Clarke (2006) are the main proponents of Thematic Analysis for psychological/health research, their guidance paper “Using Thematic Analysis in Psychology” (Braun & Clarke, 2006) has, to date, been cited over 50 000 times (08/02/2019), according to Google Scholar. In it, they identify and suggest a 6-step process to analysis (Graphic 8).

[bookmark: _Toc39270365][bookmark: _Toc40173064]Graphic 8: Braun & Clarke (2006)’s: 6-step thematic analysis process
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In this original guidance paper, the authors further argue that there is no fixed size or frequency with which a theme must occur within a data set to be considered important; researcher’s judgment is decisive as whether important and relevant meaning is conveyed by a theme, or not. While prevalence may be one aspect of the importance of a theme, this is not always necessary (Braun & Clarke, 2006), which is especially relevant for the current study. Due to a high heterogeneity of clinical features in the WHS population, it is likely that interviews may vary significantly in terms of which clinical features are reported for which patient. More common clinical features, such as highly arched eyebrows or seizures, have similar prevalence rates (Battaglia, Carey, & South, 2015), but it is hypothesised that their impact on patients’ and families’ HRQoL will be significantly different, with epilepsy impacting much more than highly arched eyebrows. Heart defects, on the other hand, have a lower prevalence of 25-50% (Battaglia et al., 2015) but may still impact more significantly than widely spaced eyes (prevalence: >75%) (Battaglia et al., 2015) on HRQoL. 
While there is no official guidance as to which qualitative analysis method is most suitable to support inductive research for scale development, the advantages described above support the utility and use of Thematic Analysis for inductive scale development in the context of scale development. This is also reflected in published literature, where scales have been developed on the basis of data analysed using Thematic Analysis; examples include patient and caregiver responsibility scales, treatment progress and treatment burden scales (Baliousis, Huabdn, Duggan, Mccarthy, & Voellm, 2015; Shilling, Starkings, Jenkins, Cella, & Fallowfield, 2018, 2019). 
As a result of thematic analysis being largely dependent on researcher interpretation, some may argue that an issue with reliability and validity arises where a researcher subjectively interprets participants’ subjective accounts. It is therefore paramount that the researcher is aware of those issues, and is continually engaged in reflection (Guest et al., 2014), for example in research diaries or a researcher debriefing with another researcher.

Interpretative Phenomenological Analysis
For completion, there is a fourth potential methodology that would have been applicable to the current project, to some degree. Interpretative Phenomenological Analysis (IPA), is a more recently developed qualitative method of analysis, concerned with examining the meaning attributed to, for example, health experiences and how patients make sense of these (Smith, Flowers, & Larkin, 2009; Smith, 2011; Smith & Osborn, 2015). While it is possible to apply this method to the current project, it has to be acknowledged that in health psychology it is mainly applied to studying the lived experience of patients, which is often emotional and emotive in nature (Smith, Flowers, & Larkin, 2009; Jonathan Smith, 2011). IPA is typically applied to studying clearly focused topics with homogeneous samples, such as the experience of stereotypes by autistic people (Treweek, Wood, Martin, & Freeth, 2019), the illness and associated treatment experience of patients with rosacea (Johnston, Krasuska, Millings, Lavda, & Thompson, 2018) or adolescents’ experiences of communicating after acquiring a brain injury (Buckeridge, Clarke, & Sellers, 2019). It must be noted that it has been applied to studying the caregiver perspective (Hercher & Bruenner, 2013; Williams, Morrison, & Robinson, 2014), however, there are more suitable, less idiographic qualitative methods to analyse these study contexts. 
The two major limitations of IPA for the current project are firstly, due to the heterogeneity and rarity of WHS, recruiting a homogeneous sample is not realistic, as participants will likely have very different experiences of their relatives’ illness and there are too many variables (e.g. NHS trust, age of child/adult, context of diagnosis, WHS severity) for IPA to be a suitable method. Secondly, the main purpose of this study is to understand the caregiver’s perspective on the HRQoL of patients with WHS, and not their own HRQoL. Although it can be expected that narratives around their own HRQoL will also be found, they are not the sole focus of this study. Therefore, a less idiographic qualitative research method is needed.
After reviewing these methodologies, it was concluded that Thematic Analysis was the most appropriate methodology for the current project, as it offers a superior way of analysing qualitative interview data, compared to Content Analysis, and does not rely on the development of a theory or the recruitment of a homogeneous sample. 

[bookmark: _Toc38821432][bookmark: _Toc40172988]Objective
The aims of this research therefore are to explore the caregiver perspective of relatives living with and caring for adults and children with WHS in the UK, to inform the development of the Clinician-Rated Clinical Outcome Assessment for WHS. 

[bookmark: _Toc38821433][bookmark: _Toc40172989]Rationale 
The underlying rationale of its conduction is that, as patients with the syndrome cannot be interviewed due to limited cognitive abilities and inability to give informed consent, by-proxy reports are the most appropriate form of data collection on the HRQoL of patients.
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NHS Research Ethics Committee and Health Regulatory Authority approval for the project was obtained (https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/a-clinical-outcome-assessment-for-wolf-hirschhorn-syndrome/ - Appendix 4.1)


[bookmark: _Toc22126825]Sample

Recruitment
All family members of children or adults with WHS living in the UK and Ireland were eligible to participate in this study, provided they were over the age of 18 and able to give informed consent for participation. All degrees of relationships were included, such as stepparents, grandparents, siblings and aunts or uncles. If more than one family member of a patient with WHS volunteered, they could also participate. Participants were recruited as volunteers either via the UK Wolf-Hirschhorn trust or via the database of WHS families held at the Sheffield Clinical Genetics Service. 
Contact with the local co-ordinator of the WHS Trust was made; this subsequently led to snowball sampling (i.e. the first participant passing on study and contact information to their peer-network of family carers for children and adults with WHS). No financial incentive was given. 
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Interview schedule 
As aforementioned, Interviews are the most common form of data collection for qualitative health care research (Al-Busaidi, 2008); the use of open-ended questions as well as semi-structured interviews enables participants to answer relevant questions while providing enough space elaborate on experiences they perceive as relevant. Therefore, a semi-structured interview schedule with open-ended questions was developed with focus on two particular aspects: firstly, the perceptions of severity or impact of different symptoms of WHS (to inform the development of the Clinical Outcome Assessment), and secondly, the experiences of caring for someone with WHS, its psychosocial impact and the use of support networks.
To test the acceptability and utility of the interview schedule, the first interview conducted served as a pilot interview. Overall, the pilot interview was successful, and the questions were well-received. The participant was able to answer all questions and gave in-depth answers. Some small changes were made to the interview schedule following the pilot interview, such as adding in a question about discomfort and bowel movements. 

Interview arrangements
Interested participants were asked to email either the principal investigator of this study (AM) or the researcher (KV) for information and to arrange interviews. All interviews took place at the participant’s home for their convenience. Once the researcher arrived there, the study purpose and process were explained to the participant who had previously received an information sheet via email. A printed copy of the information sheet was also available for the participant to read again should they wish to before consenting. Written consent was taken from each participant using an approved consent form (Appendices 4.3, 4.4). All interviews were conducted by KV.

Participant codes 
All participants received a participant code in order of completion of interviews; the first interview was coded as participant WHS1, the second as WHS2 etc. If more than one family member from one family volunteered, a letter was added after their code to be able to distinguish interviews from each other without losing emphasis on the fact that the interview relates to the same individual with WHS (e.g. WHS45A, WHS45B).

Transcription
All interviews were transcribed verbatim and anonymised. The premium version of the transcription software F5 for Mac was used for transcription (https://itunes.apple.com/gb/app/f5-transcription-pro/id935669212?mt=12). The majority of interviews were transcribed by KV, one was transcribed by a BMedSci Student wishing to practice her transcription technique; and five were transcribed via a paid, professional transcribing service. 

Analysis
All interviews were analysed using Thematic Analysis according to Braun and Clarke (2006)’s 6-steps (Graphic 8). KV coded all interviews, and a coding framework was developed on the basis of interviews WHS1 and 2A by KV and GJ. Both researchers coded the interviews separately, and commonalities and disagreements between both proposed frameworks discussed. This resulted in the initial coding framework, which was extended as more interviews were coded.
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Overall, twenty-two interviews took place between November 2016 and February 2017. Their characteristics are described in Table 7. Occasionally more than one family member volunteered, which was welcomed in order to compare perspectives of severity or impact within one family. In total, twelve mothers took part in the study, five fathers, three grandmothers and two sisters of affected siblings. One mother had two affected children (boy, girl), however, her son had passed away. Another mother had three affected girls, two of whom were deceased. Therefore, the current sample is based on, and representative of, the experiences of twelve family members, representing a total number of fifteen patients with WHS. The age ranges of affected children or adults was 2 – 55  [footnoteRef:8]. Participants were from England, Scotland and Wales; Graphic 9 illustrates the locations. [8:  Deceased patients not included in calculation ] 
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	ID Code

	Relationship 
	Interview relating to …
 (Age of relative)

	Recruited via 
C (Charity)
D (Database)

	WHS1 
	Mother
	Son (4)

	C

	WHS2A
	Grandmother
	Grandson (7)
	C

	WHS2B
	Mother
	Son (7)
	C

	WHS2C
	Dad
	Son (7)
	C

	WHS3A
	Mother
	Son (7)
	C

	WHS3B
	Grandmother
	Grandson (7)
	C

	WHS3C
	Father
	Son (7)
	C

	WHS4A
	Grandmother
	Granddaughter (2)
	C

	WHS4B
	Mother
	Daughter (2)
	C

	WHS5
	Mother
	Son (8)
	C

	WHS6A
	Mother
	Son (24)
	D

	WHS6B
	Father
	Son (24)
	D

	WHS6C
	Sister
	Brother (24)
	C

	WHS7
	Mother
	Daughter (55) [footnoteRef:9] [9:  Two other affected daughters deceased at ages 6 and 37.] 

	D

	WHS8
	Mother
	Son
	C

	WHS9
	Mother
	Daughter (31)[footnoteRef:10] [10:  Affected son deceased at age 19] 

	C

	WHS10
	Mother
	Son (6)
	C

	WHS11A
	Sister
	Sister (7)
	D

	WHS11B
	Mother
	Daughter (7)
	D

	WHS11C
	Father
	Daughter (7)
	D

	WHS12A
	Mother
	Son (14)
	C

	WHS12B
	(Step-)Father
	(Step-)Son (14)
	C




[bookmark: _Toc39270366][bookmark: _Toc40173065]Graphic 9: UK Map illustrating the locations of interviews
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[bookmark: _Toc39270367][bookmark: _Toc40173066]Graphic 10: Overview of Themes developed from the interviews
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	Subtheme
	First order Subtheme
	Second order subthemes
	Data saturation grid
	Theme Type:
Semantic versus latent

	1.1 Epilepsy
	1.1.1 First seizure
	
	1, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 10, 11B, 11C, 12A.
	Semantic

	
	1.1.2 Seizure Triggers
	
	1, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 10, 11B, 11C, 12A.
	Semantic

	
	1.1.3 Warning signs
	
	2C, 3C, 5, 9
	Semantic

	
	1.1.4 Seizures: Characteristics
	1.1.4.1 Quantity
	2A, 4A, 4B, 5, 6A, 10
	Semantic

	
	
	1.1.4.2 Frequency
	10, 11A, 2A, 2C, 4B, 5, 6A, 6C, 7, 9
	Semantic

	
	
	1.1.4.3 Duration

	2A, 3C, 7, 8, 12A. 12B
	Semantic

	
	
	1.1.4.4 Types
	10, 11B, 12A, 12B, 1, 2C, 3C, 6A, 7
	Semantic

	
	1.1.5 Level of after-care required post seizures
	
	 2A, 3C, 5, 8, 10
	Semantic

	
	1.1.6 Medication 
	1. 1.6.1 Efficacy

	1, 2A, 2B, 2C, 4A
 5, 8, 10
	Semantic

	
	
	1.1.6.2 Parental concerns
	1, 8
	Semantic

	
	1.1.7 Seizure impact
	
	2A, 3B, 5, 7, 9, 1,
 3B
	Semantic

	1.2 Gastrointestinal and urological aspects of WHS
	1.2.1 Gastrointestinal aspects
	1.1.2.1 Feeding (Diet and Fluid Intake)
	6A, 3A, 3B, 3C, 10, 8, 1, 12A, 1, 8, 4B, 7, 9, 11B
	Semantic

	
	
	1.1.2.2 Feeding interventions
	3A, 3C, 6A, 2A, 2C, 8
	Semantic

	
	
	1.1.2.3 Oesophagus
	9, 12A
	Semantic

	
	
	1.1.2.4 Vomiting & Reflux
	3A. 3B, 3C, 8, 10
	Semantic

	
	
	1.1.2.5 Gallbladder*
	9
	Semantic

	
	
	1.1.2.6 Bowel movements

	1, 2A, 2C, 3B, 3C, 4A, 4B, 5, 6A, 6C, 7, 12A, 10, 9, 8,
	Semantic

	
	1.2.2 Urological aspects
	1.2.2.1 Incontinence

	1, 2A, 2C, 3B, 3C, 4A, 4B, 5, 6A, 6C, 7, 12A, 8, 9, 10
	Semantic

	
	
	1.2.2.2 Genitals
	3A, 5, 6A, 8, 12A, 9
	Semantic

	
	
	1.2.2.3 Kidney malformations
	1,4A, 4B, 6A, 6C, 12A
	Semantic

	
	
	1.2.2.4 Urinary tract infections*
	9 

	Semantic

	1.3 Low immunity
	
	
	1, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 5, 6, 8, 9, 10, 11A, 11B, 11C, 12A, 12B
	Semantic


	1.4 Cardiac and respiratory problems
	1.4.1 Cardiac defects
	
	10, 11ABC, 3A, 4A, 4B, 10, 3A, 3B, 3C, 5, 8, 9
	Semantic

	
	1.4.2 Respiratory system
	1.4.2.1 Respiratory issues
	1, 2A, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 5, 6A, 6C, 9, 10, 11A, 12A, 12B
	Semantic

	
	
	1.4.2.2 Medical intervention
	2A, 6A, 10, 12A, 12B, 10
	Semantic

	1.5 Central Nervous System
	1.5.1 Brain
	
	12A, 4B
	Semantic

	
	1.5.2 Eyes & sight
	
	1, 2A, 2B, 2C, 3B, 4B, 5, 6A, 6C, 7, 8, 9, 10, 11A, 11B, 11C, 12A, 12B
	Semantic

	
	1.5.3 ENT
	1.5.3.1 Hearing & hearing assessments
	12A, 9, 1, 2C, 3A, 3C, 4B, 10
	Semantic

	
	
	1.5.3.2 Ear infections

	 1, 2A, 2B, 2C, 3A, 3C, 4A, 4B, 10
	Semantic

	1.6 Cognitive-behavioural aspects
	1.6.1 Learning disability, Communication and language
	
	1, 2A, 2B, 2C, 3A, 3B, 3C, 4A,4B, 5, 6, 7, 8, 9, 10, 11A, 11B, 11C, 12A, 12B
	Semantic

	
	1.6.2 Danger awareness & safety
	
	1, 2C, 11B, 11C, 7

	Semantic/latent

	
	1.6.3 Musical affinity
	
	5, 6A, 6C, 12A, 3A, 3B, 2A, 
	Semantic

	
	1.6.4 Challenging behaviour
	
	6A, 11B, 11C, 12A
	Semantic

	1.7 Sleep
	1.7.1 Disturbed sleep & potential causes
	
	5, 9, 1, 10, 4A, 4B, 10, 6A, 6C, 3A, 11C, 4B, 10, 8
 2A
	Semantic

	
	1.7.2 Management
	
	4A, 4B, 10, 6A, 6C, 3A, 11C, 4B, 10, 8
 2A
	Semantic

	1.8 Mobility
	1.8.1 Mobility-related issues


	
	1, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 5, 6A, 6C, 7, 8, 9, 10, 11C, 12A, 12B
	Semantic

	
	1.8.2 Sitting, Standing and walking

	
	1, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 5, 6A, 6C, 7, 8, 9, 10, 11A, 11B, 11C, 12A, 12B
	Semantic

	
	1.8.3 Use of Interventions
	
	4A, 5, 6A, 11B, 9, 1
 2A, 2B, 2C, 5, 6A, 7, 8, 9, 10, 12A, 12B
	Semantic

	1.9 Level of care
	
	
	1, 2B, 2C, 3A, 3B, 3C, 4A, 4B, 5, 6A, 6C, 7, 8, 9, 10, 11A, 11B, 11C, 12A, 12B
	Semantic/Latent

	1.10 Other
	1.10.1 Growing
	
	2A, 2B, 2C, 8, 11A, 11B, 11C, 1, 4A, 4B, 12A, 3A, 3B, 3C
	Semantic

	
	1.10.2 Facial features
	
	3C, 4B, 3A, 4B, 4A, 9, 3A, 5, 6A, 8, 9, 10, 6A
	Semantic

	
	1.10.3 Dermatology
	
	11A, 11C, 12A
	Semantic

	
	1.10.4 Blood clotting*
	
	2C
	Semantic

	
	1.10.5 Internal Malformations*
	
	9
	Semantic

	
	1.10.6 Problems with veins*
	
	2A, 2B
	Semantic


NB: *means negative theme, i.e. only reported for one patient in the sample 

[bookmark: _Toc22126831][bookmark: _Toc23522720][bookmark: _Toc38821436][bookmark: _Toc40172992]Themes

A total of five themes were developed from the interviews (Graphic 9). There was one clinical theme, completely consistent of semantic themes; and four psychosocial themes which were comprised of both latent as well as semantic themes. This thesis Chapter focuses solely on the development of potential items for the Clinical Outcome Assessment for WHS; therefore, only the first theme (Theme 1: Clinical Features of WHS) is reported on and discussed in this Chapter. 
The next Chapter (Chapter 4) will describe and discuss the psychosocial findings of the interviews. This is particularly important as the systematic review did not reveal any literature assessing the psychosocial impact of the illness on patients and relatives. Therefore, it is essential to report the psychosocial findings obtained in the current study as they are the first step to addressing this gap in knowledge and literature. These findings, however, are not directly relevant to the content of the WHS-ClinRo, which is being developed to assess patient functioning and health status (U.S. Department of Health and Human Services: Food and Drug Administration & U.S. Food and Drug Administration, 2017). 
Data saturation grids were developed for all themes, and are presented separately in the Chapters their results and content are discussed in. While there is some debate in the literature regarding the use and utility of data saturation grid (Fusch & Ness, 2015); it was decided to include these tables/grids as it is also a method to further demonstrate prevalence and interview discourse in a graphic way and to aid understanding (Table 8).
Some subthemes were negative themes; meaning they were only reported by one participant or related to only one individual with WHS in the sample. It was felt important to include the negative themes in this thesis due to the fact that WHS is such a complex and heterogeneous disease with a plethora of clinical features. This is also in keeping with the notion that the prevalence of a theme does not necessarily indicate its overall importance.
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This theme reflects all discourse and narratives in relation to the clinical features of WHS. It has nine subthemes, reflecting the complexity and multifaceted nature of the disease. 

Subheme 1.1: Epilepsy

Discourse around the clinical features of WHS revealed that participants were most concerned about the impact of epilepsy and seizures on their relative’s life (Subtheme 1.1). The majority of patients that were reported on in the sample were affected by this clinical feature. Reports indicated that the first seizures all occurred within the first two years of life (Subtheme 1.1.1). Distress, sensory overload, aspiration, choking/hypoxia, teething, fevers and infections were described as common triggers for relatives’ seizures (Subtheme 1.1.2). Some participants were able to describe warnings signs that a seizure may be about to occur in their affected relative with WHS. These reportedly included twitching, distress and involuntary movements (Subtheme 1.1.3). 

“She gets distressed before (…) and then, um, it’s just on because she’s right hemiplegic, you know that she’s having one because her right side goes up.” (WHS9)
“Now bear in mind he was hypotonic so he couldn’t move, alright? So any movement he did have was unusual.” (WHS5)

However, during the interviews, issues were raised about people’s abilities to read these warning signs correctly and respond adequately. One father, for example, reported that he sometimes struggled identifying involuntary movements as normal involuntary movements or those caused by seizure activity. Other participants expressed concerns about leaving their affected relative in the care of others who were perceived as unable to read the warning signs and act accordingly. 

“We (…) didn't identify it before because he's always had a bit of voluntary movement, and he still gets that when he gets excited or when he's tired, a little involuntary twitching arm movement, something like that. So it was hard to differentiate sometimes between that and what was a start of a seizure.” (WHS3C)
“But it’s extremely difficult for people who don’t know her…to realise she’s actually having a seizure in those times, so she is actually having those all the time.” (WHS7)
“It’s quite complicated to observe and to… it’s also (…) really complicated to train other people…because it’s so subtle, you’ve got to know the child, and you’ve literally got to know their face, their facial movements, so it’s really difficult to leave him with people, you know, so… I couldn’t leave him with old people, like grandparents, because they just weren’t in tune enough. Um, they love being with him and everything, they always have, but they just don’t pick it up…and literally I could walk into a room and go ‘ahh, he’s having a seizure’ and they hadn’t noticed, they hadn’t recognised, you know, the symptoms.” (WHS5)

In terms of seizures: characteristics (Subtheme 1.1.4), seizure quantity (Subtheme 1.1.4.1), frequency (Subtheme 1.1.4.2), and duration (Subtheme 1.1.4.3) were determining aspects as to how significant an issue seizures/epilepsy were perceived to be. Some relatives reported seizure clusters with their relatives having between thirty to hundreds of seizures a day. Seizure frequency was reported as ranging between daily, monthly, every other month to none. In terms of length and duration of seizures, there was a lot of variation in the discourse, and a full spectrum of severity of duration was present: on one hand, some patients only had shorter (and milder) absence type seizures, while on the other hand some patients experienced seizures lasting up to four hours. 
In terms of seizure types, participants reported their relatives to experience absences, tonic-clonic as well as focal seizures. 
Reports on the level of after-care required post seizures varied: some families reported managing the after-care themselves, others reported relying on HCPs for after-care, such as paramedics to administer rescue medication (WHS3C) or even requiring admissions to an “intensive care unit” (WHS10) for “life support” (WHS2A) or “resus” (WHS5).

“So sometimes it’s questionable whether it’s a seizure, and then you give him the buccal and it just stops… and he carries on playing, and you’re like…yeah, it was a seizure.” (WHS5)
“Seizure recovery medicine …  we've given him that once, pretty much stopped him breathing. Uhm he was so weak and it was so powerful.” (WHS3C)
“Then when he was 9 months old, he had a massive one where he ended up in intensive care.” (WHS10)

The majority of patients with WHS reported on in the sample were on at least one type of anti-epileptic medication (Subtheme 1.1.6), however, within this theme, narratives around the use and efficacy of epilepsy drugs varied (Subtheme 1.1.6.1)
Some children and adults were seizure free as a result of medication, others continued to experience a number of seizures - despite being on medication, as medication did not “rule them out” (WHS1).
Participants repeatedly voiced their concerns about epilepsy and seizures in their interviews and emphasised the priority for their affected relatives to become seizure free. One parent, for example, strongly emphasised that the goal should be “no seizures” (WHS1), and that recurrent seizures, despite medication, were not acceptable, due to the detrimental effects on her child’s development. 

“You want your child to be seizure free, and if the medication's not doing it, then you need to find another one.” (WHS1)

Family members of children and adults who have previously been on a certain dose of anti-epileptic medication, and to whom a reduction in medication dosage was suggested by their HCPs, reacted strongly and reported fears of stopping the medication and a re-occurrence of the often traumatic seizures. 

“I have had this recent one because he's two and a half years seizure free and his neurologist was like, he didn't, he was like erm 'we'll talk about weaning', I says 'we're not talking about weaning’'” (WHS1)

“His seizure consultant wanted to reduce because he’d been 4-months seizure free. We were reluctant, naturally and two weeks into the weaning off process,  had a full blown tonic-clonic , so they stopped the reduction.” (WHS8)

Narratives around the impact of their relatives’ epilepsy were both in relation to the health of the patients with WHS and impact on the family members (Subtheme 1.1.7). Family members appeared very attuned to the potential life-threatening consequences of seizures, leading to great distress, anxiety and worry. One mother (WHS7) lost two of her daughters with WHS as they died during seizures, leaving her worried for her third daughter who also suffers from epilepsy. Another mother reported her daughter developed a right hemiplegia after a seizure at 15 months (WHS9). Parents seemed to have especially heightened awareness of the threat posed by seizures. Having no control over the seizures as well as their unpredictability were frequently reported as exacerbating the concern around seizures/epilepsy. Discourse around this topic was often very emotive and upsetting for the relatives. 

“Um, but the first one was just absolutely dreadful, because thought he had died… it was just the most horrendous thing.” (WHS3B)
“One night I woke up at 4 o clock in the morning, and it was just so quiet in the room. I don't know why I got up, I turned him over and he was suffocating, he- having a seizure. Now that upsets me (…)  if I wouldn't have woke up, he wouldn't be here.” (WHS1)
“And that  added a whole new element of fear and risk because like, uhm genuinely thought that we might lose him …” (WHS3C)

An interesting difference between the perspectives of two mothers of young boys with WHS was found: while one mother suggested that her son’s epilepsy has, in a way, supported his cognitive development (WHS5), the other stressed the detrimental effects of her son’s seizures (WHS1).

“Erm, so there's that; and just the total disruption to his own life, and the the cognitive, the cognitive damage it does…. I’d say before he had… the 9 seizures a day, he was cognitively more aware than he is now.“ (WHS1) 

Subtheme 1.2: Gastrointestinal and urological aspects of WHS

The gastrointestinal and urological aspects of WHS are multifaceted and diverse, which was also reflected in the narratives in the interviews (Theme 1.2). The impact of these clinical features was described as “important” and “underestimated” (WHS12B). 

Discourse around issues in relation to feeding were prevalent (Subtheme 1.1.2.1).

“For the first three years, I reckon, feeding was a night- was an absolute nightmare” (WHS3A)

For new-borns, it was reported that issues with sucking on breast or bottles often led to weight loss. Narratives indicated that HCPs often failed to recognise these issues were the result of a (potential) genetic syndrome. One mother, for example, was told the feeding difficulties which she was experiencing with her new-born boy were due to her being “a new mum” and that she did not know what she was doing (WHS2A).
“He was not, um, sucking the breast, he was not taking any milk…it was very difficult to breast feed him.” (WHS6A)
“We came home, he wasn’t really latching properly… we ended up back in hospital the first time when he was about 4-5 days old cause he had lost quite a bit of weight.” (WHS3A)

Further feeding-related problems disclosed in the interviews were difficulties feeding, often reported to be the result of motor difficulties, such as difficulty picking up and using cutlery, moving food in the mouth due to low muscle tone, issues around swallowing, high arched palates and difficulty to self-feed using cutlery. Feeding was often reported to require persistence by family members, which was not always easy for family caregivers. One mother (WHS6A), for example, reports that she is not able to feed her son as she recognised she is not patient enough for this task.

“Because, um, you know, you have to be really patient. I can’t feed him, I don’t have patience. You have to have a type of personality, um, that, um…you are focused on him when he’s eating. You cannot be distracted; if you stand up to go and open the door because somebody is coming, he will stop eating because, you know, you have to be concentrating.” (WHS6A).

As well as motor-related issues with feeding, participants reported issues around sufficient nutrient and calorie consumption. Family members discussed that it was difficult to ensure a sufficient amount of (oral) food intake has taken place. As a result, many patients who were reported on in this sample were reliant on supplements, such as high-calorie milks or powders. 

“I can’t give him the volume because the length of time it takes.” (WHS1)

Discourse on the required level of food preparation varied. Children and adults who were able to eat food orally required different levels of meal preparations: some were able to eat food when cut up into pieces and others required their food to be in liquidised or mashed consistency. 

“…everything has to be processed, blended…” (WHS6A)

For fluid intake, family members reported the use of straws, special cups and teats. Further aspects of feeding, such as “messy”-ness (“No…no issues other than being very messy”, WHS11C), “fussy”-ness and intolerances were also reported.

To aid with feeding, a number of medical feeding interventions were reported: these were nasogastric (NG) tube, percutaneous endoscopic gastrostomy (PEG) and jejunostomy. However, narratives about feeding interventions (Subtheme 1.1.2.2) varied significantly within the sample. Some parents described a reluctance to agreeing to feeding interventions for their children, arguing that they knew the child can eat and enjoys eating and should not receive an intervention. 

“It’s been mentioned and we’ve fought it every time erm because he can, you can get the food in him (…)  so we just didn’t (…) want that extra thing; another site of infection, another thing that takes him away from it-every day life.” (WHS3A)
“We were worried about infection, worried having it put it, worried about infection, worried about him losing the normality of him eating and us being able to eat as a family. That becomes a social aspect of eating.” (WHS3C)
“If I go through the quickest way to putting him a feeding tube, I would prevent him from one of the few happy moments he has in the day, that is eating his…the food he likes.” (WHS6A).

The reluctance to agree to feeding intervention might also be related to stigma, and thus not necessarily evidence-based: one grandmother reports people staring at her grandchild’s feeding tube when they go out for meal and feels this is both “embarrassing” and “hurtful” (WHS2A). Some narratives implied that family members, especially parents, wanted to protect their children (and themselves) from this experience. 
	Discourse around the reasons for requiring feeding interventions varied: some patients needed these interventions due to an inability to physically eat food orally while others had issues with aspiration, meaning food got inhaled into the lungs, rather than the gut, causing infections and blockages. 
Some parents reported that while they were initially averse to the idea of a feeding intervention for their child, they eventually agreed to the intervention as they came to recognise both their and their children’s limits. Narratives around this were emotive and reflected the difficult decisions that needed to be made. However, once they had made the decision, participants reported feeling relieved of the pressures experienced earlier and that feeding interventions made oral feeding complementary rather than essential. 

“It’s made life easier for us, as a family yes.” (WHS2B)
“we were absolutely reluctant to have a gastrostomy fitted … we persevered… it got to the point where we were perhaps feeding for 5/6 hours a day, and then he was getting tired… it wasn’t enjoyable for him, it wasn’t enjoyable for us… causing more stress than what it was worth … so we just woke up one morning and said “right, we need to decide now”… maybe if we made it easier for him, he could still take the oral feeds, it’ll make it easier for us and he might enjoy it a little bit more as it’s less stressful, so we, we started that process.” (WHS8)

In the sample, oesophageal abnormalities were reported for two male patients with WHS. Both were reported to suffer from oesophageal dysfunction, with absence of peristalsis (= absence of coordinated muscle contractions transporting food through the digestive tract) (Subtheme 1.1.2.3). The reported consequences of this issue were gut blockages, due to undigested food entering the stomach. As a result, one patient required medical intervention and had to have a PEG inserted. The other patient’s oesophageal dysfunction was initially managed by strict guidelines from Speech and Language therapists regarding the food types he was able to eat and the consistency. Unfortunately, this was not adhered to at the care facility he was living in, and he died as a result of negligence. His mother reported the emotional trauma this has caused her and her family.
Reflux, food or fluid flowing back in the opposite direction to normal, and vomiting were also reported as one of the most distressing clinical features of WHS (Subtheme 1.1.2.4). Narratives around the severity of issues with reflux varied, in the most extreme cases, children and adults were described as ‘projectile’ vomiting after food (WHS12, WHS8). In relation to the consequences of reflux and vomiting, family members reported being most concerned about the lost calories/ reduced dietary intake, damage to the oesophagus and the vomiting itself.  Family members reported that they had to engage in extreme measures, such as catching and subsequently measuring their child’s sick to know how much fluid was retained after vomiting or holding their affected child upright for an hour and a half, after feeding, to avoid vomiting.

“had really severe reflux, you’d fight to get something in him and then it would just all come back up and the stress around along that, cos you’re just thinking, and especially when obviously the- they’re slow to grow anyway… when he was sick … we were measuring his sick during the day to try and calculate how much was left in him…” (WHS3A)
“You had to hold him upright, erm, for a good hour and half. You couldn’t even like pass him to somebody else (…) you’re gonna be sat in that position for a good hour and half/two hours… otherwise he’d be projectile sick, yeah - at the slightest movement, so that aff- affected us like even through the night when he was having night feeds, you were like asleep, sat up, holding him because he couldn’t lay down or - anything like that.” (WHS8)

Narratives around the efficacy of medication were positive: all family members reported that reflux significantly improved once medication was commenced. Only one female patient with WHS, whose vomiting was caused by a ‘malrotation’ of the bowels rather than by reflux, was not effectively medicated.

“her symptoms… have really been very distressing because she vomits quite a lot um, because her stomach is inverted with mal-rotation of the bowels which…she wasn’t born like that but it eventually acquired (…) it’s the vomiting and the risk of, um, aspirating… and then it untwists, and then that’s when the bo-…her stomach fills up with bile and then she has to vomit it out (…) she’s been, um, vomiting like that since she was about 7 years old (…) it’s sometimes it’s projectile and it’s always, um, bile…green bile, and very smelly.” (WHS9)

In this context, there was one negative subtheme (Subtheme 1.2.2.5), which was the removal of the gallbladder; this was reported by one participant for her adult daughter. The reasons for this were unclear to the participant.

Discourse around bowel movements was prevalent in the interviews (Subtheme 1.1.2.6); the majority of patients were reported to suffer from regular constipation. An extreme case was reported by a mother, whose daughter was once admitted to hospital as it was believed she had a cancerous mass in her stomach, however, it turned out to be ‘faeces’ (WHS7). Family members appeared very attuned to the symptoms of constipation, but also to the (perceived) potential consequences, such as causing seizures. Symptoms such as straining, being in pain/discomfort, back-arching or being unable to go to the toilet were reported. Management techniques such as laxatives or appropriate dietary choices were commonly perceived as reducing the severity of constipation. In contrast, prevalence of diarrhoea was less commonly reported, and only likely to occur as a result of infection or antibiotic use.

The majority of children in the sample, apart from one (WHS3ABC), were reported to also be urinary incontinent to some degree (1.2.2.1) and therefore were wearing pads. In general, incontinence was not discussed extensively in the interviews and, apart from by one father (WHS11C), was not perceived as a pressing issue. This may be because it is a clinical feature that requires management, rather than medical intervention. 

Issues with genitalia were reported for some patients (Subtheme 1.2.2.2). Reported genital malformations were hypospadias in four males, hydrocele requiring surgery and bilateral undescended testes. One adult woman was reported to suffer from bacterial vaginosis (WHS9). However, family members were not significantly concerned about these issues and appeared more concerned about acute medical challenges, such as seizure management or prevention.  
Kidney malformations (Subtheme 1.2.2.3) such as renal hypoplasia, duplex kidney and renal dysplasia were described. One teenage patient had previously experienced kidney failure, but functioning had since “recovered” (WHS12A); while another younger patient had unequal kidney function (“The right kidney was doing the most of the work, his left kidney wasn’t. Oh no… It’s his right kidney that that’s got the issue, not his left.”, WHS1).
There was one negative subtheme within this theme, which was repeated urinary tract infections (Subtheme 1.2.2.4). This was reported by one participant, although she reported that both her affected son and daughter suffered with these. 

Subtheme 1.3: Low immunity

	Repeated infections[footnoteRef:11] and low immunity were reported as concerns for children and adults with WHS. Patients were generally perceived as easily succumbing to illnesses, such as viruses. One mother described her daughter’s low immunity to be the “main health problem that she’s needed hospital treatment for”; and that hospital admissions which, especially in the middle of the night, have been “traumatic” for her and her family (WHS11B). In fact, hospital admissions as a result of even minor infections were commonly described. These hospital admissions were perceived as the result of patients’ inability to fight off infections. [11:  This theme comprises non-system specific infections, such as colds or viruses; more specific infections are discussed in the appropriate theme ] 


“Yes, he can pick infections up just like that, and then it takes longer for him to get over it as well…  it’s just the amount.” (WHS2C)
“It’s not as simple as that. ‘They got the common cold” - no, that’s not as simple as that (laughs). They can’t just says he’s got the common cold, cause what his common colds turn into you know what I mean ear infections, chest infections, you know what I mean, we need to look at straight away rather than leaving it, which obviously that time when he got pneumonia, I'd been at the doctors on the Thursday night and by Friday morning he was vomiting, he had pneumonia.” (WHS1)
“Every time he gets (…) infection, he ends up in hospital.” (WHS2A)
“Every time I think it’s a virus, or a bit of … infection, anything all, he just ends up in hospital because he just can’t cope with it” (WHS10)
“In and out of hospital with various viral infections.” (WHS3A)

In terms of precautions taken and management techniques applied by family members, some parents reported that their child’s immunity got better as they grew older and some family members report that their relatives with WHS were prescribed prophylactic antibiotics, especially during winter to support the immune system. 

One adult male with WHS was reported to have displayed signs of “temporal immunodeficiency” (WHS6A) due to prolonged medication with phenobarbital, which further exacerbated concerns and issues around low immunity for his family. Another boy was reported to previously have had low neutrophil counts for a prolonged period, which affected his immunity, although he had since recovered. 

Subtheme 1.4: Cardiac & respiratory problems

Both cardiac and respiratory problems were reported for patients with WHS in the sample. The cardiac defects (Subtheme 1.4.1) reported were heart murmurs, patent ductus arteriosus (ASD), ventricular septal defect leading to heart failure, atrial septal defect, pulmonary stenosis, cardiomegaly and issues with heart valves. Some participants reported that medication was required and later stopped, while one boy with WHS will require future surgery to repair his large ASD. Two children born with WHS had issues with their hearts, which resolved naturally without the need for medical intervention. 
Interestingly, discourse within one family (WHS11ABC) revealed that those family members ascribed the heart murmur to arise from their relative’s prematurity rather than as a result of WHS. 

“She had a heart murmur when she was born but I don’t think it was anything serious, no” (WHS11A)
“…she’s had examinations done (…) heart’s fine ” (WHS11B)
“yeah so just seemed to be an aspect of the prematurity, the s-…very minor, um, some issue, but… very common in premature babies” (WHS11C).
“He’s under the cardiologist, um, and he…you know, he said that we wouldn’t need to do anything until he was much older anyway, um, but it…it has just closed.” (WHS5)

WHS5, a very proactive and motivated mother, reported her perceived reasoning for the closing of her son’s ASD as a result of him seeing a “Bowen technique” therapist. Implicitly she also seems to link the closing with the fact that the heart did not develop fully in utero.

“Because the Bowen Technique principles, what they believe, um, in their sort of line of research is about sort of reprogramming the brain to almost reboot…I think that’s how I’ve understood it…so the jaw grew more, and the teeth thing, his ears weren’t properly formed before and they are now, and, um, the people that I, you know, speak to about this sort of say well ‘yes the idea is that it’s telling the brain to go back and do what it should have done but it didn’t do when he was in vitro” (WHS5)

Perceived symptoms of the heart defects were increased heart rate (WHS3A), tiring easily (WHS3B), small size (WHS3A), pale complexion (WHS8), issues with circulation (WHS4B) and, possibly, increased sweating (WHS10). However, not all cardiac defects and abnormalities were reported as symptomatic: some participants, whose relatives had previously been diagnosed with murmurs or PDA, reported either no or no concerning impact of the heart defect on their relatives. Additionally, one mother (WHS5) expressed her concern about the impact of seizures on her son’s weakened heart: 

“(…) because obviously the seizures (…) and then the extra stress on the heart. Um, one of the things that frightened me was that…what I didn’t want is him to end up in a worse position than he is now.” (WHS5)
Family members described always having their relatives’ heart defects at the back of their minds and worrying about the consequences and risks of future surgery to correct the heart defect. In two families, where a grandmother (WHS3C, WHS4A) and mother (WHS3A, WHS4B) were both interviewed, an interesting difference in the perceived impact of the heart defect on the child was observed: both grandmothers reported no (WHS4A) or little impact (WHS3B) of the heart defect while both mothers (WHS4A, WHS3A) attributed slightly more consequences to the heart defect.
“Her heart? No” (WHS4A) - grandmother
“I think maybe erm circulation but I know that’s quite common… she gets quite cold hands and feet and she gets cold really easily.” (WHS4B) – mother 
“No, I don’t think so, except he probably gets tired…from effort, perhaps more than a child without it.” (WHS3B)
“It’s when you pick him up, you can feel his heart racing sometime… it might be keeping him smaller the fi- if it was fixed, but then again he’d be, you know it’s the most likely be s- like- so slow to grown anyway” (WHS3A)

Some structural, respiratory issues were also reported (Subtheme 1.4.2), such as narrowed airways leading to breathing difficulties, as well as recurrent and severe respiratory infections dominated the discourse. The latter included non-specified chest infections, chronic lung disease, pneumonia, respiratory syncytial virus, bronchiolitis and bronchitis. Across the sample, recurrent respiratory tract infections were perceived as a significant issue to the health of patients with WHS. Participant WHS6A, a medical doctor herself, sums these concerns up by saying “the chest infections are a…a problem because he may lose his life or his battle through it, a chest infection.” (WHS6A). 
Family members expressed that relatives were unable to fight off these respiratory infections, leading to frequent and complicated hospital admissions as home care was often not sufficient. Across interviews, it appeared as though family members had come to accept that their relatives with WHS will always have challenges with their respiratory system.
“They said that he’s got… chronic lung disease… he’s on oxygen every night. We used to be in hospital quite a lot last year with his lungs and his asthma.. His lungs aren’t… the best and... … they’ve said it’s just gonna get worse.” (WHS10)
“Her chest… she had a lot of respiratory infections, that’s main um weakness…she…any infection like a normal croup infection she um struggles to manage it at home.” (WHS11B)
“I don’t know how many times he was in hospital, it must have been 20…20 or 30 times in the first 2 and a half years ” (WHS2B)

Three medical interventions (Subtheme 1.4.2.2) were described for respiratory infections: daily prophylactic antibiotic use due to the severity and recurrence of respiratory infections was reported in three individuals with WHS; two boys had nebulisers and one was connected to a SATs monitor overnight, which alarmed if the oxygen saturations dropped. 
Some patients were reported to suffer from aspiration while the medical intervention of fitting a PEG alleviated this symptom for one boy (“he aspirates as well… that’s why ‘s fully PEG fed”, WHS2A); others were reported to continue experiencing difficulties with aspiration, despite having a jejunostomy and PEG fitted.
Additionally, two mothers reported their children also suffered from sleep apnoea.

Subtheme 1.5: Central Nervous System

Issues relating to the central nervous system were reported for three main areas: brain (abnormalities) (Subtheme 1.5.1), eyes and sight (Subtheme 1.5.2) and ear-nose-throat (ENT) (Subtheme 1.5.3). Regarding brain abnormalities[footnoteRef:12], one patient was reported to have both a type 2 Chiari malformation as well as fluid build-up in his brain; another patient was reported to have a cyst on her brain. Neurological issues relating to seizures and epilepsy are discussed separately in Subtheme “Epilepsy” (Subtheme 1.1). [12:  Neurological issues relating to seizures & epilepsy are discussed separately in “Theme 1.1 Epilepsy”.
] 

For eyes and sight, sight impairments were reported to some degree across the whole sample. Two males were registered as blind. One mother reported that, while her son has the diagnosis of visual impairment, she believes “he can see what he wants to” as he can identity diggers on the motorway and planes in the sky, and assumes this is more related to her son’s cognition rather than issues with sight (WHS12AB). His stepfather explains that “his sight isn’t great” but both do not perceive the issues around the boy’s sight to be of concern (WHS12B). Further medical conditions or structural eye impairments reported were strabismus, astigmatism, nystagmus, and chloroma.  
Prescriptions for glasses to correct sight deficits were commonly reported. Participants revealed that they perceived it as challenging to ensure glasses were worn by their relatives with WHS as they did not always tolerate the intervention well. Consequently, the success and acceptance varied across the sample.
 
“but he just won’t wear the glasses, he doesn’t like it, he just takes them off” (WHS2B)
“He won’t wear them glasses… he might wear them for literally seconds or five minutes… a couple of minutes and he just straight off and he won’t wear them.” (WHS2C)
“We had to force him to wear glasses because he…didn’t want…and sometimes he doesn’t want, but we, um, we keep his glasses as much as we can.” (WHS6A)

Two mothers (WHS9, WHS6A) drew links between mobility and sight impairments. One mother (WHS6A) did not perceive her son’s blindness as an issue due to him being immobile. While another mother recalled that her (now deceased) son, who only had peripheral vision, was much harder to manage due to being mobile than her other child with WHS, who is immobile. Therefore, it is possible to suggest that a mobile patient with WHS with impaired sight may be more challenging to manage than an immobile patient with WHS whose sight is impaired.

“Yeah, it was because, um, it was…he…he was mobile…and so because he only had peripheral vision it was very difficult to manage him…” (WHS9)

ENT concerns in the sample could be divided into two further sub-themes: firstly, issues with hearing and assessments of hearing (Subtheme 1.5.3.1) and secondly, frequent ENT infections (Subtheme 1.5.3.2).

Two relatives with WHS were reported as deaf. As a result, one boy had hearing aids (the other had passed away). 
One mother suggested that her son possibly had some undiagnosed hearing deficits, which, according to her, explained why he did not use “joining words” in speech. She also felt that the undiagnosed hearing deficits were exacerbating speech delays. 

“He’s not saying his joining words, which could be because he doesn’t hear them, cause you don’t emphasise them as much.” (WHS3A)

Interestingly, one mother reported that her son was diagnosed as deaf as an infant, but she believes that his behaviour now and his verbal interactions mean that this is not the case. Misdiagnoses and incorrect results after hearing tests were reported across the sample, and perceived to be the result of inadequate assessment of hearing ability in children and adults with WHS. Issues included: disengagement with the testing, unsuitable assessments or requiring the individual with WHS to undergo sedation to fully assess hearing (a risk that was perceived as too high by family members). A link between inadequate hearing assessments and cognitive deficits was often drawn by participants, for example, one grandmother (WHS2A) reported that her grandchild “can hear you… but … don’t understand” and that this is not reflected in the test assessment and result.

“Every time she’s been for a hearing test… they haven’t been able to get like a clear response because… they do the tests where they put the pictures on the wall and she’s just really not interested.” (WHS4B)
“It’s never bothered us enough to do anything or… to get him sedated to have a full-on hearing check… his hearing seems okay to us.” (WHS3A)
“When they’ve done the tests at the hospital, with like the light boxes they have to look to, he’s never scored that well but then that kind of like involves like a certain level of understanding and he obviously he’s cognitively behind, so I never really had much faith in those tests.” (WHS3A)

Frequent ENT infections (Subtheme 1.5.3.2), such as tonsillitis leading to tonsillectomy, ear and throat infections, can be linked to lower immunity, as reported for WHS patients. Problems including glue ear or fluid in the ears requiring the placing of grommets or tubes were reported. One grandmother also reported issues with her granddaughter’s adenoids thus requiring surgery.

Subtheme 1.6: Cognitive and behavioural aspects

	Discussion around the cognitive-behavioural aspects (Subtheme 1.6) in patients with WHS was prevalent in the sample, with the majority of family members reporting cognitive abilities as one of the most challenging features of WHS. The daily impact of having a relative with a severe learning disability, along with limitations in communication, were perceived as burdensome by most patients in the sample. Nevertheless, narratives such as… we’ve accepted him for how he is, so we just see it like, if he talks, he talks. If he don’t, he don’t.” (WHS2A), were also present, indicating that participants had come to a degree of understanding and acceptance of the cognitive- behavioural aspects of WHS. One mother reported that her son’s learning disability “always come secondary” as she believes it was more important to “deal with the life-threatening stuff” first (WHS5).

Some patients were reported to be non-verbal. Some were using or learning, sign language/Makaton. Others were able to imitate or pronounce a limited number of words, although the appropriate use of these words varied. A small number of patients was able to form coherent and meaningful sentences.

“He does say basic words like “mummy”, “daddy”, but I don’t think he really understands it cos sometimes he’ll call anybody “mummy”. So I think he understands mummy, but just don’t that it’s for one person.” (WHS2B)
“You know, she can respond appropriately but sometimes if you say ‘oh, have you been to school today?’ ‘Yeah!’ ‘You been to the moon?’ ‘Yeah!’ So she’ll give inaccurate responses or just say ‘yeah’ to things that you think ‘no you…obviously she didn’t do that today’.” (WHS11B)
“So his reading age and understanding is sometimes not that far off his peers of his age, which is a lot better than we had to believe from the information we had to read about WHS. So that's exciting in terms of what potential is there.” (WHS3C)
“Ye, now, he can say really short sentences. He knows loads of names, he always remembers people's names. He can give instructions, he can ask for things, he can say if he's happy, say if he's sad, say if he's had a nice day. All sort of things really.” (WHS3C)
“… has been able to count to ten since he was about 8.” (WHS12A)

Intellectual impairment and issues around communication were perceived as especially challenging in times of illness, with patients unable to communicate their pain or discomfort meaningfully.  Some children with WHS were also noted to copy their siblings’ illness behaviour. Family members reported having to be very attuned to their relatives’ needs and behaviours to ascertain their health needs. 

“…’cause there’s no lip movement, there’s no c-…communication at all, just by sounds so…but the same sound can mean more than one thing so it…it’s a bit, um, difficult to sort of say, it…it can be she’s got wind, or it can be that she wanted the toilet, or she’s feeling a bit yucky…so it’s…it can be a number of things… so, um, communication is quite…quite difficult really.” (WHS7)
“No, if she is… if she is poorly you can either tell, she’ll cry more she’ll become more clingy… sometimes though when you say…like if ’s got a headache or feels unwell, she can verbally tell me… will watch us…she’ll watch me… and is like ‘me, me, me!’ or wanting the medicine herself… she’s tends to copy a bit you see, so…” (WHS11B)

The content of the interviews revealed that the majority of participants recognised that their affected relatives had a limited capacity to develop intellectually; however, some family members put forward the idea that using the term “learning disability” for their WHS relative is incorrect as they are not unable to learn, but are instead slower to learn than their healthy peers or siblings. One mother of an adult woman with WHS reported that her daughter, now in her mid-fifties, was non-verbal but recently learnt to do “high-fives” and emphasised continued learning.

“Obviously, it takes a lot more time, you have to go through everything a lot more before he gets it and things don't connect as quickly. And then with , he just learns on his own a lot more I guess, just quicker on his own more and from others more.” (WHS3C)
“Because I always say that my son has… followed the normal pattern of development but what takes a month for a normal child, may take 20 years for him…” (WHS6A)
“So but he surprises people with.. his phonics… he’s obviously behind and he will always be behind but… he’s learning all the time.” (WHS3A)

A number of participants described fears around danger awareness and safety (Subtheme 1.6.2). They revealed that because of their relatives’ diagnosis of WHS and intellectual impairment, they needed constant vigilance and attention to ensure safety was not compromised, for example, safety in the kitchen and behaviour towards strangers. One mother expressed concern and worries about this lack of danger awareness exacerbating her daughter’s vulnerability.

“her own safety and awareness… like a her social boundaries. You know she’ll…she’ll go up to total strangers and you’d be out with her, um, and she’d be quite familiar and quite tactile with strangers.” (WHS11B)
“his danger awareness is, is a major major thing, he has no awareness of danger, you know, and he you know he’ll go in the kitchen, you know, you can see his hands will go for the draining board, so you know, if had that he's had the draining board on the floor, he's had plants off tables, you know, he’s, he’s smashed stuff round the house, so you've got to, have all this stuff and just away from his ha-hand’s length, now do you know what I mean and he’s like, you know, as he gets older, the television, is that going to be drilled on to the wall, you know what I mean…” (WHS1)

Increased musical affinity was reported for children and adults across the sample (Subtheme 1.6.3). Music and sounds were reported as motivators and joyful experiences for the individuals with WHS. Even children and adults with no verbal skills were described as being able to hum songs they have previously heard.

“We have taken him to the opera, to see opera… in the theatre; he loves it! He screams of happiness.” (WHS6A)
“Music is his life, and he just listens to music, watches Scottish country bands sing…ceilidh. We went to a ceilidh the other night… he just loves music.” (WHS3B)
“His memory is absolutely amazing…and one of the first times…I could not believe it…we were on our way to the beach, and he sang out of the blue ‘row row row your boat’…and he knew the words to ‘you are my sunshine’”. (WHS12A)
“put a music song on after he’s heard it once, he can pick it up, he can hum the tune… he can’t say it, he can’t sing it but he can hum it and you can understand what he’s humming, the words.” (WHS2A)

Family members reported utilising their relatives’ musical affinity in day-to-day life. For example, one family used a small boy’s love for music to help settle him into a sleep routine. Another mother reported using musical toys to motivate her son; moreover, his sister explained that by playing the piano she has been able to connect to her brother even more deeply.
“I’ve sort of said ‘use music, that’s his biggest motivator’…you want him to do something? Make music the end result. The spinning toy there, that’s why that’s his favourite toy because, you know, he gets an immediate reward. You go round our house, all the things have a musical response. (…) Um, I say he can learn tunes, he will sing me ‘twinkle twinkle little star’, he will sing me Christmas carols, or happy birthday.” (WHS5)
“but I do have…I play the piano, and he loves music. So we do have that way that we bond because I…when I play the piano, he really loves it, so if I didn’t…if I hadn’t have that…” (WHS6C).

Challenging behaviour (Subtheme 1.6.4) such as kicking, hitting, spitting and other physical behaviours were also described in a number of interviews. Some family members perceived the display of challenging behaviour as a response to situations that caused a lack of understanding, insight or the ability to ‘rationalize’. Examples include having to unexpectedly turn around on the walk to school mid-walk, a sibling being told off or the fire alarm going off. In an attempt to prevent these escalations, family members reported adapting strategies such as regular routines and social stories. 

“but now behaviourally she seems to, you know, be…be difficult in terms of not being able to rationalise…she can understand most things you say to her, but in terms of being able to rationalise or process it as quick as you might need in a busy family life really…” (WHS11C)
“and then my sister took her laces out her shoes, she was changing her laces, and picked it up and dangled it, and oh…and suddenly… he threw her against the wardrobe.” (WHS12A).
	“he has assaulted me when he went to Opera.” (WHS6A)

Subtheme 1.7: Sleep

Another subtheme identified was sleep behaviour. Participants reported sleep issues as a “constant question and concern” (WHS11C) (Subtheme 1.7.1). The majority of patients with WHS were reported to frequently wake in the night. While some did not require any intervention as they were able to self-sooth, others required significant parental/caregiver input during night-time. A potential relationship between sleep problems and seizures/epilepsy was suggested by some participants, implying that seizure activity may be the underlying cause of disturbed nights: adjusting seizure medication largely solved this issue for one child. Another mother suspected that, despite her son being seizure free, his disturbed nights may relate to previously experiencing seizures at the times he now wakes up during the night.
Comments around management of these sleep issues (Subtheme 1.7.2) were that certain interventions had aided to establish sleeping patterns for some, while others perceived this as unachievable. This latter group of parents reported: challenges around their children sleeping through, persistently being unable to self-sooth, coming into the parents’ beds at night causing disruption to the parents and children having recurrent “night terrors” (WHS3A) or experiencing other emotional distress. Some participants discussed issues accepting that their own sleeping pattern was disturbed. 
Interventions applied in the sample included establishing a routine around bedtime as well as using medical intervention to help sleep. Two parents, for example, reported having tried Melatonin but discontinued it due to perceived inefficacy (WHS8, WHS12A). Some participants, particularly parents of younger children, reported having come to accept that the sleep routine was dictated by their affected children. The impact of these disturbed nights was perceived as large by the parents, both in terms of their own sleep and occupational functioning:

“I’ve not been able to deal with the sleep thing, I’ve struggled, because I used to be really…’it’s fine’, get up, go to work…I worked full time for a while, ‘til  was born…and I just couldn’t do it, I couldn’t work full time now.” (WHS12A)
“So…yes, it’s managed now but it was very very difficult, and there would be nights where they would get no sleep at all, and it was just absolutely exhausting.” (WHS3B)
“but all 7 years of his life, he’s never slept a full whole night.” (WHS2C)

One mother expressed difficulties establishing a bedtime routine in relation to recurrent infections and illnesses, as well as lack of energy to deal with challenging behaviour at bedtime. 

“But yeah that’s, um…probably if I maybe tried a bit harder, you know, like any toddler really, learning to sleep on their own but it’s never…because she’s been so poorly it’s never been a good time to ever do that really, cause you’d just either be…she’ll be ill, or you getting over an ill-ness, or you even just knackered yourself…you’re just trying to get her to sleep and get some sleep yourself, so it’s never really…like with a child that’s not poorly you…you’ve got a bit more energy because you don’t have all the health issues on top all, you know, the behaviour issues at bed time.” (WHS11B)
“I think  should be more firm really, you know, just um…she just let’s her into the bed, you know, when she comes through, you know, and she’s up maybe 2 or 3 times in the night…” (WHS11C)

Subtheme 1.8: Mobility

Comments about mobility-related issues were also prevalent in the interviews (Subtheme 1.8). Mobility-related health issues (Subtheme 1.8.1) such as hypotonia, level of mobility (i.e. walking, crawling) and the use of mobility aids (e.g. wheelchair, walker). Hypotonia was the most common clinical feature reported across the sample with nineteen family members indicating that their relative suffers from low muscle tone. Further health issues relating to bones and muscles were reported as unilateral and bilateral talipes (clubfoot), overpronation of the feet, hip dislocations post-seizures, joint hypermobility, involuntary movements, sacral dimples and spina bifida.
Mobility-related abilities varied significantly between participants (Subtheme 1.8.2):  one boy was able to sit up for short periods of time independently (“he can’t walk or anything like that, he can sit up for short periods of time”, WHS10), others were able to crawl, walk and even ride a bike. Some children and adults were able to walk independently; although issues around steadiness (“wobbly”, WHS2C), concerns about uneven surfaces, lack of danger awareness and problems with stairs were often reported. Some adults with WHS could walk assisted, i.e. with another adult fully bearing their weight (“He can walk… but someone needs to support his weight completely.” WHS6C). Some adults and children were unable to walk but compensated by crawling or “bum shuffling”. 

“I mean for instance she can get out of bed, she ends up on the floor and she…shunts…she doesn’t crawl, she shunts on her bottom…” (WHS7)
“He’s such a good bum shuffler, you know, he bum shuffles, he’ll…he could do it for Britain.” (WHS3B)
“He's a very active child, in a sense that he's found a way to get around, he's found ways to get around, he bum-scoot around on the floor at an incredible speed. He would be a gold medallist in bum scooting.” (WHS3C)

Children and adults who were mobile, were reported to be able to stand up by themselves; while others were able to stand with support – either with the help of a caregiver, or a standing frame. One woman was right hemiplegic, and thus was unable to learn to walk. It was also noteworthy that walking was often delayed and started around the age of 3 to 4. 
Wheelchair or buggy interventions were commonly required for distances (Subtheme 1.8.3), even by mobile adults and children with WHS. One adult woman uses a tricycle for her mobility. Mobility walkers were described as positive, enabling the children and adults “to get around” (WHS3C). 

“For example, things like this , I think is fantastic exercise for him, he can commando crawl, he still struggles with doing high all-fours crawling, you know, but to me this…it’s…it’s working on his core, he’s using his arms, using his head, he’s looking.” (WHS5)

Challenges with managing mobility were reported: working with the child to get them engaged in walking activity (WHS4A) as well as teaching the child the walking mechanisms, i.e. how to move his legs in order to get forward (WHS5). 
Three participants specifically referred to the impact of mobility-related issues on family life: A grandmother (WHS2A) described getting “quite a lot of looks” which can be “distressing” when she is out with her grandson who is a wheelchair user, while a father (WHS2C) and a mother (WHS3A) describe consequences for family activities their children cannot partake in:

“He can’t… do stuff like we wanna do, such as like… wanting to go ice skating stuff… we can’t take him skating - you know we can’t take him roller skating and he can’t do normal walking… activities like we can.” (WHS2C)
“Erm now, I’d say the biggest thing that affects  and then probably us as a family, because maybe it makes doing things together more difficult, is the mobility, his muscle tone, ‘cos he still doesn’t, he doesn’t walk.” (WHS3A)

Subtheme 1.9: Level of care

As a result of the complex clinical features of the syndrome and the majority of individuals requiring extensive care, all are dependent on their caregivers (Subtheme 1.9). Caring for their relative has been described as, at times, “challenging” (WHS3B) and “relentless” (WHS5). While there are serious HRQoL implications for the caregivers within this subtheme; it is also relevant for patient health and functioning. Narratives revealed that no patient with WHS, who was reported on in the sample, lived independently; all were dependent on caregivers for basic care, such as food preparation and personal hygiene. Some patients with WHS were reported to require intensive, around the clock care and nursing for reasons such as seizures. Two adult women were reported to live in supported living facilities; however, their mothers were still heavily involved in their care, such as going to hospital appointments and administering seizure medication that care staff were not trained to. One mother reported that her son, who lived in a supported care facility, passed away as a result of care failings in the care home (WHS9).

“Eventually moved into adult services, um, when he was 19, just 19 and the placement that they placed him in…it wasn’t properly overseen by managers and they didn’t put care plans in place, and it was altered in  dying of a ripped stomach, because they fed him ordinary food and they didn’t have a blender (…) but, um, that’s how he died, basically.” (WHS9)
“Um, so more than 12 hours. Um, so um, so they look after him during the day” (WHS6C)
“But also perhaps the lack of (…) independence that he has, I know that’s very broad but I mean it in the sense that because he always needs a carer…“ (WHS6C)
“Well I have to administer the suppositories because staff can’t.” (WHS9)

In addition, family members reported that caregiving became increasingly difficult as their relatives grew older and heavier. Practicalities, such as hoisting and being unable to lift their relative by themselves were becoming more problematic.
“It's like having a larger baby I guess and in the long term that will be more challenging. Obviously, the larger he gets but obviously heavier and harder to manoeuvre.” (WHS3C)
“You know, you can’t hold him for long periods now because he is (laughs), you know, getting heavier.” (WHS5)

Subtheme 1.10: Other

The final theme ‘Other’ (Subtheme 1.10) collates narratives around six subthemes, three of which are negative. Firstly, the subtheme of Growing (Subtheme 1.10.1) is comprised of discourse around prematurity, small size, weight and growth. 

“…and he was so little…  he was such a delicate little thing.” (WHS3C)

Three children with WHS in the cohort were born prematurely. One family perceived their child’s prematurity as being used as an excuse by medical professionals not to explore issues around feeding and weight gain in infancy further. Small size/weight at birth as well as continued small size/weight were reported across the sample. Many babies were noted to be small in utero, requiring further scans, and continued to struggle with weight gain and growth during infancy. 

“So when I was pregnant, they noticed at my 20-week scan that she was quite small. So, I was having regular scans.” (WHS4B)
“… was born at a very low birth weight, she was fed every two hours.” (WHS4A)
“I felt like I was gonna watch my baby waste away, he was tiny…” (WHS12B)
“Erm, wouldn’t latch, wouldn’t take a bottle, wouldn't thin-, lost quite a lot of weight.” (WHS1)
“His beginning were very difficult because he was very small, he only had 2 kilos when he was born….  But at this end of the spectrum, he was born with intrauterine growth restriction, he didn’t put on weight.” (WHS6A)

Difficulties in gaining and maintaining weight during infancy, childhood and adulthood for individuals with WHS were described. Participants clearly recognised that children and adults with WHS were smaller in size and lighter in weight than unaffected peers. Two boys in the sample had prescriptions for growth hormone which was described as contributing positively to their health and development.

“She’s very low weight although she eats well.” (WHS11B)
“You realise with time that he will only grow as fast as his body wants to regardless of the amount of food you put in him or he’s on growth hormone now, he will only grow so fast.” (WHS3A)
“I think we've definitely seen improvement in terms of his strength, in his appetite, in his concentration… his weight gain, probably his muscle. I don't know yet if we will see him high height growing above his curve or whatever, but I wouldn't be surprised, because we have been told that he is not that insufficient in his growth hormones, unlike some children with WHS. 
It may have an effect on or it may not, I think the expectation is that it probably won't. But yeah, since the growth hormone, we've seen a real improvement in his strength and his thighs and his ability in core strength, and around his hips.” (WHS3C)

	The second subtheme of this ‘Other’ theme was Facial Features (Subtheme 1.10.2). To avoid causing distress and upset to the family members who took part in the interviews, participants were not directly asked about the presence of dysmorphic or WHS-specific facial features. When relatives disclosed these, further questions were asked. Features that were mentioned included: wide nasal bridges, hypertelorism, small chin, cleft palate having required surgical repair and most commonly, high arched palates. Participant 6A mentioned that recognising that her son’s “face was dysmorphic” led the doctors to investigate the underlying cause; a father similarly stated “I thought facially she seemed different you see” (WHS11C) while the results of genetic testing were awaited. 
Only one mother specifically described the emotional impact of her son’s WHS-specific facial features: “It’s weird that I’ve got two children that don’t look alike, that’s hard cos like I think, to people look at us and think that they’re not brothers.” (WHS2B)
The third subtheme was very small and relates to dermatology (Subtheme 1.10.3). Three participants mentioned their relatives with WHS having some dermatological abnormalities. One girl had elective surgery on an ear tag and a boy had a Mongolian blue spot.

“ … had quite a big ear tag… she’d gone into for her ear tag operation so it was…it was elective surgery… cause it was getting quite big and it was sometimes maybe catching on things or she’d mess with it.” (WHS11C)

Also contained within this theme are the negative themes: blood clotting (Subtheme 1.10.4), Internal malformations (Subtheme 1.10.5) and Problems with veins (Subtheme 1.10.6). Concerns regarding blood clotting were raised by one father who reported that he had heard of another child with WHS who “went in  with respiratory problems and then it ended up with blood clots on the lung” (WHS2C). He was worried about his child developing this as a result of repeated respiratory tract infections. The second negative theme, Internal malformation (Subtheme 1.10.5), was only reported by one mother whose daughter had both a malrotation of the bowels and an inverted stomach (and already briefly reported in the gastrointestinal features). The mother reported that these malformations were causing significant issues, pain and distress and required constant monitoring. The third negative theme (1.10.6) was problems with veins, reported for one patient with WHS across two interviews. The grandmother and mother of a boy with WHS reported HCPs struggling to access veins and administer medication efficiently.

“I don’t know if its normal with Wolf-Hirschhorn but they can’t find veins, so they can never get drugs in to stop it.” (WHS2A)
 “He can’t put a needle in, things like that’s are tricky.” (WHS2B, referring to seizure medication being administered intravenously)
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This theme revealed significant insights into the multi-systemic clinical features of WHS, their effects on patients and challenges related to symptom management, as perceived by relatives of children and adults with the illness[footnoteRef:13]. The interviews specifically aimed to assess which clinical features family members believed constituted syndrome severity and whether these features warranted inclusion in the COA. Overall, the theme (Theme 1: Clinical Features of WHS) described in the results reflects the complexity and heterogeneity of features found in adults and children with WHS. The high number of sub-themes (n = 10), all representing different systems in the human body, further reflects the fact that WHS is a multisystem and complex illness.  [13:  The psychosocial themes are discussed in Chapter 4] 

	In the interviews, it became apparent that the majority of family members were most concerned about epilepsy, its effects on their relatives, its management and the potential life-threatening consequences of a seizure. This was closely followed by clinical features relating to the gastrointestinal tract (such as feeding/eating, vomiting or urinary tract infections) and cardiac and respiratory features (such as heart defects, respiratory infections and associated hospital attendances). Clinical features relating to the central nervous system (such as vision, hearing and mobility) were also discussed. Recurrent infections were mentioned in relation to specific body systems (such as chest, urinary or ear), but participants also felt that their relatives’ overall low immunity was a cause for concern, leading to frequent periods of ill health and hospitalisations. Additionally, issues with sleep were a large problem, with patients being awake for considerable amounts of time at night-time. While these clinical features have all been reported in the literature before (A Battaglia & Carey, 2008;  Battaglia et al., 2015; Ho et al., 2018; Shannon et al., 2001), albeit on a more basic level, this study provides invaluable in-depth assessment allowing a more detailed investigation into WHS and ensuring the development of the COA assesses these aspects assiduously.
As aforementioned, discourse around epilepsy and seizures was at the core of the interviews with most participants. While it is well-established that children and adults with WHS suffer from seizures, epilepsy and neurological abnormalities (e.g. Battaglia et al., 2015; Bergemann, 2009; Cammarata-Scalisi et al., 2015; Karaer, Koç, Karaoǧuz, Cansu, & Perçin, 2010), the interviews further expanded insights into this clinical feature. For example, there were narratives around the level of after-care needed post seizures and what relatives perceived as effective medicating of seizures/epilepsy.
The gastrointestinal and urological clinical features of WHS, spanning subthemes such as feeding (interventions), vomiting and reflux, bowel movements, continence, and issues relating to the kidney, gallbladder and genitals, were also portrayed by many participants as concerning. Feeding difficulties are common for adults and children with genetic syndromes “as a result of the complex interactions between anatomical, medical, physiological, and behavioural factors” (Cooper-Brown et al., 2008), which was reflected in the participant accounts. Facial clefts, low muscle tone making it challenging sucking bottles/breasts or chew, vomiting and reflux, and poor feeding associated with poor growth or weight loss were reported. This is in accordance with the literature, where it is further suggested that more than 75% of patients with WHS struggle with issues around feeding (Battaglia et al., 2015). Techniques such as cutting up, mashing or liquidising food were applied by the family caregivers to support feeding. If these techniques were ineffective or unsafe due to aspiration, interventions such as nasogastric (NG) tubes, percutaneous endoscopic gastrostomies (PEG) and jejunostomies were used. There was significant discourse around the perception and utility of such medical feeding interventions. Family caregivers, in particular parents, were often reticent to consent to a medical feeding intervention. This was based on a perception that their child was able to eat orally without the need for intervention or due to concerns about infection risk. This reluctance is also reported in the literature, and across conditions: a retrospective study with American mothers of children with gastrostomies reported that 70% of their participants reacted negatively when the placement of such was initially suggested; leading to delays in consenting to medical feeding interventions (Petersen, Kedia, Davis, Newman, & Temple, 2006). Another study, in this case with parents and caregivers of children with neurological disabilities (including Cerebral Palsy & Smith-Lemli-Opitz syndrome) in Poland, also reported initial hesitation to the recommendation of placing a gastric tube, resulting in delays. On average, this delay took five months between the recommendation by HCPs and parental agreement (range 7 days – 24 months). While neither of these studies were conducted in the NHS or comparable health care systems, hesitation and worry regarding the placement of medical feeding interventions appear shared across conditions, country and health care system.
Findings in a dated, yet relevant, study by Thorne, Radford and McCormick (1997) suggest that this negative reaction to initial recommendations and delays in agreeing to feeding intervention may be rooted in the fact that agreeing to a feeding intervention may mean giving in to the (undeniable) existence and permanence of a child’s disability, as well as its associated problems. In the current study, one of the problems encountered as a result of the visible intervention is feelings of stigma and shame around the feeding tube being visible, i.e. in public places. Another aspect that may influence the aversion towards NG tubes and led parents to persist in oral feeding is the importance of ‘feeding’ within the parent-child, and especially mother-child, relationship; whereby the parent is primarily responsible for nourishing the child (Ferguson & Paul, 2007). This may be particularly relevant for participant WHS5, who had spent a significant amount of time devising her own specialist equipment, such as straws from fish tank tubes, and recipes for her son in order to avoid feeding interventions. It is also in part relevant in other participant accounts that report experimenting with foods in order to develop a suitable diet to circumvent the need for interventions. In the interviews, as well as the literature, it became obvious that reasons for non-agreement or delays in decision-making are not always evidence based. With a growing understanding of the reasoning and the thought processes involved, it is important that HCPs intervene and ensure that not placing a feeding tube is indeed in the best interest of the child. This is not to say that participants in the study did not act in the best interest of their child/relative, but that emotive reasoning may be a hindrance to making decisions. Further, the discussion of this subtheme highlights the importance of combining psychosocial literature with clinical literature. 
However, even though aversion was commonly reported as an initial or permanent emotional state towards feeding interventions, those parents who eventually agreed to an intervention reported resultant advantages and benefits, such as lessening the pressure on caregivers to ‘make’ the affected child/relative consume a certain number of calories, which made orally eating complementary and thus enjoyable, rather than essential. Those who reported agreeing to feeding interventions as a medical necessity (i.e. due to aspiration) described positive effects and health benefits. This reflected the positive impact that feeding interventions can bring for adults and children with WHS as well as for their caregivers; these improvements in quality of life (e.g. such as decreased stress associated with feeding) are reported across the literature (Matuszczak et al., 2014). It therefore is essential that HCPs assess and review the need for medical feeding interventions in children and adult with WHS. 
Further gastrointestinal issues, such as severe reflux and vomiting, were also discussed in the interviews. Two parents in the sample reported clinical features of disordered oesophageal peristalsis, which are problems with swallowing or pain when swallowing, heartburn and regurgitation (Smout & Fox, 2012). These further align with the clinical features vomiting, discomfort when eating and reflux. Two of the twelve patients (17%)[footnoteRef:14] in the current study who were reported on, were affected by oesophageal abnormalities; this is similar to the number of affected individuals suggested by Battaglia et al. (2015) (25%), which suggests this number is roughly stable over random samples of WHS patients. [14:  The percentages reported in this discussion are calculated from the data-saturation table] 

It was reported that one patient with WHS had to have her gallbladder removed; issues with the gallbladder are less common but still associated with WHS and are thought to affect less than 25% of patients (Battaglia et al., 2015).
In terms of bowel movements, constipation, rather than diarrhoea, was commonly reported for patients with WHS across the sample. Constipation is characterised by either infrequent stools (<3 in a 7-day period) or by painful passing of stool (Loening-Baucke, 1993). Therefore, the symptoms of constipation reported by family members of adults and children with WHS (straining, being in pain/discomfort, back-arching as well as being unable to go to the toilet) are in keeping with the literature. Constipation occurs frequently in patients with neurological illnesses (Kamm, 2011; Norton, Thomas, & Hill, 2007), and may, to a large degree, be the result of hypotonia (Loening-Baucke, 1993), but also contributed to by medical feeding interventions (Matuszczak et al., 2014). Interventions such as increasing fibre intake or using laxatives were successfully applied by participants to manage constipation. 
Incontinence, both urinary and faecal, represented  a significant issue for individuals with learning disabilities and their caregivers (Smith, Smith, & Lee, 2000). This is also true for participants in the current sample, with only one affected relative able to go to the toilet independently. Family members experienced incontinence as challenging; one father quoted his daughter’s incontinence as one of the most challenging aspect of WHS. While there are some bladder and bowel training regimes open to adults and children with specific learning needs (Smith et al., 2000), the degree of learning disability associated with WHS may prevent individuals from acquiring complete continence. 
Genito-urinary tract abnormalities are thought to affect between 25 and 50% of patients with WHS (Battaglia et al., 2015). Reported clinical features in the interviews, such as hypospadias, renal hypoplasia and duplex kidney are in keeping with the literature (Battaglia et al., 2015). 
Comments around low immunity and infection were prevalent. Immune deficits are commonly reported for children and adults diagnosed with dysmorphic disorders (Cruz et al., 2009; Mahmoud et al., 2005), such as WHS (Saiga, Hashimoto, Kimura, Ono, & Hiai, 2007), with immunodeficiencies related to the majority of “morbidity and mortality” cases for WHS patients (Campos-Sanchez et al., 2017; Hanley-Lopez, Estabrooks, & Stiehm, 1998). These immune deficits make individuals with WHS more prone to developing viral infections (Battaglia et al., 2015; Jean Hanley-Lopez et al., 1998), often requiring hospitalisation, which has an impact on both the patients themselves and their families. Antibody deficiencies are reported to occur in around 50 – 75% of patients with WHS (Battaglia et al., 2015). These findings and numbers help explain the high number of reported hospitalisations in the sample and substantiate the worries and concerns expressed by participants about their relatives’ low immunity. 
Cardiac abnormalities and respiratory features were also heavily discussed. The cardiac abnormalities reported in the current study (heart murmurs, patent ductus arteriosus, ventricular septal defect, heart failure, atrial septal defect, pulmonary stenosis and cardiomegaly) as well as their clinical manifestations (increased heart rate, tiring easily, restricted growth, pale complexion, circulation issues, increased sweating) are consistent with the medical literature on both WHS and heart defects (Sun, Liu, Lu, Zheng, & Zhang, 2015). It is thought that around 25 – 50% of patients with WHS are affected by cardiac defects. Some cardiac defects were described as innocent in the sample, i.e. with participants ascribing little or no concern to the cardiac defect (Newburger, Alexander, & Fulton, 2006). It is not unusual or uncommon for children born with heart problems to “grow out” of their heart defects (e.g. Newburger, Alexander, & Fulton, 2006) and this was also reported in the sample, for example participants WHS11A/B/C reported that their daughter/sibling’s heart murmur disappeared by itself. 
The majority of heart defects in the sample however were described as symptomatic and a source of distress for patients’ families for a variety of reasons. Psychological distress as a result of children’s diagnoses of heart defects are commonly reported among family members (Garcia, Aggarwal, & Natarajan, 2016; Woolf-King, Anger, Arnold, Weiss, & Teitel, 2017): a 2015 systematic review spanning 94 articles across 21 countries, for example, reported that family members, regardless of their affected children’s ages or whether surgery was needed or not, experience significant psychological distress as a result of the heart defect (Wei, Roscigno, Hanson, & Swanson, 2015). One mother in the current study specifically expressed worries about her son potentially suffering a heart attack as a result of poor cardiac functioning and recurrent seizures.
 However, emotional distress as a result of cardiac abnormalities was not only reported for caregivers, but also for the WHS sufferers themselves: one father emphasised the distress caused to his child as a result of recurrent hospital appointments and procedures that ‘he hates’ as well as the potential effects of future surgery. Health-related quality of life effects for children, as a result of congenital heart defects, are well reported in the literature (e.g. Chong et al., 2018) and it is therefore not surprising that the family members have also discussed this. However, to the author’s knowledge, this is the first time a specific HRQoL impact in regard to cardiac abnormalities in WHS has been voiced, as the majority of cardiac literature for WHS is in relation to its presentation and symptoms. 
With reference to respiratory problems, recurrent and severe respiratory infections (such as pneumonia, RSV, bronchiolitis and bronchitis), often associated with hospital admissions, were the most commonly encountered issues. Structural respiratory abnormalities were reported for one patient and aspiration for three patients. Respiratory infections have been especially strongly linked with hypotonia, aspiration and gastro-oesophageal reflux (Hanley-Lopez, Estabrooks, & Stiehm, 1998), which result in associated contamination of the respiratory system. This may explain the high prevalence in the sample. Battaglia et al. (2015) estimate the occurrence of respiratory problems in patients with WHS to be <25%; however, for the current sample, respiratory concerns were reported for a higher proportion of patients. Respiratory concerns were reported in ten interviews for the affected relative(s). The higher prevalence in the current study may be explained by, for example, parents reporting respiratory infections which are in fact commonly seen in all children, therefore some of these infections may not be related to the child having WHS and could just be a normal aspect of childhood.
The clinical features relating to the central nervous system (CNS) were also represented in the interviews; subthemes included brain abnormalities, eyes/sight and ENT-related clinical features. The reported structural brain abnormalities are in keeping with the literature for WHS (Battaglia & Carey, 2005; Battaglia et al., 2015). Sight impairments were also congruent with published research findings and seem central to the syndrome’s clinical features: elsewhere it has been suggested that around 40% of WHS patients suffer from eye disease (Battaglia et al., 2008), however the proportion in the current sample is higher than this. In fact, all participants reported that the sight of their relatives was affected. 
A 2017 study also reported a higher number of visual defects in their sample of children with WHS: 60% of their patients had visual deficits (Nag et al., 2017). However, as suggested in a large report by the charity SeeAbility, associated with the Royal School for the Blind (UK), the proportion of children with learning disabilities who also have structural eye disease, and thus require glasses, is much higher than was previously anticipated due to a lack of adequate eye testing (Emerson & Robertson, 2011). This may be an explanation for the lower prevalence of eye disease in previous research. Glasses, to correct structural eye disease, were often not tolerated by children and adults with WHS, a challenge that is recognised among ophthalmologists (Li, Wong, Park, Fricke, & Jackson, 2015). Structural eye defects reported in the sample are concurrent with the literature (e.g. stigmatism, strabismus, astigmatism, nystagmus, chloroma) (Dickmann et al., 2009). 
Hearing deficits are thought to occur in around 20% of WHS patients (Battaglia et al., 2015; Nag et al., 2017) and two diagnoses of deafness were reported for relatives of the participants. Issues around the assessments of hearing and the impact of learning disability on test results were raised by relatives. In fact, it is recognised that patients who present with complex comorbidities, such as learning disability and potential hearing defects, are challenging assessing in audiology; not all centres are able to provide specially adapted hearing assessments suitable for these complex cases (Mcclimens, Brennan, & Hargreaves, 2015; Miller & Kiani, 2008). The experiences reported by family members are thus not exclusive to WHS but shared by the majority of conditions that are complex and associated with learning disability. Frequent infections of the tonsils were reported; these infections can be linked to lower immunity, as typically reported for WHS patients. 
Cognitive-behavioural features were not included in the CNS theme, as it is a core feature of WHS and thus warranted its own theme. This theme comprised cognitive aspects of WHS, such as learning disability, communication and musical affinity. It is well-established that learning disability is one of the core features of WHS, and that all patients are affected (e.g. Battaglia et al., 2015, 2001; Fisch, Battaglia, Parrini, Youngblom, & Simensen, 2008; Sabbadini et al., 2002; Zollino et al., 2008). All patients whose family members took part in this study were reported to have a learning disability. However, there was a degree of variability with regard to severity of impairment in cognitive functioning in the sample. A recent study (Nag et al., 2017) suggested that the cognitive deficits in WHS were comparable to those seen in, for example, Rett syndrome. However, this comparison seems oversimplified and unwarranted, considering the fact that significant individual differences in the cognitive performance of patients with WHS exist and that the abilities of patients with WHS present on a much larger spectrum than patients with Rett syndrome. Furthermore, patients with Rett syndrome have considerably more severe deficits in their cognitive development with no expressive language or non-verbal communication (Ahonniska-Assa et al., 2018; Djukic & Valicenti McDermott, 2012). While some patients who are at the more severe end of WHS may show similar abilities to those with Rett syndrome, the comparison by Nag et al. (2017) neglects the fact that many patients with WHS are able to communicate and form sentences. 
A further finding from this study, which links to cognitive functioning, is the notion that patients with WHS were reported to demonstrate continual, yet very slow, learning. This theory needs to be assessed both systematically and longitudinally, however, issues around sampling longitudinally from such a small population, taking into account likely early deaths of some patients with the syndrome (Shannon et al., 2001), may make this a challenging scientific undertaking. It would also be challenging choosing appropriate control groups, as it would not be indicative to use healthy, cognitive typical individuals.
Participants’ reports on patients’ communication and language skills also reflect a degree of variability, with some patients non-verbal, some using sign language and others able to form sentences and maintain conversation. Nonetheless, overall communication abilities were limited, which is in keeping with the literature (Fisch et al., 2010).
While family members were not directly asked about danger awareness or safety, four participants drew clear links between their relatives’ cognitive awareness and concerns around safety and danger awareness. Keeping their relatives with WHS safe (and healthy) to the best of participants’ ability appeared to be a key aspect of life. This is also reported for family members caring for relatives with other rare diseases, such as Tuberous Sclerosis Complex (Parker, 1996). 
Some family members reported incidents of challenging behaviour for their relatives with WHS, such as hitting and attacking family members. Little is reported about the prevalence of challenging behaviour among patients with WHS in the literature, and only Nag et al. (2017) report that one of their ten patients displayed regular “temper tantrums”, while two others had issues with attention deficit and hyperactivity. This area therefore requires further investigation, and it must be ensured that the relatives of affected patients are equipped with the knowledge and skill to deal with these behaviours should they arise.
Another key aspect to cognitive functioning was discussed in the study: musical affinity. Increased musical affinity has previously been reported for children and adults with WHS, and was also found in the current sample. Arakawa et al. (2014), for example, describe case studies of a 20-year old and a 9-year old with WHS, who display significant musical affinity and react positively to music (e.g. humming, calming properties, incentive for communication). Participants described utilising their relatives’ affinity for music to motivate them or connect with them; one family in particular was extremely proud that their relative, who was non-verbal, was able to hum songs he only heard once. 
Disturbed sleep in children and adults with intellectual disabilities, including WHS, are common (Battaglia et al., 2001; Curfs, Didden, Sikkema, & De Die-Smulders, 1999; Didden et al., 2008; Marcotte et al., 1998; Nag et al., 2017; Rosen, Lombardo, Sc, Skotko, & Jean, 2011). Reports of disturbed sleep across the majority of interviews (15/21, 71%) was therefore expected. In concordance with the literature (Meltzer & Montgomery-Downs, 2011),  the impact of disturbed nights appeared significant on both patients and family members. While there is some literature suggesting that children with WHS may be able to develop more normal sleeping patterns over time using positive reinforcement (Battaglia et al., 2001; Curfs et al., 1999); the current study recognises that it is not possible to establish improved sleeping patterns for all children and adults with WHS due to a variety of contributing factors. For example, the hypothesised relationship between epilepsy and sleep problems by participants in the current study is supported by the literature suggesting a relationship, and possible correlation, between these factors (Didden & Curfs, 2000; Didden, Sigafoos, & Curfs, 2000). Due to the high prevalence of disordered sleep and its significant impact, for example the potential link with seizure activity, sleep behaviour should be assessed in the clinical outcome assessment. Objective assessment using the clinical outcome assessment may help inform whether patients may be eligible to try sleep medication, such as Melatonin, or whether underlying seizure activity may cause issues. Assessing sleep during consultations may also help highlight related issues, such as bedtime routines and start a conversation around sleep hygiene, which could improve sleeping patterns. 
Skeletal abnormalities and mobility-related issues (Battaglia et al., 2015; Centerwall et al., 1975) were reported for patients with WHS: for the current sample these include spina bifida and sacral dimples. Hypotonia, especially of the lower legs, was the most commonly reported clinical feature across the sample, which is in keeping with the literature (Battaglia et al., 2015). Delays or difficulties in walking are the combined result of hypotonia, skeletal abnormalities and cognitive impairments. Five participants reported that their relatives with WHS were able to walk independently. This number corresponds with the figure reported in the literature: it is reported that roughly 45% of children and adults with WHS are able to walk independently or with support (Battaglia et al., 2015). There were no reports of extremity malformations in the sample; some individuals with WHS are affected with ectrodactyly, polydactyly and syndactyly (Battaglia et al., 2015; Biswas et al., 2014; Hannes, Drozniewska, Vermeesch, & Haus, 2010; Shanske, Yachelevich, Ala-Kokko, Leonard, & Levy, 2010). 
	Next, the ‘Other’ subtheme collated narratives around growing, facial features, dermatology and the negative themes (blood clots, internal malformations and problems with veins). In the subtheme of ‘Growing’, participant accounts reflect low birth weights, slow growth, continued small stature as well as prematurity. Both pre- and postnatal growth deficiencies with low birth weights are common for individuals diagnosed with WHS and are well-reported in the literature (Antonius et al., 2008; Austin et al., 2015; Battaglia et al., 2015; Centerwall et al., 1975; Dickmann et al., 2009; Shannon et al., 2001; Zollino et al., 2008). Likely reasons for this are orofacial defects, continued poor feeding as a result of difficulties in sucking and swallowing, genetic factors, gastro-oesophageal reflux and repeated infections (Antonius et al., 2008; Battaglia et al., 2015). The efficacy of growth hormone for children with WHS is yet to be established, but participants in the sample reported positive effects.
While not specifically asked about distinct facial features of their relatives, due to the potential negative emotional impact talking about their relatives’ ‘different’ appearance, participants offered insight into this area, to some extent, without being prompted. Participants did describe a number of facial features, however, no in-depth questions were asked. This is a limitation of the current study, but facial features in WHS are already described extensively in the literature. While (cosmetic) facial features may not be important in terms of assessment of functioning, it is important that the Clinical Outcome Assessment does assess the facial dysmorphism of patients, in order to be applicable for both research and clinical practice, as expected for a COA). One reason for this is the conflicting evidence for the hypothesis that the degree of facial dysmorphism in WHS may correlate with the deletion size, and/or syndrome severity, the COA offers a way to capture salient aspects to these three variables and may shed light on their relationship. 
Next, the subtheme of Dermatology was another very small theme consisting of reports of an ear tag and Mongolian blue spot. Preauricular skin tags and Mongolian blue spots were previously reported for WHS (Battaglia et al., 2015; Paradowska-Stolarz, 2014; Shanske et al., 2010). Firstly, the clinical significance of this to the patient is debatable as ear tags have few consequences and can be removed with simple elective surgery, as described by the parent in the sample.  Secondly, it is important to note that the presence of these dermatological abnormalities may be a coincidence, and not the result of WHS. Mongolian blue spots are relatively common, especially in mixed-race or darker skinned individuals; and are thought to have no or little medical consequences (Cordova, 1981; Gupta, 2013). 
Furthermore, due to WHS being a multisystem and heterogeneous disease, it was expected that there would be some negative themes for the theme of Clinical features. The first negative theme was blood: in the literature, there are some haematological abnormalities, such as myelodysplastic syndrome, anaemia and neutropenia (Sharathkumar et al., 2003), reported for children and adults with WHS. However, the issue raised by the father in the study was not related to these abnormalities, but about blood clots. It is not clear from the literature whether having WHS increased a patient’s chance of developing blood clots, as was the father’s worry. Further investigation is required for this negative theme.
Internal malformations was the second negative subtheme. Intestinal malrotations are “rare congenital” conditions “caused by the absence of or incomplete rotation of the small bowel during the embryonic period and is defined as any deviation from the normal 270 degree counter-clockwise rotation of the midgut” (Sahu; Raghuvanshi; Sinha &Kumar Sachan, 2016, p. 162). Symptoms reported by participants, such as ‘bilious vomiting’, are in keeping with the literature (Bhatia et al., 2018). Usually, surgery is recommended to correct this and to improve outcomes (mortality, morbidity) (Sahu; Raghuvanshi; Sinha; Kumar Sachan, 2016; Zengin et al., 2016); although it was unclear in the interview why surgery had not taken place for this particular patient. The third negative theme was ‘Problems with veins’. Drawing blood from paediatric patients is a recognised challenge; with the WHO recommending separate, specialised guidelines for the safe and effective drawing of blood in neonates and paediatric patients (Pitchforth & Lemer, 2014; World Health Organization, 2010). This theme is therefore not unique to WHS and potentially a result of the age of the patient (aged 7).
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WHS is a complex and heterogeneous illness that significantly impacts patient and caregiver quality of life. Both clinically relevant and psychosocial themes were identified across the interviews to aid the Development of the Clinical Outcome Assessment. The clinical themes were, to some extent, already reported in the literature, however, this was the first in-depth, qualitative investigation into the extent of these clinical features, their effects on the patient and management of these features. New insights into these clinical features were therefore achieved. 
In terms of psychosocial themes, this was the first study to report on psychosocial aspects of WHS. In this study, many parallels to other chronic conditions, particularly those featuring learning disability, could be drawn. This may suggest that “many chronic conditions are more alike than different” (Parker, 1996), and that symptom-specific experiences may be shared across conditions. However, due to the heterogeneity and complexity of WHS, there may be effects that are specific to WHS. 
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The reason for the conduction of this interview study with family caregivers of adults and children with WHS was to gain by-proxy reports investigating aspects, such as what life with WHS entails, what clinical features are the most challenging (and should thus warrant inclusion in the COA), what challenges caregiver/ patients face and what the perceptions of problems are. The subthemes of Theme 1 will inform the content for the content of the COA. 


[bookmark: _Toc23522724][bookmark: _Toc38821441][bookmark: _Toc40172997]Chapter 5: The psychosocial impact of living with and caring for adults and children with WHS

Continued Results: The four psychosocial themes remain to be reported and discussed. These are Experiences with the NHS (2), Family adaptation (3), Quality of life of patients and relatives (4) and Support needs of relatives (5); reflected in yellow in the Graphic 10. A thematic table with data saturation grid is presented in Table 9.

[bookmark: _Toc39270368][bookmark: _Toc40173067]Graphic 11: Graphic representation of the Themes developed in the Qualitative Interview Study
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[bookmark: _Toc40173034]Table 9: Overview of themes, subthemes and data saturation grid for Themes 2-5
	First order subthemes
	Second oorder subthemes
	Third order Subthemes
	Data saturation
	Theme type

	Theme 2: Experience with the NHS

	2. 1 Diagnosis
	2.1.1 Before diagnosis
	
	11B, 3A

Check, should be more
	Latent

	
	2.2.2 Time of diagnosis
	
	3BC, 8, 11B, 12A, 2A, 2B, 2C, 3C, 4B, 5, 6A, 10, 11A, 11B, 12A, 2A, 3B, 4B, 11A, 12B, 1, 3A, 11B, 2B, 9, 10
	Semantic

	
	2.2.3 Emotional reactions to diagnosis
	
	3B, 3C, 4B, 8, 11B, 12A, 2A, 2B, 2C, 3C, 5, 6A, 10,11A, 11B, 12A, 2A,3B, 12B, 1, 3A, 11B, 2B, 9, 10
	Latent


	
	2.2.4 Care inadequacies at diagnosis and beyond
	2.2.4.1 Continued lack of knowledge
	3A, 10, 11B, 3a8, 1. 2C, 4b, 8, 3B, 1
	Latent

	
	
	2.2.4.2 Care inadequacies
	4B, 8, 11C, 11B, 9, 7, 6A, 6C

	Latent

	2.2 Experiences Navigating the NHS
	2.2.1 Negative Experiences with medical professionals
	
	4b, 8, 11c, 11b, 9, 7, 6A, 6c

	Latent

	
	2.2.2 Positive Experiences medical professionals
	
	2C, 3A, 5, 3A
	Latent

	
	2.2.3 Recommendations
	
	1, 2A, 3AC, 4B, 5, 6A, 7, 8, 10, 11CB, 12AB (Appendix 5.1)
	Semantic

	Theme 3: Family adaptation

	3. 1 Cognitive adjustment
	3.1.1 ‘Expert Parents’ 
	
	10, 3c, 4b, 1, 5, 4B,8, 10, 11B, 11C, 12B, 2C

	Latent

	
	3.1.2 Learning curve
	
	11B, 11A, 5, 8, 10, 
2A, 3B, W7, 11C
	Latent

	3.2 Acceptance and coping
	3.2.1 Acceptance
	
	4B, 8, 2A, 2C, 5, 
	Latent

	
	3.2.2 Coping
	
	1, 3C, 11A, 3A, 5
	Latent

	3.3 Physical adaptation
	3.3.1 Adapting existing living space
	
	1, 3C, 5, 6A, 6C,.10, 4A, 4B
	Semantic

	
	3.3.2 Relocation and property purchases
	
	7, 3C, 11B, 11C
	Semantic

	Theme 4: Quality of Life

	4.1 Impact on different family members
	4.1.1 Caregivers
	
	10, 6A, 8, 5, 11B, 12A, 5, 8, 2A, 2B, 4B, 8, 3A, 4b, 
	Latent

	
	4.1.2 Siblings
	
	1, 12A, 11B, 2, 9, 6C
	Latent

	
	4.1.3 Patients 
	
	11A, 3B, 11B, 6A, 6C, 12A, 1, 3A, 3C, 1, 2C, 5, 8
	Latent

	4.2 Impact on day-to-day family life
	
	
	9, 3C, 6A, 5, 10, 3A, 3C
12A, 11B, 7 
	Latent

	4.3 Hospital admission 
	
	
	10, 11B, 11C, 2A, 2B, 3C, 9
	Latent

	Theme 5: Support experience and needs

	5.1 Support experience
	
	
	10
	Semantic

	5.2 Support needs
	5.2.1 Informational needs 
	
	10, 3c, 4b, 1, 5, 4B, 8, 10, 11B, 11C, 12B, 2C
	Latent

	
	5.2.2 Emotional needs
	
	1, 3A, 3C, 11A, 10, 5
	Latent

	
	5.2.3 Peer support needs
	
	1, 8, 6A, 6C, 3A, 3B, 3C, 4B, 10, 5, 2A, 2B, 2C, 12B, 12A, 9, 7, 8
	Latent



[bookmark: _Toc38821442][bookmark: _Toc40172998]Theme 2: Experiences with the NHS

The first psychosocial theme (Theme 2: Experiences with the NHS) has two subthemes: Diagnosis and Experience navigating the NHS. 

Subtheme 2.1: Cognitive adjustment

This first sub-theme collates narratives surrounding how and when diagnosis was made, what may have precipitated the suspicion that something was ‘atypical’ in their relative’s development requiring medical investigation. It also highlights the emotional turmoil and impact of diagnosis on family members, as well as the impact of inadequately informed health care professionals. Some family members report that after birth of their relatives, they were not informed of suspicions by medical professionals that something may be wrong with their new-born family member (Subtheme 2.1.2). HCPs recorded the presence of abnormal features without discussing these with parents or family members; and often ordered genetic tests without informing parents or giving parents the chance to consent to these.

“I think we weren’t that involved in the beginning the doctors must have decided there was something different… they must have a discussion between themselves and decided they were going to send something off, and then kind of tell us after really or maybe, you know, I don’t know whether we would have even agreed to have done it.” (WHS11B)
“… when he was born, he was small, he had bilateral talipes, had a… high arched palate… hypertelorism... they weren’t told to me… they were written in his red book and we found them when we got home, obviously. I knew about his feet cos it was pretty obvious but the severity of it was not, wasn’t really thought about until late.” (WHS3A)

The majority of participants reported receiving a diagnosis for their relatives with WHS within the first six months after birth (Subtheme 2.2.2). One young boy was around two years old (WHS2ABC). WHS7, who had/has three children with the syndrome, all born around 1960 explains that her children were given the diagnosis of WHS 12-14 years ago; and that they were labelled with “Smith Lemli Opitz” syndrome before (WHS7). WHS9 reports that her son, born in 1975, did also not receive a diagnosis until her daughter was born, 10 years later, which prompted the clinical team to examine his genetic make-up. 
Five emotions (Subtheme 2.2.3) were generally reported in response to the question, how participants felt when they received the diagnosis; these were shock, upset, fear and relief. 

“Definitely completely shocked because (…) looking back at pictures  (…) she did look different to other children but (…) I really couldn’t see it at the time (…) when people would say, you know she looks different, I’d look at her and think “she just looks completely normal” (WHS4B)
“To be given a sheet of paper that said ‘WHS’ which you’d never heard of before, at the time you couldn’t even pronounce all the h-s, the i-s, the r-s, the s-s… you just gobsmacked.” (WHS8)
“My husband was (…) absolutely heartbroken.” (WHS5)
“Coming to terms with it, I think, we cried (…) pretty much every day. Every time someone said something, we’d cry. Every time we’d took her out, and like someone would look at her, I’d get home and I’d cry.” (WHS4B)
“It was, it was quite devastating.” (WHS6A)
“I remember actually in the hospital (…) one of the doctors, “oh you know, she can feed, that’s a really good sign that she can feed”. And that’s when I thought, kind of like ‘how disabled are we talking here?’ The fact that she can feed obviously means that it’s quite severe, so that kind of gave me the indication in the beginning that f- what you know we might have to be dealing with but yeah, the beginning was really really hard.” (WHS4B)
“I think the initial diagnosis is so scary because it’s so unknown” (WHS1)
“but just kind of the realisation that a genetic issue meant that no grandchildren. I think that really hit us. … also the potential that one of us, both of us might have been a carrier of that mutation, and we started to think...oh you know...are we in some way, is this our fault?” (WHS3C)

Relief was particularly reported in the context of having an explanation for poor feeding and other medical issues that had been obvious for a period of time before receiving the diagnosis of WHS.

“When we got the diagnosis, it was mixed feelings really… I was really upset because we’d obviously found out that there was something wrong with him, but another part of us was relieved cos we had an answer for everything, cos it was, cos every appointment that we went to… see somebody, they were telling us there was something wrong with him.” (WHS10)
“I think I was relieved… um, because at last had had a diagnosis… whereas before then it was, um, you know…he was like an oddity or unknown, because of his features, um, and the health problems.”(WHS9)
“but once once we he it was a relief really that there was something why he wouldn’t eat, why he weren’t doing things, why he wouldn’t even sitting up and things like that, you know.” (WHS2A)

Initial concerns, post-diagnosis, were prematurity, small size and delayed growth, feeding issues, assessment of (what was perceived as) the most worrying clinical features, such as heart disease, and survival. In the interviews, clear links between the level of knowledge/expertise exhibited by the medical professionals responsible for patients with (suspected) WHS, how the news were relayed to relatives and relatives’ emotional reactions to diagnosis were apparent. The majority of participants expressed concerns over how little the medical professionals knew about the syndrome at the time of diagnosis (Subtheme 2.2.4). At point of diagnosis, many parents reported being handed a printed sheet with information or being told to “go home and google” (WHS3A) by their paediatrician or geneticist following an admission that the medical professionals had not heard of the illness themselves.

“…the doctor came to us with the sheet of paper that basically said you know they didn’t know a lot about it… the doctor had never of it before… it was everything that we got.” (WHS10)
“but the doctor that told us the results, didn’t know anything about the syndrome. She just said ‘this is what’s come back, I don’t know much about it but, um, I believe it’s quite bad’ and basically that’s all she said… It was just like…what…it’s just…and then she just walked off and left us.” (WHS11B)

Contrary to the majority experiences, one mother reports the opposite experience: during her son’s diagnostic consultation she was told “not to google it, not to research it, not to look at anybody else with the same syndrome because they’re all so different” (WHS1), which she perceived as unhelpful and irresponsible.

“The doom and gloom that's portrayed obviously if somebody says to you, don't google it, don't thingy-thing it, and, by the way, highlighted this bit here “erm expected age… don't live beyond two”… my son's 16 months old, do you know what I mean?” (WHS1)

As a result of lack of knowledge and uncertainty surrounding the diagnosis, family members reported feeling the detrimental effects of diagnostic consultations like the above, such as ‘feeling haunted’ (WHS8) or left in the dark about the future of their WHS offspring. Family members also expressed encountering over-generalisation (“reducing child to symptoms”, WHS3A) and the use of outdated statistics. Two parents acknowledge (WHS1, WHS2C) that the health care professionals “can’t know every syndrome and every-thing of medicine” (WHS1) but that relatives “want them to know about it” (WHS2C).

“This lady  had not had any experience evidently, and she printed out a sheet of paper, the first sheet off google, ‘worst case scenario: your child is not gonna live to this age, gonna do this, not gonna do this’ and gave us that print out really in the dreaded room at the end of the corridor and told us just to take each day as it comes. Well, that was like the most horrendous time ever... I can’t stress enough the importance of that sh- sheet of paper. That first sheet of paper has just haunted us, absolutely haunted us.” (WHS8)
“We weren’t given any information about the condition, we weren’t given any websites… she just kind of said ‘we can’t really say’” (WHS4B)

Following diagnosis, many families report feeling unsupported and “abandoned” (WHS3B) by clinicians and health care teams. Parents express the need for better communication about their point of contact for medical questions and concerns. 

“we didn’t have anybody actually, (inaudible) who am I meant to speak to about this? I am struggling with that, that was my biggest thing. When we had issues with him, I knew if it was medical, which we’d go to the doctor or whatever and speak to them, but even then you don’t know whether you’re supposed to go to your own GP, supposed to take them into hospital? are you supposed to go and see your paediatrician? who do you speak to about what and I think that side of things was quite hard, that’s what what I did find that really hard cos I would have asked all the questions, but it’s who do you ask them to and you do end up struggling, you do.” (WHS10)
“Other people I’ve been aware of who had a serious diagnosis of a child…there was always a nurse or somebody they would go through as soon as they had the diagnosis and they would get some information, some practical information… a contact, really. Somebody they can speak to when they felt ready to speak to. That was…that was so missing.” (WHS3B)

Arising from these inadequacies experienced, family members described having to become experts themselves, both via sources, such as the internet, personal experiences with their children and exchange with other families. However, it was strongly expressed in the interviews that they did not feel heard by medical professionals despite their expertise. 

“I think it’s, it’s really hard is that because they don’t understand the syndrome, but the trouble is you get a lot of them that won’t listen to you when you telling them what your child is like and how you know they’re poorly. I think cos they’re really poorliness, every child poorly is a different category, ini’t. It’s different ways I think with this kind of illness, there is it’s actually there is like I say there is deaths with it, and you’ve just got to be more careful and listen to what you’re telling them rather than just think it’s another child that’s poorly” (WHS2A)
“The concern is obviously that he’s he he you know when you go to the doctors and they say, there’s nothing wrong with him and you’re like I think there is… I think there is and that’s where the issue lies because even when he had the bad bout of pneumonia, erm, in the hospital they didn’t think he had pneumonia” (WHS1)

Subtheme 2.2: Experiences Navigating the NHS

In the second subtheme, discourse around both negative (Subtheme 2.2.1) and positive experiences (Subtheme 2.2.2) with the NHS and NHS staff[footnoteRef:15] are collated. In these discussions, narratives around lack of HCP knowledge regarding WHS was most prevalent (Subtheme 2.2.4.1). Participants also perceived this was an issue they were continually encountering, and thus not an issue exclusive to diagnosis, Furthermore, this was perceived to exist across specialities, and most NHS settings. Due to their complexity, patients with  WHS require management by multidisciplinary teams; these teams and their members were also described as equally uneducated about the syndrome. These include doctors and nurses from a variety of specialities, therapists and paramedics.  [15:  It is important to note that participants were not directly asked about these experiences – which may explain why there are disproportionately more negative experiences reported than negative experiences.] 


“The the paramedics, they write on their gloves “I’m gonna google that” - you know and I’m gonna (incomprehensible) on that because its a a syndrome that they’ve never ever never ever heard of you know er and you can see in the, you know some of the nurses and some of the consulates when they come round and they have ward round, and they’re like ah right you know I’m gonna I’m gonna read up on that.” (WHS2C)
“They’re still learning, cos even now, and he’s nearly 8. They’re still like, now they’ve only just learnt at our hospital that- they’re talking about low immune systems, so for him to go to nearly eight years and they’ve only just learnt that; that’s a big thing yeah” (WHS2B)

In addition, the family members expressed concerns about the care their children, grandchildren and siblings with WHS received due to the lack of knowledge and perceived ignorance by medical professionals (Subtheme 2.2.4.2). 

“For example, they booked her in to have an MRI under sedation, which is very dangerous for (child’s name) because she’s got compromised airway, and so if I hadn’t intervened, then that could have been quite a serious you know… The other day her paediatrician described, prescribed a medication which was could increase ep-, seizures in people with epilepsy, and if I hadn’t read the instructions then you know she could have even having more seizures” (WHS4B)

The language use of medical professionals has also come under scrutiny in the interviews. Parents describe anger and frustration with language used to describe their children, which include “dopey” (WHS8) and “malnourished” (WHS11C). A father of a girl describes an incident in the hospital, where his daughter was called “malnourished” by a professional who he thinks knew nothing about his daughter’s medical background and WHS diagnosis. The following quotes illustrates the interplay of lack of knowledge of medical professionals, inadequate hospital equipment and its effect on parents – especially in the context of already stressful situations, such as hospital admissions and stays; from both a father’s and mother’s perspective.

“But if she’s on hospital wards, for a respiratory infection, if somebody sees her, you know, they might not know anything about her, they might just be sort of quick… one doctor in particular said ‘oh she looks malnourished’ … I nearly…you know, went to town on that doctor, just nearly, you know…nearly…she…I could have sworn at her really, but I thought it was quite offensive really.” (WHS11C)
“I think, sometime-…I think there was one time where I think one doctor made a comment about her being under weight and…and  said ‘well yeah, but she was premature’ but if you look at WH and the other symptoms are they are…they do tend to be underweight but, we kinda felt like she was saying it quite as if we weren’t feeding her enough you know…” (WHS11B)

Family members also expressed concerns about insufficiently trained staff, inadequate hospital procedures and equipment in the interviews. One participant reported that her son died as a result of care plans not being followed in a supported care home he was living in (WHS9).

“he can’t go in one of the beds in the hospital because they never have a suitable cot, they never have a suitable bed that’s safe, so I have to have him with me on his bed the whole time, plus I have to deal with all of his feeding, I have to deal with his toileting needs, his washing, um, monitoring him for epilepsy…I have gone 24 hours without drink or food because I cannot leave his side, and in the end they offered me an auxiliary nurse to sit with him and I said ‘have you been epilepsy trained?’ and she was like ‘no’…and my only choice was to leave her sitting at his bedside, um, to just go and get a drink and something to eat before I pass out, because I hadn’t eaten, you know, lunch or something and it was around tea time when he had a seizure so I missed tea, I was in with him all night, they don’t offer parents food. (WHS5)
“I felt at times that they’d not really picked up on the fact that it’s the middle of the night…I’ve been…  looking after a poorly child, and I just want the meds for her, I just want the nebulizer. I don’t want to be saying what my address is, what my job is, what all them things are…aren’t really, you know, I just need to get her settled with the coughing and then we can um…so there have been times where I have found that initial bit when you arrive at the hospital quite um, stressful.” (WHS11B)

However, the failings in care do not only present in hospital settings. Primary care providers, such as GPs, as well as outpatient specialist medical professionals are also reported to be un-equipped to deal with individuals with additional needs leading to failings in care and missed illnesses. Furthermore, issues were seen to arise when the care of children was “compartmentalised” rather than viewed and managed holistically. One participant stated that the family is lucky that she is a doctor herself, as she can therefore be her son’s main doctor as this is missing in the general care (WHS6A). 

“Because what I think is that they manage these patients as, um, separate containers or compartments… But nobody knows the patient, so each of them will manage one aspect…what I think it is important, is that this holistic approach to a patient is totally lacking.” (WHS6A)
“I do, I think, I think specialists’ understanding of it is very poor as well and I do find that m-my paediatrician, who's who I love and he's a great guy, takes my, if I say something, he'll go 'yeah' and that I think, that's scary as well that I am having to say, no I think, he should be tested for this, or this needs to be looked at or I'm not happy with this…and I know they can’t know every syndrome and every-thing of medicine (….) even doctors surgeries, I mean, the doctors surgeries are a nightmare. You go in, and they go ‘they’ve got a common cold’. It's not, it’s not as simple as that. (…) I'd been at the doctors on the Thursday night and by Friday morning he was vomiting, he had pneumonia.” (WHS1)

Participants emphasised the importance of having a good rapport with their family member’s clinicians and exchange with the medical professionals. There were also a number of positive experiences reported across the interviews (Subtheme 2.2.2). A father, for example, praised the hard work of NHS staff; and the adapted ENT assessments for his son’s hearing. Parents especially seemed to valued clinicians, who they see regularly (“we know them quite well”, WHS3A), who coordinate their family member’s care, who “understand my way of looking at things” (WHS5) and who look beyond diagnosis and prognosis of WHS. 
During the interviews, recommendations were made for how NHS staff can ensure better and safer treatment of patients with WHS (Subtheme 2.3), and how to ease the burden on family caregivers. These are outlined in Appendix 5.1, as these recommendations were arising from the above experiences[footnoteRef:16].  [16:  These recommendations will not be discussed in detail in this thesis; but are important to be reported due to their relevance to improving clinical practice] 


[bookmark: _Toc38821443][bookmark: _Toc40172999]Theme 3: Family adaptation

The next theme, ‘Family adaptation’ (Theme 3) collated discourse on how families and participants adjusted to having a relative with WHS or, indeed, a relative with multiple complex disabilities. 

Subtheme 3.1: Cognitive adjustment
Narratives of cognitive adjustment were prevalent across the sample (Subtheme 3.1). Firstly, in order to cope with the uncertainty surrounding their relatives’ diagnosis (as described in theme 2), family members, especially parents, found themselves in a position where they were forced to become experts on WHS (Subtheme 3.1.1). To achieve this, (online) information was almost always sought immediately upon diagnosis, especially in younger patients and their families, due to the increased availability of online resources. However, engaging in research was described as an activity that was continual, rather than just at one time point or sporadically engaged in. It was evident that participants in the sample had increased health literacy, as a result of intensive research; one mother even explained that she had analysed her son’s gene cards to further her understanding of the illness while another father reported having bought a book on seizures.
However, it was also elaborated that online information must be assessed with care as there are some – in the participants’ eyes – incorrect information about children with WHS dying before the age of 3.

“But obviously we started the research then… cos we wanted to know that (child's name) was gonna be like and what he was gonna be capable of… one of the first things that was… the chance that he won’t live past the age of two… that was a massive blow really erm but yeah, at least we had an answer for for what you know what was wrong with him really” (WHS10)
“I mean, Dr Google was brilliant but he wasn’t if you see what I mean - it was errr, you google everything and it was like ‘oh no!’” (WHS2C)
“you know, what they’re gonna do. Um, and obviously at first we were all ‘doom and gloom’ because, you know, you tend to…when you read about it you…you take on the worst case scenarios. Um, so I think, I think the thing really is not to put them in a box that they’ve got this condition... …but to, um, be aware that they’re always so different. It’s the same with all syndromes…or whatever they call it these days…’additional needs’” (WHS3B)

Engaging in research was perceived as a method to both cope with the diagnosis, and to enable caregivers to make informed treatment decisions, or to ensure that planned medical interventions were suitable for their relatives with WHS and would not cause potential harm. This put further pressure on caregivers and, in turn, had increased adverse emotional effect.

“you have to be on the ball all the time and question sort of everything that people say. Or read up about it and research yourself to make sure that actually they’re not gonna make the situation worse” (WHS4B)

Aside from the factual information sought on WHS, its symptoms and management, family members also reported the importance of positive blogs which helped some families cope with the diagnosis and look ahead:

“I think, to what really helped us and… me and at the beginning was to find the positive blogs …  there’s a lot of children out there that are doing quite well, it’s not all doom and gloom, although that’s largely what you’d find.” (WHS3A)
I was aware of a blog that my Mum and  used to go on… I remember there was one girl… she was from America…and seeing pictures of her really helped because I think she was walking and, obviously the health problems were shown on there as well to give a real picture of it, um, but that was helpful.” (WHS11A)
“But then I found a website called Wolfhirschhorn.org. Erm, and that was just amazing. I used to go on it like every day, and just look at all the children and think, I just really hope that that’s what happens to  I hope that’s how she is and there was a little girl called  and I remember like watching videos of her and she was doing so well, and I just thought “Oh if (child’s name) could be like that, I’d be really happy because (crying) because she’s happy, she’s loving life you know.” And I just wanted that for (child’s name). So, erm, so when I found that website it just gave me so much hope and I was just so grateful that I had found it, that they’d put it together and erm yes, so I used to go on it all the time.”  (WHS4B)


However, the learning family members reported was not just in relation to knowledge and expertise on the syndrome and its causes. Participants described embarking on a “learning curve” (WHS11B) on the more practical aspects of having a relative with a disability or complex health needs (Subtheme 3.1.2). A number of participants stated that having a relative with WHS opened their eyes to a new world and how many families were affected by ill or disabled relatives. In addition to never having heard of WHS, many participants had had no or little contact with children or adults with disabilities. As a result, participants reported on embarking on a learning curve about practical aspects having a relative with a complex health condition and learning disability entailed.

“You never plan to have a child with a disability, so you never ever put yourself in that situation or look out for those kind of things.” (WHS8)
“I don’t know, I thought…cause I don’t know much about, um, children disabilities; I know a lot more now but… I…I remember thinking…kids are either…they’ve either got down syndrome or they’re, um…they’re born disabled because of, um , I don’t know, cerebral palsy or, um, starved of oxygen at birth or something…I just thought…I didn’t realize there were so many syndromes and so many things that can go wrong with so many different types of disabilities. Um, so it’s been a massive learning curve for us.” (WHS11B)
“Um, it’s, it’s really for my part just eye opening because I’d never really come into contact with any disability before that.” (WHS11A)
“I was giving him toys, and giving him different things erm and he wasn’t doing anything, I didn’t really know what toys to give - to be using with him, what sort of things I should be doing with him.” (WHS5)

Family members reported that, as a result of learning more about WHS and having increased contact with other patients with WHS or other developmental disabilities, they became aware of the differences found in terms of severity, character and medical problems – both within the Wolf-Hirschhorn patient population but also within the patients with learning disabilities. 

“they’re all different, they’re all different and they all have their own identity… because there’s so many different parts of it and some are a lot worse than others” (WHS2A)
“… that that’s the sort of thing that would be important…would be for everybody to be aware that they’re all different.” (WHS3B)
Discourse around the impact of realisation on parents was split: while one father, whose daughter had a relatively small deletion size and less severe clinical manifestation of WHS, reported he felt as though he had ‘dodged a bullet’ (WHS11C) with his daughter being less severely affected (WHS11C), one mother explained that she found the fact that her children were at the ‘bottom end of the scale’ (WHS9) as distressing due to her children not being as able as other children who also had WHS. 

“Well I think my two children are of the bottom end of the scale really, because I did go to WHS group, um, when (girls name) was first born and I found it really distressing because there was other children there that, um, could walk and talk, um, even make a cup of tea…whereas, um, the two children I had were very severely disabled.” (WHS9)

Subtheme 3.2: Acceptance and coping
Discourse around severity and the emotions attached to having a disabled child or relative link with the next subtheme, Acceptance and Coping (Subtheme 3.2). Acceptance and coping were key concepts in the narratives found in the interviews. 
Family members described embarking on a journey towards acceptance that their child or relative was different. In the initial time period around diagnosis, the majority of participants reported struggling with having a relative who looked ‘different’ or not ‘normal’. Some describe having experienced social isolation as a result of their relatives’ diagnoses, not wanting to see other parents with their children and keeping to the ‘safety’ of their houses.

“In the beginning … I kind of just… shut away really, didn’t really want to speak to other parents and we found it quite hard to… I think you just feel safe at home don’t you really, just want… so, you know, we just sort of stayed here a lot really and didn’t really want to talk much to the outside world I think.” (WHS11B).

In contrast, one mother explained that, at the time of her daughter’s diagnosis, she couldn’t see what, perhaps, other people could see: that her daughter looked different from other children due to her chromosomal abnormality.
Visible differences, such as not looking like a sibling, or simply looking obviously ‘different’ were perceived as difficult to cope with, and as having a big emotional impact. Participants reported instances where they felt upset by the fact that their (grand-) child was different from others and had difficulties coping with looks and comments from strangers, especially in public places. Instances, such as standing out in places like a playgroup or people staring at their relative’s feeding tube, however, were described as continual reminders that their relatives had ‘special needs’.

“Every time we’d took her out, and like someone would look at her, I’d get home and I’d cry. And like, I didn’t know how to handle it in the beginning because people would be saying ‘why is she so small?’ and they’d stare at her and I didn’t feel ready to say, ‘oh she’s got a chromosome disorder’ or so, I kind of just, sometimes I’d lie and I’d say, ‘oh she’s only like three weeks old’ … that would explain why she’s so small, or … I’d… push the pram really quickly, so they didn’t get a chance to ask me anything.” (WHS4B)
“people literally would come up to me in the supermarket and go ‘oh, what’s wrong with him?’…  I had no idea people were that…that direct!” (WHS5)

However, participants reported that their acceptance of their relatives’ diagnoses became easier over time. Grieving, upset and personal growth were key aspects for participants on their journey towards acceptance. 

“Because you grow to- you know love the child and accept them for who they are and even the things that sound really bad in the beginning, turn out to not be so bad.” (WHS4B)
“You do grieve for the child that you planned, and wanted and hoped for but actually - you soon learn that he child that you’ve been given is way more than the child that you first thought you wanted… It is a different journey but it’s a special journey and you can’t begin to comprehend it until you’ve experienced it…” (WHS8)

Although not directly asked in the interviews, participants were keen to share how they coped with having a relative with WHS and how they have adapted their lives around their relative/s (Subtheme3.2.2). Narratives, such as ‘taking one day at a time’ (WHS3C, WHS11A), ‘trying not to worry too much’ (WHS11A), focusing on ‘the positives’ (WHS3A) and ‘the joy their relatives bring’ (WHS5) were prevalent.

“… just take each day as it comes and just praise the good things that are happening rather than just focusing on the bad things that are happening.” (WHS11A)

One mother (WHS1), whose son with WHS was a dizygotic twin, reported that her coping strategy is trying to “detach” herself from the fact that her two sons are twins and “supposed to be together at school… supposed to be doing things together but  not.” She reported having to detach herself, in order to cope better with her situation.  Another mother (WHS5) explains that her coping strategy is to be continually hopeful that her son will learn a new skill and has a happy life.

“Our hope is what gets us through the next day when we’re exhausted and we’ve been frightened, and it’s hard work, and it’s boring…you know, and we’ve got this constant threat of… mortality at any time … and yes we’ve got learning difficulties, and yes we’ve got global developmental delay but even hopefully while you’ve been here today you’ve seen a very happy boy, that’s very interested, he can occupy himself, …he’s not got challenging behaviour.” (WHS5)

The majority of participants described that, in order to cope with having a relative with WHS, their routines were fitted around the affected relative’s need and that this was essential to managing day-to-day life in their circumstances. However, within the sample, not all participants shared this belief: WHS6A, for example, described that her family’s way of coping was to keep family life as ‘normal’ as possible as their way of coping.

“You don’t really think anything of it, everything that you do is just because that’s what she needs” (WHS11B)
“We tried to keep life as normal as possible and we are a family, with an abnormal son, and not an abnormal family.” (WHS6A)


Subtheme 3.3: Physical adapation
In addition to cognitive and emotional adaptation, family members also described undertaking physical adaptations of both existing spaces (Subtheme 3.3.1) and relocation and property purchases (Subtheme 3.3.2.)

“We have lots of…adapted…things” (WHS5)

The ways living spaces were adapted included minimal house décor, having a room for a live-in carer, fitting stair and bath lifts, hoists or having a downstairs extension built with wet room and bedroom. Beyond the immediate living space, this also included having mirrors fitted to cars, to be able to monitor for potential seizure activity while driving or purchasing a car that can transport the wheelchair as well as passengers. 

“you know, my house is quite minimal, you know what I mean, permanently because of Erm, and then obviously it’s got full walk through, I've had all the flooring put in, so it’s a full walk through for  and it’s straight out to the decking in the garden, so it’s all safe...” (WHS1)

When physical adaptation of spaces was not possible, and circumstances allowed, some participants described moving house or relocating (Subtheme 3.3.2) in order to accommodate their relative’ needs better; these needs included open-plan living to allow crawling (and thus enable mobility), moving to a house with a bigger, more secluded and private garden to allow for more space and privacy. Furthermore, one family reported having bought an apartment in Portugal where the family travelled to every January to avoid her affected sister with WHS getting infections and strengthen her immunity.

“It's one of the reasons why we moved to a house that's more open-planned so he is able to get around.” (WHS3C)
 “the layout of the house… I will probably improve all our quality of lives really…” (WHS11B).
[bookmark: _Toc17977902] “Because we noticed like over winter, she was quite vulnerable, she used to take her…they’ve   got an apartment in Portugal, she  used to take her there for about 3 - 4 weeks in January because that’s when, you know, the bugs are around, which seemed to help a bit, but she did still get quite a few infections after that.” (WHS11A).
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While this study was predominantly aimed at investigating the HRQoL of patients with WHS, discourse in the interviews involved HRQoL impacts on both the patients themselves as well as their relatives. Discourse in the interviews often focused on the Quality of life impacts that having a relative with WHS has on both the patient and their relatives (Theme 4: Quality of life Impacts). 

Subtheme 4.1: Impact on different family members
For caregivers (Subtheme 4.1.1), which were parents and grandparents, the impact on their quality of life was perceived as grave. Coping with the initial diagnosis, fears and worries about their children’s wellbeing, and coping with having a disabled child significantly impacted family members’ coping and wellbeing. 

“all them kind of things that was a struggle, it was a real and it’s hard it’s it’s heartbreaking do you know when (…) when you’ve got a child like that and and they’re not doing things, and it’s (…) hard erm as a parent cos they can’t do these things do you know what I mean.” (WHS10)
“I mean, as a parent you don’t get any comfort, you don’t get any reward.” (WHS6A)

Some relative described the emotional toll that having to consistently fight for their children’s medical care had taken on them. One mother described that “having to fight” for her son is the “hardest part, because” she “shouldn’t need to fight for him, he’s a little boy” (WHS12A). A sentiment, which is echoed by other relatives who also reported having to continually ‘fight’ for funding, for understanding among HCPs or for adequate medical treatment of their children. 

“on the medical side where the issu- where the issues are, it’s the fighting with them” (WHS1)
“and I also got discouraged a lot along the way by physio, OT, people telling me he’ll never connect with the world, I was in denial, um, he would not move, he would not sit, he would never walk, he would never talk…and all of these things, and I just had to keep fighting and saying ‘you don’t know that. If I leave him on the floor in the corner, yes, you’re right, he never will do those things, but I’m gonna invest everything I have in this child and see what…” (WHS5)

Being required to care for their relative/s with WHS at all times, as aforementioned, was described as “challenging” (WHS3B) and “relentless” (WHS5); thus, epitomised significant impact burden on caregivers for children and adults with WHS.

“It’s relentless…and that is…that is my favourite word to describe it. It’s not a shift, you don’t go…go home at the end of the shift, you don’t get to switch off, you’d doing it again the next day and the next day and the next day, you’re not just managing that child you’re sacrificing, um, not only your hopes for that child, you’re sacrificing your own hopes because my career sort of went on hold because I couldn’t maintain that level of care and sleep deprivation and continue to progress in my career. I managed to keep my job, but…um, I couldn’t do a lot of the things I would have done.” (WHS5)

Arising mental health problems, such as depression, anxiety and insomnia were reported; one mother reports that the presence of depression made it more difficult for her to bond with her daughter. Participants WHS7, who had three children with the syndrome, two of which have passed away; reports having previously experienced suicidal ideation when she felt the responsibility of caring became overwhelming. 

“think obviously the shock and the, you know, the depression it just, um…it didn’t help with us bonding with her for a…not…not for very long “ (WHS11B)
“the fact that, y-you don't sleep, you don’t sleep. You, I am a wreck.” (WHS1)
“I’m on medication and I’m feeling it’s it’s like not knowing what’s gonna be round the corner” (WHS2C)
“I had no idea about that toll then…because then obviously the medicating, you’re doing all of these other details, high concentration tasks…and you haven’t slept properly for years. You know, so I was in quite a bad way, um, I think and I’m sure I’m not alone in that.” (WHS5)
“I got to the stage where I felt that I was having, um, all the responsibility got…got to me and, um, I was getting very…I was b-…bursting into tears and all sorts of things, and eventually I thought well maybe I should see the doctor…so I did go to see the doctor, and he said ‘oh, I’m surprised you’ve lasted as long as this’…um, and prescribed something or other, um, which I had, um, for depression.” (WHS7)

In order to cope with these emotional burdens, some parents sought counselling; and one mother reported being able to cope better as time progresses. Two mothers emphasised the importance of keeping a focus on their career development as a coping mechanism in the context of having a child with a potentially life-limiting, severe illness and intense care needs. However, adjustments in occupational functioning, such as reducing hours and days, were commonly reported.

“Plus it wasn’t just financial, I was so convinced because of everything I’d been told and read, that he was not going to be with me for long. I… in my head it was always a short-term thing. Yeah, so you always just go ‘well I’m gonna make the best of it …” (WHS5)
“Um, but since, after working…after looking after him for almost two years, and being devastated, I said ‘I study, I enjoy life, I love my work and he’s my son, but I have to live my life’. Because this is why I came to this world, to live my life. So I always have help, and I say even if I have to pay my salary for somebody to look after him, I will have Um, help.” (WHS6A) 
“I’ve not been able to deal with the sleep thing, I’ve struggled, because I used to be really…’it’s fine’, get up, go to work…I worked full time for a while, til (daughters name) was born… and I just couldn’t do it, I couldn’t work full time now.” (WHS12A)

In addition to seeking medical or psychological treatment and help, some participants reported that the process of admitting the need for outside help, and accepting this help, was often emotionally complex and challenging. 

“I went along with it and I…’this isn’t for families, what are we doing here? You know, this is a hospice, this is where children come for end of life care’…and we did end up having a stay there where I didn’t let the staff do anything without me being there, um, and it took probably 3 visits before I actually didn’t do all of his care or wasn’t present for everything. Um, but I realised then I was…that the whole time I was building up trust and then eventually I did start letting them, I did start having a break and, um, it was just so important, and although at the time you don’t realise it was important, if you’ve gotta keep going with this level of care for years…” (WHS5)


Discourse also revealed insight into the emotional difficulties experienced in response to visible differences of children and adults with WHS, as experienced by their relatives, were also re-iterated in this context. Parents reported repeatedly experiencing situations whereby they were faced with the fact that their child is, for example, smaller than other children their age or when their child looks or plays differently to non-affected children.

“it is hard, cos like to look when he’s, when we go to church, and there’s a boy the same age as him, to see what he’s like to (child's name) is yeah it’s quite upsetting that” (WHS2B)
“One thing that regularly, not upsets me, but makes me sort of think “ugh” you know when you just want to shake your head, erm, “oh look, your baby friend is here” - “well, he’s not a baby actually, he’s older than your child, he’s 3” but, if I was to say, and do say it because I can be quite outspoken, but that’s one thing that probably is a regular reminder that you’ve got a child with additional needs.” (WHS8)
“I didn’t know how to handle it in the beginning because people would be saying “why is she so small?” and they’d stare at her and I didn’t feel ready to say, “oh she’s got a chromosome disorder” or so, I kind of just, sometimes I’d lie and I’d say, “oh she’s only like three weeks old” or you know, that would explain why she’s so small, or sometimes I’d just like keep, if I saw people looking, I’d just push the pram really quickly, so they didn’t get a chance to ask me anything.” (WHS4B)


In the interviews, participants did not just describe an impact on their affected relative’s quality of life, but also on unaffected (especially younger) siblings (Subtheme 4.1.2). Parents especially reported feeling guilty and worried about the siblings of children and adults with WHS. Worries about the effects of prolonged hospital stays, often far away from their unaffected children, and emergency hospital admission were raised. 

“that’s the hardest part, it’s the kids - me and (partner's name) are coping, everybody else copes but it’s just the kids” (WHS10)
“started having quite a few through the night so my son didn’t know who he was waking up to in the morning - whether I was gonna be there or it was gonna be his grandmother that was there in the morning” (WHS1)
“You don't sleep and the kids, they are a wreck you know, you know you- they get up in the morning, mum's in hospital with their brother, you know what I mean…” (WHS1)
“when we were in the hospital and he was badly sick and they’re like ‘oh my god, my god…’, I went ‘don’t…because my four year old can deal with that, do you want me to get her to do it?’, I said ‘because my four year old…that is her…that’s norm, and that shouldn’t be her norm’.” (WHS12A)

Family members also frequently reported an emotional impact on the unaffected siblings - particularly if they were younger - such as not knowing who they will wake up to in the morning in case of a seizure in the night (WHS1) or at school pick-up (WHS10). Supportive family members were particularly important at this time, to step in for unaffected siblings when parents were unable to due to having to care for their child with WHS.

The two sibling-participants in the study did share some insight into the experience of having a relative with WHS; however, their perspectives were somewhat limited as neither had direct care involvement for their sibling. The rest of reports about siblings were obtained by parents who frequently described effects on younger siblings, such as having to deal with the illness of their affected sibling. The interviewed siblings (6C, 11A) were both studying for their undergraduate degrees, one had a younger sibling (female) and one had an older sibling (male).  WHS6C reports other children looked at her brother with “a bit of fear” growing up, and having to cope with people’s reactions when she disclosed having a disabled brother.
“Well a lot of people when I tell them that my brother is disabled, um, the instant response is pity, which is fine, I understand it, but they’re sort of like ‘oh I’m so sorry, it must be so difficult’…and I think people don’t realise that for me because I’m a sibling and not a parent, it’s always been like this… so it’s not like…I can’t see it as difficult because it’s just the way it’s always been.” (WHS6C)

WHS11A described being asked questions about her sister’s condition as challenging and hard, especially when she herself was unsure of explanations and details of the condition. WHS6C she reports that the emotional impact of having a sibling with WHS was limited due to her parents adopting a very ‘matter of fact’ approach having “really tried to, um, make it…my brother not impact my life…”, which was helped by her mother being a medical doctor (WHS6A). The most impacting factor about her brother’s condition, in her opinion, is the following: 

“always had strangers in my house, not strangers, but there’s always been someone there like…especially recently, in the past few years, when we’ve, um, had personal assistants for my brother. There’s always someone in the house and I think… constantly having people like they’re really nice people but it’s not like that but it’s difficult.” (WHS6C)

Other emotional issues, such as feeling as though she had missed out on an older brother, relationship difficulties with their mother as a result of prolonged hospital stays and mental health difficulties; were also reported.
 
“When I was younger I really struggled with the fact that I didn’t have an older brother because I really wanted one, and I think it was sort of difficult for me to accept that I didn’t…it would never…we would never have that relationship of an older brother.” (WHS6C)
 “I remember it being quite hard… but the relationship between me and my Mum… When (child’s name) was born and she got diagnosed … Mum would be in the hospital a lot, um, obviously it made her a bit depressed about everything, and um that put a strain on us. (…)- Yeah. So there was…there has also been a strain between like me and my Step-dad, and me and my Mum because of it. I’m not saying it’s her fault, it… It’s just…that’s just what happens.” (WHS11A)

Being a sibling was described as challenging by both sisters, but both perceived this for different reasons. WHS6C reported struggling to bond with her brother for a prolonged period of time, while WHS11A reported her sister’s behavioural issues as challenging. Nonetheless, both siblings were positive about their siblings with WHS, describing that it had made them better, more aware and less judgemental people.

“Um, but I think it can be quite difficult out in public sometimes if…cause she doesn’t really…she doesn’t understand like the meaning of ‘no’ that well really. If, you know, she’s doing something inappropriate in public, she looks younger so it doesn’t seem as alarming to other people.” (WHS11A)

One mother offered an additional insight into the ‘sibling’ perspective:  The participant herself is a carrier of the deletion, had two affected children with WHS and two un-affected sons with WHS, one of whom is a carrier also. This participant, in particular, described a psychological impact on her son who is a carrier:

“ One of them is a carrier yes. One isn’t. (..)I think he…it…it affected him psychologically… the other boy has got five children… but (sibling’s name) is in his 40’s now  (…)- they have gone through IVF, um, but unfortunately, um, the IVF…the eggs that you produce from the male…it was Wolf Syndrome, so it couldn’t be planted into, um, his wife. So I think it’s…he feels as if he’s got the short straw… basically” (WHS9)

In addition to the parent and sibling perspective on QoL impacts, participants also offered insight into the QoL of affected patients with WHS. Discourse across the interviews revealed that children and adults were generally perceived as living happy, fulfilled lives with a good quality of life. Further emphasis was placed on their (grand) children’s resilience of coping with negative life events, traumas and medical procedures, such as having to have bloods taken regularly, medication adherence and hospital admissions.

“I know it’s really, really difficult, but see the more positive sides to it because (child's name) is just such a happy child, and she doesn't know any different. So, to me, it’s well…if she didn’t have it, she wouldn't be who she is…” (WHS11A)
“He’s a very happy little boy.” (WHS3B)
“She’s really happy.“ (WHS11B)
“has got a really good quality of life. He bre- he lights up a room, he’s loved by everyone and he brightens up people’s days, yeah he has his troubles with his feeding and his seizures and everything else, but he’s actually really happy boy. Erm, so he’s got a really good quality of life. He enjoys living. He enjoys life.” (WHS8)
“he's generally very happy, very happy, smiley, very very rare you would think he's in pain to be honest. He really doesn't cry very often.” (WHS3C)
“She’s had an awful lot of, um, traumas that should have killed her and haven’t done… she’s got more of a fighting spirit.” (WHS7)
“Uh, he went through various test. I think what we found from is that he's very resilient with all the things he's been through, the number of times in the hospital, so many drips, hands and feet, and scans and monitors on him, and boots and bars and now he has his growth hormone injections every night, and he's been so tolerant, he's cope a lot better than we had.” (WHS3C)

In terms of negative QoL impacts reported, one mother reported that her daughter frequently got frustrated due to being unable to communicate with her family, and then became upset. Other experiences that were reported as frustrating and challenging for children and adults with WHS were (unexpected) changes in routine. 

“She cries quite a lot, but I think that that’s more frust-, it’s not, it doesn’t look like she’s crying in pain, I think it’s frustration that she can’t communicate, so then when she wants things often she cries, but I don’t think it’s because she’s in pain, I think it’s you know her way of trying to communicate with us.” (WHS4B)

One father reported the impact of the frequent, unpleasant hospital appointments on his child’s quality of life:

“And yes because he has to have a lot of check ups and scans and he doesn't like the ultrasound gel and the ultrasound thing, he hates that. So ye, it does impact his life, if he's going to have major surgery, that's going to significantly affect his life.” (WHS3B)

Children and adults were reported to be able to attend special educational needs schools, mainstream schools and day centres. Discourse revealed that the quality of a school, nursery or day-care centre was perceived as making a big difference to the quality of life of patients with WHS.

“Yes, it made a huge difference…the school is just amazing. Absolutely amazing. Their positive attitude…the atmosphere is…is so full of vitality. Full off positive vibes. Um, you know, everything we go to there are children, you know, rushing about and a lot of…a lot of noise and stuff, and they just calmly go on. We had a lovely carol concert the other night....” (WHS3B)

While the majority of participants were positive about their relatives’ schooling experiences, some were more critical of the SEN schooling, suggesting that an alternative to the current model is needed as it is not suited to the children’s needs. A grandmother also emphasised that her grandchild’s schooling is currently being compromised due to his small stature and low muscle tone. She reports that currently her grandchild is not being “stimulated enough” (WHS3B) by teaching at the school for children with special needs as he is much more able than the rest of his class who are seen as “holding him back” (WHS 3B). However, due to his vulnerabilities, he is unable to attend mainstream school to potentially attain a better education. 

“So, from the schools, or from the, um, education…what I think is that they create for them, schools…and some of these children don’t need a school, they need something more special…tailored to their needs, and they are not offering that. Because they think that they will, um, they will, um…violate their human rights if they make different for them…but actually they are different. I want the society to recognise that my son is different.” (WHS6A)
“It’s the same thing with education…like, my brother…it’s ridiculous, but my brother had sex ed classes…and religious studies…and it…it’s actually quite amusing how ridiculous it is because it’s…it’s I think it’s UK law that all children need to be educated, um, about sex and religion, but you look at my brother and you think…he cannot understand a word you’re saying, it’s just silly because instead of wasting time doing that they could be offering him something which he actually does need and which would be a benefit to him. So it’s just…that’s a bit silly.” (WHS6C)

Missing school due to repeated infections and associated hospital admissions, and thus missing out on education, also came up as a direct consequence of repeated infections for the patient with WHS:

“he’s in hospital more than he is at school, he’s at home or at hospital more than he is at school.” (WHS2A)

Subtheme 4.2: Impact on day-to-day family life
Narratives around family life revealed that participants perceived having a family member with WHS as impacting significantly on their families’ day to day life, dictating routines and sometimes being a barrier to family activities (Subtheme 4.2). Participants emphasised that their relatives with WHS demanded a significant amount of attention, due to medical needs and a lack of cognitive awareness; and that the management of family life was very challenging at times. 

“It’s like if…if we have to go out, or if we have to have dinner, we have to plan who is going to be at home; when is he going to eat?, what is he going to eat?, when is he going to bed?, who is going to look after him?…everything.” (WHS6A)


“Although we try to have a normal life… So that’s some holidays with him, some holidays without him, but obviously you have to, you know, make everything adjust…adjust around him. It’s like if…if we have to go out, or if we have to have dinner, we have to plan who is going to be at home; when is he going to eat?, what is he going to eat?, when is he going to bed?, who is going to look after him?…everything.” (WHS6A)
“because it means if we’re ever planning a day out, you know, we have to plan how he’s going to be able to get around if he’s going. So, do we have space in the car for the wheelchair, um, will the wheelchair…how do we fit people in the car cause seats have to be folded down… That has had a big impact.” (WHS6C)

Aspects, such as trips, meal planning and ensuring relatives would be able to cope emotionally and cognitively with (new) environments, were often described. The latter was especially in relation to preventing and managing challenging behaviour, which was described as occurring more frequently in those situations. Family activities, such as going to the cinema or going for a meal, were described as situations that were often challenging. 

“I’ve taken to play centre and they’ve had lights on or the noise has just been too much for him and he just can’t cope with it and he just doesn’t like it erm so i’ve had to bring them all home and for the other kids that’s a bit, that’s a bit unfair really, but sometimes he just doesn’t cope the same.” (WHS10)
“Yeah, I think, um…cause you have to maybe risk assess things more don’t you, or you have to plan things better or you have to think “Oh I can’t do that cause (..) just like going to cinema for example (…) because I know she won’t sit for that long.” (WHS11B)


Controversially, some patients with WHS were reported as being social and friendly, embracing social situations well (link to Subtheme 1.6.2 in Clinical Features: Danger Awareness & Safety). 

“she likes going out to cafes, restaurants, she likes the social side, she loves to…you know, going up to people and talking to them. She can be quite, um…hard work as well in a restaurant because she’ll want to run around a lot and…you know, obviously the waiting staff, she’ll be getting in the way of it or she’ll be quite loud and noisy so it can be a bit …not …not embarrassed just a bit….oh, you know, people trying to have a nice meal and so we have to think…” (WHS11B)
“ turned round and spotted this lady so she put her hand out to her, so the lady naturally…took her hand,   got up off my knee and went and sat on her knee and then wrapped her arms round her neck, so…she was absolutely thrilled to bits… she just does that to… she’s quite happy…to pass on her love to everybody else.” (WHS7)
“He’s been…he’s very sociable so I’ve always sort of bravely just taken him out into society if you like… because he loves being around people so much.” (WHS5)

Having to cancel plans with friends due to their children being unwell or having to cancel seeing friends and family due to them being unwell and fear of infection for their relative with WHS, were reported.

“Friends will tell us if they’re poorly and then we’re like, well maybe we shouldn’t come, or family will.” (WHS3A)
“my biggest thing is I’ve been meeting up with friends, and obviously I can’t meet them today because  is not well, or off school. (…) Like one of my friends for the last 6 months, I’ve been trying to have lunch with her and then we managed to have lunch last week and as soon as I put the last bit of food in my mouth, I got a phone call form  cos he wasn’t well and I had to go and get him.” (WHS10)

Mothers, who had more than one affected child (WHS7, WHS9), report relying on respite and residential school/care as it was not possible for them to have all affected children at home at the same time due to the care required. The mothers outline routines and explain that their lives revolved around this routine, what was not always perceived as easy.

“went to residential school while…while we had …and we used to swap them over. (…) That’s how we managed but it was hard work.” (WHS9). 
“We only ever had one home and a time, so that two would be in, one at home, and we’d swap them around. Um, and that worked for a very long time.” (WHS7)

Subtheme 4.3: Hospital admissions
In the interviews, family members expressed the impact of repeated, and often frequent, hospital admission on themselves and on the family. Discourse around this was significant and prevalent and thus, warranted its own subtheme.  Participants described constantly preparing themselves for eventual hospital admissions, for example, one mother reported always having a “hospital bag” ready in case of an emergency admission, and after previously having had “traumatic” admission in the middle of the night (WHS11A). Participants emphasised the stress of having to care for a sick child with a potentially life-threatening infection or illness; and reported having to worry about their other young(er) children and to coordinate their care. Occupational fears in relation to financial stability and job security due to absences, further exacerbated the emotional impact of hospital admissions:

“I think it’s just the - like when he was in hospital the last time with it, he was in hospital for over two weeks, he was then in intensive care of a week and a half, erm you’re kinda torn.” (WHS10)
“Yeah…um, it’s just hard really, you know, in terms of, um, managing hospitalisation; you know, in terms of work and you always fear about how, you know, relaxed work will be, so…so it…individual to (name), no problem really, it’s just, you know, managing the external, you know, stresses, yeah in terms of work and mortgage and stuff like that.” (WHS11C)
“You're trying to deal with that in an emergency, but also arrange your other kid...hold down, you know, work. (Fathers name) works full time, I do part-time, so both trying to hold down jobs and, um, juggle that…that’s…that was hard.” (WHS11A)

Stressful hospital experiences are further exacerbated by medical professionals’ lack of knowledge regarding WHS and their unpreparedness to read notes pre-consultations, previously also explored.

“Every time they change when you’re in a hospital, you have to go through the whole story right from the pregnancy, so that that’s quite frustrat- that was the frustrating thing for with doctors, erm and you’re educating them every time when you’re like actually “I’m really stressed, I’m trying to look after my sick child and I’ve got to constantly try and educate him you on his position, his half (?) postion anyway”, so that was the most frustrating thing that we’ve had with doctors I think and also with GPs” (WHS3A)
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Aside from HRQoL/QoL impacts, participants described their support experience (Theme 5), which was often inadequate (Subtheme 5.1) with many unmet support needs (Subtheme 5.2).

Subtheme 5.1: Support experience
In terms of general support with managing life with an affected relative with WHS, family support networks were described as essential in managing daily life. The involvements of grandparents was especially emphasised across the participant accounts. Facilitators for grandparents to be able to be this involved included being retired and thus having the time to help as well as living close by. Grandparents were described as looking after the family and stepping in to look after unaffected children when parents had to go to hospital or appointments. The involvement of grandparents in the care of children and adults with WHS is likely also reflected in a high number of grandmothers volunteering for this current study. Interestingly, only one participant mentioned friends as a source of support for her life with a child with WHS.

“we’ve got a good family support network” (WHS8)
“I was here a lot because I was able to be, when they needed me the most”  (WHS3B)
“obviously grandma and grandad look after the family” (WHS2C)
“I’m really lucky because I’ve got a good support network… my mother in law just lives down the street next to us… ” (WHS10)
“I was lucky cos my mum… literally moved down in my house to look after them  and my in-laws, they helped taking them  back and forward to school - but they wanted to see their parents, don’t they and they wanted to see .” (WHS10).

Overall, individual differences were found in terms of which relatives sought support, what type of support was sought and when the time points at which support was sought. For the majority of participants in the study, seeking and finding sources of (professional or peer) support were priorities. This is also reflected in the fact that many participants would give the advice of seeking support early on for raising a child with WHS:

“hammer away until you get some support… Parents with a child with anything like this need a lot of support.” (WHS3B)

Subtheme 5.2: Support needs
In terms of support needs (Subtheme 5.2), three distinct needs were identified from the interviews: Informational needs (Subtheme 5.2.1), Emotional needs (Subtheme 5.2.2) and Peer support needs (5.2.3).  Many of these needs were not fulfilled by health professionals (link to Theme 2) so families looked elsewhere for this support, which was predominantly online.
Relatives described having unmet informational support needs (Subtheme 5.2.1). Finding out as much as information about the syndrome, its clinical features and challenges was described as a priority. However, due to lack of information available from health care professionals, relatives had to seek out information and fulfil this need, to some degree, themselves (further elaborated in Subtheme 3.1). In terms of emotional support needs (Subtheme 5.2.2), relatives emphasised the need for better emotional support – especially for those relatives (parents, grandparents) who were engaged in caregiving roles as the impact on their mental health was perceived as most serious.

“There’s so many ups and downs, and you just go through so many emotions and it is grief…you didn’t get the child you thought you were gonna get, plus you got all this huge stuff to deal with, um, and I…I just believe that automatically families should be given that  support.” (WHS5)
“Someone to contact when emotionally ready to contact: “Other people I’ve been aware of who had a serious diagnosis of a child… they would get some information, some practical information…a contact, really. Somebody they can speak to when they felt ready to speak to… that was so missing.” (WHS3B0
“I think the initial diagnosis is so scary because it’s so unknown, that’s the time when you need the most support” (WHS1)
“… because  is older now, whereas before I didn’t want to look at other families and their situations because I thought ‘well you don’t know because everyone does things differently” (WHS5)

Participants further expressed a need for peer support networks, and for being towards them at the point of diagnosis. 

“I think the initial diagnosis is so scary because it’s so unknown, that’s the time when you need the most support … this is the information we’ve got on Wolf-Hirschhorn. This is the groups you can go to, these are the people you can speak to.” (WHS1)
“There are so many support groups available and we’re really lucky locally that we’ve got some amazing support groups. Erm, I would just really plugged into those, access those and erm - I guess, you can’t change it but what you can do is help it.” (WHS8)

The importance of peer-support networks was stressed across the interviews; however, it was very individual to each participant if and at what time point these support networks were sought out and contacted. Relatives reported physical meetings, such as conferences or regional meet-ups, as well as engaging in online peer support. Generally, three different types of peer support networks were accessed: condition-specific networks (“I actually.. googled… and found that there was a group, so we joined immediately, and that was fantastic because I only knew one child with this condition, um, and now, um when I came here and I met 50 others…it’s great.”, WHS6A), symptom-specific ones or more generic ones (“ largely the network that we've got have come from nursery and the school in particular.”, WHS3C). Relatives mainly sought out these support networks by themselves (via Google or knowing someone else who had an affected relative) and only two families were signposted to them by their treating clinicians. Most peer support networks were online and took place on Social Media Websites (such as Facebook). One mother describes that accessing these support networks has contributed “hugely” to her life (WHS12A).

“We've got just as much if not more helpful information from other parents of children with WHS as we have from professional.” (WHS3C)
“there’s a support group on there and they’ll have umpteen answers, you know, or opinions” (WHS12B)
“mum and dad are actually friends with people like on Facebook with it and things like that, so they tend to talk to each other quite a bit” (WHS2A)
“we just speak online and we speak online pretty much most days on Facebook, there's a Facebook page.” (WHS10)
“For a new parent…going back to when he was diagnosed…I was desperate, I needed hope, and it was so hard to find any hope, and now…put it on Facebook don’t you, and that’s it.” (WHS12A)

One mother emphasised a further benefit she has identified about attending (peer) support groups, it has helped her “see the achievements that” her son is making” (WHS8). However, accessing these online peer support groups also had negative effects on parents, such as increasing worries about the future and health concerns.

“and obviously Facebook and Google, you know, you you sort of hear stories and you read stories: bad, bad stories and you’re like ‘who’s gonna be next?’” (WHS2C)

Physical peer support were regional meetings or national conferences, organised by the WHS UK Trust. It was also largely reported as an individual choice as to whether and when families engaged in peer support and exchange, but also when they stopped engaging with these. For example, some families did not want to be involved with peer support networks for various reasons, and one mother decided to withdraw from peer support networks following the bereavement of her son.

”I’ve had an experience of working with… the grandmother of someone… they just had a child with Wolf-Hirschhorn and… I sort of went up to them and says, look I’ve got (child's name) he’s got Wolf-Hirschhorn, the same as your child… I can put you in touch with all these people but no, they didn’t want to know.” (WHS2C)
“I did join it when (girls name) was born because I’d only been…they had only been diagnosed then…, I did meet some quite lovely parents and we did keep in contact for a couple of years… and then (boys name) died, so I…I faded off of it then.” (WHS9)


Two mothers (WHS7 WHS8) identified barriers to accessing these online peer support platforms: WHS7 (aged 70+) felt unable to engage due not being able to use the internet, and WHS8 emphasises that it was difficult to access these groups if you did not already have a mutual friend in one of these groups who can ‘add you’, which took her a long time to find.

“I’m not very good at, um…um…internet and technology you see, and everybody now seems to be internet…It would be useful if I did but it frightens me to death to be quite honest” (WHS7)
“we were a good 12-18 months into our journey before we actually came across any support groups on Facebook” (WHS8)
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In addition to insights into the complex multisystem illness that WHS (Theme 1, Chapter 4) presents as, this study also revealed significant psychosocial impacts of WHS. Narratives in the interviews reflected psychosocial implications of being a family caregiver to a relative with WHS. 
A total of four psycho-social themes were identified. These were experiences with the NHS, family adaptation, quality of life and support needs. These psychosocial themes concerned relatives’ and patients’ navigation of, and experiences with, the NHS health care system, reactions to diagnosis, family adaptation, quality of life (e.g. emotional challenges, day-to-day life) and the support needs of families. Taken together, the results emphasise the need for better support for relatives, especially parents at the time of diagnosis and during adjustment to having a child with a severe disability. The results also indicate a need for greater awareness among health care professionals about WHS. This would partly reduce caregiver burden in, often already, challenging situations in medical environments (i.e. hospital admission, outpatient appointment) as well as reduce worries of family caregivers about medical inadequacies. A significant amount of overlap between the clinical and psychosocial themes will become obvious in this discussion. 
The second theme was ‘Experiences with the NHS’. The majority of participants reported that their relatives were diagnosed in infancy within the first six months of life. Only patients, who were born before 1975, did not receive their diagnoses until they were significantly older. This is in accordance with the literature: WHS is usually diagnosed in childhood, but some later cases are also possible (Coppola et al., 2013). The majority of younger patients receiving their diagnoses relatively early in life may reflect the increased availability of genetic testing and, possibly, awareness of genetic syndromes among medical professionals. The diagnosis of WHS was perceived as life-changing and accompanied by many different often overlapping emotions. Negative emotions such as shock, upset and fear are common emotional reactions to receiving life-changing, and potentially life-limiting diagnoses (e.g. Green & Murton, 1996; Hallberg, Oskarsdottir, & Klingberg, 2010; Kearney & Griffin, 2001; Somanadhan & Larkin, 2016). Some family members in the study even described lasting trauma resulting from the delivery of diagnosis; this is also echoed in the relevant literature (Caples et al., 2018; Ergün & Ertem, 2012). The emotion of ‘relief’ following diagnoses has also been reported elsewhere. For example, using a qualitative methodology and the analysis method of Grounded Theory, Hallberg, Oskarsdottir and Klingberg (2010) investigated the meaning of receiving a diagnosis of 22q11 deletion syndrome for parents with affected offspring; the participating parents reported relief and sorrow as the most common emotional responses to diagnosis. Hallberg et al. (2010) appropriately referred to this “the ambivalence between relief and sorrow”. The experience of this parent group is shared with the current sample. However, there was one difference between their study and the current one: Hallberg et al report that it was predominantly parents of children who received the diagnosis at a younger age who struggled more with feelings of sorrow and upset, compared to parents of older children who were relieved when they got the diagnosis as an explanation for previously unexplained clinical manifestations. In the current study, this was less distinguishable, and a greater variance and overlap was found in terms of emotions, rather than an ‘either or’ situation. A reason for this difference however may be the fact that, typically, patients with Wolf-Hirschhorn present with much more severe phenotypes than patients with 22q11 deletion syndrome – and thus the experiences of these parent groups may not entirely align and be comparable. 
The role of NHS staff was highlighted at diagnosis. It is well recognised that medical professionals who are disclosing the diagnosis of a life-changing, and potentially life-threatening, illness must show sensitivity in their disclosure (Graungaard & Skov, 2007). Unfortunately, this sensitivity was not always reported by the participants about the medical professionals responsible for the care of their relatives. Parents in the sample felt ‘haunted’ by initial diagnostic consultations, sometimes even unaware that genetic testing had taken place. However, participants did not only feel that there were significant issues with the delivery of diagnosis, but also significant deficit in health care professional knowledge about the syndrome, with some professionals admitting they had never heard of the syndrome before. As a result, relatives in the sample, and elsewhere, have reported feelings of powerlessness, overwhelm and uncertainty (Graungaard & Skov, 2007). Participants expressed a significant need for better, timely and up-to-date information at the point of diagnosis, often due to a perceived lack of knowledge and experience of the responsible healthcare professionals. 
The participant accounts in the current study further revealed that the perceived lack of knowledge about WHS of NHS staff was not exclusive to diagnosis: inadequate treatment of patients and their families, insufficient knowledge and experience with the WHS, inappropriate language use, lengthy administrative hospital processes, unsuitable treatments and a lack of recognition of family members as the experts on WHS were reported. Medical care inadequacies were described both across primary and secondary care settings as well as across a majority of time points in the patients’ lives. This therefore reflects an issue experienced by participants at all levels of the UK health care system. While lack of awareness among some health care professionals such as paramedics with limited training on specific health-conditions, can be explained, family members felt that, especially among secondary or tertiary health care providers such as paediatricians or geneticists, some degree of knowledge and awareness of the syndrome should exist (which participants did not experience).
Perceived lack of appropriate established care pathways across primary and secondary care were reported to add further psychological strain on relatives; a finding which is echoed in the literature (Baumbusch, 2018). Arising compartmentalisation of care with no holistic care approach or “care coordination” left family members feeling distressed and uncertain, and their WHS relatives vulnerable to sub-standard quality of care. To avoid this, parents had to be extra vigilant that no mistakes are made, such as ensuring that relatives are not undergoing medical procedures they are not fit to endure or given inappropriate medication. Participants made recommendations to health care professionals, to ensure appropriate and safe care for their relatives with WHS. It is hoped that these will enable health care professionals to deliver better care to patients with WHS.
Interestingly in this study, significantly more negative experiences with healthcare professionals than positive ones were reported. It may be due to recall bias that participants were more likely to report, and remember, negative experiences, which had lasting emotional meaning.  However, over the course of the study, family caregivers of children and adults with WHS continually emphasised the importance of good and reliable healthcare professionals. They further emphasised a need for clear communication pathways in case of issues, and a need for continuity of care across primary and secondary care. Recommendations, such as having a specific, named GP who coordinates the patient’s care and is the first port of call for any concerns, were described as important first steps in meeting these unmet medical needs.
The third theme was “Family adaptation” in response to diagnosis of WHS. Family adaptation is an “ongoing process whereby parents are able to sensitively read and respond to their child’s signals in a manner conducive to healthy development” (Barnett, Clements, Kaplan-estrin, & Fialka, 2003).  Three different parts to family adaptation could be identified: cognitive adaptation (i.e. research), emotional adaptation (i.e. coping strategies) and structural adaptation (i.e. house moves, extensions).
For parents of young children in the sample, the first step towards adaptation and coping was to gain knowledge and insight into WHS. This was seen as integral to being able to act as the relatives’ advocate and protector, enabling their relative to develop in a safe and healthy way. The information seeking step is also reported in parents of children with other life-limiting or life-changing conditions (Bluebond-Langner, Hargrave, Henderson, & Langner, 2017; Griffith et al., 2011). 
Due to the rise of online health resources and social media, parents now have the opportunity to access a plethora of material to increase their knowledge about their children’s conditions. This results in higher health literacy among parents and can influence decision-making about their child’s health care and treatment plans (Nicholl, Tracey, Begley, King, & Lynch, 2017). At the same time, this enables them to become ‘experts’ on their relatives’ conditions. Participants in the current study considered ‘becoming experts’ as both positive and negative attributes. They felt positively because family members feel they can add to consultations and know their child best. They felt negatively because feeling as though they know more about the syndrome than the medical professionals, they are dealing with can be incredibly distressing. 
Another aspect to parents being forced to become experts is highlighted in a recent study (August 2018) conducted with parents of children with rare diseases in Canada: parents report facing significant issues when attempting to evaluate the quality and accuracy of information found on their children’s condition when there is a lack of guidance from medical professionals (Baumbusch, 2018). A 2017 study assessing the impact of online information-seeking on the psychological wellbeing of parents of children with rare diseases found a third of respondents (33%) reported increased anxiety as a result of online information seeking. This is particularly pertinent when compared to 16% who reported that it had decreased their anxiety (Baumbusch, 2018). This supports the need for better parental support and guidance on the acquisition but also the evaluation of (online) health-information for family members, to ease the psychological burden associated with becoming experts on their relatives’ health conditions. Parents becoming experts on their children’s condition is therefore not only an issue of research and family adaptation, but also a quality of life issue. 
Parents, in this sample and elsewhere, report positive experiences such as learning more about conditions, treatments or finding “positive blogs”. However, the current results and wider literature on rare genetic diseases (Eurodis (Rare Diseases Europe), 2017; Somanadhan & Larkin, 2016), suggest that online information seeking is not always a positive experience. It can cause decisional conflict, confound parents’ decision-making (fact versus opinion), challenge established clinician-parent relationships (“Why have I not been told about this?”) and thus, negatively impact shared decision-making between HCPs and parents. Parents of children with Mucopolysaccharidosis (MPS), another rare genetic condition, describe the internet as both a ‘wonderful’ and ‘dangerous’ tool (Somanadhan & Larkin, 2016). This is somewhat echoed in participants describing having to tread carefully when given information by others or accessing information. Tools that help relatives assess validity and reliability of, particularly online, information are therefore needed. However, it was obvious that family members had above-average health literacy and did acquire this knowledge during their ‘journey’ towards adaptation. Family members reported not only learning about WHS, but also about embarking on a learning curve about what it means to have a child or relative with a disability, as few had previous contact with ‘disabled’ children or adults. This learning curve included aspects such as day-to-day management of a life with a disabled relative, planning trips out or holidays, and handling medical equipment (such as PEGs or administration of seizure medication). 
 However, family adaptation was described as a much more complex construct than just obtaining knowledge about the syndrome and ensuring the safety of affected relatives. Learning to accept their relative’s diagnosis and learning to accept their affected relatives with WHS ‘as they are’ were described as essential in the interviews for moving forward. The important notion attached to discourse around ‘acceptance’ links with the published literature. Living and caring for a relative with little communicative skills and learning disabilities can be challenging, burden-some and stress-inducing for family care givers (e.g. Abbeduto et al., 2004; Foster, Kozachek, Stern, & Elsea, 2010; Griffith et al., 2011). Acceptance of the condition has been shown to play an essential role in reducing this stressor (e.g. Aydin & Yamac, 2014; Heiman, 2002; Vo, Mcneill, & Vogt, 2018). However, it is important to note that family coping is individual to each family, and there is no universal model (Dyson, 2010). No family member taking part in the current study expressed existing issues around coping with the diagnosis and medical challenges. Instead, participants spoke about having overcome challenges and finding acceptance. This may reflect a sampling bias; in that parents or relatives who are still struggling with family life with a child or adult with WHS may not have taken part in this study. Alternatively, they may have not felt able to express their feelings in this study. This may potentially indicate social desirability bias; however, this cannot be assessed. Reassuringly, whenever different family members from one family were interviewed, their accounts in terms of coping corresponded to each other. 
Advances in the medical field have led to long-term survival of children with life-limiting and life-threatening illnesses, such as WHS. This study also highlighted that not only is the quality of life of patients affected by the disease, but of the caregivers. Family caregivers are at the centre of care for affected relatives (Department of Human Services, 2008). It is therefore essential that issues relating to long-term survival affecting patients’ and caregivers’ long-term quality of life are addressed (De Clercq, Rost, Pacurari, Elger, & Wangmo, 2017; Koch & Jones, 2018). The current study found the symptom profile associated with WHS to have a significant negative impact upon the patient and their family caregiver’s quality of life. This was the fourth theme identified in this study (see also Gilker, 2014, 2016). Results indicated that the quality of life for family members was more affected by their relatives’ diagnosis than the quality of life of patients with WHS. Patients were continually described as happy, having a good quality of life and cheerful. However, due to a lack of interview material from patients with WHS (which is not possible due to cognitive impairment and inability to consent to interview) this may not be entirely accurate. 
Negative quality-of-life outcomes, such as mental health struggles, stress, anxiety, depression and suicidal ideation, as a result of caregiving responsibilities were reported across the sample for family caregivers of children and adults with WHS. This is echoed in the literature, in particular by a study investigating the psychosocial effects of Smith-Magenis Syndrome on parents’ wellbeing. Smith-Magenis Syndrome is also a rare chromosomal deletion disorder. The study reported that more than 87% of both fathers and mothers suffered from high levels of depression and anxiety as a result of the challenges associated with caring for their chronically ill child, but that having attended counselling for either illness positively improved symptoms of anxiety and depression and, consequently, their well-being. 
Furthermore, having to take on the ‘expert role’ and coping with the effects of medical professionals lack of knowledge about their relatives’ life-limiting, rare condition adds further psychological stress and pressure on family caregivers whose wellbeing is already compromised due to the severity of WHS and quality of care needed by their relatives (Nicholl et al., 2017). These factors often exacerbate their risk for suffering negative psychological outcomes such as anxiety, post-traumatic stress disorder and depression (Gilker, 2014; Pelentsov et al., 2014; Van Oers et al., 2014). Campaigns, such as the UK’s Wellchilds campaign “#notanurse_but” are aiming to highlight pressures on family caregivers (WellChild, 2017). The importance of medical professionals being aware and engaging with evidence such as the WellChild campaign and findings from studies like this must therefore be highlighted. Knowledge of this evidence will only enhance the standard of care if this awareness is reflected in practice.
In the discussion of the subtheme epilepsy in Theme 1 (Clinical features of WHS), it became obvious that epilepsy and seizures were a core concern for the majority of participants. While it is well-established as a clinical feature of WHS (Battaglia et al., 2015; Bergemann, 2009; Cammarata-Scalisi et al., 2015; Karaer, Koç, Karaoǧuz, Cansu, & Perçin, 2010) the present study further highlighted that epilepsy and seizures epitomise not only a significant issue for patients themselves but also for their relatives. Similar psychosocial impact has previously been reported for families with children with epilepsy (Kerr, Nixon, & Angalakuditi, 2011; Ronen et al., 2010), although these studies did not include family caregivers of adults/children with WHS. Witnessing a relative’s seizure can be traumatic and have far-reaching consequences. (Austin et al., 2015; Aytch, Hammond, & White, 2001; Kanemura et al., 2013; Kroner, Ardini, Bumbut, & Gaillard, 2018; Westin & Sund Levander, 2018). The experience often evokes feelings of anxiety, fear, panic and even shock due to their life-threatening potential (Westin & Sund Levander, 2018). Accounts in the current sample, especially from parents and grandparents, support these research findings and the need for psychological interventions to help families affected by seizures. The help could include guidance around coping, witnessing and living with this distressing clinical feature. 
Long-term, negative QoL outcomes, such as increased anxiety, depression and stress, are reported in the literature for family members of children and adults suffering epilepsy (Kerr, Nixon, & Angalakuditi, 2011; Ronen et al., 2010); these have also been reported for participants in the sample. In the current sample, these negative outcomes include sleep disturbances, anxieties surrounding seizures, their life-threatening consequences and social restrictions. The consequences of these outcomes are often social exclusion (e.g. not wanting to go anywhere by themselves, not being able to leave their relative with WHS in the care of others for fear of the child experiencing a seizure that remains undetected). This could exacerbate feelings of isolation (as a core aspect of depression), anxiety and stress due to family caregivers having no or limited access to psychosocial support. Parents also expressed concerns about the emotional wellbeing of their unaffected children. The literature suggests that these worries may, to some extent, be justified (Kroner, Ardini, Bumbut, & Gaillard, 2018; Tsuchie, Guerreiro, Chuang, Baccin, & Montenegro, 2006). The literature reports negative psychosocial outcomes for non-affected siblings, such as worry or lower educational achievements. Two studies found that the psycho-social impacts seemed to be exacerbated if the un-affected siblings had witnessed a seizure (Kroner et al., 2018; Tsuchie et al., 2006). An issue with these studies is however that both Kroner et al. (2018) and Tschuie et al. (2006) relied on parental reports investigating the impact of sibling seizures on the psychosocial functioning of unaffected siblings and to the author’s knowledge no study has directly investigated this using self-report methodology. Unfortunately, the current sample does not shed further light on this issue either, as there were only two siblings in the study sample (both siblings were adults living away from their sibling and attending university, not directly involved in their siblings’ care, one affected sibling did not experience seizures, the other did not talk about her experiences of witnessing a seizure/seizures). This area therefore warrants some further investigation. While these psychosocial impacts of epilepsy/seizures on family members, and worries about the impact on siblings are not necessarily relevant to measuring the health of children and adults with WHS, the scale must take into account how a high quality level of nursing care is required to care for a patient, such as medicine management and administration, and pre and post-seizure care. 
Psychological distress as a result of children’s diagnoses of heart defects are commonly reported among family members (Garcia et al., 2016; Woolf-King et al., 2017). A 2015 systematic review spanning 94 articles across 21 countries, for example, reports that family members, regardless of their affected children’s ages or whether surgery was needed or not, experience significant psychological distress as a result of the heart defect (Wei et al., 2015). 
Results of the current study also link with past research which has concluded with reports of a negative psychosocial impact of caring for children and adults with rare genetic conditions (Anderson, Elliott, & Zurynski, 2013; Bourke, Snow, Herlihy, Amor, & Metcalfe, 2014; Carter et al., 2013; Olsson & Hwang, 2001) (e.g. Olsson & Hwang, 2001). One such study was conducted by Abbeduto et al. (Abbeduto et al., 2004). This study reported that mothers caring for children diagnosed with the rare condition of Fragile-X syndrome, rated their wellbeing as significantly lower than mothers caring for their children with Down Syndrome (DS); a more common genetic condition. This suggests that the rarity of a condition may impact upon the wellbeing of family members. However, it is important to discuss a potential confounding variable that may limit the strength of the conclusions drawn from this study: children with Fragile X syndrome tend to display more significant behavioural difficulties than DS children, which could additionally be impacting mothers’ wellbeing. A second limitation of this study is a gender-bias. Only mothers were included in the study. This immediately limits generalisability. Nonetheless, Abbeduto et al.’s findings suggest that the rarity of a condition may impact the wellbeing and coping of families looking after a family member with a genetic illness
The notion of a condition’s rarity being a distinct stressor is also supported by findings from a qualitative study by Griffith et al. (2011). The authors interviewed mothers of adult children with rare genetic syndromes (Angelmann syndrome, Cri du chat syndrome & Cornelia de Lange syndrome). Mirroring the current study, participants expressed worries about the limited knowledge of medical professionals about their children’s rare illnesses, often suffering from the stress of “feeling in the dark” about the future of their children. The authors suggested that this “chronic stressor” is a distinctive contributor to pressures and negative quality of life outcomes in mothers of children with rare genetic syndromes. It was very clear from the current results that lack of knowledge among health professionals due to WHS’s rarity was a cause of significant concern for family members, impacting their QoL. These results, along with the published literature (e.g Gallo, Knafl, & Angst, 2009) highlights the importance of providing parents with accurate good-quality information about their children’s conditions. If this were available, it would help to reduce concern and improve wellbeing in some individuals. The results may suggest that when addressing the informational needs of family caregivers, quality-of-life issues should be addressed simultaneously.
The responsibility of “relentless caregiving” for patients with WHS has also been identified as a significant stressor in the interviews, as well as the literature. Additional to caregiving responsibilities, further studies have identified other factors which contribute to pressures on family caregivers of adults and children with chronic complex health care needs. These include pressures on everyday functioning, care management and long-term adjustment (Gallo, Knafl, & Angst, 2009), coping with financial pressures (e.g. Hercher & Bruenner, 2013; Ouyang et al., 2014), fears of lack of social support and social exclusion (e.g. Weng et al., 2012) as well as fears of rejection from the public (e.g. Turner et al., 2007). These factors are also all echoed in the findings of the current study, and thus appear as shared experiences across family caregivers of children and adults with different complex and/or genetic and/or rare syndromes. 
However, there may be factors that mediate the pressures experienced by family care givers of adults and children with chronic illnesses. In the aforementioned study with family caregivers of children with Smith-Magenis syndrome, regression analyses were performed. It was found that “perceived child vulnerability”, “caregiving satisfaction” and “caregiver self-efficacy” were the most significant contributors to maternal wellbeing (n = 95). Due to a very limited number of fathers taking part in this study (n=15), this regression was not repeated for the fathers, which is a limitation of the study design. It is however important to note that this sample may be biased, as almost half of participants had a higher education qualification and were married and financially secure. Being financially secure may alleviate pressures on families; and a sample with different demographics, such as families from by low-income, unemployed or single-parent households, may experience these pressures differently. Taken together, these factors may influence their likelihood to cope with caregiving pressures. It is therefore important to bear in mind that those findings may not be entirely representative, and generalisability may be compromised. 
Despite all these research findings, it is important to stress that the experience of raising a chronically ill child cannot necessarily only be equated to a ‘burden’ or negative experience (Koch & Jones, 2018; Parker, 1996; Somanadhan & Larkin, 2016), which also became clear in the current study. In their research, titled “Between joy and sorrow: being a parent of a child with developmental disability”, Kearney and Griffin (2001) reported the experiences of parents of children with special needs. While it is reported that parents experience negative feelings in relation to having a child with a learning disability, they also report “feelings of hope, love, strength and joy”. For example, during one interview, in their study a father said: “He’s got my admiration. Something I would like to have is the guts he’s got.”, which speaks of fondness and love for his son. These positive experiences and feelings of love also resonate in the discourse used by relatives in the current study, describing their relatives with WHS as resilient, living a happy life and having good quality of life. While Kearney and Griffin’s study has some clear limitations for generalisability (phenomenological methodological approach, parents with younger children only), it provides important insight into the dyad that is being a family caregiver of a child or adult with complex health needs. 
From discussion of the results so far, it becomes obvious that the demands on parents or relatives of a child with a rare chronic condition such as WHS go beyond the demands on parents of healthy children. As a result, there are many unmet needs. Families are often relying heavily on family members such as retired grandparents and friends for support in managing day-to-day life with a relative with WHS (Theme 5). Three distinct support needs were identified: information support,, emotional support and peer support. The important implications of meeting the informational needs of relatives and family caregivers of children and adults with WHS have been reviewed, in-depth in this discussion, therefore attention will now be given to emotional and peer-support. Family members expressed the need for emotional support, especially at diagnosis, and the importance of having someone to call on when they are struggling with their mental health and caregiving pressures. This is in accordance with Caples et al. (2018)’s recommendation that “when confronted with a stressor, families require supports to maintain or achieve positive family functioning.”. Psychological interventions, such as counselling, for family caregivers of children and adults with chronic complex illnesses has been found to achieve significant reductions in negative quality of life outcomes (Anderson & Davis, 2011; Edelstein, Schippke, Sheffe, & Kingsnorth, 2017). This may help reduce the likelihood of developing caregiver burnout which is characterised by fatigue, a lack of motivation to achieve a goal and decreased empathy (Maslach, Schaufeli & Leiter, 2001). In the caregiver’s case, this burnout is thought to arise as a result of unsupported caregiving over time (Stefanacci & Riddle, 2019). Furthermore, effective use of coping strategies rather than distraction or disengagement techniques have been found to lessen caregiver burden in long-term family care givers (Piazza, Floyd, Mallick, & Greenberg, 2014).It also clearly demonstrates the overlap between the different themes identified in the current study (Family adaptation, HRQoL and support needs). The development of evidence-based psychological interventions addressing these issues may therefore be suitable for family caregivers of adults and children with WHS, to improve their QoL and meet their emotional needs.
Peer-support was also seen as vital for participants; being able to connect with other relatives in similar situations for emotional support, advice and knowledge-exchange were reported as essential. These connections were often described as making up for the lack of knowledge and experience among treating medical professionals.
However, it is noteworthy that there were some individual differences reported concerning who sought which kind of support, and at what point in time. It is therefore unlikely that a ‘one size fits all’ approach to support needs will suit every case. However, to meet the three needs (informational, emotional and peer-support) most emphasised across the interviews, upon diagnosis, family caregivers should be given a leaflet directing them to a minimum of three sources to help meet these needs. This may make this time somewhat easier for them. The leaflet should include signposting to the WHS UK trust’s information pages, and details of regular meetings or peer-support groups (information, peer- and emotional support). The Unique Charity UK are just about to publish a new information sheet on WHS, developed by Dr Alisdair McNeill and colleagues which would go some way to supporting the informational needs of caregivers. Similarly, the American WHS pages have a robust archive of positive blogs, information and peer-support (upon contact). This resource was also suggested by one of the participants in the study (WHS1).
Future research should address the health-related quality of life experiences and impacts of being a family caregiver for adults and children with WHS; this was the first study to highlight psychosocial impacts of this. Immediate direct implications from this study are the need for better information provision, signposting, better mental health support at time of diagnosis and beyond as well as the establishment of designated care pathways to ensure patients are not being compartmentalised, but treated holistically. 

[bookmark: _Toc22130115]Limitations of the Interview Study (Chapter 4 and 5)
There were, however, some limitations to the current study which warrant discussion. Firstly, as with all qualitative studies, there may be issues around generalisability of the findings to other samples, countries or healthcare systems. However, the interview study was specifically conducted with a focus on the NHS setting; as the resultant Clinical Outcome Assessment should directly relate to NHS routine clinical care and practice. Secondly, in terms of sample size, 21 participants is adequate for a qualitative study. However, taking into account that more than one family member from some families participated, it would be a fair assessment that this may have skewed the results one way or another. Thirdly, while the sample was predominantly made up of mothers, it also included a range of other family perspectives, which is rare. However, considering the rarity of this disease and the geographical disparity of participants, this study has done well to recruit a significant sample to address the research question of what constitutes syndrome severity in WHS. Fourthly, the majority of participants were recruited via a UK-based charity which may mean that these families had proportionately higher support. A fifth point of consideration would be that the age of participants was not taken into consideration as it was not deemed necessary for the initial purpose of the interviews and the development of a Clinician-Rated Clinical Outcome Assessment for WHS. Sixth, only one researcher (KV) did the coding of interviews. However, the coding framework was developed jointly with GJ, which adds a degree of rigour and stability of the results.
Seven, as with all qualitative research, subjectivity must be acknowledged. Past experiences with patients with WHS, in a nursing context, may have influenced interview conduction, interaction with participants and analysis of the interviews. While some people may argue that this is a limitation of the current study, it can also be argued that this allowed the researcher to connect differently with relatives of children and adults with WHS and therefore develop a strong rapport and more substantial understanding with participants. 



[bookmark: _Toc525647970][bookmark: _Toc17977914][bookmark: _Toc23522729][bookmark: _Toc38821447][bookmark: _Toc40173003]Chapter 6: Development of a Clinician-Rated Clinical Outcome Assessment (Validity & QI-10 Study)


[bookmark: _Toc23522731][bookmark: _Toc38821448][bookmark: _Toc17977916][bookmark: _Toc40173004]Part 1: Development of the first draft of the Clinical Outcome Assessment

[bookmark: _Toc17977917]Step 1: Identifying the relevant domains for inclusion in the initial version of the COA 
The goal of any clinical outcome assessment is to accurately measure an underlying construct (Clark & Watson, 1995; Relja, 2012). Examples are the Medical Research Council Prion Disease Rating scale which assesses the underlying construct of ‘Prion Disease’ across five domains which are cognitive function, speech, mobility, personal care/feeding and continence (Thompson et al., 2013), or the Unified Batten Disease Rating Scale which was assesses the underlying construct of ‘Batten disease’ across three domains which are physical signs, behaviour and functional capability (Marshall et al., 2005). Underlying this is the idea that by measuring different aspects of a condition or illness, one is able to quantify the overall condition effect/functioning/status and locate an individual (and the presentation of their illness) on a scale (Clark & Watson, 1995; Relja, 2012) or allow comparisons and estimates of health status/functioning/condition effect between different individuals (with or without the condition). 
	A domain of a COA corresponds to a set of “related physiological functions, anatomical structures, actions, tasks, or areas of life” (World Health Organisation, 2016). A synonym for domain is ‘section’[footnoteRef:17]. Furthermore, the nomenclature ‘domain’ is coherent with guidance provided by the WHO’s International Classification of Functioning, Disability and Health Framework – as briefly discussed in Chapter 2.  [17:  the words “section” and “domain” will be used interchangeably in this thesis] 

Assessing patients on different domains (and combining their scores to a total score) has the advantage that different aspects of a person’s functioning/HRQoL can be assessed and quantified; for example, scores on different domains may also highlight areas that do and do not require intervention of different kinds, such as medical, social or occupational. This may also, to some extent, address patient-HCP communication about ‘health’; emphasising that perceived HRQoL or functioning is a more important determinant of ‘health’ than a diagnosis of a health condition (e.g. Burgess et al., 2017; World Health Organisation, 2016). 

Developing the COA domains
The domains for the current COA were developed on the basis of the findings from the qualitative interview study (Chapter 4, 5); where Theme 1 reflected the clinical features of WHS. To reiterate, this theme had 10 sub-themes. 
These subthemes were used to identify domains for the COA. In this context, 
negative subthemes were excluded in the first instance due to the low prevalence across the sample and for lack of reports in the literature. To ensure that this exclusion was warranted, the international panel of clinicians consulted for the expert study (described in Chapter 6, Part 4.2) will be given the opportunity to comment whether any important or relevant clinical features were missed in the COA. 
Based on the these above considerations, the ten remaining sub-themes of Theme 1 were Epilepsy, Gastrointestinal and Urological aspects, Low immunity, Cardiac and respiratory problems, Central Nervous System, Cognitive Behavioural Aspects, Sleep, Mobility, Level of care and Other (Growing, Facial Features, Dermatology, Blood clotting, Internal malformations, Problems with veins). 
In order to reduce the overall number of domains of the COA, Themes 1.6 (Cognitive-behavioural aspects) and 1.8 (Mobility) were collapsed into a new categorisation/domain, called ‘Functional assessment’, which corresponds to abilities and skills in the domains of language, communication, sitting, standing, walking and taking part in community activities (play, school). The subtheme “Other” was split. The sub-subtheme ‘Growing’ was not deemed suitable for quantitative assessment within the COA; however, questions relating to gestational week born, weight, height and circumference are included on the first page of the COA (Table 10). The sub-subtheme ‘Facial features’ was included as a domain. Excluded were subthemes 1.10.3-1.10.6, due to non-specificity to WHS.
This therefore results in nine categories for the first draft of the COA; illustrated in Graphic 12.




Step 2: Development of a Conceptual framework

Arising from participant discourse and the above Graphic, a conceptual framework[footnoteRef:18] for the COA for WHS was developed (depicted in Graphic 13). [18:  for information re importance of Conceptual Framework/s, please refer to Chapter 2] 


[bookmark: _Toc39270694][bookmark: _Toc40173035]Table 10: Translation of Theme 1 (Clinical Features, Chapter 4) into the COA draft
	Theme 1: Subthemes
	Decision about COA inclusion/exclusion

	1.1 Epilepsy
	Included

	1.2 Gastrointestinal and urological aspects 
	Included

	1.3 Low immunity
	Included

	1.4 Cardiac and respiratory problems
	Included

	1.5 Central Nervous System
	Included

	1.6 Cognitive – behavioural aspects
	Included, but new category: Functional Assessment

	1.7 Sleep
	Included

	1.8 Mobility
	Included, but new category: Functional Assessment

	1.9 Level of care
	Included 

	1.10 Other
	

	
	1.10.1 Growing
	Included in COA, first part but not as specific item on COA

	
	1.10.2 Facial Features
	Included due to characteristic features

	
	1.10.3 Dermatology
	Excluded due to non-WHS specific description in Interviews

	
	1.10.4 Blood clotting
	Excluded due to negative theme

	
	1.10.5 Internal Malformations*
	Excluded due to negative theme

	
	1.1.6 Problems with veins*
	Excluded due to negative theme



[bookmark: _Toc39270369][bookmark: _Toc39270695][bookmark: _Toc40173068]Graphic 12: WHS: clinical features included in the COA’s first draft
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[bookmark: _Toc39270370][bookmark: _Toc39270696][bookmark: _Toc40173069]Graphic 13: Conceptual Framework (Version 1)
[image: ]

[bookmark: _Toc17977922]Step 3: From Conceptual framework to item generation
The author of this thesis prepared the initial CF and an initial item pool for the first draft of the rating scale. Other rating scales for other rare diseases, such as the Wolfram Unified Rating Scale and the Unified Batten Disease Rating Scale (Marshall et al., 2005; Nguyen et al., 2012), were consulted for layout and development purposes. Following this, the researcher team met several times to discuss which items proposed and which phrasing would best assess patient status and functioning for each clinical area identified in the CF. The order of items was also discussed by the research team. Each member of the research team had distinct contributions to make and strengths to bring to the team: AM’s expertise in clinical geneticist and experience of working with patients with WHS, GJ’s expertise with scale development and KV’s experience of caring for children and adults with WHS and other disabilities.

[bookmark: _Toc17977923]Step 4: Scoring & choosing a scoring system
At this point, decisions had to be made about the scoring of the proposed COA items (Streiner, Norman, & Cairney, 2015). The most frequently used response category in health research and practice is the categorical variable (or judgement) in a checklist-style approach (Streiner et al., 2015), often reflected in a “Does a patient have XYZ?” – “Yes/No” or assessors choosing a descriptor that fits the patient’s status best. A strength of this approach is that this leaves little room for ambiguity, resulting in reduced noise and likelihood of error, and it is usually simple for the responder to choose a suitable category, if this variable style is used appropriately. 
While there are some items that may be answered on a 2-point, binary scale (2 – part) scale (for example, Imaginary-Item 2: Is the patient diagnosed with status epilepticus? Yes – No); difficulty with this style of response choice/variable choice occurs when more complex areas are evaluated (Streiner et al., 2015), such as HRQoL or functioning. For example, answers to an Imaginary-Item 2: “How is the patient able to communicate?” will not be appropriately answered by providing a binary (yes – no) response choice. Therefore, more elaborate variables and levels of measurement are needed; these are presented below.
In the first instance it is important to consider different types of variables and different types of measurement (Graphic 14). The current COA aims to assess a latent variable (indirectly measurable construct = WHS) via construct variables (directly observable, measurable constructs; e.g. number of seizures a week) (adapted from Robertson, 2017). Overall, there are two types of construct variables to distinguish between (Robertson, 2017): numerical and categorical variables. 
The main difference between these are that categorical variables convey qualitative meaning whereas numerical variables convey quantitative meaning. Numerical variable, for example blood pressure or weight; categorical variables are race or stage of illness (Newton & Rudestam, 2017; Robertson, 2017). 

[bookmark: _Toc39270371][bookmark: _Toc40173070]Graphic 14: Types of variables
[image: ]

Within these types of measurement, there are different types of underlying levels of measurement. There are four types of underlying levels of measurement for numerical variables; these are count, continuous, interval and ratio. Count variables, synonymous with discrete variables, are the most basic type and are quantitative representation of counts or frequencies, such as three seizures a year. Continuous variables are simply quantitative representations of an event or situation, such as blood pressure or pain score on a visual analogue scale. 
For Interval variables, the degree of difference between different response categories is constant and at the same intervals. Interval data allows the measurement of either side of 0 (e.g. temperature can fall either side of 0 degrees, but also include 0). Ratio variables, on the other hand, can never be negative, yet include 0; examples are weight, intelligence quotients, height (Peat & Barton, 2014; Streiner et al., 2015) or seizures per week (No seizures: assigned value 0; one seizure a week: assigned value 1; two seizures a week: assigned value of 2, etc.). 
For categorical variables, there are two different levels of measurement: nominal and ordinal variables. Nominal variables are not ordered, their scores do not carry meaning other than to distinguish one group from another, i.e. the difference between the scores is perceived as not important (Peat & Barton, 2014; Streiner et al., 2015). Ordinal variables, on the other hand, are variables where values are assigned to nominal variables does imply an order and the difference between the scores is perceived as important. For example, stages of breast cancer would be considered an ordinal variable with Stage 1 (assigned value 1) being less severe than Stage 4 (assigned value 4) (adapted from Streiner et al., 2015). 
It is important to note that there is some overlap between these variables, for example, categorical variables could be transformed into a continuous variable and continuous variables could be transformed into categorical variables. Transforming a categorical variable into a continuous variable can yield important insights into the nature of the variable and concept of interest (Pasta, 2009; Williams, 2019). 
It is important to note that in the medical field, measurements are usually taken on continuous variables, or scales, as these are most meaningful to the health care system (for example, overall quantified severity of WHS). 
While technically continuous variables are the most informative and meaningful type of data for the medical field and health care system (i.e. overall disease severity, functioning); using continuous variables is not always practical, especially in the context of measurement scales where many different variables are assessed. In this context, it often makes sense to change these numerical variables into ordinal variables. This, first and foremost, aids clinical utility and simplifies the use and acceptability of a measure or scale (O’Brien, 2004; Peng, Manatunga, Wang, Guo, & Rahman, 2017). For example, instead of asking the exact number of how many seizures a patient had in the past year, an ordinal variable would give pre-determined categories that fit any given answer. Of course, a difficulty arising from this is that some meaning may be lost if the categories are not chosen with careful consideration (O’Brien, 2004) For items in the COA, mainly ordinal item response categories were chosen with higher scores on an item indicating higher severity. The answer categories and associated scores for each item have been devised from the literature, interviews and clinical practice (as a nursing associate and clinical geneticist).
In this thesis, it has been highlighted that WHS is a highly complex and heterogeneous illness; with not all individuals suffering every clinical feature. Therefore, the COA needed a number of binary or dichotomous items in order to be able to guide the flow throughout the COA. Once it has been determined that one patient has a heart defect, a clinician may want to ask details about it (management, symptoms); whereas these follow-up questions would be redundant to be administered to a patient without a heart defect. Therefore, some dichotomous, categorical variables were included in the questionnaire which – in turn – influence COA logic and flow (“If answered No, please proceed to…”). 

[bookmark: _Toc17977925]Step 5: Initial full version of the COA
Consequently, a final version of the COA was agreed (Version 4, Appendix 6.1). Appendix 6.2 provides an overview of the first draft of the clinical outcome assessment and provides detailed insight into where the item has originated from, i.e. the literature, interviews, clinical expertise or a combination of several sources.

[bookmark: _Toc17977926][bookmark: _Toc23522732][bookmark: _Toc38821449][bookmark: _Toc40173005]Part 2: Expert study, using the QI-10, to assess the face and content validity of the COA

[bookmark: _Toc17977927][bookmark: _Toc38821450]Introduction
After development of the COA, its measurement properties need to be assessed (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; Mokkink et al., 2014; Walton et al., 2015). The next step for the current version of the COA is an assessment of face and content validity (DeVellis, 2017), which is presented in this part of the chapter. To achieve this, the current version of the COA must be reviewed by a number of experts in the area of investigation, i. e. WHS. This serves the purpose of ‘confirming’ or ‘invalidating’ the definition of WHS. 


[bookmark: _Toc39270372][bookmark: _Toc39270551][bookmark: _Toc39270702][bookmark: _Toc40173071]Graphic 15: Measurement Properties of Outcome Measurement Instruments (COSMIN initiative)
[image: https://cosmin.nl/wp-content/uploads/COSMIN_taxonomy_infographic.jpg]

Content and face validity
The first step to achieving an evaluation of measurement properties is by assessing the instrument’s content and face validity. This will aid confirmation or invalidation of the definition and conceptualisation of WHS as part of the developed CF and the developed scale.
While content validity and face validity are often used interchangeably it is important to recognise that they are different from each other. Although some scholars, including the consensus reflected in the COSMIN framework (Graphic 14), argue that face validity is an aspect of content validity (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; DeVellis, 2017; Mokkink et al., 2010). 
The main difference is that face validity refers to whether a measure (or intervention) appears valid on the surface and whether the purpose of a measure is obvious to a judge (Bornstein, 2011; Mosier, 1947; Royal, 2016), while content validity refers to how relevant an instrument’s content is to the concept of interest to be studied (Haynes, Richard & Kubany, 1995). 
Assessments of these types of validity are typically lengthy procedures (Gilbody, House, & Sheldon, 2002; Moores, Jones, & Radley, 2012; Sonke, Verbeek, & Kiemeney, 2009). Assessments of face validity is seen as a first stage towards achieving the validity of a measure. There are two general approaches to assessing face validity. In the first approach, developers of a scale may ask a sample of participants (clinicians or patients) to use their own judgements and score either themselves, or a fictional patient, on the extreme ends of the scale (i.e. high severity versus low severity) and thus deliberately bias responses this way (Bornstein, 2011). This way it can be assessed whether the purpose and directionality of proposed scoring looks obvious to judges. This was not deemed a suitable approach for the current project, due to the large number of items measuring different aspects of WHS, their complex interactions and the high heterogeneity within WHS. 
In the second approach, participants do not complete the COA but are asked whether they perceive the measure’s purpose to be obvious and relevant to the condition of interest (Bornstein, 2011). An advantage of this approach is that it is a relatively ‘rapid’ way of assessing face validity (Martinez, 2017). (Cognitive) Interviews (Jones et al., 2017) as well as questionnaires have been used as part of this approach (Nickel et al., 2017). However, there are some issues with both approaches. Using interviews to assess face validity may lead to non-standardisation of responses and thus create challenges for analysis. Using ad-hoc questionnaires to assess face validity is widespread (e.g. Nickel et al., 2017), but the use of non-validated questionnaire to assess face validity causes a plethora of issues. 
One measure offering an alternative to ad-hoc questionnaires is the QQ-10; it is validated and available to use in studies assessing the face validity of a PRO. The QQ-10 is a 10-item measures that evaluates four aspects: face validity, utility, burden and perceived value of a measure (Moores et al., 2012). The QQ-10 was initially developed to be used during the evaluation phase of the ePAQ-PF (electronic Personal Assessment Questionnaire, Pelvic Floor) (Gray et al., 2019), but has since been adapted to other purposes. The QI-10, its clinician-rated form for COAs, was then developed as a result. A limitation of this measure is however that the clinician-rated form has not been validated and its psychometric properties are currently under assessment (Jones et al., personal communication[footnoteRef:19]). However, as a result of the QI-10 offering a systematic and meaningful way of assessing the face validity of a measure, the study team decided that it had much to offer to the current study and would be used (despite the lack of psychometric validation of the clinician-rated form). [19:  The QQ-10 and QI-10 were developed by a team around Professor Jones, the supervisor of this thesis] 

It is important to mention that the concept of ‘face validity’ has been heavily criticised in the literature. Royal (2016), a professor of assessment and outcomes at North Carolina State University, for example, argues that face validity is not a legitimate type of validity and that little to no academic underpinnings of this type of validity exist. This criticism is perhaps linked to the fact that the concept of face validity is not as well-defined as other types of validity (DeVellis, 2017; Downing, 2006; Mosier, 1947), and may perhaps also be linked with the use of non-validated questionnaires to assess face validity. Using a validated measure, such as the QI-10, should therefore counteract this criticism, to some degree, as it offers a standardised way to assess face validity.
Another criticism of the concept of face validity is the lack of clear definitions as to who should assess a measure’s face validity during scale development (DeVellis, 2017); whether it is the patient group, stakeholders or clinicians. For the current project, it is argued that clinicians are the target group for indicating face validity, as they will be the group most likely to use the COA in (routine) clinical practice. Assessing the face validity of a COA nonetheless adds to the evidence-base for the psychometric properties of a COA; especially when using a validated measure to do so.
In addition, it is also important to establish the content validity of a COA (Chiarotto, Ostelo, Boers, & Terwee, 2018; COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; Mokkink et al., 2018; Mokkink et al., 2014). Establishing content validity may mean consulting the scientific literature[footnoteRef:20], consulting experts in the field who have a theoretical and/or practical understanding of the concept of interest and collecting responses or feedback from the population of interest (DeVellis, 2017). Establishing content validity goes beyond assessing whether a measure appears relevant but relies on reference to understanding of the COI.  [20:  which should be the basis of any measure development] 

There are two essential limitations to the assessment of content validity: firstly, it is to note that there is still a degree of judgement involved in establishing a measure’s content validity, both from the developer themselves during the initial stages of development and through the involvement of experts post item-generation (Beck & Gable, 2001; Polit, Beck, & Owen, 2007). Secondly, even though a person may have extensive knowledge of the scale’s COI, their understanding of scale development and the processes involved in this may be limited or non-existent. This means that recommendations and suggestions made must be carefully reviewed and not blindly trusted (DeVellis, 2017).
Similar methodologies to the ones described for face validity have been used to assess and document the content validity of COAs, which include interviews. Ballinger, Kerr, Mowbray, & Bush (2018), for example, used structured telephone interviews to evaluate the content validity of their performance-based outcome measures for patients with elective hip replacements and hip fractures. The authors analysed these interviews, and concluded that the measure had high content validity – although it is not clear which qualitative analysis method this data was analysed with, as this is not mentioned, which is a clear weakness of the study and their conclusions as it raises issues around reproducibility. While interviews offer some insight into a measure’s content validity, issues with the use and utility of interview data for the assessment of content validity remain (Gilbody et al., 2002; Moores et al., 2012; Sonke et al., 2009). 
These limitations will be applied to the current project. Firstly, due to WHS being a rare disease, experts on the illness will be spread across the world and arrangement of participation in interviews may be challenging (time differences, clinic routines, possibly language barriers). Secondly, due to being relatively time-consuming to conduct, transcribe and analyse an interview study, both a large amount of time and finances (to pay researcher time and, sometimes, participant time) would be required. Third, due to a lack of standardisation of responses in interview data, it may make it challenging comparing results from interviews between participants. 
	An alternative to the time-consuming interview process is the use of the Content Validity Index (CVI); a process which involves a number of experts on the measure’s COI to rate its items along a scale of relevance and calculating an average ‘relevance score’ for all items across experts and, consecutively, for the whole measure (see Polit et al., 2007). This approach was deemed unsuitable for the current project due both the high heterogeneity within WHS (meaning some items will be highly relevant to some patients, but not others) and the large number of items.
An alternative to interviews and the CVI that was less time-consuming, required fewer expenses, allowed standardisation of responses and comparison between participants, was therefore needed. There was no similar validated questionnaire as the QI-10 for the purpose of content validity. However, combining the QI-10 with a number of open-ended questions (which could have also been used in an interview) seemed the most appropriate way to assess content validity as it still allowed comparisons of answers across participants.
Clinicians with expertise in genetic illness and experience in the care of children and adults with WHS were deemed the most suitable target group to assess both face validity and content validity of the COA. Due to the high heterogeneity found within WHS, family caregivers were not chosen as the most suitable group as they may have only limited understanding of some aspects of the syndrome, or only insight into the clinical features experienced by their relative. Experienced clinicians, on the other hand, were perceived as having both sufficient expertise to indicate whether the items on the COA appeared to assess WHS (face validity), and to make judgements as to whether the COA (and its items) accurately reflected WHS. To ensure that both face validity and content validity were assessed, the QI-10 was combined with a number of open-ended questions in an online survey, which was sent to a number of international experts on WHS. An online survey was chosen as it was deemed the most suitable format due to easy access around the world, its low carbon footprint and cost-effectiveness (no printing cost, no postal costs). 

Objective 
The objective for conducting the following study was to assess content as well as face the validity of the COA with a sample of international experts on WHS.

Rationale
[bookmark: _Toc17977929][bookmark: _Toc38821451]Face and content validity were assessed using an online survey methodology, which included the validated QI-10 questionnaire to assess face validity and open-ended questions to assess content validity. Using an online survey-methodology was thought to increase (international) participation and decrease financial burden. The QI-10 measure was chosen as it allowed standardised data collection.
[bookmark: _Toc40173006]Methodology

Ethical approval
Ethics approval from the University of Sheffield was obtained (July/August 2018) (Appendix 6.3).
Measures
Two versions of the COA were created: one PDF version, and one Microsoft Office version (for access reasons). 
An online survey was created using the platform Qualtrics. The survey contained an electronic consent sheet, demographic questions and the QI-10 questionnaire (Appendix 6.4). The QI-10 has 10-items; a section for free-text answers was also added. 
An email was drafted to send to potential participants, identified a priori. The email invited clinicians to participate in the study, referring to the attachments (COA as word document or PDF version, Qualtrics link for questionnaire). The email also stated that participants will be offered authorship on the publication for this COA, as this was hoped to increase response rates (Appendix 6.5). 

Sample
Twenty-two international expert clinicians on the topic of WHS were identified a priori to the study. The experts were people who had either published on the topic of WHS (identified by KV) or were known to have expertise on the subject (identified by AM). Their email addresses were identified by searching corresponding email addresses either on publications or the person’s online work profile, such as those of universities and clinics. 

Procedure
In September 2018, the invitation to participate was sent out to the identified clinicians via their emails. The email contained the invitation to participate, the COA (in both PDF and Microsoft Word formats) and a link to the Qualtrics survey (Appendix 6.4, 6.5). A reminder was sent two weeks later (Appendix 6.6). The study was supposed to close four weeks later; however due to slow response rates, it was closed after two months. Responses were downloaded into SPSS format, free-text answers were exported into Excel. Participant codes were assigned in order of participation (C1, C2, …).
was considered for this study; however, due to the systematic data collection and nature of the data, content analysis was chosen. 
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Response rate
	Out of the twenty-two clinicians asked to participate, the survey had 16 responses, equating to an initial response rate of 73%. Out of the 16 participants, one did not consent to participate (n=1), six consented and completed the demographics questionnaire but not the QI-10 (n=6) and nine clinicians consented and completed the whole survey (n=9). The overall response rate of completed surveys is therefore 41%.

Demographics of participants
	Participants included four female (n=4) and five male clinicians (n=5), who practised in Australia (n=1), United States of America (n=3), Italy (n=1), New Zealand (n=1) and the United Kingdom (n=3). Their specialities included clinical genetics, neuropsychiatric genetics, paediatrics and paediatric endocrinology.

Face validity assessment: QI-10 results
Results are displayed in tables 11 and 12. Most noteworthy, for the nine participants who completed the QI-10, there are no missing values.
Table 11 represents the means and medians. Medians were calculated due to the small sample size; however, it is observable that means and medians do not differ significantly from each other for each of the items. A narrative summary of the results is presented below.

Relevance
Clinicians mostly agreed that this instrument was relevant to their patients with WHS and that it addresses all the important aspects of WHS; one participant disagreed. Most importantly, no clinician disagreed. 

Length of Clinical Outcome Assessment
In the survey data, there was no consensus as to whether the instrument was too long, or not; four participants indicated it was too long, two neither agreed nor disagreed and three disagreed. 
Use in Clinical Practice
The majority would be happy to use this instrument as part of an initial patient assessment. Clinicians mostly disagreed that the overall resources and costs involved in using the instrument are too great and that the data collected using the COA is difficult to use in clinical practice. Scores indicate that the instrument was, overall, perceived as efficient to use in clinical practice.

Use with patients
Clinicians gave scores between 2 (mostly agree) and 3 (neither agree nor disagree) regarding whether the instrument is a valuable aid to communication with patients. Overall, clinicians neither agreed not disagreed whether the instrument would help make patients make the best decision for themselves. These two results are not surprising considering limited cognitive ability of patients with WHS and the fact that it is parents and caregivers who make the health-related decisions. The majority mostly disagreed that the instrument was difficult to use for their patients with giving scores of 4 and 5; however, one clinician rated it as a 2. 
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	QI-10 Item

Scoring (1: Strongly Agree – 5: Strongly Disagree)
	n
	Minimum
	Maximum
	Mean 
(Standard Deviation)
	Median

	The instrument is a valuable aid to communication with my patients.
	9
	2
	4
	2.33 
(.707)
	2.00

	The instrument is relevant to my patients
	9
	1
	3
	2.00 (
.500)
	2.00

	I would be happy to use the instrument as part of initial patient assessment
	9
	1
	3
	2.11 
(.601)
	2.00

	The instrument is efficient to use in clinical practice
	9
	1
	4
	2.33
(1.000)
	2.00

	The instrument addresses all the important aspects of my patients’ conditions
	9
	1
	3
	2.00
(.500)
	2.00

	The instrument helps patients to make the best decisions for themselves
	9
	2
	4
	3.00
(.707)
	3.00

	The instrument is too long
	9
	1
	5
	2.78 
(1.394)
	3.00

	The instrument is difficult for my patients to use
	9
	1
	5
	3.22 
(1.202)
	3.00

	Data collected using the instrument are difficult to use in clinical practice
	9
	2
	5
	3.89 
(.928)
	4.00

	The overall resources and costs involved in using the instrument are too great
	9
	2
	5
	3.78
(1.093)
	4.00
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	Response categories

	Item (n =9)
	Strongly Agree
	Mostly Agree
	Neither Agree Nor Disagree
	Mostly Disagree
	Strongly Disagree

	The instrument is a valuable aid to communication with my patients.
	-
	7
	1
	1
	-

	The instrument is relevant to my patients
	1
	7
	1
	-
	-

	I would be happy to use the instrument as part of initial patient assessment
	1
	6
	2
	-
	-

	The instrument is efficient to use in clinical practice
	2
	3
	3
	1
	-

	The instrument addresses all the important aspects of my patients’ conditions
	1
	7
	1
	-
	-

	The instrument helps patients to make the best decisions for themselves
	2
	5
	2
	-
	

	The instrument is too long
	2
	2
	2
	2
	1

	The instrument is difficult for my patients to use
	1
	1
	3
	3
	1

	Data collected using the instrument are difficult to use in clinical practice
	-
	1
	1
	5
	2

	The overall resources and costs involved in using the instrument are too great
	-
	1
	3
	2
	3




Qualitative comments

In this part of the questionnaire, clinicians were invited to make recommendations for changes and improvements to the COA by answering three questions (“Do you have any comments or suggestions to make about the instrument or the report that the instrument provides?”, “Do you feel that any important areas, issues, symptoms or conditions were missed out?“ & “Do you have any comments or suggestions to make about the instrument?”). Not all clinicians gave answers to all questions. Answers were analysed using Content Analysis, and five themes were identified. These were General comments, Length, Things to add, Things to change and Recommendations for future research. Graphic 16 gives an overview of these themes. 
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General comments
Overall, comments were positive and constructive. One participant remarked that “Overall, I think this is an excellent instrument for assessing WHS patients and does a good job at getting at the medical problems and features that these patients have in a straightforward fashion.” (C1). 
One qualitative comment (“What is purpose & who is intended to complete (clinician or family)?”, Participant C7) to the question “Do you have any comments or suggestions to make about the instrument” warrants discussion. The initial email sent to the participants and the information page (first page of the Qualtrics online study) emphasised that the clinician would be rating a patient; however, due to time constraints on clinicians, it is possible that this was over-looked or skim read and therefore participation of Participant C7 was not fully informed. Taking this forward, an extra paragraph will be added to the first page of the Clinical Outcome Assessment to clearly explain the purpose and intended administration method (i.e. health care professional/clinician).

Length 
Two participants commented on the length of the COA (C2, C3); their worries were that the COA was too long and potentially difficult to complete in a clinic setting. However, no HCP made any comments what could reduce the length of the COA or suggested that any items were not necessary for a comprehensive assessment of WHS; instead, adding multiple items were suggested.

Things to change
C3 remarked that some questions may be difficult to answer and recommended adding a ‘not applicable’ or ‘not appropriate’ answer option to some questions; however, the participant did not specify this further. The clinician further specified why a N/A answer option would be appropriate: “The instrument tries to cover too much ground. Most patients I see with WHS are young babies shortly after diagnosis, so many of the questions would not apply” (C3). The clinical researcher team (KV, AM) addressed these comments by adding these options to several items. 
Participant C1 pointed out two discrepancies for language use between the United Kingdom and the United States: firstly, it was remarked that “U.S. providers may not be as familiar with the term “talipes” and “may code it wrong”. To address this, the question wording was changed to talipes/clubfoot. Furthermore, C1 raised issues around the use of “frequent infections” and suggested re-naming the categories: 

“The three options included are: “frequent infections (more than 5/year)” for 5 points, “infrequent infections (3/year excluding the common cold)” for 3 points and “neither frequent nor infrequent infections” for 0 points. I think there is a U.S. language usage issue here. In the U.S, “infrequent” is often used as a synonym for “rare” – i.e. hardly ever happens. “Neither frequent nor infrequent” would be considered intermediate between frequent and infrequent – moderately frequent. It’s clear by the numerical scoring that the instrument means “neither frequent nor infrequent” to mean fewer illnesses than infrequent. Unfortunately, this phrasing is likely to confuse U.S. audiences. If I were trying to get U.S. colleagues to use this instrument, I would call the categories “frequent infections (more than 5/year excluding the common cold)”, “infrequent infections (3-5/year excluding the common cold)” and “rare infections (<3/year excluding the common cold” (C1).

The wording was changed in accordance with these comments. 

	Two spelling mistakes/typing errors were identified by C5; these were on Item F5 scoring 4 for highest point instead of 3 and Item9D “form” not “fom”. Participant C5 also suggested using the terminology brain ‘abnormalities’ rather than ‘disease’ and to specific investigations, such as “MRI/CAT scan”. These changes were made.
There was some discussion around the section on “facial dysmorphism”: While one person suggested reducing the answer possibilities from four options to 2 (“only have dysmorphic versus non-dysmorphic as answer possibilities for 1”, C3); others disagreed with reducing the options further. In fact, the current facial dysmorphism section was criticised by three raters as “too vague” (C8), the rating “very subjective” (C1, C7) and having low clinical utility (C1). Both participant C1 and C7 suggest “a list of key distinctive features of WHS” (C1) or a “checklist” (C7) whereby absence or presence of a feature can be indicated. Taking these suggestions together, the following list was compiled and items added to the COA in response, these items represented the first domain on the COA.

1. broad, prominent nasal bridge (absent/present) (C1)
2. prominent glabella (absent/present) (C1)
3. highly arched eyebrows (absent/present) (C1)
4. prominent, widely spaced eyes (hypertelorism) (absent/present) (C1, C7)
5. short philtrum (absent/present) (C1)
6. downturned corners of the mouth (absent/present) (C1)
7. Greek warrior helmet appearance(absent/present) (C7)
8. Microcephaly (absent/present) (C7)
9. High hairline (absent/present) (C7)
10. Cleft lip (absent/present), if present, height of clefting: (C7)
11. Cleft palate (C7), if present, height of clefting: (C7)

One participant (C8) remarked that “subjects are very inattentive, have a severe ADHD phenotype”; however, it was not clear where the participant was suggesting adding a question about this in the COA. As no other clinician commented on this, the author team believe that Items/Sections already capture this aspect of WHS.

Things to add
It was recommended to add further items to the cover page with demographic details, these were age, born at gestational week, size and extent of 4p deletion, presence of any other genetic re-arrangement/translocation (C9) and the occipitofrontal circumference (OFC) (C5). This was added. 
C1 requested a “free-answer section where I could fill in the specific brain anomaly (if known) similar to what is included in the renal section”; this was added in response. Two clinicians suggested adding a section asking whether the patient has ever had status epilepticus (C1; C5); but that “the rest captures everything clinician would want to know in a consultation” (C5). This was added.
C9 suggested asking for “the exact structural defect of the eye” and about any tumours or malignancies, in particular liver adenomas. This was added.
Participant C7 suggested adding a question regarding skin findings. Therefore, an item about skin-findings was added. 
Participant C7 suggested asking questions about pre- and postnatal growth and when developmental milestones, such as being able “to roll over (back to front, front to back), sit without support, cruise, walk, first words,”, were reached. In addition, this participant also suggested asking about the level of engagement with support services, such as physiotherapy services. After discussion, this was seen as exceeding the remit of this COA; however, these aspects could be noted in the free-text section on the last page of the COA.

Recommendations for future research
One participant (C9) made the recommendation to, in the future, develop a 4p-specific quality of life instrument that can be filled out by a parent of a child/adults with WHS. Participant C3 suggested developing an electronic resource as a “family version that a family could fill out prior to appointments/on an iPad while waiting/as part of research studies”; but that to get to this point, the medical jargon must be reduced. 
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This online survey study was conducted to document the face and content validity of the instrument and to have the suitability, applicability and utility of the COA scrutinised by a group of international experts on WHS. Overall, comments received were constructive and a number of valuable changes were made to the instrument.	
A distinct strength of the current study is the international spread of participants; especially participants from different English-speaking countries, which were the United Kingdom, United States of America, Australia and New Zealand. This spread of participant locations and country of practice has helped not just to evaluate COA content but also the use, acceptability and appropriateness of language in the COA. Discrepancies in the meaning of words between the UK and especially the US are common in the field of health (assessment); for example in the UK the word ‘sick’ is typically used to indicate feelings of nausea while in the US, it is used as a synonym for ‘ill’ (DeVellis, 2017). While English-language discrepancies were perhaps less obvious compared to the sick-ill example, one US participant did nonetheless point out a number of issues around understanding and utility for speakers of American-English (e.g. issues around the use of the words ‘frequent’ and ‘talipes’). 
Therefore, having participants from different English -speaking countries can help ensure that the COA’s language is appropriate for the majority of English-speaking countries, and thus more valid as well as meaningful. Unfortunately, no participant from Canada was recruited, however, due to close proximity to the US, it is hoped that Canadian clinicians will be able to find the COA useful and applicable in the same manner as other countries.
The expert participants suggested the extension of the facial dysmorphism section into the well-described individual factors, such as “Greek warrior helmet appearance” or “wide nasal bridge”. The COA was changed in accordance with this as it was felt that this was a good suggestion. Changing and extending this domain/section furthermore makes the assessment of facial features more objective, rather than relying on a subjective binary assessment of ‘dysmorphic’ versus ‘non-dysmorphic’. Having a range of items within this section may also be useful in assessing the degree of dysmorphism, rather than absence versus presence of dysmorphic features.
Items that were suggested to be added include a question on Dermatology, which was previously excluded due to it being a negative subtheme. Due to this occurring in both the interview study and the expert study, an item on dermatological findings was added. An item on tumours and malignancies was also added; this had not been discussed in the interviews. 
The length of the COA was also commented on by the participants; while results from the QI-10 indicated that participants found it neither too long nor too short, some qualitative comments were made about it being too long. However, no recommendations for shortening or reducing the number of items were made; instead, recommendations for additions, and extensions (i.e. facial features) were made. It is widely recognised that shorter scales are preferred in clinic and research environments, as longer administration may increase burden on staff as well as patient; especially when administered alongside other scales (Prieto, Alonso, & Lamarca, 2003). WHS is a heterogeneous illness and not all patients will present with all clinical features, which is why the logic flow of the COA was developed to help guide assessments and avoid redundant/ inappropriate items being administered. Furthermore, due to the comprehensive nature of the COA, it is unlikely that other questionnaires or scales would be needed to assess features of WHS. The logic flow as well as the comprehensive nature of the COA should therefore work in favour of the instrument’s length.
Further, two aspects of clinical utility were assessed in this study: the utility to the clinician and the utility for the patient. In terms of its utility for clinicians, mean responses revealed that clinicians would be happy to use this instrument as part of an initial patient assessment. The majority of clinicians did not perceive the COA as difficult to use in their practice, and further perceived the collected data as applicable and useful for their practice (and thus patient care). However, there were some individual differences in the responses (as is reflected in the means and frequencies); and discourse around the intended purpose and clinical utility was also obvious in the qualitative comments. It could be suggested that these participants are highly specialised and experts in the area of WHS; and may therefore perceive the clinical utility of this COA differently (and perhaps as less so) than less-specialised colleagues or colleagues from other professions who do not regularly come into contact with patients with WHS . The respondents are experts on WHS, and thus very familiar with the disease. It could thus also be suggested that the perceived utility of the COA may depend on the exact clinical work conducted by the individual. Furthermore, clinical utility of the COA may also depend on the type of work and assessment being conducted, for example some HCPs may not need to undertake such detailed evaluations of patients as the COA suggests or only need to assess one specific aspect of the patient’s health, and may therefore, not find it as useful.
In terms of utility to the patient, results revealed that clinicians were not sure whether the instrument would help make patients make the best decision for themselves. This is unsurprising considering the presence of limited cognitive ability of patients with WHS and the fact that caregivers and medical professionals are responsible for making health-related decisions for patients with WHS. Therefore, this is not an unexpected result. The inclusion of the item (“The instrument helps patients to make the best decisions for themselves”) in the QI-10 is warranted perhaps for the patients group it was initially developed for (patients with gynaecological conditions); but less useful to patient groups defined by severe cognitive deficits.
In the qualitative comments section, it became evident that not all respondents understood the principles of scale development or the rationale behind its development (e.g. “The instrument tries to cover too much ground:” or “What is purpose & who is intended to complete (clinician or family)?”). Participants were told the purpose (assessment of patients with WHS) and intended delivery (clinician-rated) of the scale in both the email invitation to participate and the information sheet (first page of Qualtrics survey), however, the understanding of the rationale behind the study and development of COA was limited. Perhaps, to some degree, a lack of time may be an explanation for this; i.e. participants not having or taking enough time to read the brief or the information sheet; yet consenting to participate under the premise of being able to give full-informed consent. This was also addressed by adding a Section at the beginning of the COA, detailing “Instructions for assessors”.
The participants in this study were highly qualified in their subject area, and time pressures on senior doctors are an issue for clinical practice as well as extra activities these HCPs participate in, whether it is their own research or participating in others’ research. Lack of time for extra activities, on top of their own clinical load, may also explain why response rates to the study were relatively low and the return of completed questionnaires took longer than anticipated. Nonetheless, participation and time invested was received with grateful thanks; it has been of great value and helped develop the COA further. 
Further limitations of the current study must be discussed. Firstly, these limitations include a potential selection-bias of participants, participants were selected to participate in this study by KV and AM. However, great care was taken to ensure participants had previously worked with WHS and had sufficient expert knowledge of the condition. 
Secondly, due to the number of items in the COA and the time required to rate all individual items for relevance to WHS, participants were not asked to complete exercises to calculate the CVI (i.e. rating the relevance of every single item in the scale). A further reason against deciding to ask participants to undertake this exercise was the extreme heterogeneity patients with WHS present with, and while one (set of) item(s) may be applicable and relevant to one patient, it may not be relevant to the next. This exercise therefore did not seem plausible or suitable for the current study. Furthermore, attrition and participant retainment throughout the QQ-10 was challenging, this was anticipated due to factors, such as (clinical) time pressures. It is likely to suggest that attrition would have been significantly higher had it involved a more elaborate and complex task. Nonetheless, overall, participants made constructive comments and allowed for positive changes to be made to the COA. The results of this study are both an amended Conceptual Framework for WHS (Graphic 15) and an amended version of the COA (Appendix 6.7). The new version of the COA is now ready to be trialled and validated; which is described and evaluated in Chapter 7..
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In keeping with information presented in Chapter 2, the next steps in 
assessing the COA’s measurement properties are investigations of reliability, validity and responsiveness (as well as interpretability) according to the COSMIN framework (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; U.S. Department of Health and Human Services: Food and Drug Administration & U.S. Food and Drug Administration, 2017).
At this stage, the COA’s content and face validity have already been established and addressed (Chapter 6). This Chapter (Chapter 7) will focus on the assessment of the scale’s reliability and construct validity. 

[bookmark: _Toc39270375][bookmark: _Toc40173074]Graphic 18: Measurement Properties of Outcome Measurement Instruments (COSMIN initiative)
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[bookmark: _Toc40173011]Reliability
Assessments of reliability are at the core of evaluating measurement instruments and are typically investigated via the application of psychometric tests (COnsensus-based Standards for the selection of health Measurement INstruments, 2019a; Coombes, Roberts, Zahra, & Burr, 2016; Powers, 2017; Salmond, 2008; Souza, Alexandre, & Guirardello, 2017; Walton et al., 2015). Reliability is important for all cases of scale development; however it is arguably most important in the fields of health care and medicine, as the use and application of unreliable measures can have serious consequences for patient health and care (Slocum-Gori & Zumbo, 2011; Zaki et al., 2013). Furthermore, as the intended purpose of the development of a measure for use in health care is to improve patient care and assessment; therefore, it would be counterintuitive to develop or use measures that are unsuitable or unreliable.
There are three aspects to reliability aiming to assess different questions: Internal consistency reliability (“How coherent are the items within a measure?”), equivalence (“How much agreement is there between one or more raters?”) and stability (“Does the measure obtain comparable results at more than one occasion?”) (DeVellis, 2017; Kline, 1998; Park et al., 2018; Salmond, 2008). 

Internal consistency reliability 
Internal consistency reliability relates to the idea that, if all items on a scale measure the same underlying latent variable (i.e. Wolf-Hirschhorn syndrome), then all variables should be highly correlated. It is usually assessed via calculations of Cronbach’s α, which can take on values between 0 and 1. (DeVellis, 2017; Kline, 1998). In its most basic form, the underlying consideration is that two items will be highly correlated because they either have the same cause (e.g. learning disability) or because Item 1 (e.g. seizures) has an effect on Item B (e.g. seizure after-care) (DeVellis, 2017, p. 53). 
There are two different approaches to internal consistency reliability, and their application depends on the dimensionality of a (developed) COA. First, for unidimensional scales, it is often sufficient to calculate one value for Cronbach’s α. Second, for multidimensional scales, one could argue that the calculation of one Cronbach’s α coefficient is not sufficient, or meaningful, for a COA assessing a multidimensional concept; therefore a number of Cronbach’s α may be calculated (one for each domain, or sub-construct) (Kline, 1998; Lee, Yim, & Kim, 2018). Applying this to the current project: due to the highly diverse clinical features patients with WHS present with, and the multidimensional nature of the COA, one overall correlation would not be an appropriate or meaningful way of assessing internal consistency for the current COA. 
Two Clinician-rated COAs that have also been developed for rare diseases are the Unified Wolfram Rating Scale and the Unified Batten Disease Scale (Marshall et al., 2005; Nguyen et al., 2012). The authors of the Unified Wolfram Rating Scale calculated Cronbach’s α values for their two identified domains, which were Physical assessment α (α = .91) and Behavioural assessment (α = .78). These values indicate moderate to high internal consistency reliability (DeVellis, 2017; Kline, 1998). Internal consistency reliability was not reported for the Unified Batten Disease Scale; no reasons were given for this lack of internal consistency reliability calculation. However, it could be suggested that the increased multidimensionality of the Unified Batten Disease Scale with seven functional domains, rather than two as in the Unified Wolfram Rating Scale, may have been the reason for this; as there is a loss of meaning in these coefficients. The Unified Batten Disease Scale has seven domains (n=7) (Marshall, De Blieck, et al., 2005), which is a similar number to the current COA (n=9). 
	The variety and clinical heterogeneity found in the current COA for WHS, even within just one functional domain, is likely to cause statistical issues regarding correlations and make this type of analysis inappropriate and, potentially, devoid of practical meaning. For example, the gastrointestinal domain includes hypospadias but also feeding and bowel movements; these are not necessarily statistically related but it is clinically meaningful to assess these together within one domain. It becomes obvious that a plethora of issues arise for the current project in terms of statistical analyses to assess the reliability of the current scale. This means, due to the overall heterogeneity found within WHS and within different functional domains/bodily systems affected; calculating internal consistency reliability may not yield meaningful insights. Taken these considerations together, it has been decided by the author of this theses as well as her supervisor team that internal consistency reliability will not be assessed. 

Equivalence: Inter-rater reliability 
Next, inter-rater reliability refers to the extent or degree of agreement between different raters (or judges) of the same subject; and whether the clinical results obtained are reproducible from one participant to the other (Gwet, 2008). Being able to confidently gain reproducible results is essential for any COA as it instils trust in the outcome/s (Scheel, Mecham, Zuccarello, & Mattes, 2018). This is especially important for the assessment of patients with potentially life-limiting or life-threatening illness.
Arguably, the most straight-forward, and easiest, assessment of agreement of ratings of the same (set of) item(s) is the calculation of percent of agreement. These results are generally seen as intuitive, and easy to understand (Leppink, 2019; Stemler & Tsai, 2011). However, due to its simplicity, this approach fails to indicate any degree of chance or random error (such as guessing) in responses, which can be an issue in measurement (Stemler & Tsai, 2011). 
An extension to percent of agreement, is either Cohen’s kappa coefficient or weighted kappa coefficients, which reflects “the degree of agreement after accounting for the agreement that would occur by chance” depending on variable type (categorical: nominal or ordinal) (Leppink, 2019; Moyer & Elliot, 2008, p. 93). In simple terms, these coefficients reflect the ratio of actual versus potential agreement. If response categories on a scale go beyond binary data, i.e. are not limited to two options or are ordered categories, an adjusted kappa (the weighted kappa coefficient) can be calculated. Weighted kappa can also indicate ‘partial’ agreement when close, but not identical, scores are given (e.g. 3 instead of 4 is given) (Moyer & Elliot, 2008, p. 93). However, for the use and applicability of weighted or Cohen’s kappa coefficient, data has to be categorical (Ranganathan, Pramesh, & Aggarwal, 2017).
An alternative is the calculation of Intra Class Correlation Coefficients (ICCs) (Howell, 2012; Koo & Li, 2016; Stolarova, Wolf, Rinker, & Brielmann, 2014; Vogt, 2011). ICCs are coefficients that reflect both relationships between variables (Howell, 2012) and relationships between scores given by multiple raters on the same subject. ICCs calculate the fraction of variance in within-subject scores that are the result of ‘true’ differences in scores given by the raters (Peat, 2016); and are therefore reliability coefficients (for a review, see Bobak, Barr, & O’Malley, 2018; Peat, 2016). ICCs were, for example, used to investigate inter-rater reliability during the development of the Unified Batten Disease Scale. Marshall et al (2005) calculated inter-rater reliability for three of their seven domains (although it was not clear why only three out of seven domains were chosen). Their participants were three neurologists (n = 3), who rated 32 children with Batten disease (n = 32). However, due to missing and incomplete data, the obtained reliability analyses results (0.68-0.85) were only based on data from ten patients. This significantly limits their utility to the validation of the scale, and their meaning to the validation (Marshall et al., 2005). 

Stability over time: intra-rater reliability
Third, stability over time, referred to as intra-rater reliability, refers to how similar ratings on a specific scale are between administrations by the same person (Van Lummel et al., 2016). To assess this, research participants are usually asked to perform the same test under the same conditions. A scale has high intra-rater reliability if similar scores are given across a minimum of two time points, providing the patient’s health status is stable. 
Although often used interchangeably, intra-rater reliability is not synonymous with test-re-test reliability. While both attempt to measure stability over time, different methods are used to achieve this goal (Van Lummel et al., 2016). Test re-test reliability would refer to subjects completing self-assessments, while intra-rater reliability refers to ratings obtained by ‘raters’ about someone else (Koo & Li, 2016b), such as health status, functioning, state of mind. 
Intra-rater reliability can be calculated in a number of ways; and there is no ‘gold standard test’ for intra-rater reliability. The choice of tests largely depends on the data and context of analyses (Stemler & Tsai, 2011). Generally, there are three approaches for assessing intra-rater reliability: In the first instance, one may simply wish to compare the means of scores obtained at time 1 with those compared at time 2 (Zaki et al., 2013) and calculate a percentage of agreement for each rater. However, as before, the limitations of potential loss of meaning and simplicity also apply. Alternatives are the calculation of correlation coefficients (both Pearson’s r and Spearman’s rho) or the use of ICCs (Stolarova et al., 2014; Van Lummel et al., 2016; Zaki et al., 2013). 

Construct Validity
The concept of validity has been discussed repeatedly throughout this thesis, and efforts have been taken to demonstrate validity during its development. Content and face validity have already been documented (Chapter 6). After assessment of content validity, the construct validity of the current instrument will be assessed in this chapter. Construct validity refers to how well responses are made in relation to pre-set predictions or expectations (DeVellis, 2017), and relies on the researcher to make predictions, or hypotheses, about potential scores on an outcome measure for particular situations, or relationships between variables (Mathison, 2019; Sireci, 1998). 
In a sense, the developed CF already provides an overview of (hypothesised) relationships between Wolf-Hirschhorn syndrome and its underlying factors or, as they are called in the CF, domains. However, so far, the relationships between CF and underlying factors are not statistically supported. 
One way to assess the construct validity of the measure is to explore the underlying factor structure is via the application of statistical tests such as Factor Analysis (FA) (Atkinson et al., 2017; Pedrosa, Rodrigues, Alexandre, Padilha, & Gallani, 2016; Young, Brazier, Tsuchiya, & Coyne, 2009). The goal of applying such tests is to gain further understanding as to which factors (or domains) statistically constitute the concept of interest, as well as to statistically be able to explain relationships between these domains (Slocum-Gori & Zumbo, 2011). In the current case, the appropriate structural equation modelling technique to assess the underlying factor structure of the COA would be Confirmatory Factor Analysis (CFA) due to pre-formulated hypotheses about the correlations between items and the underlying correlation patterns of a scale (Atkinson et al., 2017), i.e. it is assumed that items within different domains of the Clinical outcome assessment will be correlated. If no hypotheses about any relationships or factor structure had been made, Exploratory Factor Analysis (EFA) would have been one of the appropriate statistical models. In addition, CFA (but also EFA) is used to both reduce the total number of items on a scale as well as to group the items of a scale into smaller factors or constructs. The underlying idea of grouping items into constructs is that these factors are individually as well as collectively, indicators of the latent variable (i.e. Wolf-Hirschhorn syndrome). Another benefit of reducing the number of scale items is that, this way, briefer scales can be developed, with only the most relevant items included (Atkinson et al., 2017). Briefer scales also decrease participant or administrator burden and are more time effective. Further advantages of CFA are that, compared to EFA, it reduces error, allows for a comparison of a-prior hypotheses about the underlying factor structure of a scale for one group as well as  comparison of alternative models for either different patient groups or subgroups (Atkinson et al., 2017). 
However, while – in theory – the application of CFA to the current project sounds appropriate, there are serious challenges for the current project and for the study of rare and complex health conditions: firstly, FA usually requires large sample sizes; achieving these are an inherent issue in the study of rare disease (Eiser & Morse, 2001). While there is some debate around the exact required sample size, it is widely acknowledged that 100 participants are the general minimum sample size for any FA, CFA and EFA included, (Boomsma, 1985); with other scholars suggesting numbers as high as 400 – 500 participants are needed for achieving the most reliable results (MacCallum, Widaman, Zhang, & Hong, 1999; Wolf, Harrington, & Willer, 2013). An alternative rule of thumb, which is widely applied, is the calculation of the required sample size based on the number of variables in the scale; the suggested ratio is 10 subjects per item (Nunnally & Bernstein, 1994). For the current COA, this would mean aiming to recruit a sample of 700-800 participants for the purpose of this statistical test. However, achieving a number this high is unrealistic for patients with WHS due to their rarity. The national WHS UK Trust, for example, holds a database of 120 individuals with WHS[footnoteRef:21] living all over the UK, and clinical geneticists based at Sheffield NHS Teaching Hospitals (where the study is being conducted and the scale developed) see about 3 patients[footnoteRef:22] a year with WHS in their service. Furthermore, some of the patient families known to the WHS trust have already been involved in this research and may not want to participate again. Opening recruitment to other English-speaking countries, such as Ireland or the United States, was not pursued for the reason that the COA was, first and foremost, developed to be used in NHS settings and to improve NHS patient assessment, as well as for practical reasons. Therefore, it becomes obvious that achieving the required sample size for CFA was neither achievable nor realistic for assessing the psychometric properties of the current COA.  [21:  Personal communication with the UK WHS trust]  [22:  Personal communication with AM, NHS Sheffield Teaching Hospitals Clinical Genetics Service] 

It is well reported in the literature that due the rarity of rare diseases and their (likely) geographic disparity (Nestler-Parr et al., 2018), recruiting large sample sizes for research is challenging and often unattainable. This is also reflected in the development papers of the Unified Wolfram Rating Scale and the Unified Batten Disease Scale; their sample sizes for assessment of psychometric properties were 13 and 31 respectively (Marshall, De Blieck, et al., 2005; Nguyen et al., 2012). The Medical Research Council’s Prion Disease Rating Scale (a scale developed to assess patients with a number of neurodegenerative diseases involving the cellular prion proton) is an exception to this. The reason Thomspon et al (2013) were able to recruit a very large sample to conduct their psychometric assessment on was, firstly, due to a much larger patient cohort (despite Prion diseases being classed as ‘rare’) and, secondly, due to the existence of a national referral system since 2004. This referral system allowed structured access to patients. No such national registry, other than the voluntary registration with the UK WHS Trust exists for WHS. 
Unfortunately, utilising national registries was the only productive solution to the problem of recruiting patients for rare disease research, offered by a recent review on maximising the use and utility of COAs for rare diseases (Slade et al., 2018). 
For completion, it is important to mention that there are some sources and scholarly works that have suggested that samples of 30-40 subjects may be sufficient for CFAE/EFA; however, these small numbers have predominantly been used for unidimensional scales with small numbers of items (MacCallum, Widaman, Zhang, & Hong, 1999; Wolf, Harrington, & Willer, 2013); which does not apply to the current study as the number of items is significantly higher (n = 70+) and the COA assesses WHS as a multidimensional concept. Although a smaller number of participants (n = 30 – 40) would be significantly easier and achievable in terms of patient recruitment, the heterogeneous nature of Wolf-Hirschhorn syndrome and profound individual differences can be used as a counter argument to the use of such a small sample. It is unlikely that using just 30 participants with WHS will enable meaningful statistical analyses to be conducted, meaningful correlations/results to be obtained and factors to be extracted. Therefore, an alternative approach to demonstrating construct validity was needed that did not require the recruitment of such a large, and unattainable, sample size. 
While there is still no statistical evidence to support the factor (domain) structure of the developed Clinical Outcome Assessment (Trninic, Jelaska, & Stalec, 2013) at this point, it can be argued that the domain structure is nonetheless empirically supported as it has been developed in accordance with the literature, family caregiver expertise (‘expertise by experience’) as well as the input of international experts on WHS. Therefore, an alternative methodology to test, and demonstrate, construct validity was sought that would circumvent the need for a large sample. An alternative method is the application and testing of a priori-set hypotheses that can be tested (DeVellis, 2017, p. 95' Mokkink et al., 2014) once data has been collected (Brouwers, Engels, Heerkens, & Van Der Beek, 2015; Engel et al., 2014; Rosales, Martin-Hidalgo, Reboso-Morales, & Atroshi, 2016). This way, construct validity can be assessed, circumventing the need for a large patient sample for the conduction of Factor Analysis. However, three essential issues remain: Who would assess the patients? How would the patients be assessed? And, how can one make meaningful predictions considering the heterogeneity in syndrome severity and presentation in WHS? 
It is widely recognised that studying and collecting data on patients with rare diseases is challenging (e.g. Gagne, Thompson, O’Keefe and Kesselheim, 2014). While the scale development literature emphasises the importance of the development of accurate and reliable scales for (rare) diseases, the guidance fails to provide guidance on what to do in situations where typically used validation methods and psychometric tests are not within the realms of possibility; this includes the FDA, ISPOR and ISOQOL guidelines. 
These challenges are recognised and new, creative and innovative methods are called for to tackle these limitations and achieve advances in this field (Gagne et al., 2014). However, little progress has been made in developing or disseminating these approaches. Patient numbers, and thus recruitment for validation studies therefore epitomises a significant issue; with direct consequence being a lack of validated measures being potentially used to make clinical health care decisions.

The use of vignettes to establish validity and reliability of the COA
As aforementioned, the literature does not propose a method or technique to address this issue; therefore, the research team developed the following method, with the following underlying considerations : 
When validating a COA that is clinician-rated, studies must not only recruit patients with the disease, but also clinicians to rate the patients, using the COA (to avoid any conflicts of interest, scale developers should not be involved in the active part of scale development). While there was a potentially exhaustive pool of local clinicians who could participate in this study as assessors due to this research being conducted at a large UK Medical School/Teaching Hospitals Trust which encourages research engagement and participation, there was still a lack of ‘real’ patients with WHS. 
Therefore, it was decided that the COA would be trialled via a number of fictional, yet plausible vignettes (or case studies). This allows the researchers a degree of predictability and control over the variables; and to make meaningful predictions regarding likely scores. Vignettes have long been a tool for research, although predominantly in social sciences research and medical education. Most commonly, vignettes have been applied to assess beliefs and values to study behaviour change (Jenkins, Bloor, Fischer, Berney, & Neale, 2010) and to investigate professional decision-making or judgement (Taylor, 2006). Vignettes are brief, hypothetical scenarios and accounts of a person in specific circumstances (Finch, 1987); i.e. a person with WHS. The vignettes, or case studies, contain information about factors that are relevant to the specific context (Taylor, 2006); i.e. details about the patient’s health status. Giving clinician volunteers a number of vignettes describing different patients with WHS therefore circumvents the need for a patient sample and allows for a priori hypotheses to be tested once data has been collected. These hypotheses must be made carefully and considerately. This way, as aforementioned, construct validity of the COA can be established.
Research utilising vignettes is referred to as factorial survey research. The factors described in vignettes are independent variables and there are no limits to the number of independent variables contained within a vignette, or the types of independent variables suitable (Taylor, 2006). This is a strength of this factorial research design for the current study, as the COA has a large number of items (70+) due to the large number of WHS’s clinical features. However, two things must be considered: firstly, when used in the context of decision-making, vignettes should contain enough information on the independent variables to enable participants to make informed decisions. Secondly, it is important to raise the issue that with an increasing number of independent variables, the statistical power of the analysis may be weakened. However, this may be counteracted with larger samples.
Technically, factorial survey research can be classed as an experimental research design as the vignettes are randomly assigned to participants and the exposure to the independent variables (= factors contained in the vignettes) is controlled by the researcher. Provided the vignettes are realistic, the factorial survey should reflect the outcomes of decisions the clinicians would usually make in their everyday professional life. While factorial survey research has elsewhere been criticised as being too reliant on subjective interpretation (Finch, 1987), this criticism simultaneously acknowledges the subjectivity that occurs in a clinical assessment, often based on clinician-judgement; and therefore, works in support of using this methodology for the current study.
Using vignettes also allows the assessment of intra-rater as well as inter-rater reliability; as it allows comparisons (in the form of percentage agreement) of scores given both by one rater on the same case study (if administered at a minimum of two timepoints) as well as comparisons of scores given by different raters on the same vignette.
While the use of vignettes as a novel approach to validate COAs may have much to offer to this field, the assessment of internal consistency remains an issue. In this context, it was decided that assessment of intra- and inter-rater reliability would take precedence over the calculation of a (likely meaningless) set of Cronbach’s α values. Cronbach’s α values will therefore not be not calculated for the COA. 

[bookmark: _Toc40173012]Objective
 
The aim of this study was to assess the psychometric properties of reliability (intra-rater, inter-rater reliability) and construct validity (via a priori hypotheses) of the developed COA.

[bookmark: _Toc40173013]Rationale 
The underlying rationale of its conduction is that, due to the lack of patients with WHS to psychometrically validate the COA on, the COA will be trialled using vignettes of fictional patients with WHS and ask a range of medical professionals, as participants, to rate these patients. This study hopes therefore to assess intra- and inter-rater reliability as well as construct validity, and to present the development of a creative[footnoteRef:23] method to potentially aid validation of COAs for rare diseases. [23:  in keeping with the suggestion by Gagne et al. (2014)] 
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Ethics approval
Ethical approval was granted by the NHS Research Authority, as well as the University of Sheffield (Reference Number 023782, on 11/01/2019) (Appendix 7.1).
Measures
	For the purpose of this study, five different vignettes were developed. These contained information about five fictional patients with Wolf-Hirschhorn syndrome (Appendix 7.2). These were developed based on the expertise of KV and AM: Case Study 1: Joshua (Appendix 7.2A), Case Study 2: Bronagh (Appendix 7.B), Case Study 3: Emma (Appendix 7.2C), Case Study 4: Fineen (Appendix 7.2D), Case Study 5: Alessandro (Appendix 7.2E). GJ provided feedback on their content. The case studies differed in terms of symptom profile and severity of WHS. Afterwards, KV and AM completed a COA each for each vignette; for later analyses and comparisons.
Furthermore, thirty-two a priori hypotheses were recorded about predicted relationships/variation of severity of clinical features between the case studies for later analyses. Further two hypotheses were made about ratings on the scale, obtained via different participant groups (Appendix 7.3A, 7.3B). These hypotheses (total n = 34) were developed by KV and AM.
Information sheets and consent forms were created (Appendix 7.4, 7.5). A participant characteristics questionnaire was developed, asking participants about their age, medical qualification, whether they had previously heard of WHS, whether they had ever worked with WHS, or held a job where they regularly assessed children and adults with developmental disabilities (Appendix 7.5). There was also space to leave feedback on the COA. 
Study packs were made up in large A4 folders with randomly assigned ID numbers on; these packs contained an information sheet, consent form, instruction to participants, participant questionnaire, two copies of the COA and two randomly assigned case studies. On the consent form, participants were able to indicate whether they wanted to complete the vignettes/COA at one time point or twice (2-weeks later). An Excel spread sheet was created to keep an overview of which participant received which material, whether they had returned a study pack or when a reminder must be sent.
Participant recruitment
	Different health care professionals were eligible to participate in the study. Initially, only final year Medical students (who would shortly be junior doctors, and who are familiar with using case studies as part of their medical education), junior doctors and more senior health care professionals (Clinical Nurse Specialist, Registrar, Consultant) were eligible to participate. However, recruitment was later also opened to other (allied) health professionals, such as genetic counsellors, staff nurses and paramedics. This was done to further investigate whether there would be differences in ratings between different participant groups. As it is one aim of the COA to enable HCPs, who are not familiar with WHS to assess patients accurately and comprehensively, this was an important step, giving insight into the COA’s 
usability. A volunteer sample was therefore used for this study.

Methods
Participants were recruited via word-of-mouth, posters in the medical school and snowball sampling. If an individual was interested in participating, they were asked to email KV who would then arrange a study pack to be either posted to the participant or to meet the participant on campus to deliver the study pack. Participants were instructed to either post the completed pack back to the researcher (pre-paid envelope included in pack), or to email the researcher to arrange a mutually convenient time to collect the study pack. When a participant had indicated that they were willing to complete the study twice, a follow up study pack (with their ID number and the suffix -2, the same case studies as before, and two copies of the COA) were given to the participant (either via mail, or in person). A reminder email was sent to participants had their study pack not been returned within two weeks. 
When the researcher received study packs back, the consent forms were filed away in a locked cabinet, the Excel sheet updated. The participant characteristics sheet was stapled to the COA, the quantitative data (scores on the COAs) as well as the participant characteristics were typed into SPSS and if any qualitative comments were made, they were added to a large Word Document to be later analysed using content analysis. Once the recruitment had closed, the Excel sheet was deleted. 


A priori directional hypotheses

A total of 34 directional hypotheses were made before testing began. 

Firstly (i), it was predicted that there would be no differences in scores on the vignettes given by more experienced medical professionals compared (Registrars and Consultants) to less experienced medical professionals (all other participants). 
Secondly (ii), it was also predicted that there would be no differences in scores given by those who have previously heard of WHS and those who have not. 
The reason for the directionality of hypotheses (i) and (ii) was that the COA was designed with the aim that all medical professionals would be able to asses WHS patients, based on the information given in the scale and regardless of their level of medical training or whether they have heard of WHS before. This was done to enable HCPs to assess patients with WHS correctly and adequately, which is currently an unmet need (as identified and discussed repeatedly throughout this thesis).
Thirdly (iii), thirty-two (n = 32) directional hypotheses were developed for testing the relationships between the vignettes (Appendix 7.3), and to assess construct validity. A minimum of four hypotheses per domain were made, to ensure all vignettes and domains were covered in the predictions. With the exception of the facial domain as there was little information in the vignettes about this and it was deemed too challenging to assess this adequately without seeing the patient, therefore there are only two hypotheses for the facial domain. 

Analysis

Quantitative data was entered and analysed in SPSS (Version 25). 

· Descriptive Statistics were calculated for participant demographics, scale scores (per individual vignette and sub-scale) for Time 1 and Time 2

· Inter-rater reliability was assessed using One-Sample t-tests. Mean scores given by participants (per vignette, per subscale) were compared to the mean score given by the developers (KV, AM). This was to assess whether participants perceived the individual vignettes to be similar in terms of severity and scoring; as the developers intended. The p value was adjusted to .001 (.05/50 =.001); to allow for multiple comparisons and a reduction in likelihood of making a type-I error. At the same time, this study design and p-value adjustment may mean an increased likelihood of making a type-II error; naturally, this is a limitation of the study design (Feise, 2002). This will be reviewed .

· Intra-rater reliability was calculated via Percent of Agreement scores (Allen, 2018; Roache, 2018) for participants who completed the vignettes at Time 1 and Time 2; per subscale per vignette. While this approach has been criticised for being reductionist and not taking account of random error, and thus possibly over-estimating the agreement (Hallgren, 2012), this was the most appropriate assessment method. Due to the nature of the collected data, ICCs were not appropriate as not all raters rated all vignettes/patients  (Koo & Li, 2016). Furthermore, these results would not be indicative of ‘real’ intra-rater reliability and likely under-powered (Bujang & Baharum, 2017). A two-step approach to Percent of Agreement were used: 
· Firstly, exact agreement was assessed, by comparing each participant’s scores at Time 1 and Time 2. If the same rating was given on a (sub)scale at Time 1 and 2, a participant was given one point for each (maximum points: 10, 9 subscales plus 1 total score). The scores were then added up and converted into percent of exact agreement for each participant (0-100%). 
· Secondly, agreement was deemed given when scores were given within +/- one point of each other. This is in accordance with some of the testing literature suggesting that using adjacent response categories in ordinal data analysis is possible. Underlying this second approach is the idea that exact agreement is not always achievable; however, if scores are within one point of each other, there is still a degree of agreement. Disregarding this degree of agreement (+/- one point) by classing it as disagreement, means a loss of meaningful data in the analysis (Stemler & Tsai, 2011) 

· Construct validity, via pre-hypothesised hypotheses, was assesses using paired sample t-tests, with an adjusted p-value of 0.0016 (Bonferroni correction:0.05/32).

Qualitative comments were collated in a Word document and then analysed using Content Analysis (Elo & Kyngäs, 2008; Joffe, 2012; Vaismoradi, Turunen, & Bondas, 2013; Yardley & Marks, 2011) (see Chapter 6). The reason content analysis was favoured over other qualitative analysis methods was, as for Chapter 6, was the systematic data collection and nature of the data lending itself more to content analysis than other qualitative research methods. 
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[bookmark: _Toc40173016]Participant characteristics

Gender. A total of 91 participants took part; there were 69 female (76%) and 20 male (22%) participants; two did not answer this question (2%).

Ages. Ages of participants ranged from 22-61 years, with a mean of 29.6 (SD: 8.5) (n = 87, missing n = 4). 

Experience with Wolf-Hirschhorn syndrome and other developmental disabilities. Only 21 participants (23%) had previously heard of WHS, 70 had not (77%). Only two had previously managed patients with WHS (2%), the remaining had not (98%, n = 89). Sixteen participants (18%) had previously held, or currently hold, roles in which they routinely assessed, or assess, children and adults with developmental disabilities; 75 have not (82%).

Number of times completed. Sixty-nine participants completed the clinical outcome assessments once (76%), and 22 completed it twice (24%). Graphic 17 illustrates the breakdown of completions for Time 1 and Time 2, per vignette.

[bookmark: _Toc39270376][bookmark: _Toc40173075]Graphic 19: Number of completions per vignette, per time point
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Types of medical professionals taking part. Table 12 provides a breakdown of which medical professionals took part, and across which specialities (if applicable or mentioned) they worked. Graphic 21 provides a further, but simplified, graphical overview of participating medical professionals.

[bookmark: _Toc40173038]Table 13: Overview of professions of participants
	Medical Professional
	N (Total %)
	Specialities, if applicable or reported

	Junior Doctors
	37 (41%)
	

	
	Further split:
	

	
	First Year: 16 (18%)
	

	
	Second Year: 7 (8%)
	

	
	Third Year: 10 (11%)
	

	
	Fourth Year: 3 (3%)
	

	
	Fifth Year: 1 (1%)
	

	Final Year Medical Students
	20 (22%)
	

	General Practitioners
	8 (9%)
	

	Consultants
	3 (3%)
	Paediatrics (n = 1)
Genetics (n = 1)
Histopathology (n = 1)

	Registrars
	10 (11%)
	General Practice (n = 2)
Emergency Medicine (n = 1)
Paediatrics (n = 2)
Endocrinology and Diabetes (n = 1)
Clinical Genetics (n = 1)
Medical Oncology (n = 1)
Infectious Diseases (n = 1)
(Missing n = 1)

	Core Medical Trainees
	3 (3%)

Further split:
	

	
	First Year: 2
	

	
	Second Year: 1
	

	Research Associate/Assistant in Genetics/Neurology
	2 (2%)
	

	Advanced Nurse Practitioner
	2 (2%)
	Research (n = 1)
Genitourinary practice (n = 1)

	Radiographer
	1 (1%)
	

	Senior Physiotherapist
	1 (1%)
	

	University lecturer with clinical background in nursing
	1 (1%)
	

	Staff nurse
	1 (1%)
	

	Paramedic
	1 (1%)
	

	Genetic Counsellor (previously Health Visitor)
	1 (1%)
	



[bookmark: _Toc39270377][bookmark: _Toc40173076]Graphic 20: Participant Overview in the form of a pie chart
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Descriptive statistics: means, medians and modes

Firstly, means, standard deviations, medians and modes were calculated for every case study, across every domain and time point (Time 1 and 2, Tables 13 - 17). The analyses revealed that domain scores were relatively stable over time, with scores (medians, mean, modes) being relatively close together. 
[bookmark: _Toc40173039]Table 14: Descriptive statistics for Case Study 1 (Time 1-Time 2)
	Joshua
	
	Total
	Face
	Epilepsy
	Gastro*
	Cardio
	CNS
	Immunology
	Functioning
	Sleep
	Care

	Time 1
(n = 31)
	Mean (SD)
	58.45 (3.88)
	3.32 (.77)
	12.6 (.70)
	17.5 (1.32)
	.61 (.75)
	11.7 (1.32)
	.1 (.51)
	10.8 (1.20)
	.0 (.0)
	1.7 (.4)

	
	Median
	59.0
	3.0
	13.0
	18.0
	0
	12.0
	.0
	11.0
	.0
	2.0

	
	Mode
	60
	3
	13.0
	18.0
	0
	12
	0
	11
	0
	2

	
	Range
	21
	3
	3
	7
	3
	6
	3
	7
	0
	1

	Time 2
(n = 9)
	Mean (SD)
	58.63
(1.77)
	3.33 (.50)
	12.6 (.52)
	17.1 (1.36)
	.33 (.50)
	12.1 (1.12)
	.0 (.00)
	11.0 (.00)
	.0 (.0)
	1.7 (.5)

	
	Median
	59.0
	3.0
	13.0
	18.0
	.0
	12.0
	.0
	11.0
	.0
	2.0

	
	Mode
	57
	3
	13.0
	18.0
	0
	12
	0
	11.0
	0
	2

	
	Range
	5
	1
	1
	4
	1
	4
	0
	0
	1
	0




[bookmark: _Toc40173040]Table 15: Descriptive statistics for Case Study 2 (Time 1-Time 2)
	Bronagh
	
	Total
	Face
	Epilepsy
	Gastro
	Cardio
	CNS
	Immunology
	Functioning
	Sleep
	Care

	Time 1 (n=36)
	Mean (SD)
	21.8 (2.2)
	1.0 (.5)
	1.7 (1.1)
	9.3 (1.6)
	3.2 (.7)
	.8 (.8)
	.2 (.7)
	3.4 (1.3)
	1.5 (.7)
	.9 (.3)

	
	Median
	21
	1.0
	1.0
	9.0
	3
	1.0
	.0
	3.0
	1.0
	1.0

	
	Mode
	21
	1
	1
	9
	3
	1
	0
	3
	1
	1

	
	Range
	14
	2
	3
	6
	3
	3
	3
	6
	3
	1

	Time 2 (n = 10)
	Mean (SD)
	18.9 (3.1)
	1.0 (0)
	1.6 (1.3)
	7.8 (1.6)
	3.2 (.4)
	.4 (.5)
	.0 (.0)
	3.1 (7)
	1.0 (.8)
	1.0 (.4)

	
	Median
	18.0
	1.0
	1.0
	8.0
	3.0
	.0
	.0
	3.0
	1.0
	1

	
	Mode
	18
	1
	1
	8
	3
	0
	0
	3
	1
	1

	
	Range
	8
	1
	1
	5
	1
	1
	0
	2
	2
	1




[bookmark: _Toc40173041]Table 16: Descriptive statistics for Case Study 3 (Time 1-Time 2)
	Emma
	
	Total
	Face
	Epilepsy
	Gastro
	Cardio
	CNS
	Immunology
	Functioning
	Sleep
	Care

	Time 1 (n = 12)
	Mean (SD)
	51.1 (6.0)
	.0 (.2) 
	11.0 (2.1)
	18.5 (1.9)
	3.8 (.8)
	2.5 (2.6)
	3.2 (2.2)
	8.8 (2.6)
	.5 (1.1)
	1.9 (.3)

	
	Median
	51.0
	.0
	11.0
	18.0
	4.0
	2.0
	5.0
	10.0
	.0
	2.0

	
	Mode
	50
	0
	10
	18
	4
	2
	5
	10
	.0
	2

	
	Range
	22
	1
	12
	7
	5
	12
	5
	9
	3
	1

	Time 2
(n = 4)
	Mean (SD)
	41.8 (11.6)
	.0 (.0)
	10.6 (1.1)
	16.4 (4.4)
	3.4 (1.3)
	1.4 (.6)
	2.0 (2.7)
	7.5 (5.2)
	.0 (.0)
	2.0 (.0)

	
	Median
	40.5
	.0
	11.0
	18.0
	4.0
	1.0
	.0
	9.5
	.0
	2.0

	
	Mode
	31
	0
	11
	10
	4
	1
	0
	11
	0
	2

	
	Range
	24
	0
	3
	11
	3
	1
	5
	11
	0
	0





[bookmark: _Toc40173042]Table 17: Descriptive statistics for Case Study 4 (Time 1-Time 2)
	Fineen
	
	Total
	Face
	Epilepsy
	Gastro
	Cardio
	CNS
	Immunology
	Functioning
	Sleep
	Care

	Time 1
(n = 36)
	Mean (SD)
	26.3 (3.6)
	2.3 (.8)
	.0 (.0)
	4.3 (1.6)
	4.5 (.8)
	4.5 (1.0)
	3.6 (2.2)
	3.8 (1.0)
	2.3 (.9)
	1.0 (.0)

	
	Median
	26.0
	2.0
	.0
	4.0
	5.0
	4.0
	5.0
	4.0
	2.0
	1.0

	
	Mode
	28
	2
	0
	4
	5
	4
	5
	3
	3
	1

	
	Range
	15
	4
	0
	6
	2
	5
	5
	4
	3
	0

	Time 2
(n = 8)
	Mean (SD)
	25.1 (3.8)
	2.0 (.8)
	.0 (.0)
	4.9 (1.6)
	4.5 (.9)
	4.1 (1.9)
	2.9 (2.5)
	3.4 (1.9)
	1.9 (.8)
	1.0 (.0)

	
	Median
	27
	2.0
	.0
	5.0
	5.5
	5.0
	4.0
	4.0
	2.0
	1.0

	
	Mode
	27
	2
	0
	5
	4
	5
	5.0
	5
	2
	1

	
	Range
	10
	0
	0
	5
	3
	4
	5
	5
	3
	0



[bookmark: _Toc40173043]Table 18: Descriptive statistics for Case Study 5 (Time 1-Time 2)
	Alessandro
	
	Total
	Face
	Epilepsy
	Gastro
	Cardio
	CNS
	Immunology
	Functioning
	Sleep
	Care

	Time 1 
(n = 24)
	Mean (SD)
	69.6 (3.4)
	3.5 (.8)
	.2 (.80)
	21.0 (2.2)
	5.0 (.2)
	15.0 (1.6)
	8.7 (.1)
	10.3 (1.1)
	3.0 (.0)
	1.14 (.3)

	
	Median
	70.0
	3.0
	0
	21.0
	5.0
	15.0
	9.0
	11.0
	3.0
	1.0

	
	Mode
	69
	3
	0
	21
	5
	15
	9
	11
	3
	1

	
	Range
	14
	4
	4
	11
	2
	9
	4
	3
	0
	1

	Time 2 
(n = 3)
	Mean (SD)
	67.3 (1.0)
	3.1 (.7)
	.0 (.0)
	20.6 (1.1)
	5.1 (.4)
	14.7 (.5)
	8.6 (1.1)
	11.0
	3.0 (.0)
	1.14 (.4)

	
	Median
	67.5
	3.0
	.0
	21.0
	5.0
	15.0
	9.0
	11.0
	3.0
	1.0

	
	Mode
	68
	3
	0
	21
	5
	15
	9
	11
	3
	1

	
	Range
	2
	2
	0
	3
	1
	1
	3
	0
	0
	1



Inter-rater reliability: One sample t-tests	
	In order to investigate whether participants scored the fictional patients in the same way as the developers of the scales/vignettes had intended for them to be scores as, one-sample t-tests were conducted (Appendix 7.9). The mean scores given by AM/KV were compared with mean participant score, per subscale per vignette. A total of 50 comparisons were made (10 subscales per vignette). The p value was adjusted to .001 (.05/50 =.001); to allow for multiple comparisons (Tables 19 – 23).
Out of the 50 comparisons (n = 50; one sample t-tests); 31 comparisons were not significant (n = 34; highlighted in grey), 16 comparisons were significant (n = 15; highlighted in pink) and three comparisons could (n = 3) not be calculated due to the value of the Standard Deviations of the sample mean (= 0). Overall, the majority of comparisons (70%) were not significant. The results therefore suggest that the scale has moderate to good inter-rater reliability (McHugh, 2012). 
.
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	Domain
	KV
	AM
	KV/AM mean 
	Sample mean
	t-value
	p-value
(Bonferroni correction; significant p now set at 001)

	Face
	3
	5
	4
	3.3
	-5.1
	p <.001

	Epilepsy
	13
	12
	12.5
	12.6
	.7
	.47

	Gastro
	18
	18
	18
	17.5
	-2.0
	.053

	Cardio & respiratory
	0
	0
	0
	.61
	4.66
	p <.001

	Central Nervous System
	12
	10
	11
	11.68
	2.99
	.005

	Functioning
	11
	11
	11
	10.79
	-1.00
	.325

	Immunology
	0
	0
	0
	.09
	1.000
	.325

	Sleep
	0
	0
	0
	.00
	Cannot be calculates as SD = 0 
	-

	Care
	2
	1
	1.5
	1.68
	1.924
	.063

	Total
	59
	58
	58.5
	58.45
	-0.69
	.945





[bookmark: _Toc40173045]Table 21: Case Study 2: Bronagh
	Domain
	KV
	AM
	KV/AM mean
	Sample mean
	t- value
	p—value
(Bonferroni correction; significant p now set at 001)

	Face
	1
	1
	1
	1.00
	.00
	1.00

	Epilepsy
	1
	1
	1
	1.65
	3.47
	.001

	Gastro
	8
	6
	7
	9.28
	8.66
	p <.001

	Cardio & respiratory
	3
	1
	2
	3.16
	9.72
	p <.001

	Central Nervous System
	1
	1
	1
	.78
	-1.602
	.118

	Functioning
	3
	4
	3.5
	3.41
	-.450
	.656

	Immunology
	0
	0
	0
	.16
	1.434
	.160

	Sleep
	2
	1
	1.5
	1.47
	-2.39
	.812

	Care
	1
	1
	1
	.92
	-1.78
	.083

	Total
	20
	15
	17.5
	21.8
	8.439
	p <.001




[bookmark: _Toc40173046]Table 22: Case Study 3: Emma
	Domain
	KV
	AM
	KV/AM mean
	Sample mean
	t-value
	p-value
(Bonferroni correction; significant p now set at 001)

	Face
	0
	0
	0
	.03
	1.00
	.325

	Epilepsy
	10
	7
	8.5
	11.0
	6.467
	p <.001

	Gastro
	18
	17
	17.5
	18.43
	2.650
	.013

	Cardio & respiratory
	4
	4
	4
	3.77
	-1.563
	.129

	Central Nervous System
	2
	2
	2
	2.5
	1.055
	.300

	Functioning
	11
	11
	11
	8.81
	-3.316
	.005

	Immunology
	0
	0
	0
	3.23
	8.272
	p <.001

	Sleep
	0
	0
	0
	.45
	2.373
	.024

	Care
	2
	2
	2
	1.9
	-1.797
	.083

	Total
	40
	42
	41
	51.08
	5.844
	p <.001




[bookmark: _Toc40173047]Table 23: Case Study 4: Fineen
	Domain
	KV
	AM
	KV/AM mean 
	Sample mean
	t-value
	p-value 
(Bonferroni correction; significant p now set at 001)

	Face
	2
	1
	1.5
	2.31
	5.881
	. p <.001

	Epilepsy
	0
	0
	0
	0
	-
	-

	Gastro
	6
	3
	4.5
	4.32
	-.675
	.504

	Cardio & respiratory
	3
	2
	2.5
	4.46
	15.536
	p <.001

	Central Nervous System
	5
	4
	4.5
	4.46
	-.243
	.810

	Functioning
	3
	5
	4
	3.84
	-.973
	.337

	Immunology
	5
	6
	5.5
	3.62
	-5.310
	p <.001

	Sleep
	3
	0
	1.5
	2.27
	5.381
	p <.001

	Care
	1
	0
	0.5
	0
	Cannot be calculates as SD = 0
	-

	Total
	28
	21
	24.5
	26.31
	3.036
	.005





[bookmark: _Toc40173048]Table 24: Case Study 5: Alessandro
	Domain
	KV
	AM
	KV/AM mean
	Sample mean
	t-value
	p-value
(Bonferroni correction; significant p now set at 001)

	Face
	3
	4
	3.5
	3.53
	.204
	840

	Epilepsy
	0
	0
	0
	.18
	1.419
	.164

	Gastro
	21
	21
	21
	20.95
	-.150
	.881

	Cardio & respiratory
	5
	5
	5
	5.00
	.00
	1.00

	Central Nervous System
	17
	14
	15.5
	14.97
	-2.47
	.048

	Functioning
	11
	11
	11
	10.27
	-3.453
	.002

	Immunology
	7
	9
	8
	8.70
	4.291
	p <.001

	Sleep
	3
	3
	3
	3.00
	Cannot be calculates as SD = 0
	-

	Care
	1
	2
	1.5
	1.14
	-6.404
	p <.001

	Total
	65
	69
	67
	69.58
	3.681
	.001



	
When further examining the significant one-sample t-test results, it became obvious that some of the means (AM/KV versus sample), on which the results of one-sample t-tests are based, were not too dissimilar from each other; yet their standard deviations were large enough to make a statistical difference. They were often within one scale point of each other (indicating adjacent agreement). 
As a result, these 16 significant t-test results were examined and further split in two groups: If the two means were within one point of each other, they were classed as statistically but not clinically significant (yellow in Table 24) due to adjacent agreement and as a one point change would not make a significant clinical difference to assessment of patient health status. Statistically and clinically significant where the means between the sample and AM/KV differed by more than one point (orange in Table 24); this is referred to as ‘close but not perfect’ or ‘adjacent’ agreement (Hallgren, 2012; Stemler & Tsai, 2011)
	One example for a statistical but not clinical significance were the scores Alessandro-Immunology, KV/AM’s mean was 8.0 while sample mean was 8.70. The results for EmmaTTL (KV/AM: 41; Sample: 51.08); on the other hand, are both clinically and statistically significant. The subscales that were indicated to have low inter-rater reliability were: Total Score (Alessandro, Bronagh, Emma); Gastrointestinal (Bronagh), Epilepsy (Emma), Immunology (Emma, Fineen), Cardiac-respiratory (Fineen). 
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	Subscale
	KV/AM mean
	Sample mean
	t-value
	p-value

	Alessandro Care
	1.5
	1.14
	-6.404
	.000

	Alessandro Total
	67
	69.58
	3.681
	.001

	Alessandro Immunology
	8
	8.70
	4.291
	.000

	Joshua Face
	4
	3.3
	-5.1
	.000

	Joshua Cardio & respiratory
	0
	.61
	4.66
	.000

	Bronagh Epilepsy
	1
	1.65
	3.47
	.001

	Bronagh Gastro
	7
	9.28
	8.66
	.000

	Bronagh CNS
	2
	3.16
	9.72
	.000

	Bronagh Total
	17.5
	21.8
	8.439
	.000

	Emma Epilepsy
	8.5
	11.0
	6.467
	.000

	EmmaI Immunology
	0
	3.23
	8.272
	.000

	Emma Total
	41
	51.08
	5.844
	.000

	Fineen Face
	1.5
	2.31
	5.881
	.000

	Fineen Cardio & respiratory
	2.5
	4.46
	15.536
	.000

	Fineen Immunology
	5.5
	3.62
	-5.310
	.000

	Fineen Sleep
	1.5
	2.27
	5.381
	.000




Intra-rater reliability

Next, the sub-sample of participants who completed each vignette at Time 1 and Time 2 was selected for each vignette. This resulted in five small sub-samples (range n: 3 – 10). Percent of agreement calculations were conducted in a two-step approach (Appendix 7.10 for overview of manual calculations). 

Approach 1: Exact agreement

Table 25 represents the range of exact percent agreement (i.e. the same scores given at Time and Time 2), between Time 1 and Time 2 for each vignette. Across the five vignettes, only one judge gave the exact same scores on all subscales at Time 1 and Time 2.
In addition, the range of agreement (within-participants) for each vignette was extremely large. For example, for Case Study 3 (Emma), percent agreement within judges was between 20 and 70%; for Case Study 5 (Alessandro), this was 50 to 100%.
As a result of these calculations it was also possible to calculate the percent of participants giving the same score at Time 1 and Time 2, per subscale (Table 26). Three of the nine sub-scales (Gastrointestinal; CNS and Functioning) had especially low intra-rater reliability (Percent agreement <50%). The total scores also had low percent agreement; however, this is the result of different scores given at Time 1 and Time 2 on different subscales, thus affecting the total score as the sum of the subscale scores.


[bookmark: _Toc40173050]Table 26: Overview of range of Percent Agreement scores for each vignette (within raters for Time1 -Time 2 completions for exact scores)
	Case Study
	Range of Percent agreement between Time 1 – 2 (maximum 100%); exact scores

	Joshua
	40-80%

	Bronagh
	40-80%

	Emma
	20-70%

	Fineen
	30-70%

	Alessandro
	50-100%




[bookmark: _Toc40173051]Table 27: Overview of Percent Agreement Scores for each subscale and vignette (within raters, Time1 -Time 2)
	
	% of judges giving the same score at Time 1 and Time 2, per subscale
	

	(Sub)Scale
	Joshua (Case Study 1)
	Bronagh (Case Study 2)
	Emma (Case Study 3)
	Fineen (Case Study 4)
	Alessandro (Case Study 5)
	Mean % of judges giving the exact score at Time 1 and Time 2 per subscale 

	Face
	44% 
	90%
	100%
	25%
	66%
	65%	

	Epilepsy
	44%
	90%
	75%
	100%
	100%
	81%

	Gastro
	44%
	0%
	0%
	25%
	100%
	34%

	Cardio
	56%
	60%
	75%
	38%
	100%
	66%

	CNS
	56%
	40%
	25%
	50%
	66%
	47%

	Functioning
	100%
	20%
	25%
	25%
	66%
	47%

	Immun
	100%
	100%
	50%
	63%
	33%
	69%

	Sleep
	100%
	60%
	75%
	63%
	66%
	73%

	Care
	67%
	90%
	75%
	100%
	100%
	86%

	Total*
	11%
	100%
	0%
	0%
	33%
	28%




Approach 2: Adjacent agreement

In the second approach, agreement was deemed given when adjacent scores were given, i.e. scores were within one point of each other. In practice, this means that agreement was achieved when a participant gave the score of 12 at Time 1 and a score of 11 or 13 at Time 2. As before, participant scores were converted into percent of agreement scores (Tables 27, 28). Using this approach, nine participants achieved 100% agreement between Time 1 and 2. This way, total percent agreement scores were significantly improved; especially for case study 5 (Alessandro) where agreement was now between 90-100%. Percent agreement within the subscales also improved. Using this adjacent approach (range of +/- 1 point per subscale) significantly improved intra-rater reliability for the scale. All subscales achieved >= 65% agreement; which suggests moderate intra-rater reliability (McHugh, 2012).

[bookmark: _Toc40173052]Table 28: Overview of range of Percent Agreement scores for each vignette (within raters for Time1 -Time 2 completions for scores within range of +/- 1)
	Case Study
	Range of Percent agreement between Time 1 – 2 (maximum 100%) –scores +/-1

	Joshua
	80-100%

	Bronagh
	70-100%

	Emma
	40-70%

	Fineen
	60-100%

	Alessandro
	90-100%






[bookmark: _Toc40173053]Table 29: Overview of Percent Agreement Scores for each subscale and vignette (within raters, Time1 -Time 2; for scores within range of +/- 1)
	
	Range of % Agreement for each vignette, per subscale
	Mean % of judges giving the same score (-/+ 1) at Time 1 and Time 2 per subscale 

	(Sub)Scale
	Joshua (Case Study 1)
	Bronagh (Case Study 2)
	Emma (Case Study 3)
	Fineen (Case Study 4)
	Alessandro (Case Study 5)
	

	Face
	100%
	100%
	100%
	100%
	100%
	100%

	Epilepsy
	88%
	100%
	75%
	100%
	100%
	93%

	Gastro
	66%
	60%
	0%
	100%
	100%
	65%

	Cardio
	100%
	100%
	75%
	88%
	100%
	93%

	CNS
	78%
	90%
	100%
	75%
	100%
	87%

	Functioning
	100%
	100%
	25%
	50%
	100%
	75%

	Immun
	100%
	100%
	50%
	63%
	67%
	76%

	Sleep
	100%
	90%
	50%
	88%
	100%
	86%

	Care
	88%
	100%
	100%
	100%
	100%
	97%

	Total
	33%
	50%
	0%
	13%
	100%
	39%




Construct validity: Hypothesis Testing

To support the construct validity of the COA, three different (sets of )hypotheses were tested. They are presented below:

Hypothesis I) There will be no differences on the total scores on the vignettes given by more experienced medical professionals (Registrars and Consultants) compared to less experienced medical professionals (all other participants).

To assess this hypothesis, scores of participants who had indicated that they were either a practicing Consultant or Registrar were compared to the scores of the rest of the sample. A One-Way ANOVA was conducted to investigate whether level of medical profession (Consultant/Registrar versus Other) had an effect on Total scores given, at Time 1. The p value was adjusted to 0.005, as ten comparisons were made. All comparisons were non-significant (p range: .035 -79) (Table 29); therefore, the hypothesis can be retained.

[bookmark: _Toc40173054]Table 30: One-way ANOVA results for comparison of scores given by differently skilled professionals (Consultants/Registrars versus Other)
	
	Time 1

	Joshua
	F (1, 28) = .07, p = .79

	Bronagh
	F (1, 34) = .51, p = .43

	Emma
	F (1, 10) = .23, p =.64

	Fineen
	F (1, 34) = 4.85, p =.035

	Alessandro
	F (1, 22) = 1.14, p = .28




Hypothesis II)) There will be no differences in scores given by those who have previously heard of WHS and those who have not.

A one-way ANOVA was conducted with Dependent Factors (Time 1 TOTAL score for each Vignette, total n = 10), and Independent Factor (Previous Knowledge of WHS, 2 levels: Yes or No). The analysis revealed no significant effects of previous knowledge of WHS on scoring on the scales (Table 30). No further tests were required for this hypothesis. The hypothesis can be retained.


[bookmark: _Toc40173055]Table 31: One-way ANOVA result of comparison of results of those participants who had heard of WHS before and those who had not
	
	Time 1

	Joshua
	F (1, 28) = .48, p = .50

	Bronagh
	F (1, 34) = .09, p = .77

	Emma
	F (1, 10) = .43, p =.53


	Fineen
	F (1, 34) = 3.06, p =.09

	Alessandro
	F (1, 22) = .273, p = .61




Part B) Hypothesis relationships between vignettes 


	The a priori set hypotheses were tested using paired sample t-tests (with Bonferroni corrections, adjusted p value: .0016). Table 32 illustrates the hypotheses, results and p-values. Twenty-five out of the thirty-two comparisons were significant (marked with blue colour in Table 32). As aforementioned, limitations of this approach in terms of increasing the likelihood of type-II errors is explained on page 208. 
	Results show that, on the simple basis of an assessment of the means only, all 32 hypotheses can be retained (p-value not considered). In addition, when considering the p-value, 23 of the 32 hypotheses (marked in blue) were also statistically significant. This therefore suggest high construct validity of the COA.
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	Hypothesis
	Results (means)
	P value
(Bonferroni corrected to p-value: .0016)


	
	Hypotheses regarding Total Score (n = 4)
	

	1: Alessandro Total (T1) > Fineen Total (T1)
	Alessandro Total (T1 mean: 69.6, T2) > Fineen Total (T1 mean: 26.3)
	.001

	Hypothesis 2: Alessandro Total (T1, T2) > Bronagh Total (T1, T2)
	Alessandro Total (T1 mean: 69.6, T2 mean: 67.3) > Bronagh Total (T1 mean: 21.8, T2 mean: 18.9)
	p <.001

	Hypothesis 3: Fineen Total (T1, T2) < Joshua Total (T1, T2)

	Fineen Total (T1 mean: 26.3, T2 mean: 25.1) < Joshua Total (T1 mean: 58.5, T2 mean: 58.6)
	p <.001

	Hypothesis 4: Emma Total (T1, T2) < Joshua Total (T1, T2)

	Bronagh Total (T1 mean: 51.1, T2 mean: 41.8) < Joshua Total (T1 mean: 58.5, T2 mean: 58.6)
	.692

	
	Hypotheses regarding Facial Score (n = 2) 

	

	Hypothesis 5: Emma Face (T1, T2) < Joshua Face (T1, T2)

	Emma Face (T1 mean: .0, T2 mean: .0 ) < Joshua Face (T1 mean: 3.3 , T2 mean: 3.3 )

	p <.001

	Hypothesis 6: Bronagh Face (T1, T2) < Alessandro Face (T1, T2)

	Bronagh Face (T1 mean 1.0:, T2 mean: 1.0) < Alessandro Face (T1 mean: 3.5, T2 mean: 3.1)
	p <.001

	
	Hypotheses regarding Epilepsy Score (n = 4) 

	

	Hypothesis 7: Bronagh Epilepsy (T1, T2) > Fineen Epilepsy (T1, T2)

	Bronagh Epilepsy (T1 mean: 1.65, T2 mean: 1.6) > Fineen Epilepsy (T1: .0, T2 mean: .0)
	.003

	Hypothesis 8: Emma Epilepsy (T1, T2) > Bronagh Epilepsy (T1, T2)
	Emma Epilepsy (T1 mean: 11, T2 mean: 10.6) > Bronagh Epilepsy (T1 mean: 1.65, T2 mean: 1.6)
	p <.001

	Hypothesis 9: Joshua Epilepsy (T1, T2) > Bronagh Epilepsy (T1, T2)

	Joshua Epilepsy (T1 mean: 12.6, T2 mean: 12.6) > Bronagh Epilepsy (T1 mean: 1.65, T2 mean: 1.6)
	p <.001

	Hypothesis 10: Joshua Epilepsy (T1, T2) > Alessandro Epilepsy (T1, T2)
	Joshua Epilepsy (T1 mean: 12.6, T2 mean: 12.6) > Alessandro Epilepsy (T1 mean: .2, T2 mean: .0)

	p <.001

	
	Hypotheses regarding Gastro Score (n = 4) 

	

	Hypothesis 11: Alessandro Gastro (T1, T2) > Fineen Gastro (T1, T2)

	Alessandro Gastro (T1 mean: 21.0, T2 mean: 20.6) > Fineen Gastro (T1 mean: 4.3, T2 mean: 4.9)
	p <.001

	Hypothesis 12: Alessandro Gastro (T1, T2) > Bronagh Gastro (T1, T2)

	Alessandro Gastro (T1 mean: 21.0, T2 mean: 20.6) > Bronagh Gastro (T1 mean: 9.28, T2 mean: 7.8)
	p <.001

	Hypothesis 13: Joshua Gastro (T1, T2) > Bronagh Gastro (T1, T2)
	Joshua Gastro (T1 mean:17.5, T2 mean: 17.1) > Bronagh Gastro (T1 mean: 9.28, T2 mean: 7.8)
	p <.001

	Hypothesis 14: Emma Gastro (T1, T2) < Alessandro Gastro (T1, T2)
	Emma Gastro (T1 mean: 18.5, T2 mean: 16.4) < Alessandro Gastro (T1 mean: 21.0, T2 mean: 20.6)
	.002

	
	Hypotheses regarding Cardio Score (n = 3) 

	

	Hypothesis 15: Joshua Cardio (T1, T2) < Bronagh Cardio (T1, T2)

	Joshua Cardio (T1 mean: .61, T2 mean: .33) < Bronagh Cardio (T1 mean: 3.2, T2 mean: 3.2)
	p <.001

	Hypothesis 16: Fineen Cardio (T1, T2) < Joshua Cardio (T1, T2)

	Fineen Cardio (T1 mean: 4.5, T2 mean: 4.5) < Joshua Cardio (T1 mean: .61, T2 mean: .33)

	p <.001

	Hypothesis 17: Emma Cardio  (T1, T2) < Alessandro Cardio (T1, T2)

	Emma (T1 mean: 3.8 , T2 mean: 3.4) < Alessandro Cardio (T1 mean: 5.0, T2 mean: 5.1)
	p <.001

	
	Hypotheses regarding CNS Score (n = 3) 

	

	Hypothesis 18: Alessandro CNS (T1, T2) > Bronagh CNS (T1, T2)

	Alessandro CNS (T1 mean: 15.0, T2 mean: 14.7) > Bronagh CNS (T1 mean: .78, T2 mean: .4)
	p <.001

	Hypothesis 19: Joshua CNS (T1, T2) > Fineen CNS (T1, T2)

	Joshua CNS (T1 mean: 11.7 T2 mean: 12.1) > Fineen CNS (T1 mean: 4.5, T2 mean: 4.1)
	p <.001

	Hypothesis 20: Emma CNS (T1, T2) < Alessandro CNS (T1, T2)

	Emma CNS (T1 mean: 2.5, T2 mean: 1.4) < Alessandro CNS (T1 mean: 15.0, T2 mean: 14.7)
	p <.001

	
	Hypotheses regarding Immunity Score (n = 3) 
	

	Hypothesis 21: Alessandro Immunity (T1, T2) > Fineen Immunity (T1, T2)

	Alessandro Immunity (T1 mean: 8.7, T2 mean: 8.6) > Fineen Immunity (T1 mean: 3.6 , T2 mean: 2.9 )
	p <.001

	Hypothesis 22:  Bronagh Immunity (T1, T2) = Joshua Immunity (T1, T2)

	Bronagh Immunity (T1 mean: .0, T2 mean: .0) = Joshua Immunity (T1 mean: .1, T2 mean: .0)
	.343

	Hypothesis 23: Emma Immunity (T1, T2) < Alessandro Immunity (T1, T2)
	Emma Immunity (T1 mean: 3.2, T2 mean: 2.0) < Alessandro Immunity (T1 mean: 8.7, T2 mean: 8.6)
	p <.001

	
	Hypotheses regarding Functioning Scores (n = 3) 

	

	Hypothesis 24: Bronagh Functioning (T1, T2) > Alessandro Functioning (T1, T2)

	Bronagh Functioning (T1 mean: 3.4 , T2 mean: 3.1 ) > Alessandro Functioning (T1 mean: 10.3 , T2 mean: 11.0)
	p <.001

	Hypothesis 25: Joshua Functioning (T1, T2) > Emma Functioning (T1, T2)
	Joshua Functioning (10.8, 11.0) > Emma Functioning (T1 mean: 8.8, T2 mean: 7.5)
	.070

	Hypothesis 26: Fineen Functioning (T1, T2) < Emma Functioning (T1, T2)

	Fineen Functioning (T1 mean: 3.8, T2 mean: 3.4) < Emma Functioning (T1 mean: 8.8, T2 mean: 7.5)

	.258

	
	Hypothesis regarding Sleep Scores (n = 3) 

	

	Hypothesis 27: Alessandro Sleep (T1, T2) > Emma Sleep (T1, T2)

	Alessandro Sleep (T1 mean: 3.0, T2 mean: 3.0) > Emma Sleep (T1 mean: 0.5, T2 mean: 0 )
	p <.001

	Hypothesis 28: Fineen Sleep (T1, T2) < Bronagh Sleep (T1, T2)

	Fineen Sleep (T1 mean: 2.3, T2 mean 3.0) < Bronagh Sleep (T1 mean: 1.5, T2 mean: 1.0)
	.001

	Hypothesis 29: Emma Sleep (T1, T2) < Alessandro Sleep (T1, T2)

	Emma Sleep (T1 mean: 0.5, T2 mean: 0) < Alessandro Sleep (T1 mean: 3.0, T2 mean: 3.0)
	p <.001

	
	Hypotheses regarding Care Scores (n = 3) 

	

	Hypothesis 30: Alessandro Care (T1, T2) < Bronagh Care (T1, T2)

	Alessandro Care (T1 mean: 1.14, T2 mean: 1.14) < Bronagh Care (T1 mean: .9, T2 mean: 1.0)
	0.081

	Hypothesis 31: Joshua Care (T1, T2) = Fineen Care (T1, T2)

	Joshua Care (T1 mean: 1.7, T2: 1.7) = Fineen Care (T1 mean: 1.0, T2 mean: 1.0)
	0.05

	Hypothesis 32: Emma Care  (T1, T2) > Bronagh Care (T1, T2)
	Emma Care (T1 mean: 1.9 , T2 mean: 2.0 ) > Bronagh Care (T1 mean: .9, T2 mean: 1.0)
	.004
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[bookmark: _Toc39270378][bookmark: _Toc40173077]Graphic 21: Themes derived from Analysis of Vignette Comments, using Content Analysis
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Comments made by the participants were analysed using Content Analysis. From these comments, two main themes were developed: Comments about the ClinRo/COA (Theme 1) and Comments about the Vignette Methodology (Theme 2) (Graphic 20). 
Theme 1 (Comments about the ClinRo) had 14 subthemes, which were General Comments, General, Graphics, Scoring, Section 1: Facial Features, Section 2: Epilepsy/Seizures, Section 3: Gastrointestinal Features, Section 5: CNS, Section 6: Low Immunity, Section 7: Immunity, Section 8: Sleep, Section 9: Level of care, Summary table, Questions and Comments. Table 32 is the corresponding Thematic Table; comments were grouped. This table reflects how, and if, these suggestion were addressed. This information was used to make changes to the COA.
Theme 2, Comments about the Vignette Methodology, had six subthemes, which are spelling mistakes in vignettes, missing information, information in vignette/s doesn’t fit the correct boxes, extra comments about the vignettes, artificial situation and positive comments. Content of this theme was used to evaluate the methodology of using vignettes to validate a Clinical outcome assessment. Appendix 7.12 is the corresponding Thematic Table. 
The final version (post vignette study) of the COA is found in Appendix 7. 
[bookmark: _Toc40173057]Table 33: Thematic Table for Theme 1 (Comments about the ClinRo)
	Participant number
	Subtheme
	Actioned or not
	✓ or ☓

	
	General
	
	

	4

	Would be good to see results plotted on a graph then can see which domain score the highest; priority needs
	Have added the maximum/ minimum scores for each domain and total score; therefore allowing comparison of patient scores with potential minimum and maximum 
	✓


	107
	Section titles and content: I would take out the word symptom from the section titles as the questions are symptoms, score are signs of radiological features. Could just say ‘cardiac and respiratory’
	Taken Out
	✓


	
	Graphics

	107
	The questions after a positive statement e.g. seizure frequency after someone has answered yes to epilepsy 0 could they have a different format, e.g. italic/indent/grey box
	Attempted to make it graphically clearer
	✓


	107
	Layout can be confusing, does it work in 1 column better?
	Would be too long, already 11 pages long
	☓

	
	Scoring

	27, 102, 75, 22, 64, 85, 39
	Incorrect scoring 5D.1 (No should be 0, not 2)
	Corrected
	✓


	75, 22, 64, 106, 107
	Incorrect scoring 4A1
	Corrected
	✓


	26, 81
	Add 3F4: N/A = 0

	Added “if applicable” instead in item above
	✓


	117
	3D needs No as answer
	Answer changed from N/A to No to make this clear
	✓


	29, 81, 107
	1K: ‘Why is absent the first choice here? Confusing’

	Order changed
	✓


	107
	Could you put in what each section score is out of, e.g. max points to give an idea of severity.
	Added
	✓


	
	Section 1: Facial Features 

	99
	Question 2 is a little ambiguous. Would need more information for complete assessment.
	Unclear about this question
	☓


	95
	Explain symptoms in facial features section, Glabella, Greek Warrior helmet appearance ‘raised forehead’ instead of high hair-line?
	Corrected for
	✓


	96, 26, 117
	Difference between high hairline and high forehead;
Is high hairline = raised forehead, what does this mean?
	Corrected for
	✓


	
	Section 2: Epilepsy

	107
	Says 2.C.1: strictly should this be 2.C as it breaks into further questions after
	Numbering is coherent with design
	☓


	
	Section 3: Gastrointestinal

	95, 38, 107
	Rename section 3
“Gastrointestinal symptoms + genitourinary symptoms”
	Changed
	✓


	84
	3A.3 ‘If patient is oral- ? odd phrasing; “If patient is oral” sounds a bit odd/defining; ? “eats (illegible)/orally” 
	Changed slightly to ‘If Patient is able to eat orally’
	✓


	26
	Aspiration: given 0, since PEG solved issue (otherwise would be 2)
	Presence alone counts; even if managed by PEG, presence of aspiration – addressed in COA
	✓


	63
	May help to break up Section 3 into Feeding and Bladder and Bowel Section - hard to keep track of scores
	Added bigger sub-headings, reflected in summary table
	✓

	107
	Confusing layout with is requiring intervention/if patient is oral. You use NA/move to next question a lot, but not here. May be work ironing out inconsistencies
	Made clearer
	✓

	38
	Add o2 score to GI symptoms
	Added to Patient Characteristics part 
	✓

	107
	Structure of bowel movements, then next questions about bladder then bowel control, then genitourinary questions. Maybe put bladder/bowel control first after vomiting

	Discussed as a research team, and decided to leave it as it is due to flow (although have cut some questions to make better)

	✓

	84
	3G1/2> Quite confusing, easily mis-interpreted if H21/2 read quickly, as likely the case in clinic
Would phrase faecally incontinent make it simpler?
	Wording changed, items reduced
	✓

	
	Section 5: Central Nervous System

	102, 106, 107
	Eye disease versus sight – unclear in ClinRo; is blind a structural eye disease?
could just put definition for structural eye disease/examples – I’m not sure what these are 
	Addressed
	✓


	107
	5A1 just call this section eyes rather than vision,
	Called it Eyes and Vision
	✓


	107
	Mobility: I would put this in the functional assessment rather than CNS
	In interviews mobility linked with cognitive awareness
	x


	
	Section 6: Low Immunity

	106
	Found questions re frequency of infections difficult. What constitutes ‘recurrent infections’ – may be good to have specific number/frequency.
	There are numbers and guidelines already
	x


	107
	Section 6: This feels like a bit of a jumble of questions. I wouldn’t call it “low immunity”. Title isn’t medical enough or accurate. Can you put infection questions elsewhere and number of admissions, tumour and skin could go in an ‘other’ section, Could combine this into functional assessment as well
	Renamed “Immunity”, not suitable to be included in functional assessment 
	✓


	
	Section 7: Functional assessment

	64, 84
	Slightly clearer definitions would help – 
whole SEN classes at mainstream school, is this counted as mainstream school?
Fineen: Struggled? Mainstream school or SEN school (illegible) attending SEN classes
	Added: if no option fits entirely, use subjective judgement

	✓


	107
	7A play behaviour is not as relevant in adults. Can you change wording?
	Changed 
	✓


	
	Section 8: Sleep

	64, 95, 105
	Sleep: If disturbed every night, but self-soothes with Ipad, does this count?;
Sleep: Don’t know what to choose as vignette said ‘most nights’
	Changes made to reflect this. Disturbed sleep, i.e. broken sleep, as may highlight place for potential intervention. Added ITEM about self-soothing or management techniques.
	✓


	
	Section 9: Level of care

	66
	Emma: Support worker – similar to family. Scored as 2, but 1?
	Make categories clearer
	✓


	
	Summary table

	95, 38
	Change summary table, should say
“Gastrointestinal symptoms + genitourinary symptoms”
	Changes made
	✓


	63
	Would be helpful to have total to add-up at end of each section
	Added after each section
	✓


	81
	Add Mobility score on summary table
	Is contained within CNS
	x

	
	Questions

	106
	? need different threshold for different sexes as hypospadias is in males only. 
	Added and taken into account for overall scores
	N/A

	84
	Is the assessment for (encephaly??) clinical or based on criteria, i.e. HC?
	Head circumference in patient characteristics part of the scale; should be based on that – made clear in the scale
	N/A

	75
	Q3A3 I wonder whether it needs another word or two to explain the question

	Unclear
	N/A

	
	Other comments

	67
	Doesn’t seem to be as relevant to babies, speech particularly and functional assessment
	N/A
	N/A

	99
	I would definitely take this from into a consult if intending to use it.
	N/A
	N/A

	24
	Really interesting to consider variation in syndrome presentation and severity in different domains.
	N/A
	N/A

	83
	I can see this tool may be useful in a specialist clinic but doubt I would use it in my practice – many items are common with other genetic/developmental disorders and I ask about routinely anyway. Otherwise I would appreciate a checklist of a specific complication of Wolf-Hirschhorn as a reminder rather than a questionnaire. Thanks! Very interesting project
	N/A
	N/A

	84
	Overall really comprehensive and easy to follow.
	N/A
	N/A

	107
	Very comprehensive, detailed
	N/A
	

	39
	Could use the tool as an interview style approach/checklist
	N/A
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When developing a COA, it is essential that its reliability and construct validity are assessed to ensure that the inferences made, based on data obtained via the COA, are valid and appropriate (Koo & Li, 2016). Traditional methods to assess these psychometric properties were neither suitable nor appropriate for the current project, due to a number of reasons. Firstly, these challenges included a lack of patients with WHS to validate the COA with, and subsequently being unable to satisfy the large sample sizes required for most statistical tests commonly used for this purpose. While these issues are documented in the literature, it offers no solutions. Secondly, as a result of the lack of solutions offered in the literature, a novel approach was developed in this thesis, to potentially address these issues. While in the first instance, the use of vignettes enabled the assessment of some psychometric properties, it did still not allow for validation with well-recognised and well-used statistical methods, such as ICCs. 
Nonetheless, the current study findings do suggest that, within the remit of possible analyses methods, the COA developed for WHS has good equity (inter-rater reliability), moderate stability (intra-rater reliability) and high construct validity (assessed via a priori hypotheses). 

Intra-rater reliability
To assess the COA’s equity, one-sample t-tests were conducted comparing the mean scores given by the developers of the vignettes/COA to the mean scores given by the respective sample for each vignette. The desired outcome would have been for there to be no significant difference between the mean score given by the developers and the sample;
on any subscale or total score. For these comparisons, the p-value was corrected; as aforementioned, may have led to type-II errors. This, unfortunately, is a limitation of the study design. 
Within the results, two types results were identified: ‘statistically significant’ results and ‘both statistically and clinically’ significant results. Subscales where both statistical and clinical significance were found, and thus where low inter-rater reliability was indicated, were the following subscales: Gastrointestinal (Bronagh), Epilepsy (Emma), Immunology (Emma, Fineen) and Cardiac-respiratory (Fineen). However, from the current study design, it is challenging distinguishing whether these significant differences are the result of the scale itself, the way information was presented in the vignettes or participant error. Cleary, a much larger study with real patients in needed to address these issues. In the meantime, some clarifications on these subscales were made (in accordance with participant comments), which should address some of these issues; if they were indeed the result of unclear response categories or information contained in the vignettes. Some of these incongruencies should now be addressed and reduced. 
Furthermore, in a clinical setting, clarification can be sought from caregivers which may further help prevent differences between raters. This was not possible for the current study and is therefore an obvious limitation of the current vignette design. It is hoped that these differences would not arise to such a large extent in the clinical setting.

Intra-rater reliability
To assess the COA’s stability, Percent of Agreement Calculations were used. While using Agreement Scores may be perceived as simplistic; the benefits of this are that it is firstly, a straight-forward way to assess stability over time and secondly, an important parameter for scales which are used to determine outcomes in health care (de Vet, Terwee, Knol, & Bouter, 2006). De Vet et al. (2006), for example, even argue that the application of agreement scores is superior to using reliability parameters in this context. 
Comparisons of the exact scores given by participants at Time 1 and Time 2 yielded low intra-rater reliability; with varying degrees of intra-rater reliability for each vignette (range 20 – 100%), subscales with especially low intra-rater reliability were Gastrointestinal, CNS and Functioning were implicated (Percent Agreement < 50%). Using the adjacent agreement percentage approach improved scores across all subscales. In fact, for four out of the five vignettes, some participants scored 100% agreement. It was the vignette “Emma” which achieved the lowest percent agreement rating out of all vignettes. In the first calculation, this was 20 to 70%, which only improved to 40% - 70%. It could be suggested that the reason for this scoring may be the vignette itself, rather than the scale. 
Furthermore, there was a very small sample size for Time 1 and Time 2 for Emma, which may have further impacted the results – although, the vignette “Alessandro” only had three participants at Time 1 and Time 2 and achieved significantly higher percent agreement scores. 
The subscale Gastrointestinal features had the lowest intra-rater reliability. This may be the result of this subscale being the largest subscale with 25 items; while other subscales had between 1 and 15 items. The discrepancies of intra-rater reliability may be the result of the scale itself, participant error and the degree of ambiguity of the vignette design. However, these cannot be distinguished from the current study design. 
Nonetheless, using the adjacent agreement approach significantly improved intra-rater reliability, suggesting that the scale does have moderate intra-rater reliability. Arguably, being face-to-face with a patient would likely also improve the scores as clarification can be sought and practice effects could be minimised (i.e. participants thinking they may remember symptoms from the first time they completed the questionnaires, skim reading the vignettes or mis-reading information). The artificial situation of this study design will have likely caused some of these discrepancies between Time 1 and Time 2; nonetheless, this remains a novel and new approach to addressing validation issues for scales developed rare diseases. 

Construct validity
To assess construct validity, a priori hypotheses were used. Firstly, it was found that there were no difference on total scores given by more experienced HCPs compared to less experienced HCPs. 
Secondly, there was no difference on total scores given on the vignettes by those who had previously heard of WHS before and those who had not. These are reassuring results and in keeping with the hypothesis made; demonstrating that the COA does not necessarily require specialist training, is easy to administer across HCP group; and does not rely on previous knowledge of WHS. Furthermore, these findings support the idea that this COA may help less experienced HCPs with the adequate assessment of patients with WHS (which has been reported as often lacking).
 	Thirdly, 32 hypotheses about the different vignettes and their expected scoring on the COA were made. In the first instance, the decision as to whether to retain or reject the hypotheses was made based on the mean scores given per vignette and appropriate subscale, then on the p-values calculated via paired sample t-tests. The p-values were only considered as additional information as predictions made did not include aspects about statistical significance, merely scores given. A further reason for this was also the fact that when adjusting the p-value for 32 comparisons, may have likely led to type-II errors (when making decisions to retain/reject solely on the p-value). Results revealed that, on the simple basis of an assessment of the means only, all 32 predictions hold true (with 23 being both clinically and statistically significant) These results suggest high construct validity of the COA. It further indicates that the application of the COA can yield meaningful insights into health status and enable differentiation between different patients with varying degrees of clinical severity. However, one has to acknowledge that these predictions were made for highly controlled experimental conditions, i.e. participants being given vignettes rather than ‘real patients’, and the results may therefore – to a degree – lack ecological validity. This is another limitation of the study design. 

Qualitative findings
In the qualitative part of this study, participants had the opportunity to provide feedback on both the COA but also the novel methodology of using vignettes to validate COAs for rare diseases. Analysis of comments revealed that some clarifications were needed for some items on the scale; for example, explaining the difference between a high forehead and a high hairline. It also revealed some spelling mistakes and scoring incongruities (which were corrected for in the analysis). The different relevance of different items for different age groups (i.e. babies, children and adults) was mentioned a number of times, wording was changed in accordance and does now reflect this. 
Some positive comments were also made about the utility of the COA in practice. Interestingly, while one consultant in paediatrics praised the comprehensive nature of the scale, she also indicated that she would not use this in practice as she would ask a majority of these questions routinely. On the other hand, a registrar working in A& E said he would definitely use the COA in consultation. It could be argued that this difference in opinion may result from different work environments, i.e. a paediatrician being more attuned to potential issues around rare genetic diseases than an A & E registrar who does not necessarily encounter such patients on a regular basis. This further supports the case for using the COA in clinical practice; especially in environments where medical professionals may be unsure about the diagnosis of WHS, its clinical features, potential complications and how to assess these patients adequately. It also links to findings from the study with experts on WHS, reported in Chapter 6, who were not in agreement regarding the clinical utility of the COA. It appears to be much more perceived as more helpful and clinically useful by less specialist and more junior HCPs. This is also supported by the fact that especially doctors who either were unfamiliar with WHS or with assessing children and adults with learning disabilities, felt they would profit from using this in consultations. 
It is also noteworthy that one of the participants (Junior Doctor, Paediatrics trainee in their second year) of this study emailed the researcher a number of weeks after taking part in the study, stating “Have looked after two kids with Wolf-Hirschhorn in the last week! Was a lot more knowledgeable thanks to your study”. This demonstrates the real-world impact of using the scale in practice by increasing knowledge and awareness among medical professionals.
Using the COA as a checklist -style approach was also suggested by two participants; this was also envisaged by the researcher team. A lot of items can already be answered during conversation with parents/caregivers and do not need to be asked directly but can be the result of the clinician’s judgement (e.g. obvious facial features, sitting/standing posture). Some ideas for further research also emerged, such as being able to map a patient’s score along WHS population-specific scores; which was addressed in the final version.
Theme 2, Comments about the Vignettes, revealed that many participants apparently missed the information that, if something is not mentioned in the vignette, they can assume that it is negative/not present. Future research utilising vignettes must make this clearer, such as possibly mention this on every page of the COA given to participants as a header or footer. As aforementioned, the artificial situation of rating a supposedly ‘real’ patient on the basis of a clinical case study was perceived as insufficient, especially due to not being able to ask clarifying questions. At the same time however, using this methodology enabled the collection of data to validate the COA; which otherwise would not have been possible. 

Comparisons with other validated COAs for rare diseases
	As discussed repeatedly in this thesis, there are significant issues with validation for rating scales for rare diseases, especially around validation (for example, see Chapter 3). Nonetheless, it is important to compare the current findings to those obtained for other COAs for rare diseases. Firstly, the Unified Batten Rating Scale was found to have high inter-rater reliability (assessed via ICCs, r = .68 - .83); yet the results are somewhat limited due to a small sample size and incomplete data (as outlined in the Introduction of Chapter 7). 
Due to having used a different study design (real patients as opposed to vignettes) and ICCs (as opposed to means, one-sample t-tests), the results are not directly comparable to the current study (Marshall et al., 2005). However, despite using a different test to assess this, the current COA was also found to have good inter-rater reliability and thus compares with the Unified Batten Rating Scale. Intra-rater reliability was not assessed for the Unified Batten Rating Scale. The developers of the Wolfram Unified Rating Scale also used ICCs to determine inter-rater reliability (r >.93) and report good internal consistency (Nguyen et al., 2012). As for the Unified Batten Rating Scale, intra-rater reliability was not assessed or discussed. Thompson et al. (2013), for their Prion disease rating scale, also did not assess intra-rater reliability, but assessed inter-rater reliability with ICCs, which were concluded to demonstrate ‘excellent’ inter-rater reliability (r = .95). 


Clinimetrics: an important new direction?
The discussion of the quantitative results of this validation study reveal that, the COA has good equity, moderate stability and high construct validity. Demonstrating high reliability and validity is important for a measure, as it instils confidence in the measure and its obtained scores. However, it has to be acknowledged that this is not always achievable, and that getting ‘perfect’ results, for example for inter-rater reliability, is not always key for good outcome measures. Essentially this means that a scale can be clinically useful, yet its psychometric properties may not be ‘gold-standard’, i.e. high for all aspects of reliability (Fava, Tomba & Sonino, 2012). The term ‘Clinimetrics’ is being increasingly used for such situations; taking into account both the quality of a scale’s but also of its performance and utility in clinical practice (VU University Medical Center, 2019). In detail, the field of ‘Clinimetrics’ “provides an intellectual home for clinical judgment, whose implementation is likely to improve outcomes both in clinical research and practice” (Fava, Tomba & Sonino, 2012, p. 14). In their review article, Fava, Toomba & Sonino (2012) demonstrate how the concept of ‘Clinimetrics’ is becoming ever more prominent. The authors argue that while 
(standardised) measurements are becoming more prominent in clinical use, the ‘traditional’ methods to assess the properties of measures are not always appropriate and ‘perfect’ inter-rater reliability between HCPs are often unattainable (as ratings/assessment are still the result of a degree of judgement). 
Arguably, this thesis is part of this growing momentum of ‘Clinimetrics’ as a new approach to scale development and validation. While the results of the reliability analyses are not as high as typically desired across all three assessed aspects, it has been demonstrated (especially in the qualitative comments and a priori hypotheses) that the COA is a valuable and useful tool for clinical assessment that is able to differentiate meaningfully between different patients with WHS. Furthermore, this also links with the notion of ‘clinically’ versus ‘statistically’ significant difference, discussed above. In the current study, the majority of hypotheses were based on means scores (rather than ‘significance’/p-value/s); this is uncommon. The rationale of this was that, as this work was conducted in an exploratory manner and there was no information to suggest what a ‘statistically’ significant result would look like, this was felt the most appropriate strategy. This argument reflects therefore that clinical significance cannot always be equated with statistical significance; and is an important lesson. It is hoped that this study further helps to inform the field of ‘Clinimetrics’, as this grows in momentum, as well as the field of validation and psychometrics testing, discussions about ‘acceptable’ and useful measures of validity and reliability. 

Implications of the findings for the use of the COA & recommendations for future work
There are implications of the current findings for clinical practice as well as research. 
Firstly, the COA can act as a tool to enable HCPs to both comprehensively, adequately and confidently assess patients with WHS in clinical settings, and help HCPs not to miss out potentially important aspects (as highlighted throughout the thesis) of WHS. Its construct validity and utility has been confirmed and supported in the current study; suggesting that clinicians who wish to use this COA can be confident in their assessment process of patients with WHS. In addition, the finding of moderate equity (as opposed to poor equity) is reassuring, considering the clinical importance of multi-disciplinary team working, i.e. where more than one HCP will be able to use the results of one test/outcome to inform their practice. Achieving ‘perfect’ inter-rater reliability is a well-recognised issue in scale development (Fava, Tomba & Sonino, 2012). 
Outside the clinical setting, the COA has much to offer to the field of research too: as the COA was developed largely in accordance with FDA guidelines (as reported in Chapter 2), the COA can act as Both an endpoint/assessment for natural history studies into the course of WHS , and an endpoint/assessment for clinical trials of treatments for WHS.
In terms of generalisability to the patient population of WHS, it could be argued that the COA has high generalisability, given that the clinical features of the condition will be the same, regardless of country. Naturally, this scale is not applicable to other medical conditions as it was developed for WHS. 
To increase the generalisability of findings obtained via the COA, a larger validation study of the COA should be performed (i.e. without the use of vignettes). This may be achieved via the development of a national (automatic) register and data base, as was utilised in Thompson et al.’s (2013) Prion Disease Rating Scale validation. This future study should have a large (real patient) sample (i.e. not be utilising vignettes); and should be designed in such a way as to allow for the conduction of the same tests as described above. 
 
Implications of the findings for the use of the vignette method & recommendations for future work
The use of vignettes was a novel and create approach, used in the hope to assess the issues around psychometric testing and its sample size requirements. Due to vignettes being popular across especially the social sciences and medical education, the current project further aimed to potentially extend its utility to also include the area of (health) measurement. However, the use (and utility) of this method also warrants discussion.

Study design & recommendations for further development of the ‘vignette design’
Due to the exploratory nature of this vignette study, discussions took place about how many vignettes to include in the study. The study team eventually decided that five vignettes would be a sufficient number, and would allow for meaningful comparisons (and predictions) to be made – spanning the ‘severity spectrum’ of WHS. Furthermore, not to overburden busy clinicians and HCPs, it was decided that, per participant, two vignettes would be administered, per participant. Naturally, this reduced the number of raters per vignette. 
In addition, the study team ensured that the vignettes were given out in equal numbers (i.e. as many people saw Vignettte “Bronagh” as well as “Alessandro”); however, not all study packs were returned (due to drop out) which explains the range of raters for each vignette. One way to combat this would have been to follow up the data collection by giving out non-randomised study packs, i.e. purposefully giving participants one vignette over another, yet this was not done due to time constraints. 
A significant amount of comparisons was made in this study (one-sample t-tests, paired sample t-tests) with a small sample, which may have led to an under-powered study. Due to the exploratory nature of this study (design), sample size calculation/power analyses were not conducted. In retrospect, this would have been helpful to conduct as it may have alerted the researcher team to a further number of issues: with five vignettes, nine subscales and a total score meant that a significant number of t-tests had to be conducted. Calculating sample size/power calculations for each of these was perceived as inefficient by the study team. 
Retrospectively, including five vignettes may have been ‘too ambitious’ a decision, especially considering the exploratory nature of this study and the number of comparisons made, via the a priori hypotheses. As a starting point, future research may wish to replicate the current study with a smaller number of vignettes. This would have a number of advantages: all participants would assess the same two patients, which would lead to a higher number of participants per case study and sample size/power calculations would be much easier to conduct. For example, if only two case studies were used, the minimum sample size for the one-sample t-tests was calculated at 45 participants, per vignette, to achieve a power of .95. For the paired-sample t-tests, the minimum sample size was calculated at 45 participants, per vignette (Appendix 7.14; 7.15) (calculated via G-Power 3.1; developed by Faul, Erdfelder, Lang & Buchner, 2007). From these numbers, it also becomes obvious that current study is significantly underpowered. However, it is important to emphasise the exploratory nature of the current project; and it is hoped that the current findings, as well as ‘lessons learnt’, will inform future research investigating the utility of using vignettes for scale validation for rare diseases. 
	In addition to issues for statistical testing arising from the vignettes, there were also some issues with the artificial situation, using the vignettes, created: using vignettes, rather than ‘real patients’ may have led to low ecological validity and to issues around generalisability of the results to clinical practice. However, due to the positive results of this current study and the involvement of now over 100 medical professionals (9 in the expert study, 91 in the current study), clinical utility has – to some degree – already been established. 

Further research
Some suggestions have already been made in this thesis how some limitations of the validation phase of the COA can be addressed:
Firstly, a much larger validation study with ‘real’ patients, as opposed to vignettes, should be conducted. Ideally, a very large sample of a minimum of 300 patients should be collected to enable the conduction of CFA of the factor structure of the COA. An international study may be desirable for this to ensure this sample size is achieved, or the development of a national register (as aforementioned). Alternatively, as an interim step, the vignette study should be replicated but the number of vignettes reduced to two and recruitment of a sufficient sample size, as suggested above.
Secondly, it was not possible to assess the criterion validity of the current COA. This was due to the fact that there is no ‘gold standard measure’, or any other measure , developed or validated (De Vet, Terwee, & Bouter, 2003) for use with WHS (links with Chapter 2; Systematic Review 1). This is an obvious limitation relating directly to the validity of COA. While there is no overall measure validated for use with WHS, a general measure could be administered simultaneously and used to compare scoring on the subscale Epilepsy & Seizures. This way, some subscales could be validated. 
Thirdly, while scales must be able to achieve comparable results across time, they must equally be able to capture change and have discriminatory properties if a patient has deteriorated or improved over time (Kline, 1998, p. 39); responsiveness was not assessed in this study. This is a further limitation of the study, the COA and must be addressed in future work. The reasons for non-assessment of these aspects were methodological issues as well as time constrains of the current project. Future studies may wish to assess patients longitudinally.
In addition, the methodology of using vignettes to evaluate COA for rare disease can also be developed further; with future studies replicating the current study design with a different, much larger sample of medical professionals, or reduced number of vignettes. Furthermore, the potential use of voice-recorded or filmed conversation between an assessor and patient caregiver, might address some of the issues raised in the participant evaluation of the vignette methodology regarding lack of possibility for clarification and lack of detail. Due to the current study having been predominantly exploratory in terms of methodology to address an area with no previous literature, the simplest and most basic format was chosen; but it could very well be developed further.

Conclusion
	This study aimed to validate the reliability and construct validity of the COA for WHS that was developed in this thesis. Results indicate that it has excellent construct validity, moderate stability over time as well as good equity. Participants suggestions about further developments, use and utility of the COA were incorporated into the final version of the COA. It is hoped that this final version of the COA will have an immediate effect on patients in clinical practice; and will be validated further in the context of a much larger study in the future.
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	Search terms
	PubMed

	Cinahl

	PsycInfo

	Web of Science
	Scopus


	Wolf-Hirschhorn* AND (scale OR assessment OR rating OR outcome)
	34

	7


	0
	2
	2



	Wolf-Hirschhorn* AND clinical
	181
	11
	0
	19
	20

	Wolf-Hirschhorn* AND diagnos*
	192
	22
	0
	29
	0

	(4p16 deletion) AND (scale OR assessment OR rating OR outcome)
	13
	0
	0
	0
	0

	4p16 deletion AND diagnos*

	70
	0
	0
	0
	0

	4p16 deletion AND clinical
	94
	0
	0
	1
	0

	Total
	584
	40
	0
	51
	22

	Summed: 697 Records
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(n =  67 )
Use of ad-hoc measures (n = 55)
Not in English language (n = 4)
Use of measures not validated for WHS (n = 8)

Studies included in quantitative synthesis (meta-analysis)
(n =   0)
Studies included in qualitative synthesis
(n =   0 )
Full-text articles assessed for eligibility
(n =  67 )
Records excluded
(n =  279)
Records screened
(n =  346 )
Records after duplicates removed
(n =  346 )
Identification
Eligibility
Included
Screening
Records identified through database searching
(n =   697)
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	Search terms
	PubMed

	Cinahl

	PsycInfo
(Title only)
	Web of Science
	Scopus


	(psychosocial) AND (Wolf-Hirschhorn* OR 4p16 deletion)
	0
	0
	0
	0
	0

	(experience OR patient) AND (Wolf-Hirschhorn* OR 4p16 deletion)
	286
	15
	5
	64
	302

	(living OR life) AND (Wolf-Hirschhorn* OR 4p16 deletion)
	41
	2
	2
	2
	30

	(car*) AND (Wolf-Hirschhorn* OR 4p16 deletion)
	0
	11
	6
	8
	171

	(parent OR child OR adult) AND (Wolf-Hirschhorn* OR 4p16 deletion)
	301
	20
	2
	19
	360

	(burden OR impact) AND (Wolf-Hirschhorn* OR 4p16 deletion)
	10
	1
	1
	0
	9

	Total
	638
	49
	16
	93
	872

	Summed: 1663 Records
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Records after duplicates removed
(n =  989 )
Identification
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Screening
Records identified through database searching
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Records excluded
(n = 600 )
due to the extreme high number in clinical/aetiology papers 









Full-text articles excluded, with reasons
(n = 14):
Assessment of functioning (n= 7 )
Clinical Case Study 
(n = 3)
Clinical Management Paper
(n= 2 )
Irrelevant
(n = 1 )
Full-text in Spanish
(n = 1 )
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Interview schedule

First of all, thank you for agreeing to participate in our research project and for taking the time to meet with me today.

As this is a research project, I just need to make sure that you understand a few things:

First, if at any point in time you feel that you wish to end the interview or not answer a question I may ask you, that is fine and we can terminate the interview at any point.
I will be asking about different aspects of your child’s Wolf-Hirschhorn syndrome, your experience with and perceptions of the different symptoms.

Mainly I will be asking you about symptoms of WHS and the impact on both your child’s life and yours.

Secondly, if you mention people by their names in the interview today, don’t worry – all names will be changed in the research process, so that no one can identify you, your child or anyone mentioned in the interviews. Which means that your participation is anonymous, and no one will be able to identify you as a participant once we have completed the research process.

Thirdly, the interview will be audio taped, so that we can use it for the basis of the clinical outcome assessment that we’re trying to create. But it will be transcribed, which means written out once we’ve had the interview and the original interview will be deleted. Do you give your consent to being audio recorded?

Here is the Consent form, where you can indicate that you have understood your rights, do you have any questions at all?

Participant signs consent form.

Thank you, I will now turn on the audio recorder. 

Kathy turns on audio recorder, starting with “This is interview X on date” and notes interview number on consent form.

1. I’d like to start with a very broad question, and learn a little bit about you and your child. So my first question is for you to just tell me a little bit about your child and how you came to know he/she had Wolf-Hirschhorn syndrome.
When and how was your child diagnosed?
What did you do when you found out you had/were expecting a child with WHS?


(Kathy takes notes if anything of particular interest is said)

Before we go into my questions, I’d just like to ask you one more thing… which symptom which symptom, or symptoms, do you think is the most challenging one to you?

Ask about them a bit more, depending on what they are.
(if it already covers one of the next questions, we can jump and come back)

Is there anything else about your child’s health that causes you concern?



If maybe I start with the best known and most common symptoms, and then we can move on to more specific symptoms that your child may or may not experience, if that’s okay.
So firstly, Epilepsy: As you’ve said/many people report/typically Epilepsy is a big problem for many Wolf-Hirschhorn patients and their families, what is your experience with this symptom? 

Are there any other conditions, or experiences, relating to Epilepsy that you’d like to tell me about?

Secondly, Feeding/Eating: Let’s talk about feeding, and eating. 
What and how can your child eat at the moment?
How do you manage this best? 

To which extent does this impact your child’s life, and your life alike?

If applicable: Does your child experience any problems with constipation?

Thirdly, Learning disability: One of the core features of WHS is learning disability; what is your experience of raising a child with WHS and learning disability?

To which extent does this impact your child’s life, and your life alike?

Then, lets’s move onto Hearing: Some individuals with WHS have problems with their ears or their hearing, how is it with your child?

How do you manage it?

To which extent does this impact your child’s life, and your life alike?

Learning disability: One of the core features of WHS, as you probably know, is learning disability; what is your experience of raising a child with WHS and learning disability?

To which extent does this impact your child’s life, and your life alike?

Learning disability is somewhat related to the child’s ability to develop speech and use language. How is it with your child?

Moving on, I’d like to talk about your child’s mobility, so things, such as walking or crawling. What can you tell me about your child for this aspect?

Muscle problems, especially in the legs, are a common problem in WHS, what are your experience with this? 

What is your perception of this issue?

To which extent does this impact your child’s life, and your life alike?

Sleep is often a big concern of parents, what are your child’s sleeping patterns? 

What are your perceptions of this concern? (if it is concern)

How do you manage it?

Next I’d like to talk about your child’s eyes and sight; what can you tell me about this?

How do you manage this?

What are your perceptions of this concern? (if it is concern)

Staying in the facial region, I’d like to ask about your child’s teething, and your experiences of this.

How do you manage it?

If applicable, how does it compare to your non WHS child/ren?


From this, I’ d like to move on to internal organs, and speak about some symptoms relating to them. But before I do that, is there anything you’d like to add to the symptoms we’ve just spoken about that you haven’t had chance to say.

Okay. Thank you.

Heart defects are common in WHS; so I’d like to ask whether your child suffers from any.

How does this impact you and your child’s life?

How do you manage it?

Some patients have problems with their kidneys, does your child suffer from any of these problems?

How does this impact you and your child’s life?

How do you manage it?

Some patients have problems with their lungs, does your child suffer from any of these problems?

How does this impact you and your child’s life?

How do you manage it?

A lot of WHS patients suffer from repeated infections, what is your experience with this?

How do you manage it?

How does this impact you and your child’s life?

Are there any symptoms your child experiences that we haven’t discussed yet and you’d like to tell me about.

(talk more if needed).

Thank you so much for sharing all your experiences of WHS with me so far, now I’d like to ask you some more questions about your overall experience of raising a child with WHS.

Because we’re interested in what contributes most to the severity of WHS, if you had to rate 3-4 symptoms in order from most significant/challenging to manageable, what would you say and why?

I’ve got a body map here, in case that helps you with identifying the symptoms.

Ask questions of why each one, allow time.

Which symptom, or symptoms, do you think is most manageable in your child’s WHS?

Now just a few more questions. If you were to meet a new parent with a WHS child, what would your top three advice be? Keeping in mind all the symptoms we’ve just spoken about.

I also wonder, if there is anything you’d like other people, such as doctors, nurses or maybe the public, to know about raising a child with WHS?

What advice would you give to doctors particularly?

I also wonder whether you’re part of a WHS support network, either online or offline? How has it contributed to your life?
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Study title
Developing a Clinical Outcome Assessment for Wolf-Hirschhorn syndrome
v1.2 22/02/2016
We would like to invite you and/or your child to take part in our research study.  Before you decide we would like you to understand why the research is being done and what it would involve.  One of our team will go through the information sheet with you and answer any questions you have.  Talk to others about the study if you wish.  


Ask us if there is anything that is not clear.


What is the purpose of the study?
This study aims to create a clinical outcome assessment for a condition called Wolf-Hirschhorn syndrome.  This clinical outcome assessment will be a questionnaire to help doctors to measure how severely affected someone is by Wolf-Hirschhorn syndrome.  
Why have we been invited?
You have been invited to take part because your child has Wolf-Hirschhorn syndrome.  To create the clinical outcome assessment we need to survey the opinion of relatives  of people with Wolf-Hirschhorn syndrome 

Do we have to take part?
It is up to you to decide to join the study.  We will describe the study and go through this information sheet.  If you agree to take part, we will then ask you to sign a consent form.  

You will be given a copy of the information sheets and the signed consent forms to keep for your records.  You are free to withdraw at any time, without giving a reason. In this case your data will be withdrawn from the study.  This would not affect Your medical care. 

What will happen to my child if we agree take part?
A member of the research team will interview you about what you think the most important aspects of Wolf-Hirschhorn syndrome are; in particular what symptoms you think interfere most with day to day life. This will take 30-60 minutes. This interview can happen in person or on the telephone.  We may wish to make a tape recording of this interview to help our analysis (with your consent).  Based on this we will create an initial version of the clinical outcome assessment for Wolf-Hirschhorn syndrome.  

We may then ask you to comment on this clinical outcome assessment to see if you feel it asks about symptoms which are important in Wolf-Hirschhorn syndrome. This will take around 30 minutes.  

We may then ask you to complete the final version of the clinical outcome assessment twice (this will take 30 minutes in total).  You do not have to take part in all of the study if you only wish to take part in certain sections of it (ie you can opt to only have one interview).  

Expenses and payments
Any travel expenses incurred will be reimbursed. 


What are the possible disadvantages and risks of taking part?
There is no realistic prospect of physical harm from taking part in this study. 


What are the possible benefits of taking part?

We cannot promise the study will help you or your child but the information we get from this study will help improve the treatment of people with Wolf-Hirschhorn syndrome. 

What happens when the research study stops?

We will collect all the information together and we will decide if it is useful in telling us if doctors can manage Wolf-Hirschhorn syndrome better in the future.


Will my child’s taking part in the study be kept confidential?
Yes.  We will follow ethical and legal practice and all information about your child will be handled in confidence.  

What will happen if we don’t want to carry on with the study?
You are free to withdraw from the study at anytime without any effect on your routine care.  We will also withdraw the data obtained from you.


What if there is a problem?

Complaints
If you have a concern about any aspect of this study, you should ask to speak to the researchers who will do their best to answer your questions.

Name:	 Alisdair McNeill
Title: Consultant in Clinical Genetics 
Hospital/Department: Sheffield Clinical Genetics Service, OPD2, Northern General Hospital. 
Tel: 0114 243 4343, ask for clinical genetics and then please leave your name and number with the secretary.

If you remain unhappy and wish to complain formally, you can do this by contacting:

Mrs Linda Towers
Patient Advice & Liaison Co-ordinator
Sheffield Children’s NHS Foundation Trust
Tel: 0114 271 7594

Harm
In the event that something does go wrong and your child is harmed during the research and this is due to someone’s negligence then you may have grounds for a legal action for compensation, but you may have to pay your legal costs.  The normal NHS complaints mechanisms will still be available to you.

Will my taking part in this study be kept confidential?
All information which is collected about you or your child during the course of the research will be kept strictly confidential.  Any information about you or your child which leaves the hospital will have their name and address removed so that they cannot be recognised from it.  Once the study is complete all information will be kept for 5 years to allow all research analyses to be completed. 

Our procedures for handling, processing, storage and destruction of data are compliant with the Data Protection Act 1998.

Clinical and demographic data, audio recordings and any completed questionnaires will be anonymised. They will be kept securely for 5 years and then destroyed.  


Your child’s medical notes may also be looked at by other people within the hospital involved in the running and supervision of the study to check that it is being carried out correctly.


Will any genetic tests be done?
No. 
What will happen to the results of the research study?
When the study has finished we will present our findings to other researchers, and we will put the results in medical magazines and websites that researchers read.  We would also like to put a brief summary on the hospital research website so that you will be able to read about our results too.  This will be available at the end of the study, in 2020 on www.sheffieldchildrens.nhs.uk/research-and-innovation.htm.  The results will also be included as part of the investigator’s educational qualification (a PhD for a member of the research team).  They will be anonymous, which means that your child will not be able to be identified from them.

Who is organising and funding the research?

The research is being organised by Sheffield Children’s NHS Foundation Trust and paid for by the Sir Halley-Stewart Trust (a medical research charity which chose to support this project financially because they believed it to be important).


Who has reviewed the study?
All research in the NHS is looked at by an independent group of people, called a Research Ethics Committee, to protect your interests.  This study has been reviewed and given a favourable opinion by <name of> Research Ethics Committee.
It has also been given approval by the Research Department to run at this hospital.

How can I find out more?
If you would like to find know more about research in general, the Clinical Research Facility at this hospital has an Information for families section on its website www.sheffieldchildrens.nhs.uk/research-and-innovation.htm or you could contact the hospital Clinical Research Facility:

Ms Wendy Swann
R&D Manager
Sheffield Children’s NHS Foundation Trust
Tel: 0114 3053478

If you would like to know more specific information about this research project, please contact the project co-ordinator:

Name:	 Alisdair McNeill
Title: Consultant in Clinical Genetics 
Hospital/Department: Sheffield Clinical Genetics service, OPD2 Northern general hospital  
Tel: 0114 243 4343, ask for clinical genetics and then please leave your name and number with the secretary. 


If you have any concerns during the study, you should contact the project team.  

If you and your child decide to take part in this study, you will be given this information sheet and signed consent and assent forms to keep.
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Participant study number:

PARENT/LEGAL GUARDIAN CONSENT FORM
Title of project: Developing a Clinical Outcome Assessment for Wolf-Hirschhorn syndrome v1.3 14.08.2017

Name of researcher: 

										Please initial box

1.	I confirm that I have read and understand the nformation sheet dated
	 14/08/2017  (version 1.3) for the above study.  I have had the opportunity to
	consider the information ask questions and have had these answered
	satisfactorily.

I understand that my/my child’s participation is voluntary and that I am free to
	withdraw my child at any time, without giving any reason, without 
           my/my child’s medical care or legal rights being affected.

I understand that relevant sections of any of my child’s medical notes and data collected during the study, may be looked at by researchers and those involved in the running and supervision of the study from Sheffield
Children’s NHS Foundation Trust or from regulatory authorities, where it is relevant to my child taking part in research.  I give permission for these individuals to have access to my child’s records.


I agree to myself/my child taking part in the above study.



________________________	________________	____________________
Name of Parent/Guardian 	Date	Signature



_________________________	________________	____________________
Name of Person taking consent	Date	Signature



When completed: 1 for parent; 1 for researcher site file; 1 (original) to be kept with hospital notes
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[bookmark: _Toc38821478]Appendix 5.1: Recommendations for HCPs working with patients with WHS

	Recommendation
	What does it look like in practice?
	Supporting quotes

	1. Read notes before you go into a consultation
	· Ask for a hospital passport
· if you have no experience with WHS, see 2. Below
· be aware that complications and symptoms can develop over time
	- “What’s really just annoyed us every time is because I know they’re very busy, but they they don’t bother to even find read any notes about the child, any back history, anything about Wolf-Hirschhorn, so every time you come across a doctor, every time they change when you’re in a hospital, you have to go through the whole story right from the pregnancy, so that that’s quite frustrat- that was the frustrating” (WHS3A)

	2. If you have never heard of Wolf-Hirschhorn syndrome, research it before interactions with patient and their family (if possible)
	· Read recent research, not outdated case studies
· Do not give parents a printed sheet with “worst case” scenario on
· Do not reduce a child to a symptom list you have seen a quick initial research
· Recognise that there will be (possibly quite pronounced) differences between patients
· Do not presume
· Contact (inter)national specialists if you unsure
	“Yeah, just learn about the syndrome, really. Yeah, they’re just very…ignorant. (…) so I had to tell her  but (…)  to go away and come back when she knows more about the syndrome.“ (WHS11C)
 “maybe go and seek advice from somebody in America and it’s, you know, they’re really reluctant to…to do it.” (WHS12B)
“Probably printing a page out of Google is probably not the ideal thing to do, there are better information out there that we were given.” (WHS3C)
“Well, I don’t know from my experience like a lot of the children with Wolf-Hirschhorn are quite different, so I think that even if the doctors learn more about Wolf-Hirschhorn, it might not ap-, the same things might not apply with all the children.” (WHS4B)
“Yhere is something about sensitivity but it yeah it’s not reducing the child to the list of symptoms, especially very, on outdated case studies” (WHS3A)
“So do random bloods, and don’t just presume anything. Never presume anything with them. Don’t presume they don’t feel, don’t presume they don’t understand, don’t presume they’re thick because they aren’t…” (WHS12A)

	3. Listen to the parents!
	· see families as sources of knowledge to help in your medical practice
· the families are the everyday-experts
· However, do not expect the parents to educate you – they are not here to do your job for you

	“I would say to some of them erm yeah they need to listen to the parents I think, cos when the parents know there is something’s wrong or something’s not right” (WHS10)
“Listen to the mother… know that kid. I could tell you every single mark on him, and when he changes I know. Listen to me, you might be a doctor, you might have text book, you can stick your textbook, he’s mine…and I think honestly, listen to the mother.” (WHS12A)
“They might have their medical background and their do-s and don’t-, medicine, all that kind of thing but actually I am the, as his parents, we are the professionals, we know him inside out. They should be taking more from us to treat and to tailor any specifics around him.” (WHS8)
“I think it’s, it’s really hard is that because they don’t understand the syndrome, but the trouble is you get a lot of them that won’t listen to you when you telling them what your child is like and how you know they’re poorly” (WHS2A)
“Um, to listen. We spend so much time with our children, looking into their faces. We actually are a wealth of information and trust us. You know, and I think obviously there’s all different kinds of people or whatever, but I still think if you spend that much time with a child, you…you can, um, be very very useful.” (WHS5)

	4. Try and make it as easy for the parents as you can
	· give parents recording material to inform your consultations (e.g. seizure records, medication tables)
· Check that the prescribed medication is appropriate (side effects etc.) and can be administered to the child (e.g. practicalities).
· Be patient with patients and families
	“I’d definitely suggest that any profession that’s got a newly diagnosed child, researches it, or makes contact with another professional who has got experience of Wolf-Hirschhorn. It’s not a common syndrome, so it’s not gonna add to a professional workload massively but for that family, that family would appreciate that massively in the long run. Yeah, it’s a horrible time, you - it’s a horrible time, and if you can make anything easier, then that should be, that should be it.” (WHS8)
“So it’s…it’s almost like don’t sweat the big stuff… it’s the little stuff that’s causing families the most difficulties. You know, when we’re talking about medication for my child, ‘great he’s on 4 medications…have you ever tried getting medicine orally into the mouth of a child that doesn’t want to take it? (…) I am there restraining my son trying to work out how to win him over so that he doesn’t spit the medicine out. I give it to him in half mls, so that if he does spit it out I can try and gauge how much more to give him. It’s all very well, you know, writing out these meds, but it’s like…’go on, go on, sit there and you do it. You do it, you give it to him, you see what’s involved’…um, and that I think…I think those, um, practicalities need to be involved a lot more.” (WHS5)

	5. Be mindful of your language and how you communicate
	· Be aware of judging statements (e.g. ‘malnourished’, ‘dopey’); do not make subjective judgements 
· Be mindful of how language can affect family members and the patients
· Always communicate with parents about medical concerns and before ordering medical tests 
· Don’t ignore the patient when in consultation
	“You know, but…my GP for example, I remember him saying to me, and I thought it was such an odd thing to say. We’d gone in for a check-up (laughs) with (name) and he said ‘are you pleased with him?’…and I sort of said to him, I was like ‘…I’m sorry?’…he said ‘are you pleased with him?’…I said ‘well if I’m not, can I send him back? You know, what do you want me to say to that? I’ve got this really poorly little boy who is, you know, gonna need so much love and care which I…he will get…he will get my very very best, but am I pleased?…No, actually, I’m not.” (WHS5)
“…because I don’t know what me and  would have done. We probably would have wanted to know but some parents might not, but its having that choice… would we have…had we been given the choice of whether we wanted genetic testing done would we have… would we have done it then, maybe later on, see how she develops.
” (WHS11B)
“Some doctors will automatically talk to the person (…) it is a bit like you’re talking to…you don’t talk to the wheelchair you talk to the person pushing the wheelchair. (…) GP who completely ignores her and talks to me (…) it’s as though  isn’t there and just…it really doesn’t concern her really, you know, we’re just talking about you not to you.” (WHS7)
“Phrases that consultants use, erm, some - one of the doctors when (child's name) was in (location), referred to (child's name) as being “dopey” - that to me now still, I could get quite upset about that, he’s not dopey at all.” (WHS8)
“The paramedics were there and one of the one of the people on the e- on the er ambulance, the ambulance drive primarily which is when she said to me, “so, what’s his prognosis?” and I was like, “he just got out of his fit and that’s just like.. how long how long do we know when any of us will live?!” (WHS3A)

	6. Emotional support
	· Be emotionally supportive
· Do note take away the hope of parents
· Links with language and communication
	“… thinking about the emotional impact of what you're saying on the person and the support that they need around it, we found it distinctively lacking at times. And we totally understand a lot about the reasons why, especially having worked in health with a family that offers a lot of work for the NHS, we understand the reasons, but that doesn't help the person who is being told, so they can be quite devastating. I think there is an expectation on the person breaking that news and to do it a way that's as empathic as possible. And I appreciate you can't sugar coat that pill, it's going to be a sad thing to hear, but where does that person go?” (WHS3C)
“it’s…it’s paramount from day one, because it’s that hope that gets people through the next day… and if you have like the geneticist going ‘oh don’t be ridiculous, he’s never gonna do that’… with a 6 week old child, lifelong hope was removed in an instant, it’s like…’how do you know? Do you even need to be talking about when he’s older and whether he will be independent at 6 weeks old? Do you…do you with other children, other babies of 6 weeks old? Are you thinking about their adulthood with their parents?’…they might get knocked over by a bus before then, they might get, you know, some tragic illness that…you know, who knows? There might be a house fire…you just…why would you…you may as well say it to every single parent with a newborn child, you know. (laughs) ‘Oh, don’t expect too much, there’s a lot that can go wrong’…” (WHS5)
“and the other thing I’m quite big on at the moment is don’t take aware our hope. Because our hope is what gets us through the next day when we’re exhausted and we’ve been frightened, and it’s hard work, and it’s boring…you know, and we’ve got this constant threat of, um, you know, mortality at any time. You know, it’s like ‘will it be…’ every time he’s in stasis it’s like ‘will it be today?’” (WHS5)
“the professionals - when they are giving the diagnosis, is not a pleasant experience - it’s not a pleasant experience anyway, is it - for somebody to give such information or to receive such information but if they could bring forward supporting testimonials of - ‘okay, so your child has got Wolf-Hirschhorn syndrome, this is what it could mean - however, if we look at what these children are doing and bring the positives’ - cos it’s a negative time, you’re in a negative situation, your whole world is crumbling but if you’ve got that glimmer of hope to- something to focus on and to reach for, and to grab on to - I think that would have helped us get to where we are now a lot quicker, erm, and yeah - just treat treat you as normal, not to section you off in a corner and give you quiet time and that kind of thing.” (WHS8)

	7. Think how you can manage the care holistically
	
	“What I think is that is…is not only WH…any child or adult with, um, learning disabilities; what I think is that we have our time with (name) it’s because we are lucky that I am a doctor, so I have been (name)’s main doctor for all his life. Because what I think is that they manage these patients as, um, separate containers or compartments, so the physio, the occupational health, the wheelchairs and equipment, the neurologist, the…etc. But nobody knows the patient, so each of them will manage one aspect and nobody will…um, so is…what I think it is important, is that this holistic approach to a patient is totally lacking.” (WHS6A)
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	Patient name:				


Date information obtained:

DOB:  ____/____/____	 

Age: 

Born at gestational week:

Sex: 	Male 	Female

Details re genetic abnormalities (i.e. deletion, deletion size, translocation, etc.):

No of unaffected siblings:

No. of affected siblings:

Weight:

Height:

Occipitofrontal circumference (OCP):

Simple family tree:


	Section 1: Facial features

Item 1 Examiner, how would you rate the patient’s facial features? 
Highly dysmorphic = 3
Moderately dysmorphic = 2
Mildly dysmorphic = 1
Not dysmorphic = 0
No = 0 


	Section 2: Epilepsy and seizures

Item 2A: Has the patient ever had a diagnosis of febrile seizure/s?  
Yes = 1
No = 0

Item 2B: Does the patient currently have a diagnosis of epilepsy (= unprovoked seizures)?
Yes = 1
No = 0 

Item 2C: Is the patient currently taking Medication for epilepsy?
Yes = 1
No = 0 

Item 2D: What is the patient’s seizure frequency (Status: current)?
No seizures = 0 
Less than one over the past 6 months =1
One seizure in the past 3-6 months = 2
One seizure in the last 1-3 months = 3
One to three seizure in the last four weeks = 4
One seizure a week = 5
One seizure a day or more = 6


Item 2E: What types of seizures does the patient experience? (If more than one type of seizure, add up)
Tonic-clonic = 3
Focal = 2 
Absence = 1
Myoclonic = 1
None = 0 

Item 2F: What was the maximum level of after-care needed for seizures over the past 6 months?
None/no after-care required = 0 
Parent/carer administration of treatment at home = 1
Ambulance called = 2 
Hospital admission = 3 

Item 2G: Have there been any changes in epilepsy medication over the past 6 months (i.e. adjustments, drug change)?
Yes = 1
No = 0

Item 2H: If appropriate; free text answer:
Does the patient experience any side effects from epilepsy medication that may affect functioning or may indicate a medication review is needed?

	Section 3: Gastrointestinal symptoms 

Feeding, reflux & vomiting

Item 3A: Eating, is the patient  …?
Reliant on an intervention, such as PEG feed, nasal gastric tube or jejunostomy, for diet intake = 2
Reliant on assistance, such as mashing or liquidising, but can feed/swallow themselves = 1
Able to eat independently (e.g. may need help cutting food) = 0

Item 3AB: If reliant in intervention, are there any issues with recurrent infections at the intervention site?
Yes = 1
No = 0

Item 3AC: If patient is oral, which issues do the family/carergivers face when eating with their relative with Wolf-Hirschhorn syndrome? (Add up if more than one)
Time- consuming to feed due to motor- and coordination difficulties = 1
Difficulty feeding = 1
No issues = 0

Item 3B: For fluid intake/drinking, is the patient….?
Reliant on an intervention for fluid intake, as above = 2
Able to drink with assistance items (with straws, special cups) = 1
Able to drink independently without help= 0 

Item 3C: Are there issues with aspiration?
Severe issues (e.g. consequentially cannot eat, reliant on intervention as result) = 2
Intermittent issues/sometimes = 1
No issues = 0 

Item 3D: Does the patient have a diagnosis of reflux (=defined as effortless vomiting) which has been…?
confirmed by an investigation/test = 2
given as a clinical diagnosis (without testing) = 1
None = 0 

Item 3DA Does the patient’s reflux require medication?
Yes = 1
No = 0 

Item 3DB: Does the patient experience apparent reflux symptoms? (Can be more than 1)
Yes, apparent pain/discomfort = 1
Yes, patient will vomit shortly after food =1
Yes, patient performs back-arching = 1

Item 3E: Does the patient experience any recurrent episodes of vomiting, which are not caused by apparent infection, not reflux, not associated with feeding itself)?
Yes = 2
Intermittently/sometimes = 1
No = 0
Bowel movements & Bladder/Bowel control

Item 3F: Over the past 6 months, has the patient experienced any problems with constipation?
Most of the time = 2
Some of the time = 1
Rarely = 0 

Item 3FA: What specific constipation-related issues does the patient suffer? (Add items up)
Abdominal distention/bloating = 1
Inability to pass stool = 1
Observable pain/cramps = 1

Item 3FB: Over the past 6 months, has the patient experienced any problems with diarrhoea? (not caused by evident infection)
Most of the time = 2
Some of the time = 1
Rarely = 0 

Item 3FC: What specific diarrhoea-related issues does the patient suffer? (Add items up)
Predominantly liquid stools, no solid pieces =1
Bloating = 1
Fever =1 

Item 3G: Does the patient have bladder control?
No, patient needs pads/nappies and cannot indicate, whether toilet is needed = 2
Patient is partly able to indicate = 1
Independent = 0

Item 3GA: Is the patient dry during the day? (bladder, not bowels)
Predominantly no = 1
Predominantly yes = 0

Item 3GB: Is the patient dry during the night? (bladder, not bowels)
Predominantly no = 1
Predominantly yes = 0

Item 3H: Does the patient have bowel control?
No, patient needs pads/nappies and cannot indicate, whether toilet is needed = 2
Patient is partly able to indicate = 1
Independent = 0

Item 3HA: Is the patient dry during the day? (bowels, not bladder)
Predominantly no = 1
Predominantly yes = 0

Item 3HB: Is the patient dry during the night? (bowels, not bladder)
Predominantly no = 1
Predominantly yes = 0

Genitourinary tract

Item 3I: Does the patient suffer recurrent urinary tract infections?
Yes  = 1
No = 0

Item 3IA: Over the past 6 months, what was the maximum level of care needed to treat urinary infections?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care (e.g. painkillers, cranberry supplement)= 1
Not applicable = 0

Item 3J: Does the patient have any known renal malformations (confirmed on ultrasound etc)?
Yes = 1
No = 0

Item 3JA: If applicable, diagnoses: _______________________________

Item3JB: Is the renal malformation symptomatic? 
Yes = 1
No = 0

Item 3K: If male, presence of hypospadias?
Yes = 1
No = 0

Item 3KA: Does/Did hypospadias require treatment?
Surgical management = 2
Conservative treatment (might need antibiotics, observation)= 1
No treatment = 0


	Section 4: Cardiac and respiratory symptoms

Item 4A: Has the patient ever been diagnosed with a structural heart defect (i.e. ventricular, ASD, …)?
Yes = 1
No = 2

Item 4AA: If applicable, diagnoses: __________________________________

Item 4AB: If yes, how has this been treated?
Urgent surgery = 3
Elective surgery = 2
Medication = 1
None needed/observation only = 0


Item 4AC: Is the heart defect symptomatic?
Predominantly yes = 1
Predominantly no = 0 



Item 4AD: What specific heart defect-related symptoms does the patient suffer? (Add items up)
Breathlessness = 1
chest pain = 1 
fatigue = 1 
swelling of the ankles = 1 
fainting = 1 

Item 4B: Has the patient ever been diagnosed with a structural respiratory/upper airways malformation?
yes = 1
no = 0

Item 4BA: If applicable, diagnosis:__________________________

Item 4BB: Does the patient suffer recurrent lower respiratory tract infections?
Yes  = 1
No = 0

Item 4BC: Over the past 6 months, what was the maximum level of care needed to treat lower respiratory tract infections?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care (e.g. Lempsip etc.) = 1
Not applicable = 0


	Section 5: Central nervous system

Vision 

Item 5A: Does the patient have a diagnosis of structural eye disease?
Yes = 1
No = 0

Item 5AB: Does the patient require eye surgery for structural eye disease?
Yes = 1
No = 0 

Item5AC: What is the patient’s sight like?
Registered blind (visual defect that cannot be fixed) = 2
Requires glasses =1
Normal vision = 0

Hearing & Ears

Item 5B: What is he patient’s hearing like?
Registered deaf = 2
Requires an aid = 1
Normal hearing = 0

Item 5BA: Does the patient suffer recurrent ear infections?
Yes = 1
No = 2

Item 5BB: Over the past 6 months, what was the maximum level of care needed to treat ear infection?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care = 1
Not applicable = 0

Brain

Item 5C: Does the patient have any structural brain disease confirmed by investigation (e.g. scan)?
Yes = 1
No = 0

Item 5CA: Was surgical intervention required for structural brain disease?
Yes = 1
No = 0


Mobility

Item 5D: Is the patient able to sit?
Patient is unable to sit safely without formal support (i.e. safety belt, safety harness in wheelchair or special chair) = 3
Patient sits with poor posture (slumped forward, to one side; requiring pillows or similar support) = 2
Patient occasionally requires support when sitting = 1
No issues, sits independently = 0 

Item 5E: Is the patient able to stand?
Unable to stand at all (walking frames and carer support ineffective) = 3
Able to stand with support of at least one other individual = 2
Able to stand with walking aid = 1
No issues = 0 

Item 5F: Is the patient able to walk?
Unable to walk, patient is entirely reliant on wheelchair intervention  = 3
Patient can walk very short distances with carer support = 3
Patient can walk short distances, aided with walking frame or similar = 2
Patient can walk short distances unaided, needs intervention for longer distances = 1
Patient can walk unassisted =0

Item 5G: Has the patient been diagnosed with Scoliosis?
Yes = 1
No = 0

Item 5GA: Is/was Surgery required for scoliosis?
Yes =1
No = 0

Item 5H: Does the patient have talipes? 
Yes, bilateral = 2
Yes, unilateral = 1
No = 0

Item5HA: Was Surgery required for talipes?
Yes =1
No = 0


	Section 6: Low immunity

Item 6a: How often does the patient suffer from infections?
Repeated, frequent infections (more than 5/year) = 5
Infrequent infections (3/year, excluding the common cold) = 3
Neither frequent nor infrequent infections = 0

Item 6B: How many hospital admissions did the patient have in the past year, due to infections (i.e. not elective surgery or outpatient appointments)?
5 or more hospital admissions = 5
3-5 hospital admissions = 4
2 Hospital admissions = 2
1 Hospital admission = 1
None = 0


	Section 7: Sleep

Item 7A: What are the patient’s sleeping patterns at night?
Majority of nights are disturbed, unable to self-soothe requiring care = 3
Some disturbed nights (max. 2 a week) = 2
One disturbed night a week = 1
No disturbed nights = 0

	Section 8: Functional assessment

Item 8A: What is the patient’s play behaviour like?
Patient is unable to engage in play, will not react to toys/ stimuli = 2
Patient is able to partake in simple games, aided = 1
Patient is able to take part in simple games, unaided = 0

Item 8B: Can the patient perform simple household tasks?
Patient is unable to perform any tasks around the house = 2
Patient is able to perform simple tasks around the house, with help (e.g. making bed, setting table)= 1
Patient is able to do tasks independently = 0

Item 8C: If applicable, what schooling/daycare facility does the patient attend?
Patient is unable to go to mainstream school or work; attends special needs school or day care centre = 3
Patient is able to go to mainstream school or work, requires 1:1 assistance at all times = 2
Patient is able to go to mainstream school with assistance (does not need 1:1 assistance at all times) = 1	
Patient is able to go to mainstream school or participate in paid employment =0

Item 8D: What is the patient’s communication and speech like?
Patient neither uses words nor sounds= 4
Patient communicates via noise and sound = 3
Patient communicates using Macaton/sign language = 2
Patient is able to from a limited number of words, but unable to form sentences = 1
Patient is able to form short sentences of at least 3-5 words = 0


	Section 9: Level of care

Item 9: What is the level of care required for day-to-day life?
Skilled nursing care required = 2
Home nursing by family member= 1
No care required = 0 




[bookmark: _Toc38821481]Appendix 6.2: COA with comments of origin

	Items & Item Origin
I: Interviews
L: Literature
I/L: Interviews & Literature
I/C: Interviews & Clinician
R/C: Not explicitly mentioned in interviews or literature, source purely from Researchers/Clinician experience
	Rationale for Inclusion

	Section 1: Facial features

Item 1 Examiner, how would you rate the patient’s facial features? 
Highly dysmorphic = 3
Moderately dysmorphic = 2
Mildly dysmorphic = 1
Not dysmorphic = 0
No = 0 

	This section was added additionally. Facial dysmorphia is a key aspect of WHS, mentioned in the interviews and the clinical literature.
The examiner can assess facial dysmorphia without having to directly question the family about it, as this was felt to be inappropriate and insensitive.  

	Section 2: Epilepsy and seizures

Item 2A: Has the patient ever had a diagnosis of febrile seizure/s?  
Yes = 1
No = 0

Item 2B: Does the patient currently have a diagnosis of epilepsy (= unprovoked seizures)?
Yes = 1
No = 0 

Item 2C: Is the patient currently taking Medication for epilepsy?
Yes = 1
No = 0 

Item 2D: What is the patient’s seizure frequency (Status: current)?
No seizures = 0 
Less than one over the past 6 months =1
One seizure in the past 3-6 months = 2
One seizure in the last 1-3 months = 3
One to three seizure in the last four weeks = 4
One seizure a week = 5
One seizure a day or more = 6


Item 2E: What types of seizures does the patient experience? (If more than one type of seizure, add up)
Tonic-clonic = 3
Focal = 2 
Absence = 1
Myoclonic = 1
None = 0 

Item 2F: What was the maximum level of after-care needed for seizures over the past 6 months?
None/no after-care required = 0 
Parent/carer administration of treatment at home = 1
Ambulance called = 2 
Hospital admission = 3 

Item 2G: Have there been any changes in epilepsy medication over the past 6 months (i.e. adjustments, drug change)?
Yes = 1
No = 0

Item 2H: If appropriate; free text answer:
Does the patient experience any side effects from epilepsy medication that may affect functioning or may indicate a medication review is needed?
	

Febrile seizures were reported in the interviews; and seen as clinically relevant.



Differentiation febrile seizures/epilepsy





To assess medication status




(Current) seizure frequency/status was considered one of the most distressing aspects of epilepsy; thus requires assessment.








Assessment of types of seizures important, differentiation between absences and more severe seizure forms.






To assess severity of seizures, impact on patient.







Important to assess in context of seizure status/medication




Consideration for patients’ quality of life; important to see if side effects could be minimised by drug change.

	Section 3: Gastrointestinal symptoms 

Feeding, reflux & vomiting

Item 3A: Eating, is the patient  …?
Reliant on an intervention, such as PEG feed, nasal gastric tube or jejunostomy, for diet intake = 2
Reliant on assistance, such as mashing or liquidising, but can feed/swallow themselves = 1
Able to eat independently (e.g. may need help cutting food) = 0

Item 3AB: If reliant in intervention, are there any issues with recurrent infections at the intervention site?
Yes = 1
No = 0

Item 3AC: If patient is oral, which issues do the family/carergivers face when eating with their relative with Wolf-Hirschhorn syndrome? (Add up if more than one)
Time- consuming to feed due to motor- and coordination difficulties = 1
Difficulty feeding = 1
No issues = 0

Item 3B: For fluid intake/drinking, is the patient….?
Reliant on an intervention for fluid intake, as above = 2
Able to drink with assistance items (with straws, special cups) = 1
Able to drink independently without help= 0 

Item 3C: Are there issues with aspiration?
Severe issues (e.g. consequentially cannot eat, reliant on intervention as result) = 2
Intermittent issues/sometimes = 1
No issues = 0 

Item 3D: Does the patient have a diagnosis of reflux (=defined as effortless vomiting) which has been…?
confirmed by an investigation/test = 2
given as a clinical diagnosis (without testing) = 1
None = 0 

Item 3DA Does the patient’s reflux require medication?
Yes = 1
No = 0 

Item 3DB: Does the patient experience apparent reflux symptoms? (Can be more than 1)
Yes, apparent pain/discomfort = 1
Yes, patient will vomit shortly after food =1
Yes, patient performs back-arching = 1

Item 3E: Does the patient experience any recurrent episodes of vomiting, which are not caused by apparent infection, not reflux, not associated with feeding itself)?
Yes = 2
Intermittently/sometimes = 1
No = 0
Bowel movements & Bladder/Bowel control

Item 3F: Over the past 6 months, has the patient experienced any problems with constipation?
Most of the time = 2
Some of the time = 1
Rarely = 0 

Item 3FA: What specific constipation-related issues does the patient suffer? (Add items up)
Abdominal distention/bloating = 1
Inability to pass stool = 1
Observable pain/cramps = 1

Item 3FB: Over the past 6 months, has the patient experienced any problems with diarrhoea? (not caused by evident infection)
Most of the time = 2
Some of the time = 1
Rarely = 0 

Item 3FC: What specific diarrhoea-related issues does the patient suffer? (Add items up)
Predominantly liquid stools, no solid pieces =1
Bloating = 1
Fever =1 

Item 3G: Does the patient have bladder control?
No, patient needs pads/nappies and cannot indicate, whether toilet is needed = 2
Patient is partly able to indicate = 1
Independent = 0

Item 3GA: Is the patient dry during the day? (bladder, not bowels)
Predominantly no = 1
Predominantly yes = 0

Item 3GB: Is the patient dry during the night? (bladder, not bowels)
Predominantly no = 1
Predominantly yes = 0

Item 3H: Does the patient have bowel control?
No, patient needs pads/nappies and cannot indicate, whether toilet is needed = 2
Patient is partly able to indicate = 1
Independent = 0

Item 3HA: Is the patient dry during the day? (bowels, not bladder)
Predominantly no = 1
Predominantly yes = 0

Item 3HB: Is the patient dry during the night? (bowels, not bladder)
Predominantly no = 1
Predominantly yes = 0

Genitourinary tract

Item 3I: Does the patient suffer recurrent urinary tract infections?
Yes  = 1
No = 0

Item 3IA: Over the past 6 months, what was the maximum level of care needed to treat urinary infections?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care (e.g. painkillers, cranberry supplement)= 1
Not applicable = 0

Item 3J: Does the patient have any known renal malformations (confirmed on ultrasound etc)?
Yes = 1
No = 0

Item 3JA: If applicable, diagnoses: _______________________________

Item3JB: Is the renal malformation symptomatic? 
Yes = 1
No = 0

Item 3K: If male, presence of hypospadias?
Yes = 1
No = 0

Item 3KA: Does/Did hypospadias require treatment?
Surgical management = 2
Conservative treatment (might need antibiotics, observation)= 1
No treatment = 0

	



These categories were identified from the interviews and are concurrent with the literature.







Recurrent infections were reported in the interviews; these are not uncommon hence why it has been marked as interviews/literature.

These issues were explicitly reported in the interviews, and family caregivers emphasises the impact of these; hence why they were added.





These categories were identified from the interviews and are concurrent with the literature.





These categories were identified from the interviews and are concurrent with the literature.



Reflux was discussed as an issue for patients; the definition and clinical assessment criteria were added by the clinician/researcher team to meaningfully assess this clinical feature.



These categories were identified from the interviews and are concurrent with the literature.


These categories were identified from the interviews and are concurrent with the literature.




These categories were predominantly identified from the interviews 







These categories were identified from the interviews and are concurrent with the literature.




These categories were predominantly identified from the interviews 





These categories were predominantly identified from the interviews 





These categories were identified from the interviews and clinician input.






These categories were identified from the interviews and are concurrent with the literature.




Items 3GA/3GB: It was decided to split bladder control, as an indication of function, into the domains of night and day to give a better insight.







These categories were identified from the interviews and are concurrent with the literature.



Items 3HA/3HB: As above, it was decided to split bowel control, as an indication of function, into the domains of night and day to give a better insight.








These categories were identified from the interviews and are concurrent with the literature.


These categories were predominantly identified by the interviews; with some clinician input.






These categories were identified from the interviews and are concurrent with the literature.






This was identified from the interviews and are concurrent with the literature.



This was identified from the interviews and are concurrent with the literature.


This was identified from the interviews and are concurrent with the literature. Additional category of ‘conservative management’ was added due to clinician input, as all males in the sample either had no treatment or surgical treatment of their hypospadias.


	Section 4: Cardiac and respiratory symptoms

Item 4A: Has the patient ever been diagnosed with a structural heart defect (i.e. ventricular, ASD, …)?
Yes = 1
No = 2

Item 4AA: If applicable, diagnoses: __________________________________

Item 4AB: If yes, how has this been treated?
Urgent surgery = 3
Elective surgery = 2
Medication = 1
None needed/observation only = 0


Item 4AC: Is the heart defect symptomatic?
Predominantly yes = 1
Predominantly no = 0 



Item 4AD: What specific heart defect-related symptoms does the patient suffer? (Add items up)
Breathlessness = 1
chest pain = 1 
fatigue = 1 
swelling of the ankles = 1 
fainting = 1 

Item 4B: Has the patient ever been diagnosed with a structural respiratory/upper airways malformation?
yes = 1
no = 0

Item 4BA: If applicable, diagnosis:__________________________

Item 4BB: Does the patient suffer recurrent lower respiratory tract infections?
Yes  = 1
No = 0

Item 4BC: Over the past 6 months, what was the maximum level of care needed to treat lower respiratory tract infections?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care (e.g. Lempsip etc.) = 1
Not applicable = 0

	

This was identified from the interviews and are concurrent with the literature.





This was identified from the interviews and are concurrent with the literature. Additional category of ‘urgent surgery’ and ‘medication’ was added due to clinician input, as this was not directly discussed in the interviews.

This was identified from the interviews and are concurrent with the literature. Answer categories with added word ‘predominantly’ were chosen due to discussions among the research team.

This was identified from the interviews and are concurrent with the literature. Additional category of ‘swelling of the ankles’ and ‘fainting’ was added due to clinician input.




This was identified from the interviews and are concurrent with the literature. 









This was identified from the interviews and are concurrent with the literature. 



This was identified from the interviews and are concurrent with the literature. Additional category of ‘self-care (i.e. Lemsip)’ was added due to clinician input.


	Section 5: Central nervous system

Vision 

Item 5A: Does the patient have a diagnosis of structural eye disease?
Yes = 1
No = 0

Item 5AB: Does the patient require eye surgery for structural eye disease?
Yes = 1
No = 0 

Item5AC: What is the patient’s sight like?
Registered blind (visual defect that cannot be fixed) = 2
Requires glasses =1
Normal vision = 0

Hearing & Ears

Item 5B: What is he patient’s hearing like?
Registered deaf = 2
Requires an aid = 1
Normal hearing = 0

Item 5BA: Does the patient suffer recurrent ear infections?
Yes = 1
No = 2

Item 5BB: Over the past 6 months, what was the maximum level of care needed to treat ear infection?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care = 1
Not applicable = 0

Brain

Item 5C: Does the patient have any structural brain disease confirmed by investigation (e.g. scan)?
Yes = 1
No = 0

Item 5CA: Was surgical intervention required for structural brain disease?
Yes = 1
No = 0


Mobility

Item 5D: Is the patient able to sit?
Patient is unable to sit safely without formal support (i.e. safety belt, safety harness in wheelchair or special chair) = 3
Patient sits with poor posture (slumped forward, to one side; requiring pillows or similar support) = 2
Patient occasionally requires support when sitting = 1
No issues, sits independently = 0 

Item 5E: Is the patient able to stand?
Unable to stand at all (walking frames and carer support ineffective) = 3
Able to stand with support of at least one other individual = 2
Able to stand with walking aid = 1
No issues = 0 

Item 5F: Is the patient able to walk?
Unable to walk, patient is entirely reliant on wheelchair intervention  = 3
Patient can walk very short distances with carer support = 3
Patient can walk short distances, aided with walking frame or similar = 2
Patient can walk short distances unaided, needs intervention for longer distances = 1
Patient can walk unassisted =0

Item 5G: Has the patient been diagnosed with Scoliosis?
Yes = 1
No = 0

Item 5GA: Is/was Surgery required for scoliosis?
Yes =1
No = 0

Item 5H: Does the patient have talipes? 
Yes, bilateral = 2
Yes, unilateral = 1
No = 0

Item5HA: Was Surgery required for talipes?
Yes =1
No = 0

	



This was identified from the interviews and are concurrent with the literature. 



This was added due to clinician input.




This was identified from the interviews and are concurrent with the literature. 






This was identified from the interviews and are concurrent with the literature. 


This was identified predominantly from the interviews.



This was identified from the interviews and are concurrent with the literature. 







This was identified from the interviews and are concurrent with the literature. The wording “confirmed by scan” was added due to clinician input.


This was identified from the interviews and are concurrent with the literature. 







While impaired mobility and low muscle tone are commonly reported for WHS in the literature; no detailed functional assessment has been developed for this clinical feature. Using the interview data and clinical expertise, we developed a detailed functional assessment of the mobility of a patient with WHS.























These two items were added due to clinical input.








This was identified from the interviews and are concurrent with the literature. 



This was added due to clinical input, as no participants mentioned surgery.


	Section 6: Low immunity

Item 6a: How often does the patient suffer from infections?
Repeated, frequent infections (more than 5/year) = 5
Infrequent infections (3/year, excluding the common cold) = 3
Neither frequent nor infrequent infections = 0

Item 6B: How many hospital admissions did the patient have in the past year, due to infections (i.e. not elective surgery or outpatient appointments)?
5 or more hospital admissions = 5
3-5 hospital admissions = 4
2 Hospital admissions = 2
1 Hospital admission = 1
None = 0

	
This was identified from the interviews and are concurrent with the literature. 





This was identified from the interviews, where quantity/frequency of hospital admissions prompted significant discussion in the interviews and epitomised significant impact on health status and quality of life.

	Section 7: Sleep

Item 7A: What are the patient’s sleeping patterns at night?
Majority of nights are disturbed, unable to self-soothe requiring care = 3
Some disturbed nights (max. 2 a week) = 2
One disturbed night a week = 1
No disturbed nights = 0
	
This was predominantly identified from the interviews; although issues with sleep are also reported – in less detail – in the literature.

	Section 8: Functional assessment

Item 8A: What is the patient’s play behaviour like?
Patient is unable to engage in play, will not react to toys/ stimuli = 2
Patient is able to partake in simple games, aided = 1
Patient is able to take part in simple games, unaided = 0

Item 8B: Can the patient perform simple household tasks?
Patient is unable to perform any tasks around the house = 2
Patient is able to perform simple tasks around the house, with help (e.g. making bed, setting table)= 1
Patient is able to do tasks independently = 0

Item 8C: If applicable, what schooling/daycare facility does the patient attend?
Patient is unable to go to mainstream school or work; attends special needs school or day care centre = 3
Patient is able to go to mainstream school or work, requires 1:1 assistance at all times = 2
Patient is able to go to mainstream school with assistance (does not need 1:1 assistance at all times) = 1	
Patient is able to go to mainstream school or participate in paid employment =0

Item 8D: What is the patient’s communication and speech like?
Patient neither uses words nor sounds= 4
Patient communicates via noise and sound = 3
Patient communicates using Macaton/sign language = 2
Patient is able to from a limited number of words, but unable to form sentences = 1
Patient is able to form short sentences of at least 3-5 words = 0

	

Similar to the functional assessment of Mobility above; we developed an assessment for functioning using interview data and clinical expertise.










This was predominantly identified from the interviews.












This was identified from the interviews and are concurrent with the literature. 


	Section 9: Level of care

Item 9: What is the level of care required for day-to-day life?
Skilled nursing care required = 2
Home nursing by family member= 1
No care required = 0 

	
This was predominantly identified from the interviews.






[bookmark: _Toc38821482]Appendix 6.3: Ethics approval for the Content and Face validity assessment study

Katharina Vogt
Registration number: 160115545 Neuroscience
Programme: PhD Medicine 
Dear Katharina
PROJECT TITLE: Developing a Clinician-Rated Clinical Outcome Assessment for Wolf-Hirschhorn syndrome 
APPLICATION: Reference Number 022481 
On behalf of the University ethics reviewers who reviewed your project, I am pleased to inform you that on 28/08/2018 the above-named project was approved on ethics grounds, on the basis that you will adhere to the following documentation that you submitted for ethics review: 
University research ethics application form 022481 (form submission date: 27/08/2018); (expected project end date: 16/10/2018).
Participant information sheet 1049739 version 1 (16/07/2018).
Participant consent form 1049742 version 2 (27/08/2018). 
If during the course of the project you need to deviate significantly from the above-approved documentationplease inform me since written approval will be required. 
Your responsibilities in delivering this research project are set out at the end of this letter. Yours sincerely 
Paula Blackwell Ethics Administrator Medical School 

[bookmark: _Toc17977979][bookmark: _Toc38821483]Appendix 6.4: Qualtrics survey with Information Sheet and Consent Form
Wolf-Hirschhorn Syndrome: Expert study


Start of Block: Default Question Block

Q1   
 CLINICIAN PARTICIPANT INFORMATION SHEET: DEVELOPING A CLINICAL OUTCOME ASSESSMENT FOR WOLF-HIRSCHHORN SYNDROME
     
 We would like to invite you to take part in our research study.  Before you decide we would like you to understand why the research is being done and what it would involve. Ask us if there is anything that is not clear.
 
 If you have the link to this survey, you have been invited to participate in this study by one of the research team and you have been emailed the Information Sheet - this page contains all relevant information again, and when you click "Yes, I agree to participate" at the bottom of this page, you agree to participate in the study. 
  
 1. What is the purpose of the study?
 This study aims to create a Clinical Outcome Assessment for Wolf-Hirschhorn syndrome.  This will help doctors to measure how severely affected someone is by Wolf-Hirschhorn syndrome.  
 2. Why have we been invited?
 We are inviting you, as a clinician with expertise in the genetic disease we are creating a clinical outcome assessment for, to take part in a Delphi process. The aim of this is to identify the clinical features of which make the greatest contribution to its overall severity of the genetic disease. 
 3. Do we have to take part?
 It is up to you to decide to join the study.   
 4. What will happen if we agree take part?
 You will take part in an electronic Delphi process in order to reach an expert consensus on the rating scale. This will involve receiving an email and providing feedback for the rating scale via this survey link containing the QQ-10 questionnaire. The whole process may involve multiple emails, depending on the consensus and feedback collected. We estimate the whole process will take around 1-2 hours (spread out over several days).
 5. Can I withdraw from the study if I wish?
 You can withdraw from the study at any point without giving a reason. We will then not use data obtained from you and destroy any data obtained from you. 
 6. What are the possible disadvantages and risks of taking part?
 There is no realistic prospect of physical harm from taking part in this study. 
 7. What are the possible benefits of taking part?
 The information we get from this study will help improve the treatment of people with Wolf-Hirschhorn syndrome and other genetic diseases. 
 
 8.  What happens when the research study stops?
 We will collect all the information together and we will decide if it is useful in telling us if doctors can manage Wolf-Hirschhorn syndrome, and other genetic diseases, better in the future.
  
 9.  What if there is a problem?
 Complaints; If you have a concern about any aspect of this study, you should ask to speak to the researchers who will do their best to answer your questions.

 Alisdair McNeill (Consultant in Clinical Genetics); Hospital/Department: Sheffield Clinical Genetics Service, OPD2, Northern General Hospital; Tel: 0114 243 4343
 If you remain unhappy and wish to complain formally, you can do this by contacting:
 Mrs Linda Towers
 Patient Advice & Liaison Co-ordinator
 Sheffield Children’s NHS Foundation Trust
 Tel: 0114 271 7594
 Harm: In the event that something does go wrong and you are harmed during the research and this is due to someone’s negligence then you may have grounds for a legal action for compensation, but you may have to pay your legal costs. The normal NHS complaints mechanisms will still be available to you.
 10.  Will my taking part in this study be kept confidential?
 We will name you as an author on any publications arising from this project, unless you ask us not to. 
 Our procedures for handling, processing, storage and destruction of data are compliant with the Data Protection Act 1998.
 Clinical and demographic data, audio recordings and any completed questionnaires will be anonymised. They will be kept securely for 5 years and then destroyed.  
 
11. Will any genetic tests be done?
 No. 
 12. What will happen to the results of the research study?
 When the study has finished we will present our findings to other researchers, and we will put the results in medical magazines and websites that researchers read.  We would also like to put a brief summary on the hospital research website so that you will be able to read about our results too.  This will be available at the end of the study, in 2020 on www.sheffieldchildrens.nhs.uk/research-and-innovation.htm.  The results will also be included as part of the investigator’s educational qualification (a PhD for a member of the research team).  They will be anonymous, which means participants will not be able to be identified from them.
 
13. Who is organising and funding the research?
 The research is being organised by Sheffield Children’s NHS Foundation Trust and paid for by the Sir Halley-Stewart Trust (a medical research charity which chose to support this project financially because they believed it to be important).
 
14.Who has reviewed the study?
 All research in the NHS is looked at by an independent group of people, called a Research Ethics Committee, to protect your interests. This study has been reviewed and given a favourable opinion by <name of>Research Ethics Committee.
 It has also been given approval by the Research Department to run at this hospital.
 
15. How can I find out more?
 If you would like to find know more about research in general, the Clinical Research Facility at this hospital has an Information for families section on its website www.sheffieldchildrens.nhs.uk/research-and-innovation.htmor you could contact the hospital Clinical Research Facility:
 Ms Wendy Swann
 R&D Manager
 Sheffield Children’s NHS Foundation Trust
 Tel: 0114 3053478
  
 If you would like to know more specific information about this research project, please contact the project co-ordinator: Alisdair McNeill (Consultant in Clinical Genetics ), Hospital/Department: Sheffield Clinical Genetics service, OPD2 Northern general hospital  
 Tel: 0114 243 4343, ask for clinical genetics and then please leave your name and number with the secretary.
 If you have any concerns during the study, you should contact the project team.  
 If you decide to take part in this study, you will be given this information sheet and signed consent forms to keep.
  
 Thank you for taking the time to read this information sheet.
  
 



Q13 Do you agree to take part?
Yes  (1) 
No  (2) 

Skip To: Q3 If Do you agree to take part? = Yes
Skip To: End of Survey If Do you agree to take part? = No
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Q3 What is your name? (Please note, unless you tell us otherwise, you will be a named author on any of the publications arising from this project - if you do not want to be a named author, please indicate this).  
________________________________________________________________



Q4 What is your job title?
________________________________________________________________



Q5 Which country do you practice in? 
________________________________________________________________
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Q6 The QI-10 questionnaire:


This questionnaire is used to collect your feedback on the Clinical Outcome Assessment, it utilises a mix of numerical and free-text answers.


Q7  Please choose the answers below for each of the following 10 statements that best fit your opinion about the instrument. 

	
	Strongly Agree (1)
	Mostly Agree (2)
	Neither agree nor disagree (3)
	Mostly Disagree (4)
	Strongly Disagree  (5)

	The instrument is a valuable aid to communication with my patients. (1) 
	
	
	
	
	

	The instrument is relevant to my patients (2) 
	
	
	
	
	

	I would be happy to use the instrument as part of initial patient assessment (3) 
	
	
	
	
	

	The instrument is efficient to use in clinical practice (4) 
	
	
	
	
	

	The instrument addresses all the important aspects of my patients’ conditions (5) 
	
	
	
	
	

	The instrument helps patients to make the best decisions for themselves (6) 
	
	
	
	
	

	The instrument is too long (7) 
	
	
	
	
	

	The instrument is difficult for my patients to use (8) 
	
	
	
	
	

	Data collected using the instrument are difficult to use in clinical practice (9) 
	
	
	
	
	

	The overall resources and costs involved in using the instrument are too great (10) 
	
	
	
	
	






Q8 Do you have any comments or suggestions to make about the instrument or the report that the instrument provides? (e.g. content, design, delivery or output)
________________________________________________________________



Q9 Do you feel that any important areas, issues, symptoms or conditions were missed out?
________________________________________________________________



Q10 Do you have any comments or suggestions about how the instrument could be improved, or how it could be better used?
________________________________________________________________
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Q11 Many thanks for your participation in this research. We may require a second round of the Delphi process, depending on the level of consensus among the feedback collected; in this case, we would be in touch via email to let you know. Please do not hesitate to contact me in the mean time should any questions or concerns arise. 


Best wishes, 


Katharina Vogt, The University of Sheffield  
ksvogt1@sheffield.ac.uk

End of Block: Default Question Block




[bookmark: _Toc38821484]Appendix 6.5: Email sent to participants

Dear esteemed clinician (name),

My name is Katharina Vogt and I am a PhD student at the University of Sheffield (UK), and my PhD project focuses on: 	“Developing a Clinician-Rated Clinical Outcome Assessment for Wolf-Hirschhorn syndrome”

I am emailing you because we believe that you are an expert on this rare genetic illness, and we would therefore value your feedback and contribution to the scale development process. 
A little background: We hope that this Clinician-Rated Clinical Outcome Assessment will fulfill two purposes: firstly, it will guide less experienced clinicians in their assessment of children and adults with Wolf-Hirschhorn syndrome; and secondly, be a useful tool for clinical trials and other studies aiming to assess functioning of patients with Wolf-Hirschhorn syndrome. 
We have developed this scale on the basis of literature reviews, twenty-two interviews with family members of children and adults with Wolf-Hirschhorn syndrome and with the input of both clinical expertise from Dr McNeill (geneticist) and my experience of nursing patients with Wolf-Hirschhorn syndrome.

Attached to this email is the Clinical Outcome Assessment that we have developed, and a survey link. We would very much appreciate if you could spare some time reading the scale and providing feedback via attached link. Participation will take around 15-20 minutes.
Your participation is entirely voluntary; however, we are offering authorship on the resulting publication(s) as a sign of our appreciation for your time and work. If you do not want to be a named author on the publication but would still like to provide feedback, you could also indicate this in the survey link. 
If you have any questions about this research, please do not hesitate to reply to this email. Alternatively, you can email Dr Alisdair McNeill (PI, Clinical Geneticist) any questions or concerns you may have: a.mcneill@sheffield.ac.uk 

	If you are wanting to participate, the Clinical Outcome Assessment is attached and the survey link is below:

(survey link)


Many thanks and Best wishes,

Katharina Vogt


[bookmark: _Toc17977981][bookmark: _Toc38821485]Appendix 6.6: Reminder Email to Clinicians

Dear clinician,

this is a reminder that your participation in this important research would be very much appreciated, and that you can get recognition for your contributions. It should take around 15-20 minutes. The survey will be open for another week. 

Many thanks and best wishes,

Katharina Vogt


[bookmark: _Toc17977982][bookmark: _Toc38821486]Appendix 6.7: Version of the COA post Expert-study, ready to be trialled

CLINICAL OUTCOME ASSESSMENT FOR Wolf-Hirschhorn syndrome



Instructions for assessors:

This comprehensive clinician-rated Clinical Outcome Assessment (ClinRo) has been developed by researchers at the University of Sheffield to aid the assessment of patients with Wolf-Hirschhorn syndrome. 
It is based on the scientific literature of the syndrome as well as expert input (obtained via interviews from patient caregivers). Its content has undergone peer-review by international experts in the field of Wolf-Hirschhorn syndrome. 
The ClinRo is split in nine sections/domains, and instructions are contained within these domains. If you think a question/item is not applicable to the patient you are assessing, you can either choose the ‘N/A’ (not applicable) answer option or choose the corresponding answer. 

The rating scale is designed in such a way that you can, and should, use it during your consultation. You, as the assessor, transform reports from caregivers (such as parent, care worker) into ratings along the scales provided. For some of the question, such as domain 1 (Facial features) or domain 7 (Functional assessment), you can base your score on your own observations of that patient as well as reports from caregivers. 

Ultimately, you make the final decision about the functioning of the patient that you are assessing – in accordance with the information you are given and the observations of the patient you are making.


The rating scale can be administered just once to gain a comprehensive overview of patient functioning, or in regular intervals to monitor patient progression or functioning over time. 
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Patient name:				





Date information obtained:

DOB:  ____/____/____	 

Age: 

Born at gestational week:

Sex: 	Male 	Female

Details re genetic abnormalities (i.e. deletion, deletion size, translocation, etc.):

No of unaffected siblings:

No. of affected siblings:

Weight:

Height:

Occipitofrontal circumference (OCP):

Simple family tree:

















(Alternatively, please put patient detail sicker here)



Section 1: Facial features


1A: Broad/prominent nasal bridge 
Present = 1 
Absent = 0 

1B: Prominent glabella 
Present = 1 
Absent = 0 

1C: Highly arched eyebrows 
Present = 1 
Absent = 0 

1D: Prominent, widely-spaced eyes (hypertelorism)
Present = 1 
Absent = 0 

1E: Short philtrum 
Present = 1 
Absent = 0  

1F: Downturned corners of the mouth  
Present = 1 
Absent = 0 

1G: Greek warrior helmet appearance
Present = 1 
Absent = 0 

1H: Microcephaly 
Present = 1 
Absent = 0 

1I: High hairline
Present = 1 
Absent = 0 

1K: Cleft lip
Absent = 0 
Present* = 1 
* if present, height of cleft:

1L: Cleft palate
Present* = 1 
Absent= 0
* if present, height of cleft:

Section 2: Epilepsy and seizures

2A: Has the patient ever had a diagnosis of febrile seizure/s? 
Yes = 1
No = 0


2B: Has the patient ever had a diagnosis of epilepsy? 
Yes = 1
No = 0

2C.1: Does the patient currently have epileptic seizures (= unprovoked seizures)?
Yes = 1
No = 0 

If 2A, 2B and 2C were all answered no (=no febrile seizures, no status epilepticus, never had seizure activity), please proceed to Section 3.

2C.2: What is the patient’s current seizure frequency?
One seizure a day or more = 6
One seizure a week = 5
One to three seizure in the last four weeks = 4
One seizure in the last 1-3 months = 3
One seizure in the past 3-6 months = 2
Less than one over the past 6 months =1
No seizures = 0 

2C.3: What types of seizures does the patient experience? 
If more than one applicable, add up 
Tonic-clonic = 3
Focal = 2 
Absence = 1
Myoclonic = 1
None = 0 

2C.4: What was the maximum level of after-care needed for seizures over the past 6 months?
Hospital admission = 3 
Ambulance called = 2 
Parent/caregiver administration of treatment at home = 1
None/no after-care required = 0 

2D.1: Is the patient currently taking Medication for epilepsy?
Yes = 1
No = 0 
N/A = 0

2D.2.1: Have there been any changes in epilepsy medication over the past 6 months (i.e. adjustments, drug change)?
Yes = 1
No = 0
N/A = 0

2D.2.2 Details:
_______________________________


2D.3 Does the patient experience any side effects from epilepsy medication that may affect functioning or may indicate a medication review is needed?

_______________________________











Section 3: Gastrointestinal symptoms 


Feeding (food intake, interventions & challenges)

3A.1: Eating, is the patient  …?
Reliant on intervention (PEG feed, nasal gastric tube, jejunostomy) for diet intake = 2
Reliant on assistance (mashing or liquidising) but can feed/swallow themselves = 1
Able to eat independently (e.g. may need help cutting food) = 0

3A.2: If reliant on intervention, are there any issues with recurrent infections at the intervention site?
Yes = 1
No = 0
N/A = 0

3A.3: If patient is oral, which issues do the family/caregivers face when eating with their relative with Wolf-Hirschhorn syndrome? 
If more than one applicable, add up 
Time- consuming to feed due to motor- and coordination difficulties = 1
Difficulty feeding = 1
No issues = 0
N/A = 0 

Drinking/ fluid intake

3B: For fluid intake/drinking, is the patient….?
Reliant on an intervention for fluid intake, as above = 2
Able to drink with assistance items (with straws, special cups) = 1
Able to drink independently without help= 0 





Aspiration 

3C: Are there issues with aspiration?
Severe issues (e.g. consequentially cannot eat, reliant on intervention as result) = 2
Intermittent issues/sometimes = 1
No issues = 0 

Reflux

3D.1: Does the patient have a diagnosis of reflux (=effortless vomiting)?
Yes, confirmed by an investigation/test = 2
Yes, clinical diagnosis (without testing) = 1
No diagnosis, but suspected by caregivers/parents= 1
N/A = 0 

3D.2: If applicable, does the reflux require medication?
Yes = 1
No = 0 
N/A = 0 

3D.3:  If applicable, does the patient experience apparent reflux symptoms?
If more than one applicable, add up 
Apparent pain/discomfort = 1
Vomiting shortly after food =1
Back arching = 1
No symptoms = 0
N/A = 0 

Vomiting

3E: Does the patient experience any recurrent episodes of vomiting (not caused by apparent infection, not reflux, not associated with feeding itself)?
Yes = 2
Intermittently/sometimes = 1
No = 0
Bowel movements 

3F.1: Over the past 6 months, has the patient experienced any issues with constipation?
Most of the time = 2
Some of the time = 1
Rarely = 0 

3F.2: If applicable, what specific constipation-related issues does the patient suffer? 
If more than one applicable, add up
Abdominal distention/bloating = 1
Inability to pass stool = 1
Observable pain/cramps = 1

3F.3: Over the past 6 months, has the patient experienced any problems with diarrhoea? (not caused by evident infection)
Most of the time = 2
Some of the time = 1
Rarely = 0 

3F.4: What specific diarrhoea-related issues does the patient suffer? 
If more than one applicable, add up
Predominantly liquid stools, no solid pieces =1
Bloating = 1
Fever =1 

Bladder/Bowel control

3G.1: Does the patient have bladder control?
No, patient needs pads/nappies and cannot indicate whether toilet is needed = 2
Patient is partly able to indicate = 1
Yes, independent = 0

3G.1.1: Is the patient dry during the day? (bladder, not bowels)
Predominantly no = 1
Predominantly yes = 0

3G1.2: Is the patient dry during the night? (bladder, not bowels)
Predominantly no = 1
Predominantly yes = 0

3H.2: Does the patient have bowel control?
No, patient needs pads/nappies and cannot indicate whether toilet is needed = 2
Patient is partly able to indicate = 1
Yes, independent = 0

3H2.1. Is the patient dry during the day? (bowels, not bladder)
Predominantly no = 1
Predominantly yes = 0

3H2.2: Is the patient dry during the night? (bowels, not bladder)
Predominantly no = 1
Predominantly yes = 0

Genitourinary tract

3I.1: Does the patient suffer recurrent urinary tract infections?
Yes  = 1
No = 0

Item 3I.2: Over the past 6 months, what was the maximum level of care needed to treat urinary infections?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care (e.g. painkillers, cranberry supplement) = 1
N/A = 0

3K.1: Does the patient have any known renal malformations (confirmed on ultrasound etc.)?
Yes = 1
No = 0

3K.2: If applicable, diagnoses: _______________________________

3K.3: Is the renal malformation symptomatic? 
Yes = 1
No = 0

3K.4: What are the symptoms of the renal malformation?
_______________________________

Items 3L.1 and 3L.2 only applicable if male patient

3L.1 Presence of hypospadias?
Yes = 1
No = 0

3L.2: Does/Did hypospadias require treatment?
Surgical management = 2
Conservative treatment (antibiotics, observation) = 1
No treatment = 0


























Section 4: Cardiac and respiratory symptoms

Cardiac functioning

4A.1: Has the patient ever been diagnosed with a structural heart defect (i.e. ventricular, ASD, …)?
Yes = 1
No** = 2

If Yes, proceed to Item 4A.2 
**If No, proceed to Item 4B

4A.2: Diagnosis/diagnoses:
_______________________________

4A.3: How is/ has the structural heart defect being/been treated?
Urgent surgery = 3
Elective surgery = 2
Medication = 1
None needed/observation only = 0

4A.4: Is the heart defect symptomatic?
Predominantly yes = 1
Predominantly no = 0 

4A.5: What specific heart defect-related symptoms does the patient suffer?
If more than one applicable, add up
Breathlessness = 1
chest pain = 1 
fatigue = 1 
swelling on the ankles = 1 
fainting = 1 

Respiratory systems

4B.1: Has the patient ever been diagnosed with a structural respiratory/upper airways malformation?
yes = 1
no = 0

4B.2: Diagnosis/diagnoses:
__________________________

4C.1: Does the patient suffer recurrent lower respiratory tract infections?
Yes  = 1
No = 0

4C.2: Over the past 6 months, what was the maximum level of care needed to treat lower respiratory tract infections?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care (e.g. Lempsip etc.) = 1
N/A = 0
					































Section 5: Central nervous system

Vision 

5A.1: Does the patient have a diagnosis of structural eye disease?
Yes = 1
No = 0

5A.2: Diagnosis/diagnoses:
______________________

5A.3: If applicable, does/did the patient require eye surgery for structural eye disease?
Yes = 1
No = 0 

5B: What is the patient’s sight like?
Registered blind (visual defect that cannot be fixed) = 2
Requires glasses =1
Normal vision = 0

Hearing & Ears

5C: What is he patient’s hearing like?
Registered deaf = 2
Requires an aid = 1
Normal hearing = 0

5D.1: Does the patient suffer recurrent ear infections?
Yes = 1
No = 2

5D.2: Over the past 6 months, what was the maximum level of care needed to treat ear infection?
Patient required hospital admission = 3
Home care/GP care with antibiotics = 2
Self-care = 1
Not applicable = 0

Brain

Item 5E.1: Does the patient have any structural brain abnormalities confirmed by investigation (e.g. MRI/CAT scan)?
Yes = 1
No** = 0

If yes, proceed with next question (5E.2)
*If No, proceed to Item 5F

5E.2: Diagnosis/diagnoses:
______________________


5E.3: Was surgical intervention required for structural brain disease?
Yes = 1
No = 0

5E.4: Details of intervention:
______________________


Mobility

5F: Is the patient able to sit?
Patient unable to sit safely without formal support (i.e. safety belt, safety harness in wheelchair or special chair) = 3
Patient sits with poor posture (slumped forward or to one side; requiring pillows or similar support) = 2
Patient occasionally requires support when sitting = 1
No issues, sits independently = 0 

5G: Is the patient able to stand?
Unable to stand at all (walking frames and caregiver support ineffective) = 3
Able to stand with support of at least one other individual = 2
Able to stand with walking aid = 1
No issues = 0 

5H: Is the patient able to walk?
Unable to walk, patient entirely reliant on wheelchair/intervention = 4
Patient can walk very short distances with caregiver support = 3
Patient can walk short distances, aided with walking frame or similar = 2
Patient can walk short distances unaided, needs intervention for longer distances = 1
Patient can walk unassisted =0

5I.1: Has the patient been diagnosed with Scoliosis?
Yes = 1
No = 0

5I.2: If yes, was surgery required for scoliosis?
Yes =1
No = 0

5I.3: If applicable, surgery details:
______________________

5K.1: Does the patient have talipes/ clubfoot? 
Yes, bilateral = 2
Yes, unilateral = 1
No = 0

5K.2: Was Surgery required for talipes/ clubfoot?
Yes =1
No = 0














Section 6: Low immunity

6A: How often does the patient suffer from infections?
Frequent infections (more than 5/year; excluding the common cold) = 5
Infrequent infections (3-5/ year, excluding the common cold) = 3
Rare infections (< 3/year, excluding the common cold) = 0 

6B: How many hospital admissions did the patient have in the past year, due to infections (excluding elective surgery, outpatient appointments)?
5 or more hospital admissions = 5
3-5 hospital admissions = 4
2 Hospital admissions = 2
1 Hospital admission = 1
None = 0

Item 6C.1: Does the patient have any tumours or malignancies?
Yes = 1 
No = 0

Item 6C.2: If applicable, diagnosis:


6D.1: Does the patient have any abnormal skin findings?
Yes = 1 
No = 0

Item 6D.2: If applicable, diagnosis:
______________________

 











Section 7: Functional assessment

7A: What is the patient’s play behaviour like?
Patient unable to engage in play, no reactions to toys/ stimuli = 2
Patient able to partake in simple games, aided = 1
Patient able to take part in simple games, unaided = 0

7B: Can the patient perform simple household tasks?
Patient unable to perform any household tasks = 2
Patient able to perform simple tasks around the house, aided (e.g. making bed, setting table) = 1
Patient able to do tasks independently = 0

7C: If applicable, what school/day care facility does the patient attend?
Patient attends special needs school or day care centre, unable to go to work/mainstream school = 3
Patient able to go to mainstream school/work, but requires 1:1 assistance at all times = 2
Patient able to go to mainstream school/work with assistance (does not need 1:1 assistance at all times) = 1
Patient able to go to mainstream school/participate in paid employment =0

7D: What is the patient’s communication and speech like?
Patient neither uses words nor sounds= 4
Patient communicates via noise and sound = 3
Patient communicates using Makaton/sign language = 2
Patient able to from a limited number of words, but unable to form sentences = 1
Patient able to form short sentences of at least 3-5 words = 0

Section 8: Sleep

8: What are the patient’s sleeping patterns at night?
Majority of nights disturbed, unable to self-soothe requiring care = 3
Some disturbed nights (max. 2 a week) = 2
One disturbed night a week = 1
No disturbed nights = 0 





Section 9: Level of care

9: What is the level of care required for day-to-day life?
Skilled nursing care required = 2
Home nursing by family member= 1
No care required = 0 




Scores for each section/domain


	Facial features

	

	Epilepsy and seizures
	

	Gastrointestinal symptoms
	

	Cardiac and respiratory symptoms
	

	Central nervous system
	

	Low immunity
	

	Functional assessment
	

	Sleep
	

	Level of care needed
	

	Total: 




Notes:









Additional questions, suggested by international Wolf-Hirschhorn experts, that you may wish to ask in the consultation:
· When were developmental milestones reached (e.g. rolling over, first words)?
· Information regarding pre- and post-natal growth?
· Any dental abnormalities? 




[bookmark: _Toc17977983][bookmark: _Toc38821487][bookmark: _Toc40173025]Appendix Chapter 7: Assessment of Measurement Properties of the Clinical Outcome Assessment (Reliability, Validity)

[bookmark: _Toc17977984][bookmark: _Toc38821488]Appendix 7.1: Ethics Approval

[image: page1image205721264]
Downloaded: 04/07/2019 Approved: 11/01/2019 
Katharina Vogt
Registration number: 160115545 Neuroscience
Programme: PhD 
Dear Katharina 
PROJECT TITLE: Developing a Clinician-Rated Clinical Outcome Assessment for Wolf-Hirschhorn syndrome: Psychometric testing
APPLICATION: Reference Number 023782 
On behalf of the University ethics reviewers who reviewed your project, I am pleased to inform you that on 11/01/2019 the above-named project was approved on ethics grounds, on the basis that you will adhere to the following documentation that you submitted for ethics review: 
University research ethics application form 023782 (dated 08/01/2019). Participant information sheet 1053305 version 4 (10/12/2018). Participant consent form 1053307 version 4 (10/12/2018). 
The following optional amendments were suggested: 
End of section 2 of clinical ratings scale says "If 2A, 2B and 2C were all answered no (=no febrile seizures, no status epilepticus, never had seizure activity), please proceed to Section 3.", but status is not mentioned above. Good luck with the research. 
If during the course of the project you need to deviate significantly from the above-approved documentationplease inform me since written approval will be required. 
Yours sincerely 
Laura Williams Ethics Administrator Medical School 


[bookmark: _Toc17977985][bookmark: _Toc38821489]Appendix 7.2: Vignettes

[bookmark: _Toc17977986]Appendix 7.2A: Joshua Myers

Imagine you are a paediatrician; and the following patient (Joshua, 5-years) is attending your clinic with his mother Maria. He has a 7-year old brother who is at home with his father (John). You have the following information before meeting Joshua: born at gestational week 35, he has a confirmed diagnosis of Wolf-Hirschhorn The nurse supporting your clinic today obtained the following measures for you: he weighs 11 kilos, he is 80 cm tall and his head circumference is below the 2nd centile. 
When you greet Joshua and his mother, you observe his widely spaced eyes, his high forehead and short philtrum. He doesn’t have a cleft lip or cleft palate.
Maria tells you that she is worried about her son’s epilepsy; he mainly has tonic-clonic seizures and currently experiences at least one a week. She also reports some absences; however, she isn’t sure how frequent they are as she says they can be very brief. The seizures are treated  at home as they usually last around 3-4 minutes. He is medicated with Valporate; but Maria is pressing for you to make some changes to his medication as there have been no changes in medication since her son was 18 months old, she feels it’s ineffective, says that her son should not be having any seizures and that she feels it exacerbates his drooling. 
Joshua is nil by mouth and has a PEG due to previous aspiration. The PEG was fitted 3 years ago. They have had no issues with the PEG. She says they have had no trouble with any infections. Joshua never vomits but that he has ‘major’ issues with his bowels. She reports that he is unable to pass stool by himself; requiring laxatives for all bowel movements. She says the most distressing part about his constipation is that ‘you can see his little tummy distending’. 
You ask whether Joshua wears pads at all; and Maria tells you that he is double incontinent – both during the night and the day.
You ask if there have been other concerns about any infections in the last six months, did her son have any infections or illnesses that caused her concern. The mother says he only had a cough that was medicated at home with a lotion on the chest.
You say that you can see that Joshua uses a wheelchair with a safety belt, and you assume that is because of his hypotonia and ask Maria if that is correct. Maria says “Yes, he can’t walk or sit without support; but I hope that as he grows up he’ll be able to – at least – sit by himself because he’s getting heavier and my back isn’t getting any better”. 
According to Maria, Joshua cannot speak or communicate; you ask whether he uses any noise to indicate whether he likes or dislikes certain things, like lights or music. Maria says that “he’s always the same really, whether he’s with people or not, or whether the TV is on or not, he is always the same and does not really seem to want or need anything. He doesn’t really take an interest in any toys, or people. He just lies there. I don’t know if that’s because he’s blind or if it would be the same if he wasn’t.”
Joshua has started at a special needs school. As a result, Joshua’s sleep has improved massively and he now sleeps for almost ten hours every night without disruptions.  
Due to Joshua needing a hoist, PEG feeds and specialist equipment, skilled nursing scare is required, and his mum, dad and grandmother had to learn how to use this nursing equipment. The family is supported by a registered nurse, who comes and visits the family twice a week to check the PEG and answer any questions the family might have. 


[bookmark: _Toc17977987]Appendix 7.2B: Bronagh Curls

You are a Junior Doctor in your F2 year; a colleague has asked you to help with her research study on Wolf-Hirschhorn syndrome and to assess Bronagh Curls. Upon entering the room, you introduce yourself. Russel says “we left her twin sister and mum at home, the length we go to get some peace and quiet!”. You ask about Bronagh’s twin sister, says “Ailbee doesn’t have any issues”. Russel has brought some documentation to the research meeting, documenting Bronagh’s deletion size of 0.5Mb at chromosome 4p16.3 (a microdeletion). Physical examinations (OFC, weigh and height) will be taken by a nurse afterwards. 
Bronagh has no distinctive facial features, apart from a slightly raised forehead. You ask about Bronagh’s general health, and Russel says that there have been few issues. He reports that febrile seizures used to be their biggest concern but stopped when Bronagh was 5. Despite that, Russel says they are always vigilant whenever Bronagh shows any signs of illness and see the GP often to avoid any complications, even from a cough. He says, over the two years year, there haven’t been any admissions to the hospital as a result of any infections or illness. Bronagh never had any other seizures and she’s never been diagnosed as epileptic either; although he thinks that “she should be as the febrile seizures were scary to watch.”.
You ask about Bronagh’s eating and drinking; Russel explains “apart from being a messy, no issues”. You ask about toileting. Russel explains “Bronagh  uses the toilet in the day... she does have the odd accident; but we don’t mind, do we? She does still wear her night pads though as she can’t hold it in.” When asked about bowel movements, Russel explains “This is what we seem to have the most issues with: it seems one week she is constipated, the next she has diarrhoea. She either is badly bloated and can’t go to the toilet; or she is badly bloated and has liquid poos”. 
When asked about her heart, Bronagh pulls her t-shirt over her shoulder to show you. Russel explains that she had elective surgery for a ventricular septal defect as a child; and is now symptom-free. 
You can see that Bronagh can walk and sit unaided and ask how far she can walk. Russel says “she can walk short distances, but would need to rest, if walking for more than 1-mile”. 
Bronagh goes to a mainstream primary school with 1:1 help.  Bronagh tells you she likes “school and playing”, Russel explains that she likes playing with her class mates, and that she loves simple marble games. Bronagh gets up from the chair she is sat on and walks to the window, pointing at the sky. She says “birds”. Russel explains that Bronagh can say a number of words, especially animals, and that she can form very short sentences of a couple of words.  She also helps set the table for meals but not with more complex tasks in the house. 
You ask about Bronagh’s sleep; Russel explains “Now that she’s older, she sleeps through most nights. Some nights she just can’t settle and then I’d rather she came to us than be upset by herself.”.
You ask about daily family life; Russel explains that him and his wife share a lot of the child care and that his wife’s sister helps too.  They feel able to care for Bronagh themselves and there is no need for skilled nursing care. However, they are in the process of applying for the money for a PA for Bronagh, so that he or his wife can spend some time with Ailbee on her own, as they feel that Bronagh gets the majority of attention. Russel says they are hoping to employ a reliable nursing student, although “you don’t really need nursing skills, just common sense.” 
You ask Bronagh if she likes to help around the house, she says “no”. Russel explains that “she doesn’t like making her bed, but doesn’t mind setting the table at tea time.“

[bookmark: _Toc17977988]Appendix 7.2C: Emma Watts

You are working as a Senior House Officer on the Medical Admissions Unit at a District General Hospital. You are called in to assess a 38-year old lady, Emma Watts, with Wolf-Hirschhorn syndrome (1 Mb 4p16.3 deletion). Due to the complex nature of her condition and because she cannot communicate, she is accompanied by a support worker, Mrs Donnovan. Ms Emma Watts is completely reliant on support workers for everyday tasks and personal care. Mrs Watts is asleep, so you introduce yourself to Mrs Donnovan who brought Ms Watt’s latest health records. According to the records, Ms Watts was weighed 3 days ago at 55 kilos, and her height is 140cms. Both of which are below the 5th centile.  
Ms Watts has been admitted because she had a fall. The support worker tells you that she believes that a seizure caused her fall. Ms Watts has about one tonic-clonic seizure a month. “She does not have any absences, as far as I know. I’ve never seen her have any, in 15 years. She’s been on Keppra for 5 years, and that seems to be working; Seizures usually only last one or two minutes now and we can just look after her then. No need for hospital admissions. I mean, of course, our nurse will pop in and check she’s okay but she’s usually fine after; but they can be quite unpredictable so that’s why a support worker always has to have an eye on her.”
You ask about eating and drinking. The carer states “Well, Emma can’t chew, so the kitchen blends her food; and then we feed her. Feeding her can be quite a nightmare as she’s quite slow and leaves food in her mouth for a long time before swallowing so mealtime can take up to an hour… SALT recommended we put thickener in her drink … other than that she’s fine. No issues with aspiration or anything.” Ms Watts vomits frequently and often spontaneously with no indication that she was feeling sick. Vomiting mainly occurs during night-time and not in relation to any meal times, or meals. Emma is double incontinent, with no indications as to when she might need the toilet or not. “She just has no control over it. But sometimes, you can tell she struggles with constipation a bit, this happens about once a week”. Diarrhoea is not an issue for Ms Watts; as this only happens “if she catches a bug from another resident”.
Ms Watts has a horseshoe kidney and often has UTIs. You ask how the UTIs are treated; and Mrs Donnovan explains “because she uses pads, we can tell when she has a UTI… so we get the nurse to do the stick-test… and then we’re off to the GP every time for antibiotics. She’s just finished a course of antibiotics last week actually.” She continues “though despite the kidney and UTIs, this has been the first hospital admission in three years… and not even for an infection thing.” Mrs Donnovan also tells you “Emma has a heart condition but I can’t remember the name…the reason she sleeps lots and can be quite short of breath, but it’s being monitored without any concerns.” You read the notes: left ventricular septal defect.
The carer tells you “Emma can sit and stand up by herself and walk without help on the unit as she knows her way around, plus there are rails. For trips out, we use a wheelchair.” Ms Watts has scoliosis; but surgical intervention has never taken place.
Finally, you ask about sleep. The care support worker tells you that Ms Watts sleeps well, she goes to bed at about 8 PM and wakes up about 7 AM.
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You are a geneticist and a 12-year-old boy has come to your clinic: Fineen Furlough’s GP suspected a chromosomal abnormality and referred for genetic testing; the test results have come back: Wolf- Hirschhorn syndrome, a deletion of 0.5Mb at 4p16.3. You want to do a comprehensive health assessment. He is accompanied to the clinic by his mother, Julia. There are no severe dysmorphic features, possibly slightly wider spaced eyes and a raised forehead. He wears glasses; and is short-sighted. He weighs 37 kilos, and is 143 cm tall. His head circumference is below the 2nd centile.
You ask about Fineen’s general health, the mother responds “Well, he is usually quite well but for the past year we have been having issues with recurrent ear infections. He’s never had more than one cold a year… We tried a lot of antibiotics, but it just keeps coming back. The puss is awful, and he’s in a lot of pain from it. We’re just near the end of a cycle of antibiotics again… Other than that, he has always been well. His whole life, no hospital admissions for any infections.” 
She continues “there is the learning disability, which means he can only speak a handful, few words and doesn’t really understand a lot. But practically, he’s quite good, you know, he can help set the table or if you tell him to go get his bottle or his toy, then he’ll do that. We’re working on him making his bed every morning; he can definitely do it but just forgets sometimes or wants to forget… like they all do”. She continues “Fineen wears nappies at night. During the day, he uses the toilet for number one and number two. At night, he does require pads as he sometimes forgets to go to the toilet when he wakes up.” The mother reports no issues with constipation or diarrhoea. Fineen has hypospadias, but it does not require treatment.
You ask about sleep. Julia says that, while it has been a serious issue in the past, now it is fairly well managed – despite him having disturbed nights most nights – as he can now play on his Ipad at night, so not to disturb the family.
Fineen can walk by himself, but that he can’t walk very far as he gets very breathless very quickly. The mother tells you that he had ventricular septal defect when he was born. “They gave us the option of an operation or to see and wait if it’ll close by itself, so we decided to having the operation”. He has no swelling of the ankles, chest pains, fatigue or fainting. 
Next you ask about eating and drinking. The mother tells you that “he can eat, as long as the food is mashed or sometimes blended as he does not chew things.” He is able to feed himself, using a fork or spoon. 
Fineen attends a special education unit at a mainstream, secondary school; he does not attend any mainstream classes just SEN classes. He does not have a 1:1 teaching assistant but shares one with 5 other children. According to his mother, he can play simple card games where you match patterns/colours unaided.
When asked how Fineen’s care is managed, Julia replies that she is the main carergiver. She works while Fineen is at school, and when she picks him up in the afternoon, her shift as his mother/carer resumes.  She sometimes gets help from his father, who she divorced couple of years ago, and from her mother. However, she worries that they do not understand him as well as she does. Tobias has started helping too, however she does not want to over-burden her son.
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You are working as GP and are the designated GP for children with additional needs. A new patient with Wolf-Hirschhorn syndrome has been registered at the surgery by his parents, after having just moved to the UK from Italy. The boy is 3-year old Alessandro Pasta, accompanies by his adoptive parents (Luigi, Mario ). They don’t know anything about his birth family. He was born at 39 weeks. His deletion size/site is 0.75Mb at 4p16.3. By the time you meet Alessandro and his parents; the nurse informs you that Alessandro is below the 5th centile for weight, height and head circumference. 
You start with a physical assessment: you can see that he had a cleft lip, that has been operated; a very high forehead, widely spaced eyes, poorly differentiated ears and observable strabismus. You record bilateral talipes; he wears boots with a strap bar at night. Alessandro is very hypotonic, can’t sit up by himself, or stand up – even with help. You ask his parents about speech/noises; they confirm no signs of speech. Luigi says “he cries very little but smiles always.”
Alessandro has a PEG and is nil by mouth due to aspiration. Luigi tells you that his son has recurrent infections at the PEG site, he gets a red rash there about once a month. Next you ask about reflux, and the parents tell you that he is medicated with Omeprazole. You ask which symptoms of reflux he experiences. Luigi tells you that “he will often vomit shortly after feeds, it helps if you hold him in an upright position after feeding… but that is not always possible.” You ask whether their son experiences recurrent episodes of vomiting which are not to do with his reflux. Mario says that “It is unusual for Alessandro to be vomiting other than his reflux.”
Next you ask about epilepsy, and the parents say there have been no suspicions of any epileptic activity. The parents are worried he might develop epilepsy later as many of the children they know with WHS have seizures. Luigi tells you that doctors in Italy found a small cyst, on a brain scan, but were not concerned about this. You ask about his hearing, and Alessandro is registered as deaf. it. 
Alessandro is double incontinent. You ask about bowel movements, his father explains “he has diarrhoea whenever he goes”. According to his parents, Alessandro never has normal stools. Mario says he is worried about the liquid form, and wonders whether it is healthy.
Next you ask about heart defects. Luigi says his son was born with a small hole in his heart, however the doctors in Italy were not concerned. You ask whether they think Alessandro experiences any symptoms, Mario suggests that “maybe that is why he isn’t growing very fast”. Next you ask about sleep, Luigi laughs and says “Well, he does not sleep at night, and neither do we now. But it’s okay we have gotten used to it.”
You ask whether Alessandra has ever suffered any recurrent lower respiratory tract infections. Mario says that yes this is a big issue as their son gets recurrent chest infections. Alessandro had to be admitted to hospital twice in the last six months due to chest infections and needed a 2-weeks inpatient stay twice. The parents are very vigilant of any signs of chest infections. You ask whether current infections in general are of concern to them, Luigi says that Alessandro has around seven infections a year, some more serious than others. In the last year they have had four hospital admissions, two because of chest infections and two because of infections around the PEG site.
Due to them having just moved to the UK, you ask Luigi and Mario whether they are going to enrol their son in a nursery. The parents tell you that they have not yet looked into special-needs nurseries, as he is still so young but that they are going to do that soon. You ask whether the parents get any help looking after their son, Luigi says that his mother has come over to the UK with them to help but they do not require extra nursing help.  

Appendix 7: Hypotheses testing

Appendix 7.3A: A priori hypothesis regarding scores given by different groups of rathers

Hypothesis I: There will be no differences in scores on the vignettes given by more experienced medical professionals compared (Registrars and Consultants) to less experienced medical professionals (all other participants). 

Hypothesis II: There will be no differences in scores given by those who have previously heard of WHS and those who have not.
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Hypotheses regarding Total Score 

Hypothesis 1: Alessandro Total (T1, T2) > Fineen Total (T1, T2)
Hypothesis 2: Alessandro Total (T1, T2) > Bronagh Total (T1, T2)
Hypothesis 3: Fineen Total (T1, T2) < Joshua Total (T1, T2)
Hypothesis 4: Emma Total (T1, T2) < Joshua Total (T1, T2)

Hypotheses regarding Facial Score 
Hypothesis 5: Emma Face (T1, T2) < Joshua Face (T1, T2) 
Hypothesis 6: Bronagh Face (T1, T2) < Alessandro Face (T1, T2)

Hypotheses regarding Epilepsy Score 
Hypothesis 7: Bronagh Epilepsy (T1, T2) > Fineen Epilepsy (T1, T2)
Hypothesis 8: Emma Epilepsy (T1, T2) > Bronagh Epilepsy (T1, T2)
Hypothesis 9: Joshua Epilepsy (T1, T2) > Bronagh Epilepsy (T1, T2)
Hypothesis 10: Joshua Epilepsy (T1, T2) > Alessandro Epilepsy (T1, T2)

Hypotheses regarding Gastro Score 
Hypothesis 11: Alessandro Gastro (T1, T2) > Fineen Gastro (T1, T2)
Hypothesis 12: Alessandro Gastro (T1, T2) > Bronagh Gastro (T1, T2)
Hypothesis 13: Joshua Gastro (T1, T2) > Bronagh Gastro (T1, T2)
Hypothesis 14: Emma Gastro (T1, T2) < Alessandro Gastro (T1, T2)

Hypotheses regarding Cardio Score 
Hypothesis 15: Joshua Cardio (T1, T2) < Bronagh Cardio (T1, T2)
Hypothesis 16: Fineen Cardio (T1, T2) < Joshua Cardio (T1, T2)
Hypothesis 17: Emma Cardio  (T1, T2) < Alessandro Cardio (T1, T2)

Hypotheses regarding CNS Score
Hypothesis 18: Alessandro CNS (T1, T2) > Bronagh CNS (T1, T2)
Hypothesis 19: Joshua CNS (T1, T2) > Fineen CNS (T1, T2)
Hypothesis 20: Emma CNS (T1, T2) < Alessandro CNS (T1, T2)
Hypotheses regarding Immunity Score 
Hypothesis 21: Alessandro Immunity (T1, T2) > Fineen Immunity (T1, T2)
Hypothesis 22:  Bronagh Immunity (T1, T2) = Joshua Immunity (T1, T2)
Hypothesis 23: Emma Immunity (T1, T2) < Alessandro Immunity (T1, T2)

Hypotheses regarding Functioning Scores 
Hypothesis 24: Bronagh Functioning (T1, T2) > Alessandro Functioning (T1, T2)
Hypothesis 25: Joshua Functioning (T1, T2) > Emma Functioning (T1, T2)
Hypothesis 26: Fineen Functioning (T1, T2) < Emma Functioning (T1, T2)

Hypothesis regarding Sleep Scores 
Hypothesis 27: Alessandro Sleep (T1, T2) > Emma Sleep (T1, T2)
Hypothesis 28: Fineen Sleep (T1, T2) < Bronagh Sleep (T1, T2)
Hypothesis 29: Emma Sleep (T1, T2) < Alessandro Sleep (T1, T2)

Hypotheses regarding Care Scores 
Hypothesis 30: Alessandro Care (T1, T2) < Bronagh Care (T1, T2)
Hypothesis 31: Joshua Care (T1, T2) = Fineen Care (T1, T2)
Hypothesis 32: Emma Care  (T1, T2) > Bronagh Care (T1, T2)

Appendix 7.4: Information Sheet

Dear participant,

You are invited to participate in our study seeking to assess whether our Clinical Outcome Assessment (or clinical outcome assessment) for Wolf-Hirschhorn syndrome, a rare genetic illness, is an effective and useful tool for clinical practice.

What does it involve? You can be involved in a 1-stage or 2-stage participation of this study.
If you choose the 1-stage participation, you will be asked to read two case studies (also called vignettes) and then fill out two sets of our clinical outcome assessment; one for each case study. There are no right or wrong answers, all we ask is that your rating reflects your judgement about a particular health issue you are reading about. For the 2-stage participation, you will be asked to complete two further sets 2-weeks post completion of the first set of case studies/ratings.

Do I need to know anything about Wolf-Hirschhorn syndrome before I participate? No previous knowledge of the illness is required, as the Clinical Outcome Assessment is designed in such a way that it should enable you to make ratings without previous knowledge.

Who can participate?  You can participate if you are a final year medical student, junior doctor or more senior health care professional. This is not an exclusive list, so lease email us if you are interested in participating and your profession is not listed on this list.

Completion should take thirty minutes.

Your participation is complete voluntary and confidential. We will ask some basic demographic data, such as your age, gender and occupation/level. No personally identifying data is collected. Unfortunately, as no identifying details are recorded, you cannot withdraw your data once you have submitted the survey.  Once the data collection has finished, the data will be stored on a password-protected computer at The University of Sheffield.


The current research is being conducted by Katharina Vogt at the University of Sheffield (UK); if you have any questions or concerns in relation to the project, please email the researcher directly at ksvogt1@sheffield.ac.uk.

We thank you your interest in participating in this research study.


Please also note that: 
New data protection legislation came into effect across the EU, including the UK on 25 May 2018; this means that we need to provide you with some further information relating to how your personal information will be used and managed within this research project. This is in addition to the details provided within the information sheet that has already been given to you. The University of Sheffield will act as the Data Controller for this study. This means the University is responsible for looking after your information and using it properly. In order to collect and use your personal information as part of this research project, we must have a basis in law to do so. The basis that we are using is that the research is ‘a task in the public interest’. Further information, including details about how and why the University processes your personal information, how we keep your information secure, and your legal rights (including how to complain if you feel that your personal information has not been handled correctly), can be found in the University’s Privacy Notice https://www.sheffield.ac.uk/govern/data-protection/privacy/general. 
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Developing a Clinician-Rated Clinical Outcome Assessment for Wolf-Hirschhorn syndrome

	Please tick the appropriate boxes
	Yes
	No

	Taking Part in the Project
	
	

	I have read and understood the project information sheet dated 19/11/2018 and the project has been fully explained to me. 
	
	

	I have been given the opportunity to ask questions about the project. 
	
	

	I agree to take part in the project. I understand that taking part in the project will include reading two sets of vignettes and filling out the corresponding Clinical Outcome Assessment. 
	
	

	I understand that my taking part is voluntary.
	
	

	I understand that I cannot withdraw my data from the project.
	
	

	I understand that I need to provide my email address as this will be used to contact me, but will be deleted post completion of the study. 
	
	

	How my information will be used during and after the project
	
	

	I understand that no personal data will be stored (this includes email addresses).
	
	

	I understand and agree that my ratings and comments may be quoted in publications, reports and other research outputs. I understand that I will not be named in these outputs.
	
	

	I understand and agree that other authorised researchers will have access to this data only if they agree to preserve the confidentiality of the information as requested in this form. 
	
	

	So that the information you provide can be used legally by the researchers
	
	

	I agree to assign the copyright I hold in any materials generated as part of this project to The University of Sheffield.
	
	




396

	
Please indicate which part of the study you would like to participate in:

I want to complete the vignettes/rating scales once. 

I want to complete the vignettes/rating scales twice.



I would like to be entered into the price draw for an Amazon voucher (£25). 

	
	



	Name of participant [printed]:
	Signature:
	Date:

	

	
	

	Name of Researcher [printed]:
	Signature:
	Date:
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Instructions to participants

Thank you for your participation in this research; your participation and contribution are appreciated and valued.
You have been given two scenarios about two patients with Wolf-Hirschhorn syndrome and two copies of the Clinical outcome assessment (one copy of the rating scale for each patient case study).  All of the patients described have a diagnosis of Wolf-Hirschhorn syndrome confirmed by chromosome microarray. Please complete one Clinical Outcome Assessment for each patient scenario. If something is not mentioned, then you can assume it is negative (Examples: If no issues with hearing is mentioned, you can assume it is normal. Or, it may brain abnormalities are mentioned, you can assume it is normal).
There are no right or wrong answers; answers are based entirely on your clinical judgement. You can read the scenarios and fill out the rating scale simultaneously or read the scenario and then complete the questionnaire. It is entirely your preference!
Again, many thanks for your time and participation. 
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	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	T2Alessandro_Total
	4
	66
	68
	67.25
	.957

	Sleep
	9
	0
	0
	.00
	.000

	Level of care
	9
	1
	2
	1.78
	.441

	T1Alessandro_Face
	38
	2
	6
	3.53
	.797

	T1Alessandro_Epilepsy
	38
	0
	4
	.18
	.801

	T1Alessandro_Gastroin
	37
	16
	27
	20.95
	2.185

	T1Alessandro_Cardio
	38
	4
	6
	5.00
	.232

	T1Alessandro_CNS
	38
	9
	18
	14.97
	1.585

	T1Alessandro_Immun
	37
	7
	11
	8.70
	.996

	T1Alessandro_Func
	26
	8
	11
	10.27
	1.079

	T2Alessandro_Face
	7
	2
	4
	3.14
	.690

	T2Alessandro_Epilepsy
	7
	0
	0
	.00
	.000

	T2Alessandro_Gastroin
	7
	18
	21
	20.57
	1.134

	T2Alessandro_Cardio
	7
	5
	6
	5.14
	.378

	T2Alessandro_CNS
	7
	14
	15
	14.71
	.488

	T2Alessandro_Immun
	7
	7
	10
	8.57
	1.134

	T1Bronagh_Face
	37
	0
	2
	1.00
	.471

	T1Bronagh_Epilepsy
	37
	1
	4
	1.65
	1.136

	T1Bronagh_Gastroin
	36
	7
	13
	9.28
	1.579

	T1Bronagh_Cardio
	37
	2
	7
	3.16
	.727

	T1Bronagh_CNS
	37
	0
	3
	.78
	.821

	T1Bronagh_Immun
	37
	0
	3
	.16
	.688

	T1Bronagh_Func
	37
	1
	7
	3.41
	1.279

	T2Bronagh_Face
	10
	1
	1
	1.00
	.000

	T2Bronagh_Epilepsy
	10
	1
	4
	1.60
	1.265

	T2Bronagh_Gastroin
	10
	5
	10
	7.80
	1.619

	T2Bronagh_Cardio
	10
	3
	4
	3.20
	.422

	T2Bronagh_CNS
	10
	0
	1
	.40
	.516

	T2Bronagh_Immun
	10
	0
	0
	.00
	.000

	T2Bronagh_Func
	10
	2
	4
	3.10
	.738

	T1Emma_Face
	31
	0
	1
	.03
	.180

	T1Emma_Epilepsy
	30
	9
	21
	11.00
	2.117

	T1Emma_Gastroin
	28
	15
	22
	18.43
	1.854

	T1Emma_Cardio
	31
	0
	5
	3.77
	.805

	T1Emma_CNS
	30
	0
	12
	2.50
	2.596

	T1Emma_Immun
	31
	0
	5
	3.23
	2.171

	T1Emma_Func
	16
	2
	11
	8.81
	2.639

	T2Emma_Face
	5
	0
	0
	.00
	.000

	T2Emma_Epilepsy
	5
	9
	12
	10.60
	1.140

	T2Emma_Gastroin
	5
	10
	21
	16.40
	4.393

	T2Emma_Cardio
	5
	1
	4
	3.40
	1.342

	T2Emma_CNS
	5
	1
	2
	1.40
	.548

	T2Emma_Immun
	5
	0
	5
	2.00
	2.739

	T2Emma_Func
	4
	0
	11
	7.50
	5.196

	T1Fineen_Face
	36
	0
	4
	2.31
	.822

	T1Fineen_Epilepsy
	37
	0
	0
	.00
	.000

	T1Fineen_Gastroin
	37
	2
	8
	4.32
	1.582

	T1Fineen_Cardio
	37
	3
	5
	4.46
	.767

	T1Fineen_CNS
	37
	2
	7
	4.46
	1.016

	T1Fineen_Immun
	37
	0
	5
	3.62
	2.152

	T1Fineen_Func
	37
	2
	6
	3.84
	1.014

	T2Fineen_Face
	8
	1
	3
	2.00
	.756

	T2Fineen_Epilepsy
	8
	0
	0
	.00
	.000

	T2Fineen_Gastroin
	8
	2
	7
	4.88
	1.642

	T2Fineen_Cardio
	8
	3
	6
	4.50
	.926

	T2Fineen_CNS
	8
	1
	5
	4.13
	1.458

	T2Fineen_Immun
	8
	0
	5
	2.88
	2.475

	T2Fineen_Func
	8
	0
	5
	3.38
	1.923

	T1Joshua_Face
	34
	2
	5
	3.32
	.768

	T1Joshua_Epilepsy
	34
	10
	13
	12.59
	.701

	T1Joshua_Gastroin
	32
	13
	20
	17.53
	1.319

	T1Joshua_Cardio
	33
	0
	3
	.61
	.747

	T1Joshua_CNS
	34
	8
	14
	11.68
	1.319

	T1Joshua_Immun
	34
	0
	3
	.09
	.514

	T1Joshua_Func
	34
	4
	11
	10.79
	1.200

	T2Joshua_Face
	9
	3
	4
	3.33
	.500

	T2Joshua_Epilepsy
	8
	12
	13
	12.63
	.518

	T2Joshua_Gastroin
	9
	14
	18
	17.11
	1.364

	T2Joshua_Cardio
	9
	0
	1
	.33
	.500

	T2Joshua_CNS
	9
	10
	14
	12.11
	1.167

	T2Joshua_Immun
	9
	0
	0
	.00
	.000

	T2Joshua_Func
	9
	11
	11
	11.00
	.000

	T1Alessandro_Total
	24
	62
	76
	69.58
	3.438

	T2Bronagh_Total
	10
	15
	23
	18.90
	2.183

	T1Emma_Total
	12
	43
	65
	51.08
	5.977

	T2Emma_Total
	4
	31
	55
	41.75
	11.644

	T2Fineen_Total
	8
	19
	29
	24.63
	3.852

	T1Fineen_Total
	36
	18
	33
	26.31
	3.568

	T1Joshua_Total
	31
	43
	64
	58.45
	3.880

	T2Joshua_Total
	8
	56
	61
	58.63
	1.768

	T1Bronagh_Total
	36
	16
	30
	21.82
	3.071

	T2Alessandro_Func
	4
	11
	11
	11.00
	.000

	Sleep
	34
	0
	0
	.00
	.000

	Level of care
	34
	0
	2
	1.68
	.535

	Sleep
	8
	0
	3
	1.88
	.835

	Sleep
	37
	0
	3
	2.27
	.871

	Level of care
	37
	1
	1
	1.00
	.000

	Sleep
	31
	0
	3
	.45
	1.060

	Level of care
	29
	1
	2
	1.90
	.310

	Sleep
	5
	0
	0
	.00
	.000

	Level of care
	5
	2
	2
	2.00
	.000

	Sleep
	10
	0
	2
	1.00
	.816

	Level of care
	10
	0
	1
	.80
	.422

	Sleep
	37
	0
	3
	1.47
	.687

	Level of care
	37
	0
	1
	.92
	.277

	Valid N (listwise)
	0
	
	
	
	




	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Sleep A1
	38
	3
	3
	3.00
	.000

	Level of care A1 
	37
	1
	2
	1.14
	.347

	Valid N (listwise)
	37
	
	
	
	



	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Sleep A2
	7
	3
	3
	3.00
	.000

	Level of care A2
	7
	1
	2
	1.14
	.378

	Sleep B1
	37
	0
	3
	1.47
	.687

	Level of care B1
	37
	0
	1
	.92
	.277

	Sleep B2
	10
	0
	2
	1.00
	.816

	Level of care B2
	10
	0
	1
	.80
	.422

	Valid N (listwise)
	3
	
	
	
	




	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Level of care J2
	9
	1
	2
	1.78
	.441

	Sleep J2
	9
	0
	0
	.00
	.000

	Sleep J1
	34
	0
	0
	.00
	.000

	Level of care J1
	34
	0
	2
	1.68
	.535

	Valid N (listwise)
	9
	
	
	
	




[bookmark: _Toc17977998][bookmark: _Toc38821497]Appendix 7.8: One-sample t-tests

	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Face
	34
	3.32
	.768
	.132



	One-Sample Test

	
	Test Value = 4

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Face
	-5.139
	33
	.000
	-.676
	-.94
	-.41



	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Face
	34
	3.32
	.768
	.132

	T1Joshua_Epilepsy
	34
	12.59
	.701
	.120



	One-Sample Test

	
	Test Value = 12.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Face
	-69.713
	33
	.000
	-9.176
	-9.44
	-8.91

	T1Joshua_Epilepsy
	.734
	33
	.468
	.088
	-.16
	.33

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Epilepsy
	34
	12.59
	.701
	.120



	

	
	Test Value = 12.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Epilepsy
	.734
	33
	.468
	.088
	-.16
	.33



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Gastroin
	32
	17.53
	1.319
	.233



	
	Test Value = 18

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Gastroin
	-2.010
	31
	.053
	-.469
	-.94
	.01



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_CNS
	34
	11.68
	1.319
	.226

	T1Joshua_Immun
	34
	.09
	.514
	.088

	Sleep
	34
	.00
	.000a
	.000



	a. t cannot be computed because the standard deviation is 0.



	

	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_CNS
	51.606
	33
	.000
	11.676
	11.22
	12.14

	T1Joshua_Immun
	1.000
	33
	.325
	.088
	-.09
	.27



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Immun
	34
	.09
	.514
	.088

	Sleep
	34
	.00
	.000a
	.000

	T1Joshua_Cardio
	33
	.61
	.747
	.130



	a. t cannot be computed because the standard deviation is 0.

	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Immun
	1.000
	33
	.325
	.088
	-.09
	.27

	T1Joshua_Cardio
	4.658
	32
	.000
	.606
	.34
	.87



	

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_CNS
	34
	11.68
	1.319
	.226

	
	Test Value = 11

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_CNS
	2.990
	33
	.005
	.676
	.22
	1.14



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Func
	34
	10.79
	1.200
	.206



	
	Test Value = 11

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Func
	-1.000
	33
	.325
	-.206
	-.62
	.21

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Level of care
	34
	1.68
	.535
	.092

	
	Test Value = 1.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	Level of care
	1.924
	33
	.063
	.176
	-.01
	.36



	

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Joshua_Total
	31
	58.45
	3.880
	.697




	

	
	Test Value = 58.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Joshua_Total
	-.069
	30
	.945
	-.048
	-1.47
	1.37



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Bronagh_Face
	37
	1.00
	.471
	.077

	T1Bronagh_Epilepsy
	37
	1.65
	1.136
	.187

	T1Bronagh_CNS
	37
	.78
	.821
	.135

	Level of care
	37
	.92
	.277
	.045



	
	Test Value = 1

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Bronagh_Face
	.000
	36
	1.000
	.000
	-.16
	.16

	T1Bronagh_Epilepsy
	3.474
	36
	.001
	.649
	.27
	1.03

	T1Bronagh_CNS
	-1.602
	36
	.118
	-.216
	-.49
	.06

	Level of care
	-1.782
	36
	.083
	-.081
	-.17
	.01



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Bronagh_Gastroin
	36
	9.28
	1.579
	.263



	

	
	Test Value = 7

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Bronagh_Gastroin
	8.657
	35
	.000
	2.278
	1.74
	2.81



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Bronagh_Cardio
	37
	3.16
	.727
	.120



	

	
	Test Value = 2

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Bronagh_Cardio
	9.724
	36
	.000
	1.162
	.92
	1.40

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Bronagh_Func
	37
	3.41
	1.279
	.210



	
	Test Value = 3.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Bronagh_Func
	-.450
	36
	.656
	-.095
	-.52
	.33

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Bronagh_Immun
	37
	.16
	.688
	.113

	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Bronagh_Immun
	1.434
	36
	.160
	.162
	-.07
	.39

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Sleep
	37
	1.47
	.687
	.113



	
	Test Value = 1.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	Sleep
	-.239
	36
	.812
	-.027
	-.26
	.20



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Bronagh_Total
	36
	21.82
	3.071
	.512

	
	Test Value = 17.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Bronagh_Total
	8.439
	35
	.000
	4.319
	3.28
	5.36

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Emma_Face
	31
	.03
	.180
	.032

	T1Emma_Immun
	31
	3.23
	2.171
	.390

	Sleep
	31
	.45
	1.060
	.190

	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Emma_Face
	1.000
	30
	.325
	.032
	-.03
	.10

	T1Emma_Immun
	8.272
	30
	.000
	3.226
	2.43
	4.02

	Sleep
	2.373
	30
	.024
	.452
	.06
	.84



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Level of care
	29
	1.90
	.310
	.058

	T1Emma_CNS
	30
	2.50
	2.596
	.474



	
	Test Value = 2

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	Level of care
	-1.797
	28
	.083
	-.103
	-.22
	.01

	T1Emma_CNS
	1.055
	29
	.300
	.500
	-.47
	1.47



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Emma_Epilepsy
	30
	11.00
	2.117
	.387



	
	Test Value = 8.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Emma_Epilepsy
	6.467
	29
	.000
	2.500
	1.71
	3.29

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Emma_Gastroin
	28
	18.43
	1.854
	.350

	
	Test Value = 17.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Emma_Gastroin
	2.650
	27
	.013
	.929
	.21
	1.65



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Emma_Cardio
	31
	3.77
	.805
	.145

	
	Test Value = 4

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Emma_Cardio
	-1.563
	30
	.129
	-.226
	-.52
	.07



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Emma_Func
	16
	8.81
	2.639
	.660



	

	
	Test Value = 11

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Emma_Func
	-3.316
	15
	.005
	-2.188
	-3.59
	-.78



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Emma_Total
	12
	51.08
	5.977
	1.725

	
	Test Value = 41

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Emma_Total
	5.844
	11
	.000
	10.083
	6.29
	13.88



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Gastroin
	37
	4.32
	1.582
	.260

	T1Fineen_CNS
	37
	4.46
	1.016
	.167

	
	Test Value = 4.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Fineen_Gastroin
	-.675
	36
	.504
	-.176
	-.70
	.35

	T1Fineen_CNS
	-.243
	36
	.810
	-.041
	-.38
	.30



	

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Face
	36
	2.31
	.822
	.137

	Sleep
	37
	2.27
	.871
	.143

	
	Test Value = 1.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Fineen_Face
	5.881
	35
	.000
	.806
	.53
	1.08

	Sleep
	5.381
	36
	.000
	.770
	.48
	1.06



	

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Epilepsy
	37
	.00
	.000a
	.000



	a. t cannot be computed because the standard deviation is 0.



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Cardio
	37
	4.46
	.767
	.126



	
	Test Value = 2.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Fineen_Cardio
	15.536
	36
	.000
	1.959
	1.70
	2.22



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Func
	37
	3.84
	1.014
	.167



	
	Test Value = 4

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Fineen_Func
	-.973
	36
	.337
	-.162
	-.50
	.18

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Immun
	37
	3.62
	2.152
	.354

	
	Test Value = 5.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Fineen_Immun
	-5.310
	36
	.000
	-1.878
	-2.60
	-1.16



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Level of care
	37
	1.00
	.000a
	.000



	a. t cannot be computed because the standard deviation is 0.

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Fineen_Total
	36
	26.31
	3.568
	.595



	
	Test Value = 24.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Fineen_Total
	3.036
	35
	.005
	1.806
	.60
	3.01

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Face
	38
	3.53
	.797
	.129



	
	Test Value = 3.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Face
	.204
	37
	.840
	.026
	-.24
	.29

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Epilepsy
	38
	.18
	.801
	.130



	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Epilepsy
	1.419
	37
	.164
	.184
	-.08
	.45



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Gastroin
	37
	20.95
	2.185
	.359

	
	Test Value = 21

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Gastroin
	-.150
	36
	.881
	-.054
	-.78
	.67




	

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Cardio
	38
	5.00
	.232
	.038




	

	
	Test Value = 5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Cardio
	.000
	37
	1.000
	.000
	-.08
	.08

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_CNS
	38
	14.97
	1.585
	.257

	
	Test Value = 15.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_CNS
	-2.047
	37
	.048
	-.526
	-1.05
	-.01



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Func
	26
	10.27
	1.079
	.212

	
	Test Value = 11

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Func
	-3.453
	25
	.002
	-.731
	-1.17
	-.29

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Immun
	37
	8.70
	.996
	.164



	
	Test Value = 8

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Immun
	4.291
	36
	.000
	.703
	.37
	1.03



	TThe One-Sample Test table is not produced.



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Sleep
	38
	3.00
	.000a
	.000



	a. t cannot be computed because the standard deviation is 0.



	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Level of care
	37
	1.14
	.347
	.057

	
	Test Value = 1.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	Level of care
	-6.404
	36
	.000
	-.365
	-.48
	-.25



T

	

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	T1Alessandro_Total
	24
	69.58
	3.438
	.702



	
	Test Value = 67

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	T1Alessandro_Total
	3.681
	23
	.001
	2.583
	1.13
	4.04




[bookmark: _Toc38821498]Appendix 7.9: Intra-rater reliability: Percentage Agreement Calculations

[bookmark: _Toc38821499]Appendix 7.9.1: Exact agreement



1 – agreement T1/T2 rating of same judge
0 – disagreement T1/T2 rating of same judge

VIGNETTE 1: JOSHUA

	Score given by judges (Time 1) (Time 2)
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	J5 (1)
	J5 (2)
	
	J6 (1)
	J6 (2)
	
	J7 (1)
	J7 (2)
	
	J8 (1)
	J8 (2)
	
	J9 (1)
	J9 (2)
	
	
	Percentage agreement between Time 1 and Time 2, per subscale

	Subscales
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FCE
	3
	4
	0
	4
	4
	1
	4
	4
	1
	2
	3
	0
	3
	3
	1
	3
	3
	1
	4
	3
	0
	4
	3
	0
	2
	3
	0
	4/9
	44%

	EPY
	13
	13
	1
	13
	12
	0
	12
	12
	1
	12
	13
	0
	13
	12
	0
	12
	13
	0
	13
	13
	1
	13
	13
	1
	13
	16
	0
	4/9
	44%

	GST
	18
	18
	1
	18
	17
	0
	18
	18
	1
	17
	17
	1
	18
	18
	1
	15
	18
	0
	18
	14
	0
	20
	16
	0
	16
	16
	0
	4/9
	44%

	CRS
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	5/9
	56%

	CNS
	12
	12
	1
	12
	12
	1
	12
	10
	0
	10
	11
	0
	9
	14
	0
	13
	13
	1
	13
	13
	1
	13
	12
	0
	12
	12
	1
	5/9
	56%

	FUC
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	9/9
	100%

	IMU
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	9/9
	100%

	SLP
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	9/9
	100%

	CRE
	2
	2
	1
	2
	2
	1
	2
	2
	1
	0
	2
	0
	2
	1
	0
	2
	2
	1
	2
	2
	1
	2
	2
	1
	2
	1
	0
	6/9
	67%

	TTL
	60
	61
	0
	60
	59
	0
	59
	57
	0
	57
	57
	1
	57
	59
	0
	56
	60
	0
	61
	56
	0
	64
	60
	0
	56
	60
	0
	1/9
	11%

	Percent agreement between Time 1 and Time 2 (%), total
	
	
	80
	
	
	60
	
	
	80
	
	
	60
	
	
	50
	
	
	70
	
	
	70
	
	
	50
	
	
	40
	
	




VIGNETTE 2: BRONAGH

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	J5 (1)
	J5 (2)
	
	J6 (1)
	J6 (2)
	
	J7 (1)
	J7 (2)
	
	J8 (1)
	J8 (2)
	
	J9 (1)
	J9 (2)
	
	J10 (1)
	J10 (2)
	
	
	

	FCE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9/10
	90%

	EPY
	1
	1
	1
	1
	1
	1
	1
	1
	1
	4
	4
	1
	1
	1
	1
	1
	1
	1
	4
	4
	1
	2
	1
	0
	1
	1
	1
	1
	1
	1
	9/10
	90%

	GST
	8
	7
	0
	11
	5
	0
	7
	8
	0
	8
	6
	0
	8
	10
	0
	9
	8
	0
	8
	7
	0
	9
	10
	0
	10
	8
	0
	10
	9
	0
	0/10
	0%

	CRS
	3
	3
	1
	3
	3
	1
	3
	3
	1
	4
	3
	0
	3
	3
	1
	3
	3
	1
	3
	4
	0
	3
	4
	0
	3
	3
	0
	3
	3
	1
	6/10
	60%

	CNS
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	1
	3
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	4/10
	40%

	FUC
	2
	3
	0
	4
	3
	0
	4
	3
	0
	5
	4
	0
	3
	4
	0
	3
	2
	0
	3
	2
	0
	3
	3
	1
	3
	4
	0
	3
	3
	1
	2/10
	20%

	IMU
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	10/10
	100%

	SLP
	2
	1
	0
	1
	1
	1
	0
	0
	1
	2
	2
	1
	2
	2
	1
	2
	2
	1
	1
	1
	1
	2
	1
	0
	2
	0
	0
	1
	0
	0
	6/10
	60%

	CRE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	9/10
	90%

	TTL
	19
	18
	0
	23
	15
	0
	18
	18
	1
	25
	21
	0
	22
	23
	0
	21
	18
	0
	21
	20
	0
	21
	20
	0
	23
	18
	0
	21
	18
	0
	1/10
	10%

	Percent agreement (%)
	
	
	60
	
	
	60
	
	
	80
	
	
	60
	
	
	60
	
	
	40
	
	
	60
	
	
	40
	
	
	40
	
	
	60
	
	




VIGNETTE 3: EMMA

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	
	

	FCE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	4/4
	100%

	EPY
	10
	10
	1
	11
	11
	1
	10
	12
	0
	9
	9
	1
	3 / 4
	75%

	GST
	18
	21
	0
	17
	19
	0
	21
	14
	0
	18
	10
	0
	0/4
	0%

	CRS
	4
	4
	1
	4
	4
	1
	4
	4
	1
	4
	1
	0
	3 / 4
	75%

	CNS
	2
	2
	1
	2
	1
	0
	2
	1
	0
	2
	1
	0
	¼
	25%

	FUC
	8
	11
	0
	11
	11
	1
	10
	0
	0
	10
	8
	0
	¼
	25%

	IMU
	5
	5
	1
	3
	0
	0
	0
	0
	1
	1
	0
	0
	2/4
	50%

	SLP
	0
	0
	1
	0
	0
	1
	0
	0
	1
	3
	0
	0
	¾
	75%

	CRE
	2
	2
	1
	2
	2
	1
	2
	2
	1
	2
	2
	0
	¾
	75%

	TTL
	49
	55
	0
	50
	48
	0
	59
	33
	0
	49
	31
	0
	0/4
	0%

	Percent agreement (%)
	
	
	70%
	
	
	60%
	
	
	50%
	
	
	20%
	
	



VIGNETTE 4: FINEEN

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	J5 (1)
	J5 (2)
	
	J6 (1)
	J6 (2)
	
	J7 (1)
	J7 (2)
	
	J8 (1)
	J8 (2)
	
	
	

	FCE
	3
	2
	0
	3
	2
	0
	3
	3
	1
	3
	2
	0
	1
	1
	1
	2
	1
	0
	3
	2
	0
	2
	3
	0
	2/8
	25

	EPY
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	8/8
	100

	GST
	6
	6
	1
	3
	2
	0
	4
	3
	0
	8
	7
	0
	6
	5
	0
	4
	5
	0
	5
	6
	0
	5
	5
	1
	2/8
	25

	CRS
	4
	4
	1
	4
	4
	1
	5
	6
	0
	4
	5
	0
	4
	5
	0
	5
	4
	0
	5
	5
	1
	5
	3
	0
	3/8
	38

	CNS
	4
	3
	0
	4
	4
	1
	7
	5
	0
	5
	5
	1
	5
	5
	1
	5
	1
	0
	5
	5
	1
	4
	5
	0
	4/8
	50

	FUC
	3
	4
	0
	5
	5
	1
	5
	4
	0
	5
	5
	1
	5
	3
	0
	5
	0
	0
	3
	5
	0
	3
	1
	0
	2/8
	25

	IMU
	5
	5
	1
	5
	5
	1
	5
	5
	1
	5
	0
	0
	5
	0
	0
	5
	5
	1
	0
	3
	0
	0
	0
	1
	5/8
	63

	SLP
	2
	2
	1
	0
	0
	1
	2
	2
	1
	2
	2
	1
	3
	2
	0
	0
	2
	0
	3
	2
	0
	3
	3
	1
	5/8
	63

	CRE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	8/8
	100

	TTL
	28
	27
	0
	25
	23
	0
	32
	29
	0
	33
	27
	0
	30
	22
	0
	27
	19
	0
	25
	29
	0
	23
	21
	0
	0/8
	0

	Percent agreement (%)
	
	
	60
	
	
	70
	
	
	50
	
	
	50
	
	
	40
	
	
	30
	
	
	40
	
	
	50
	
	




VIGNETTE 5: ALESSANDRO

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	
	

	FCE
	3
	3
	1
	4
	3
	0
	4
	4
	1
	2/3
	66%

	EPY
	0
	0
	1
	0
	0
	1
	0
	0
	1
	3/3
	100%

	GST
	21
	21
	1
	21
	21
	1
	21
	21
	1
	3/3
	100%

	CRS
	5
	5
	1
	5
	5
	1
	5
	5
	1
	3/3
	100%

	CNS
	15
	15
	1
	16
	15
	0
	14
	14
	1
	2/3
	66%

	FUC
	11
	11
	1
	10
	11
	0
	11
	11
	1
	2/3
	66%

	IMU
	10
	9
	0
	7
	9
	0
	7
	7
	1
	1/3
	33%

	SLP
	3
	3
	0
	3
	3
	1
	3
	3
	1
	2/3
	66%

	CRE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	3/3
	100%

	TTL
	69
	68
	0
	67
	68
	0
	66
	66
	1
	1/3
	33%

	Percent agreement (%)
	
	
	70
	
	
	50
	
	
	100
	
	



[bookmark: _Toc38821500]Appendix 7.9.2: Agreement within +/- 1 point



1 – agreement within 1 point) T1/T2 rating of same judge
0 – disagreement T1/T2 rating of same judge

VIGNETTE 1: JOSHUA

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	J5 (1)
	J5 (2)
	
	J6 (1)
	J6 (2)
	
	J7 (1)
	J7 (2)
	
	J8 (1)
	J8 (2)
	
	J9 (1)
	J9 (2)
	
	
	

	FCE
	3
	4
	1
	4
	4
	1
	4
	4
	1
	2
	3
	1
	3
	3
	1
	3
	3
	1
	4
	3
	1
	4
	3
	1
	2
	3
	1
	9/9
	100%

	EPY
	13
	13
	1
	13
	12
	1
	12
	12
	1
	12
	13
	1
	13
	12
	1
	12
	13
	1
	13
	13
	1
	13
	13
	1
	13
	16
	0
	8/9
	88%

	GST
	18
	18
	1
	18
	17
	1
	18
	18
	1
	17
	17
	1
	18
	18
	1
	15
	18
	0
	18
	14
	0
	20
	16
	0
	16
	16
	1
	6/9
	66%

	CRS
	1
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	9/9
	100%

	CNS
	12
	12
	1
	12
	12
	1
	12
	10
	0
	10
	11
	1
	9
	14
	0
	13
	13
	1
	13
	13
	1
	13
	12
	1
	12
	12
	1
	7/9
	78%

	FUC
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	11
	11
	1
	9/9
	100%

	IMU
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	9/9
	100%

	SLP
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	9/9
	100%

	CRE
	2
	2
	1
	2
	2
	1
	2
	2
	1
	0
	2
	0
	2
	1
	1
	2
	2
	1
	2
	2
	1
	2
	2
	1
	2
	1
	1
	8/9
	88%

	TTL
	60
	61
	1
	60
	59
	1
	59
	57
	0
	57
	57
	1
	57
	59
	0
	56
	60
	0
	61
	56
	0
	64
	60
	0
	56
	60
	0
	3/9
	33%

	Percent agreement (%)
	
	
	100
	
	
	100
	
	
	80
	
	
	90
	
	
	80
	
	
	80
	
	
	80
	
	
	80
	
	
	80
	
	



VIGNETTE 2: BRONAGH

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	J5 (1)
	J5 (2)
	
	J6 (1)
	J6 (2)
	
	J7 (1)
	J7 (2)
	
	J8 (1)
	J8 (2)
	
	J9 (1)
	J9 (2)
	
	J10 (1)
	J10 (2)
	
	
	

	FCE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10/10
	100%

	EPY
	1
	1
	1
	1
	1
	1
	1
	1
	1
	4
	4
	1
	1
	1
	1
	1
	1
	1
	4
	4
	1
	2
	1
	1
	1
	1
	1
	1
	1
	1
	10/10
	100%

	GST
	8
	7
	1
	11
	5
	0
	7
	8
	1
	8
	6
	0
	8
	10
	0
	9
	8
	1
	8
	7
	1
	9
	10
	1
	10
	8
	0
	10
	9
	1
	6/10
	60%

	CRS
	3
	3
	1
	3
	3
	1
	3
	3
	1
	4
	3
	1
	3
	3
	1
	3
	3
	1
	3
	4
	1
	3
	4
	1
	3
	3
	1
	3
	3
	1
	10/10
	100%

	CNS
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	3
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	9/10
	90%

	FUC
	2
	3
	1
	4
	3
	1
	4
	3
	1
	5
	4
	1
	3
	4
	1
	3
	2
	1
	3
	2
	1
	3
	3
	1
	3
	4
	1
	3
	3
	1
	10/10
	100%

	IMU
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	10/10
	100%

	SLP
	2
	1
	1
	1
	1
	1
	0
	0
	1
	2
	2
	1
	2
	2
	1
	2
	2
	1
	1
	1
	1
	2
	1
	1
	2
	0
	0
	1
	0
	1
	9/10
	90%

	CRE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	10/10
	100%

	TTL
	19
	18
	1
	23
	15
	0
	18
	18
	1
	25
	21
	0
	22
	23
	1
	21
	18
	0
	21
	20
	1
	21
	20
	1
	23
	18
	0
	21
	18
	0
	5/10
	50%

	Percent agreement (%)
	
	
	100
	
	
	80
	
	
	100
	
	
	80
	
	
	80
	
	
	90
	
	
	100
	
	
	100
	
	
	70
	
	
	90
	
	





VIGNETTE 3: EMMA

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	
	

	FCE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	4/4
	100%

	EPY
	10
	10
	1
	11
	11
	1
	10
	12
	0
	9
	9
	1
	3 / 4
	75%

	GST
	18
	21
	0
	17
	19
	0
	21
	14
	0
	18
	10
	0
	0/4
	0%

	CRS
	4
	4
	1
	4
	4
	1
	4
	4
	1
	4
	1
	0
	3/4
	75%

	CNS
	2
	2
	1
	2
	1
	1
	2
	1
	1
	2
	1
	1
	4/4
	100%

	FUC
	8
	11
	0
	11
	11
	1
	10
	0
	0
	10
	8
	0
	1/4
	25%

	IMU
	5
	5
	1
	3
	0
	0
	0
	0
	0
	1
	0
	1
	2/4
	50%

	SLP
	0
	0
	1
	0
	0
	1
	0
	0
	0
	3
	0
	0
	2/4
	50%

	CRE
	2
	2
	1
	2
	2
	1
	2
	2
	1
	2
	2
	1
	4/4
	100%

	TTL
	49
	55
	0
	50
	48
	0
	59
	33
	0
	49
	31
	0
	0/4
	0%

	Percent agreement (%)
	
	
	70
	
	
	70
	
	
	40
	
	
	50
	
	



VIGNETTE 4: FINEEN

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	J4 (1)
	J4 (2)
	
	J5 (1)
	J5 (2)
	
	J6 (1)
	J6 (2)
	
	J7 (1)
	J7 (2)
	
	J8 (1)
	J8 (2)
	
	
	

	FCE
	3
	2
	1
	3
	2
	1
	3
	3
	1
	3
	2
	1
	1
	1
	1
	2
	1
	1
	3
	2
	1
	2
	3
	1
	8/8
	100%

	EPY
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	8/8
	100%

	GST
	6
	6
	1
	3
	2
	1
	4
	3
	1
	8
	7
	1
	6
	5
	1
	4
	5
	1
	5
	6
	1
	5
	5
	1
	8/8
	100%

	CRS
	4
	4
	1
	4
	4
	1
	5
	6
	1
	4
	5
	1
	4
	5
	1
	5
	4
	1
	5
	5
	1
	5
	3
	0
	7/8
	88%

	CNS
	4
	3
	1
	4
	4
	1
	7
	5
	0
	5
	5
	1
	5
	5
	1
	5
	1
	0
	5
	5
	1
	4
	5
	1
	6/8
	75%

	FUC
	3
	4
	1
	5
	5
	1
	5
	4
	1
	5
	5
	1
	5
	3
	0
	5
	0
	0
	3
	5
	0
	3
	1
	0
	4/8
	50%

	IMU
	5
	5
	1
	5
	5
	1
	5
	5
	1
	5
	0
	0
	5
	0
	0
	5
	5
	1
	0
	3
	0
	0
	0
	1
	5/8
	63%

	SLP
	2
	2
	1
	0
	0
	1
	2
	2
	1
	2
	2
	1
	3
	2
	1
	0
	2
	0
	3
	2
	1
	3
	3
	1
	7/8
	88%

	CRE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	1
	1
	1
	1
	1
	1
	8/8
	100%

	TTL
	28
	27
	1
	25
	23
	0
	32
	29
	0
	33
	27
	0
	30
	22
	0
	27
	19
	0
	25
	29
	0
	23
	21
	0
	1/8
	13%

	Percent agreement (%)
	
	
	100
	
	
	90
	
	
	80
	
	
	80
	
	
	60
	
	
	60
	
	
	70
	
	
	70
	
	




VIGNETTE 5: ALESSANDRO

	
	J1 (1)
	J1 (2)
	
	J2 (1)
	J2 (2)
	
	J3 (1)
	J3 2)
	
	
	

	FCE
	3
	3
	1
	4
	3
	1
	4
	4
	1
	3/3
	100%

	EPY
	0
	0
	1
	0
	0
	1
	0
	0
	1
	3/3
	100%

	GST
	21
	21
	1
	21
	21
	1
	21
	21
	1
	3/3
	100%

	CRS
	5
	5
	1
	5
	5
	1
	5
	5
	1
	3/3
	100%

	CNS
	15
	15
	1
	16
	15
	1
	14
	14
	1
	3/3
	100%

	FUC
	11
	11
	1
	10
	11
	1
	11
	11
	1
	3/3
	100%

	IMU
	10
	9
	1
	7
	9
	0
	7
	7
	1
	2/3
	67%

	SLP
	3
	3
	1
	3
	3
	1
	3
	3
	1
	3/3
	100%

	CRE
	1
	1
	1
	1
	1
	1
	1
	1
	1
	3/3
	100%

	TTL
	69
	68
	1
	67
	68
	1
	66
	66
	1
	3/3
	100%

	Percent agreement (%)
	
	
	100
	
	
	90
	
	
	100
	
	











[bookmark: _Toc38821501]Appendix 7.10: Hypothesis testing

[bookmark: _Toc38821503]Appendix 7.10A: One-way ANOVA to investigate differences in ratings for between consultants/registrars and less qualified medical professionals; plus corresponding boxplot
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[bookmark: _Toc17978001]Appendix 7.10B: One-way ANOVA to investigate difference in ratings for Fineen (Time 1) for consultants/registrars versus less qualified medical professionals & corresponding boxplot
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[bookmark: _Toc38821504]Appendix 7.11.2: Testing of Hypothesis B – One-way ANOVA to investigate differences in scores given by those who have previously heard of WHS and those who have not.
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Appendix 7.11.3: Results from the paired samples T-Tests for testing a priori hypotheses

	Paired Samples Test

	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	
	

	
	
	
	
	Lower
	Upper
	
	
	

	Pair 1
	T1Fineen_Total - T1Alessandro_Total
	-41.500
	5.323
	2.661
	-49.970
	-33.030
	-15.593
	3
	.001

	Pair 2
	T1Alessandro_Total - T1Bronagh_Total
	47.750
	4.132
	1.461
	44.296
	51.204
	32.688
	7
	.000

	Pair 3
	T1Fineen_Total - T1Joshua_Total
	-33.000
	6.042
	2.014
	-37.644
	-28.356
	-16.387
	8
	.000

	Pair 4
	T1Joshua_Total - T1Emma_Total
	1.750
	8.016
	4.008
	-11.005
	14.505
	.437
	3
	.692

	Pair 5
	T1Emma_Face - T1Joshua_Face
	-2.500
	.548
	.224
	-3.075
	-1.925
	-11.180
	5
	.000

	Pair 6
	T1Bronagh_Face - T1Alessandro_Face
	-2.444
	.527
	.176
	-2.850
	-2.039
	-13.914
	8
	.000

	Pair 7
	T1Bronagh_Epilepsy - T1Fineen_Epilepsy
	1.778
	1.302
	.434
	.777
	2.778
	4.097
	8
	.003

	Pair 8
	T1Emma_Epilepsy - T1Bronagh_Epilepsy
	9.429
	.535
	.202
	8.934
	9.923
	46.669
	6
	.000

	Pair 9
	T1Bronagh_Epilepsy - T1Joshua_Epilepsy
	-11.400
	.966
	.306
	-12.091
	-10.709
	-37.315
	9
	.000

	Pair 10
	T1Joshua_Epilepsy - T1Alessandro_Epilepsy
	12.375
	1.061
	.375
	11.488
	13.262
	33.000
	7
	.000

	Pair 11
	T1Alessandro_Gastroin - T1Fineen_Gastroin
	16.700
	2.111
	.667
	15.190
	18.210
	25.019
	9
	.000

	Pair 12
	T1Alessandro_Gastroin - T1Bronagh_Gastroin
	11.333
	2.449
	.816
	9.450
	13.216
	13.880
	8
	.000

	Pair 13
	T1Bronagh_Gastroin - T1Joshua_Gastroin
	-9.111
	1.054
	.351
	-9.921
	-8.301
	-25.931
	8
	.000

	Pair 14
	T1Emma_Gastroin - T1Alessandro_Gastroin
	-2.714
	1.380
	.522
	-3.991
	-1.438
	-5.203
	6
	.002

	Pair 15
	T1Bronagh_Cardio - T1Joshua_Cardio
	2.800
	.919
	.291
	2.143
	3.457
	9.635
	9
	.000

	Pair 16
	T1Joshua_Cardio - T1Fineen_Cardio
	-3.556
	.882
	.294
	-4.233
	-2.878
	-12.095
	8
	.000

	Pair 17
	T1Emma_Cardio - T1Alessandro_Cardio
	-1.200
	.422
	.133
	-1.502
	-.898
	-9.000
	9
	.000

	Pair 18
	T1Alessandro_CNS - T1Bronagh_CNS
	14.333
	2.179
	.726
	12.658
	16.009
	19.730
	8
	.000

	Pair 19
	T1Joshua_CNS - T1Fineen_CNS
	7.700
	2.003
	.633
	6.267
	9.133
	12.158
	9
	.000

	Pair 20
	T1Emma_CNS - T1Alessandro_CNS
	-12.000
	4.555
	1.518
	-15.501
	-8.499
	-7.903
	8
	.000

	Pair 21
	T1Alessandro_Immun - T1Fineen_Immun
	4.800
	1.317
	.416
	3.858
	5.742
	11.529
	9
	.000

	Pair 22
	T1Bronagh_Immun - T1Joshua_Immun
	-.300
	.949
	.300
	-.979
	.379
	-1.000
	9
	.343

	Pair 23
	T1Emma_Immun - T1Alessandro_Immun
	-5.400
	2.119
	.670
	-6.916
	-3.884
	-8.060
	9
	.000

	Pair 24
	T1Bronagh_Func - T1Alessandro_Func
	-7.750
	1.035
	.366
	-8.615
	-6.885
	-21.177
	7
	.000

	Pair 25
	T1Joshua_Func - T1Emma_Func
	.600
	.548
	.245
	-.080
	1.280
	2.449
	4
	.070

	Pair 26
	T1Fineen_Func - T1Emma_Func
	-3.500
	2.121
	1.500
	-22.559
	15.559
	-2.333
	1
	.258

	Pair 27
	Sleep - Sleep
	2.800
	.632
	.200
	2.348
	3.252
	14.000
	9
	.000

	Pair 28
	Sleep - Sleep
	-1.167
	.707
	.236
	-1.710
	-.623
	-4.950
	8
	.001

	Pair 29
	Sleep - Sleep
	-2.800
	.632
	.200
	-3.252
	-2.348
	-14.000
	9
	.000

	Pair 30
	Level of care - Level of care
	.333
	.500
	.167
	-.051
	.718
	2.000
	8
	.081

	Pair 31
	Level of care - Level of care
	-.600
	.516
	.163
	-.969
	-.231
	-3.674
	9
	.005

	Pair 32
	Level of care - Level of care
	.833
	.408
	.167
	.405
	1.262
	5.000
	5
	.004



[bookmark: _Toc38821505]Appendix 7.12: Thematic Table for Theme 2: Comments about the Vignette Methodology
	Participant ID 
	Subtheme

	
	Spelling mistake in vignettes

	107
	A few spelling/sentence/grammar mistakes in the scenario case studies e.g. “Alessandro is registered as deaf.it”

	Missing information in vignette

	81
	Bronagh age?

	33
	The case studies were more or less enough to score on COA, but some details were missing which made it difficult to complete.

	33
	Fineen: 1) How many infections a year, 2) Take a more detailed social history 3) Get patients personal details correct eg DOB 4) Pregnancy history

	33
	Alessandro: Hard without all the info

	35
	Some questions which were asked were vaguely answered (or not) in the case provided. Therefore some guesswork was needed.

	39
	Bronagh: Need to ask more specific Qs – could use the tool as an interview style approach/checklist

	39
	Alessandro: Need some further info from parents

	106
	No mention in vignette on many issues – I suppose if patient was in front of you it would make very good almost ‘tickbox’ tool to guide consultation.

	106
	Emma: No information given re appearance.

	14
	Joshua: I have assumed where features haven’t been commented on that they are negative e.g. structural heart defects

	82
	Based on vignettes, some info not available

	38
	Joshua: Some features were not described in the history and I had to deduct them, i.e. no mentioned there were not present, DOB msising

	67
	Emma: Not all clinical details given for each category so left blank ?Score too low

	23
	Fineen: ? Number of infections yearly

	26
	Emma: Unable to score facial features, Inaccurate score as unable to fully assess

	26
	Joshua 2: Likely underestimate; 

	26
	Emma 2: underestimate due to lack of info re facial features

	60
	Emma
· Socialising?
· Extent of communication
· (illegible)

	84
	Fineen: Struggled? Mainstream school or SEN school (illegible) attending SEN classes

	31
	Bronagh: Age not known, made knowing inferrals since last hospital admission at age 5 difficult.

	90
	Fineen: Difficult to assess some areas based on information provided

	90
	Emma: The clinical information provided did not provide enough evidence for an accurate Clinical Outcome Assessment.

	99
	Cannot fully answer all questions as not all information in vignette (Alessandro)

	4
	Unable to assess some aspects as not obtained enough information, have assumed no/given benefit of doubt when unsure (Joshua)

	Information in vignette/s doesn’t fit the correct boxes

	105
	Alessandro: Need some further info from parents

	85
	Fineen: Q7C not correct answered but most appropriate situation not covered in the answers

	61
	Alessandro: For some questions I didn’t feel any of the answers were applicable for this patient

	95
	Sleep: Don’t know what to choose as vignette said ‘most nights’ 

	25
	Query about vignette indicating bladder/bowel both same when describing “toilet in day” (Bronagh)

	25
	Query about whether use of ipad when can’t sleep means ‘able to self sooth’ (Fineen)

	Extra comments re vignettes

	54
	Joshua: No info given on any formal vision/hearing assessment which could have been useful as his lack of response to environmental stimuli could indicate there is a problem?

	Artificial situation

	97
	Patient not seen F2F, so difficult to comment further.
Wasn’t sure where to comment on bib I wasn’t sure about.

	30
	Difficult to complete part 1 without having seen the patient

	Positive comments

	24
	Well-worded case studies. Easy to follow



[bookmark: _Toc38821506]Appendix 7.13: Final version of the COA, after assessment of validity and construct validity

CLINICAL OUTCOME ASSESSMENT FOR Wolf-Hirschhorn syndrome

Instructions for assessors:

This comprehensive clinician-rated Clinical Outcome Assessment has been developed by researchers at the University of Sheffield to aid the assessment of patients with Wolf-Hirschhorn syndrome. 
It is based on the scientific literature as well as expert input (obtained via interviews from patient caregivers). Its content has undergone peer-review by international experts in the field of Wolf-Hirschhorn syndrome. 

It is split in nine sections/domains, and instructions are contained within these domains. If you think a question/item is not applicable to the patient you are assessing, you can either choose the ‘N/A’ (not applicable) answer option or choose the corresponding answer. 

The rating scale is designed in such a way that you can use it during your consultation. You, as the assessor, transform reports from caregivers (such as parent, care worker) into ratings along the scales provided. 

For some of the question, such as domain 1 (Facial features) or domain 7 (Functional assessment), you can base your score on your own observations of that patient as well as reports from caregivers. 

Ultimately, you make the final decision about the functioning of the patient that you are assessing – in accordance with the information you are given and the observations of the patient you are making.


The rating scale can be administered just once to gain a comprehensive overview of patient functioning, or in regular intervals to monitor patient progression or functioning over time.


Patient details

Patient name:				






(Alternatively, put patient sicker here)


Date information obtained:

DOB:  ____/____/____	 

Age: 

Born at gestational week:

Sex: 	Male 	Female

Details re genetic abnormalities (i.e. deletion, deletion size, translocation, etc.):

No of unaffected siblings:

No. of affected siblings:

Weight:

Height:

Occipitofrontal circumference (OCP):

Simple family tree:


















Section 1: Facial features

	
	
	Present
	Absent

	1A
	Broad/ prominent nasal bridge

	1
	0

	1B
	Prominent glabella (= skin between eyebrows and nose)
	1
	0

	1C
	Highly arched eyebrows
	1
	0

	1D
	Prominent, widely - spaced eyes (hypertelorism)

	1
	0

	1E
	Short philtrum 

	1
	0

	1F
	Downturned corners of the mouth
	1
	0

	1G
	Greek warrior helmet appearance
	1
	0

	1H
	Microcephaly
(Head circumference under the second centile)
	1
	0

	1I
	High hairline

	1
	0

	1K
	Cleft lip

* if present, height of cleft:
	1
	0

	1L
	Cleft palate
* if present, height of cleft:


	1
	0



	Total Section 1:
(Maximum points 11)
	




Section 2: Epilepsy and seizures

	
	Yes
	No

	2A
	Has the patient ever had a diagnosis of febrile seizure/s? 
	1
	0

	2B
	Has the patient ever had a diagnosis of epilepsy, i.e. ever had any seizures that were not febrile?
	1
	0

	2C
	Does the patient CURRENTLY have epileptic seizures (= unprovoked seizures)?
	1
	0



If 2A, 2B and 2C were all answered no (=no febrile seizures, no status epilepticus, never had seizure activity), please proceed to Section3. If not, continue in this section.

	2D.2

	What is the patient’s current seizure frequency?

	

	One seizure a day or more 
	6

	One seizure a week 
	5

	One to three seizure in the last four weeks
	4

	One seizure in the last 1-3 months 
	3

	One seizure in the past 3-6 months 
	2

	One seizure in the past 6-12 months
	1

	None 
	0











	2D.2

	What types of seizures does the patient experience?

If more than one type of seizure, add up
	

	Tonic-clonic
	3

	Focal
	2

	Absence
	1

	Myoclonic
	1

	No seizures
	0



	2D.3 

	What was the maximum level of after-care needed for seizures over the past 6 months?
	

	Hospital admission
	3

	Ambulance called
	2

	Parent/caregiver administration of treatment at home
	1

	None/no after-care required
	0



	
	Yes
	No

	2E.1
	Is the patient currently taking Medication for epilepsy?
	1
	0

	2E.2
	Drug Details:


	

	2E.2
	Have there been any changes in epilepsy medication over the past 6 months (i.e. adjustments, drug change)?
	Yes

1
	No

0

	2E.3
	Does the patient experience any side effects from epilepsy medication that may affect functioning or indicate a medication review is needed?

	



	Total Section 2:
(Maximum points 21)
	




SECTION 3: GASTROINTESTINAL AND GENITOURINARY

Part 1: Feeding

	3A.1 
	Eating, is the patient  …?

	

	Reliant on intervention (PEG feed, nasal gastric tube, jejunostomy) for diet intake
	2

	Reliant on assistance (mashing or liquidising) but can feed/swallow themselves
	1

	Able to eat independently (e.g. may need help cutting food
	0



	3A.2
	If reliant on intervention, are there any issues with recurrent infections at the intervention site?

	

	Yes
	1

	No 
	0



	3A.3
	IF PATIENT IS ABLE TO EAT ORALLY, which issues do the family/caregivers face when eating with their relative with Wolf-Hirschhorn syndrome? 

If more than one applicable, add up 
	

	Time- consuming to feed due to motor- and coordination difficulties
	1

	Difficulty feeding
	1

	No issues
	0

	N/A
	0



	3B
	For fluid intake/drinking, is the patient….?

	

	Reliant on an intervention for fluid intake, as above
	2

	Able to drink with assistance items (with straws, special cups
	1

	Able to drink independently without help
	0



Part 2: Reflux/Aspiration

	3C
	Are there issues with aspiration (currently, even if medicated)?

	

	Severe issues (e.g. consequentially cannot eat, reliant on intervention as result)
	2

	Intermittent issues/sometimes
	1

	No issues
	0



	3D.1

	Does the patient have a diagnosis of reflux (=effortless vomiting)?

	

	Yes, confirmed by investigation/test
	2

	Yes, clinical diagnosis (without testing)
	1

	No diagnosis, but suspected by caregivers/parents
	1

	No
	0



	3D.2:
	If applicable, does the reflux require medication?

	

	Yes
	1

	No
	0

	N/A
	0



	3D.3
	If applicable, does the patient experience apparent reflux symptoms?

 If more than one applicable, add up
	

	Apparent pain/discomfort
	1

	Vomiting shortly after food
	1

	Back arching
	1

	No symptoms
	0

	N/A
	0



Part 3: Vomiting

	3E:
	Does the patient experience any recurrent episodes of vomiting (not caused by apparent infection, not reflux, not associated with feeding itself)?

	

	Yes
	2

	Sometimes/intermittently
	1

	No
	0



Part 4: Bladder/Bowel control

	3G.1
	IS THE PATIENT URINARY CONTINENT?

	

	NO, PATIENT NEEDS PADS/NAPPIES AND CANNOT INDICATE WHETHER TOILET IS NEEDED
	2

	PATIENT IS PARTLY ABLE TO INDICATE 
	1

	YES, INDEPENDENT 
	0



	3G.2
	IS THE PATIENT FAECALLY CONTINENT?

	

	NO, PATIENT NEEDS PADS/NAPPIES AND CANNOT INDICATE WHETHER TOILET IS NEEDED
	2

	PATIENT IS PARTLY ABLE TO INDICATE
	1

	YES, INDEPENDENT 
	0



	Details:
	



Part 5: Bowel movements

	3F.1
	Over the past 6 months, has the patient experienced any issues with constipation?

	

	Most of the time 
	2

	Some of the time 
	1

	Rarely 
	0



	3F.2:
	If applicable, what specific constipation-related issues does the patient suffer? 

If more than one applicable, add up
	

	Abdominal distention/bloating 
	1

	Inability to pass stool
	1

	Observable pain/cramps
	1



	3F.3
	Over the past 6 months, has the patient experienced any problems with diarrhoea? (not caused by evident infection)

	

	Most of the time
	2

	Some of the time
	1

	Rarely
	0



	3F.4
	IF APPLICABLE, what specific diarrhoea-related issues does the patient suffer? 

If more than one applicable, add up
	

	Predominantly liquid stools, no solid pieces
	1

	Bloating
	1

	Fever
	1



Part 6: Genitourinary

	3I.1

	Does the patient suffer recurrent urinary tract infections?

	

	Yes
	1

	No
	0



	3I.2
	Over the past 6 months, what was the maximum level of care needed to treat urinary infections?

	

	Patient required hospital admission 
	3

	Home care/GP care with antibiotics
	2

	Self-care (e.g. painkillers, cranberry supplement)
	1

	N/A
	0



	3K.1
	Does the patient have any known renal malformations (confirmed on ultrasound etc.)?

	

	Yes
	1

	No
	0



	Details:
	



	3K.2
	Is the renal malformation symptomatic?

	

	Yes
	1

	No
	0



	Symptoms:
	



Items 3L.1 and 3L.2 only applicable if male patient

	3L.1

	Presence of hypospadias?
	

	Yes
	1

	No
	0



	3L.2
	Does/Did hypospadias require treatment?

	

	Surgical management
	2

	Conservative treatment (antibiotics, observation) 
	1

	No treatment
	0



	Part 1: Feeding
(Maximum points 7)
	

	Part 2: Reflux/Aspiration
(Maximum points 8)
	

	Part 3: Vomiting
(Maximum points 2)
	

	Part 4: Bladder/Bowel control
(Maximum points 4)
	

	Part 5: Bowel movements
(Maximum points 10)
	

	Part 6: Genito-urinary
(Maximum points 
if female: 6, if male: 9)
	

	Total Section 3:
 (If female, 37 – if male, 40)

	




Section 4: Cardiac and respiratory symptoms

Part 1: Cardiac functioning

	4A.1
	Has the patient ever been diagnosed with a structural heart defect (i.e. ventricular, ASD, …)?

	

	Yes 

If Yes, proceed to Item 4A.2 
	1

	No

If No, proceed to Item 4B
	0



	Details:
	



	4A.3

	How is/ has the structural heart defect being/been treated?

	

	Urgent surgery
	3

	Elective surgery
	2

	Medication
	1

	None needed/observation only
	0




	3A.4
	Is the heart defect symptomatic?

	

	Predominantly Yes
	1

	Predominantly No
	0



	4A.5
	What specific heart defect-related symptoms does the patient suffer?

If more than one applicable, add up
	

	Breathlessness
	1

	chest pain
	1

	Fatigue
	1

	Swelling on the ankles
	1

	Fainting
	1



Part 2: Respiratory functioning

	4B.1
	Has the patient ever been diagnosed with a structural respiratory/upper airways malformation?

	

	Yes
	1

	No
	0



	Details:
	



	4C.1
	Does the patient suffer recurrent respiratory tract infections?

	

	Yes
	1

	No
	0



	4C.2
	Over the past 6 months, what was the maximum level of care needed to treat respiratory tract infections?

	

	Patient required hospital admission
	3

	Home care/GP care with antibiotics
	2

	Self-care (e.g. Lempsip)
	1

	N/A
	0



	Part 1: Cardiac functioning (Maximum points 10) 
	

	Part 2: Respiratory functioning
(Maximum points 5)
	

	Total Section 4:
(Maximum points 15)
	



Section 5: Central Nervous System

Part 1: EYES & VISION

	5A.1:
	DOES THE PATIENT HAVE A DIAGNOSIS OF STRUCTURAL EYE DISEASE, SUCH AS CATARACT, STRABISMUS, REFRACTIVE ERRORS? BLINDNESS IS EXCLUDED.

	

	Yes
	1

	No
	0



	Details:
	



	
	If applicable, does/did the patient require eye surgery for structural eye disease?

	

	Yes
	1

	No
	0



	Details:
	




	5B
	What is the patient’s sight like?

	

	Registered blind (visual defect that cannot be fixed
	2

	Requires glasses
	1

	Normal vision
	0



Part 2: Hearing & ENT


	5C
	What is the patient’s hearing like?

	

	Registered deaf = 2
	2

	Requires an aid
	1

	Normal hearing
	0



	Details:
	




	5D.1
	Does the patient suffer recurrent ear infections?
	

	Yes
	1

	No
	0



	5D.2
	Over the past 6 months, what was the maximum level of care needed to treat ear infection?

	

	Patient required hospital admission

	3

	Home care/GP care with antibiotics
	2

	Self-care
	1

	N/A
	0



Part 3: Brain 

	5E.1
	Does the patient have any structural brain abnormalities confirmed by investigation (e.g. MRI/CAT scan)?

	

	Yes

If Yes, proceed to Item 5E.2
	1

	No

If No proceed to Item 5F
	0



	Details:
	



	5E.3
	Was surgical intervention required for structural brain abnormalities?

	

	Yes
	1

	No
	0



	Details:
	



Part 4: Mobility

	5F
	Is the patient able to sit?

	

	Patient unable to sit safely without formal support (i.e. safety belt, safety harness in wheelchair or special chair
	3

	Patient sits with poor posture (slumped forward or to one side; requiring pillows or similar support)
	2

	Occasionally requires support when sitting
	1

	No issues, sits independently
	0



	5G
	Is the patient able to stand?

	

	Unable to stand at all (walking frames and caregiver support ineffective)
	3

	Able to stand with support of at least one other individual
	2

	Able to stand with walking aid
	1

	No issues
	0



	5H
	Is the patient able to walk?

	

	Unable to walk, patient entirely reliant on wheelchair/
	4

	Patient can walk very short distances with caregiver support
	3

	Patient can walk short distances, aided with walking frame or similar
	2

	Patient can walk short distances unaided, needs intervention for longer distances
	1

	Can walk unaided at all times
	0



Part 5: Skeletal abnormalities

	5K.1
	Does the patient have talipes/ clubfoot?

	

	Yes
	1

	No
	0



	5K.2
	Was Surgery required for talipes/ clubfoot?

	

	Yes
	1

	No
	0



	5I.1
	Has the patient been diagnosed with Scoliosis?

	

	Yes
	1

	No
	0



	5I.2
	If yes, was surgery required for scoliosis?

	

	Yes
	1

	No
	0



	Part 1: Eyes & vision
(Maximum points 4)
	

	Part 2: Hearing/ENT
(Maximum points 6)
	

	Part 3: Brain abnormalities
(Maximum points 2)
	

	Part 4: Mobility
(Maximum points 10)
	

	Part 5: Skeletal abnormalities
(Maximum points 4)
	

	Total Section 5: 
(Maximum points 26)
	



Section 6: Immunity

	6A
	How often does the patient suffer from infections?

	

	Frequent infections (more than 5/year; excluding the common cold)
	5

	Infrequent infections (3-5/ year, excluding the common cold)
	3

	Rare infections (< 3/year, excluding the common cold)
	0







	6B
	How many hospital admissions did the patient have in the past year, due to infections (excluding elective surgery, outpatient appointments)?

	

	5 or more hospital admissions
	5

	3-5 hospital admissions
	4

	2 Hospital admissions
	2

	1 Hospital admission
	1

	None 
	0



	6C.1
	Does the patient have any tumours or malignancies?

	

	Yes
	1

	No
	0



	Details:
	



	6D.1
	Does the patient have any abnormal skin findings?

	

	Yes
	1

	No
	0

	
	




Section 7: Functional assessment

	7A
	What’s the patients engagement with external stimuli like? Including play behaviour.

	

	Patient unable to engage with stimuli/play, no reactions to toys/ stimuli
	2

	Patient partly able to engage with stimuli, such as holding toys or looking at lights
	1

	Patient able to engage fully in external stimuli, displays play behaviour
	0



	7B
	CAN THE PATIENT PERFORM SIMPLE TASKS? (TAKEN OUT ‘HOUSEHOLD’)
	

	Patient unable to perform any tasks 

	2

	Patient able to perform simple tasks, aided (e.g. making bed, setting table)
	1

	Patient able to do simple tasks independently
	0



	7C
	IF APPLICABLE, WHAT SCHOOL/DAY CARE FACILITY DOES THE PATIENT ATTEND? (IF NO OPTION FITS ENTIRELY, USE SUBJECTIVE JUDGEMENT)
	

	Patient attends special needs school or day care centre, unable to go to work/mainstream school
	3

	Patient able to go to mainstream school/work, but requires 1:1 assistance at all times
	2

	Patient able to go to mainstream school/work with assistance (does not need 1:1 assistance at all times)
	1

	Patient able to go to mainstream school/participate in paid employment
	0



	7D
	What is the patient’s communication and speech like?
	

	Patient neither uses words nor sounds
	4

	Patient communicates via noise and sound
	3

	Patient communicates using Makaton/sign language
	2

	Patient able to from a limited number of words, but unable to form sentences
	1

	Patient able to form short sentences of at least 3-5 words
	0



	Total Section 7
(Maximum points 11)
	






Section 8: Sleep

	8A
	WHAT ARE THE PATIENT’S SLEEPING PATTERNS AT NIGHT?
	

	MAJORITY OF NIGHTS DISTURBED
	3

	SOME DISTURBED NIGHTS (MAX. 2 A WEEK)
	2

	ONE DISTURBED NIGHT A WEEK
	1

	NO DISTURBED NIGHTS
	0




	8B
	IS PATIENT ABLE TO SELF-SOOTH IF DISTRUBED SLEEP?
	

	NEVER, PATIENTS NEEDS CARE AND ASSISTANCE DURING WAKING PHASES
	2

	SOMETIMES ABLE TO SELF SOOTH, OTHER TIMES REQUIRES
	1

	ALWAYS, PATIENT DOES NOT REQUIRE ASSISTANCE OR CARE
	0



	Total Section 8:
(Maximum points 5)
	



SECTION 9: CARE

	9
	WHAT IS THE LEVEL OF CARE REQUIRED FOR DAY-TO-DAY LIFE?

	

	SKILLED NURSING CARE REQUIRED, EITHER AT HOME OR A NURSING HOME
	2

	HOME NURSING BY FAMILY MEMBER, NO ADDITIONAL NURSING OR CARE SUPPORT REQUIRED (EXCLUDES DAYCARE CENTRE, SCHOOL)=
	1

	NO CARE REQUIRED, PATIENT IS INDEPENDENT
	0



	Total Section 9:
(Maximum points 2)
	



Scoring

	Facial Features
	  /11

	Epilepsy/Seizures
	/21

	Gastrointestinal + Genitourinary
	/37 if female
/40 if male

	Cardiac and respiratory
	/15

	CNS
	/26

	Immunity
	/12

	Sleep
	/5

	Care
	/2

	Total score:
	/137 if female

/140 if male



Notes:


	
Additional questions, suggested by international Wolf-Hirschhorn experts, that you may wish to ask in the consultation:
· When were developmental milestones reached (e.g. rolling over, first words)?
· Information regarding pre- and post-natal growth?
Any dental abnormalities?













Appendix 7.14: Sample size/power calculation for future research (one sample t-test)

[image: ]

Appendix 7.15: Sample size/power calculation for future research (Paired samples t-test) [image: ]
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