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ABSTRACT: 
Are current clinical, serological, endoscopic and histological methods to diagnose coeliac disease adequate?

[bookmark: _Toc383618566]Background: Coeliac disease is a common condition caused by a heightened immunological response to dietary gluten. Coeliac disease is now recognised to affect up to 1 % of western populations and is increasingly being recognised in global populations. However for every patient diagnosed with coeliac disease 3 to 7 remain undiagnosed. Undiagnosed coeliac disease can have potentially serious consequences including anaemia, osteoporosis and malignancy. Patients may also have unnecessary investigations and treatment for symptoms that may be effectively treated with a gluten free diet. The aim of this thesis was to identify methods by which the diagnosis of coeliac disease could be improved leading to fewer missed diagnoses. 
Methods: To ascertain the importance of presenting characteristics to secondary care a prospective case finding study was undertaken. Patients were prospectively recruited from outpatient clinics from 4 UK hospitals and were invited to undergo serological testing for coeliac disease. Thereafter 3 commercially available point of care tests (Biocard, Coeliac Quick Test, and Simtomax) were evaluated in endoscopy and compared to the gold standard of villous atrophy on duodenal biopsy. Furthermore to evaluate the endoscopic and histological methods of diagnosing coeliac disease biopsy practices were assessed in a retrospective study of 4 UK hospitals. The diagnostic role of an additional duodenal bulb biopsy was then determined in a prospective study of patients attending for upper GI endoscopy who underwent routine duodenal biopsy. 
Results: 4089 patients were recruited to the case finding study across 4 sites. Multivariate analysis of patients referred to secondary care showed family history of coeliac disease (Adjusted Odds Ratio (AOR) 1.26 p<0.0001), anaemia (AOR 1.03 p<0.0001) and osteoporosis (AOR 1.1 p0.006) were independent risk factors for a diagnosis of coeliac disease. 
Evaluation of the Biocard point of care test in 523 patients (63.5% female, mean age 49.7) with no prior diagnosis of coeliac disease revealed  sensitivity, specificity, positive predictive value and negative predictive values were 70.1%, 96.6%, 85.4%, and 91.8% respectively. This compared poorly with standard serology. However in a head to head comparison of 3 available point of care tests, Simtomax performed the best with the highest sensitivity (96.6%) for predicting villous atrophy.
During a 3 month period across 4 hospital sites 1423 patients underwent duodenal biopsy for possible coeliac disease. Guidelines to take at least 4 biopsies were only met in 40% of patients. Coeliac disease was more likely to be diagnosed if guidelines were followed (10.1% versus 4.6%, P<0.0001).
1378 patients underwent routine duodenal biopsy with 268 (19.4%) new coeliac disease cases. 9.7% of coeliac disease patients had villous atrophy confined to duodenal bulb (D1) (Ultra-Short Coeliac Disease (USCD))(P<0.0001). In 171 (mean age 46.5, 64% female) patients quadrantic D1 biopsies were taken. A single additional D1 biopsy from any site increased sensitivity by 9.3-10.8% (P<0.0001). The 26 patients with USCD were compared to conventional coeliac disease and controls. Patients with USCD were younger (p=0.03), with lower tissue-transglutaminase antibody (tTG) titres (p=0.001) and were less likely to present with diarrhoea (P=0.001). The prevalence of ferritin deficiency (P=0.007) and folate deficiency (P=0.003) was higher in conventional coeliac disease than those with USCD and controls.
Conclusions: I have demonstrated that case finding with serological testing of all patients attending gastroenterology services increased the detection rates for coeliac disease. Furthermore adherence to biopsy guidelines and taking an additional duodenal bulb biopsy also led to increased diagnostic rates in the endoscopic setting.  A point of care test for coeliac disease used in endoscopy could be used to direct duodenal biopsy however my results would not support the use of the Biocard test in this role but Simtomax appears to be promising as a potential candidate. I believe that this body of work has significantly contributed to the field of coeliac diagnosis and has resulted in significant changes to clinical practice.
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[bookmark: _Toc427572962]CHAPTER 1: Coeliac Disease current knowledge and practice
[bookmark: _Toc382989691][bookmark: _Toc382989761][bookmark: _Toc427572963]1.1 The history of coeliac disease
The first historical accounts of a condition that we may now recognise as coeliac disease came from the Aretaeus of Cappodocia a 2nd century Greek physician. He described a condition in adult patients of “foul smelling eructations with rumbling of the gut” with “emission of flatulent material which is thick liquid and looks like white clay” and noted that patients were “pale and feeble” [1]. This of course could describe a myriad of conditions that lead to malabsorption with symptoms of steatorrhoea (white clay stools), weight loss and anaemia (pale and feeble) and there was no recognition of any causative agents at this stage. However this is the origin of the term coeliac which is taken directly from the Ionic Greek term ‘koiliakos’ meaning ‘abdominal’ [2].
Aretaeus’s works were variously translated into Latin in the 16th to 18th centuries and were translated into English by Francis Adams in 1856 [3]. The term coeliac disease was coined in 1888 when Samuel Gee a British paediatrician from Great Ormond St Hospital in his lecture “On the Coeliac affection” in apparent homage to Aretaeus.  He described children with weakness, wasting and pallor with “chronic bowel complaint that may be easily overlooked” [1]. This was also the first mention of diet as a potential cause when he concludes that "if the patient can be cured at all, it must be by means of diet." However the causative agent was not recognised at this stage. However several dietary treatments including the “Dutch mussel diet”[2, 4] and “Banana diet” [5] were successful in alleviating symptoms probably due to the inadvertent exclusion of dietary gluten. 
The next major breakthrough came in the immediate post war period when Dutch paediatrician Willem-Karel Dicke identified wheat as the causative agent [6]. Dicke had been aware of a case report of coeliac disease successfully treated with the banana diet where the introduction of bread and rusks had led to the recurrence of diarrhoea [7]. Furthermore, in his observations published in 1950, he noted that some children with chronic bowel complaints who were re-introduced to wheat flour (provided by the Allies to improve the nutritional status of the population) after shortages during the war demonstrated a significant deterioration in symptoms [8]. Subsequently Dicke also noted that wheat starch alone did not cause the symptoms of coeliac disease and concluded that it must be a different component of wheat flour that causes coeliac disease.  Gliadin was identified as the constituent of wheat responsible in 1953 [9]. Evidence of villous atrophy in coeliac disease was demonstrated in laparotomy specimens from 4 patients with steatorrhoea in 1954 [10], and in 1961 the demonstration of circulating gliadin antibodies in patients with coeliac disease confirmed the immunological mechanism in its pathogenesis [11].

[bookmark: _Toc382989692][bookmark: _Toc382989762][bookmark: _Toc427572964]1.2 Defining coeliac disease today
Coeliac disease is now recognised as a common autoimmune condition characterised by a heightened immunological response to ingested gluten (an umbrella term for the prolamins found in wheat (gliadin), barley (hordein) and rye (secalin)). Until the 1980s coeliac disease was considered a rare condition usually presenting in childhood with estimated prevalence rates of 1 in 4-8000 [12].  Interpretation of data from large scale screening studies in both adult and paediatric populations suggests that the estimated prevalence of coeliac disease in United States and European populations to ranges between 0.2-1.2% [13-18]. Contemporary studies suggest that the prevalence of coeliac disease is increasing [19-21]. However until relatively recently the majority of patients were children presenting with symptoms of malabsorption: weight loss, chronic diarrhoea, or failure to thrive [12]. This is best described as “classical” coeliac disease and remains relatively rare [22].  However, it is now recognised that coeliac disease is common, presenting in adulthood usually in the 4th and 5th decades of life and more commonly with “non-classical” symptoms [23-27]. “Non-classical” presentations include irritable bowel syndrome (IBS) type symptoms, abdominal pain, altered bowel habit and anaemia (most commonly iron deficiency) [22, 28-30]. It must be noted however, that coeliac disease is under-diagnosed and clinicians need to be aware of the variable manifestations of coeliac disease that may not include abdominal symptoms or signs of malabsorption [31-33]. Patients may be completely asymptomatic as well as those with atypical symptoms such as ataxia [34] or abnormal liver function tests [35, 36]. Despite increased awareness of the protean manifestations of coeliac disease historical meta-analyses estimated that for every patient identified as having coeliac disease seven to eight individuals remained undiagnosed [31, 32]. There is however evidence that diagnostic rates for coeliac disease are improving. A recent UK estimated the prevalence of diagnosed coeliac disease is now 0.24% up from 0.14% a decade previously [33]. Nonetheless this would still suggest that 75% of patients with coeliac disease remain undiagnosed. 
Historically coeliac disease was considered a disease affecting Caucasian populations however it is now apparent that coeliac disease is a global problem. Clinicians from both China [37] and the Indian sub-continent [38] are now recognising patients with coeliac disease. The hypotheses for this increasing prevalence are the introduction of wheat into these ethnic groups as their diet becomes more westernised or an increasing trend in all autoimmune diseases [19]. Patients at increased risk include those with another autoimmune condition or a family history of coeliac disease. Patients with a first degree relative with coeliac disease have a 5 - 11% chance of being affected [25, 39, 40]. Second degree relatives also appear to be at increased risk (~2.5%) although there is uncertainty as to the exact prevalence in this population [25]. The pairwise concordance rates of 71.4 - 75% between monozygotic twins compared to 9.1 - 11% in dizygotic twins indicates a strong genetic component to coeliac disease [41, 42].  This is further strengthened by the association with specific Human Leucocyte Antigens (HLA) DQ2 and DQ8 with 90% of patients with coeliac disease carrying genes encoding HLA DQ2 (encoded by DQA1*05 and DQB1*02) [43]. The vast majority of the remainder carry the HLA DQ8 (encoded by DQA1*03 and DQB1*0302) haplotype [44, 45]. In common with other autoimmune conditions females are more commonly affected than males (1.5-2:1) [14, 24-27, 46].
The commonly used coeliac iceberg may be the best way to describe the manifestations of coeliac disease as they are understood today.  The classic description of the coeliac iceberg (figure 1) describes those patients who are above the waterline as having “classical coeliac disease” compared to a much larger population of patients below the waterline with coeliac disease remaining undiagnosed because of sub-clinical disease or non-specific “non-classical” symptoms. 

[bookmark: _Toc427648698]Figure 1:The Historical coeliac iceberg (adapted from Hopper et al) [47]

There has however been a paradigm shift in recent times with increased uptake of serological testing and increased diagnostic rates particularly in conditions such as irritable bowel syndrome (IBS) however diagnostic rates remain sub-optimal. The coeliac iceberg model has therefore changed (figure 2). In this new model of the coeliac iceberg patients above the waterline now contain a mixture of “classical” and “non-classical” patients as well as a number of those with sub-clinical coeliac disease which describes patients who describe minimal symptoms or may be asymptomatic. Some of these patients may be diagnosed as a result of family screening or as a result of another autoimmune condition. There are still however a larger number of patients “under the waterline” who remain undiagnosed with non-classical symptoms and sub-clinical coeliac disease. 

[bookmark: _Toc427648699]Figure 2: The reality of the coeliac iceberg in 2014 (adapted from Hopper et al)[44]
The potential coeliac disease portion of the iceberg, remains the same between the two models, and contains a group of patients who have an uncertain diagnosis. This may include patients who have a positive serological test and an appropriate genetic phenotype but have no evidence of villous atrophy on duodenal biopsy [22]. It may also include patients with intraepithelial lymphocytosis on duodenal biopsy. In these patients coeliac disease is subsequently confirmed on repeat gastroscopy and biopsy in 16 to 43.3% of patients [48, 49]. If anti-endomysial antibodies are demonstrated in tissue culture (even in the absence of positive serum antibodies) the likelihood of coeliac disease is increased as these patients often develop villous atrophy over time if left on a gluten containing diet, however this technique is not widely available [50]. 
The final portion of the iceberg includes patients with normal histology and negative serology. 25-40% of these patients may demonstrate the HLA DQ2 or DQ8 phenotypes [44]. The significance of this remains unclear.
[bookmark: _Toc427572965][bookmark: _Toc382989695][bookmark: _Toc382989765]1.3 Pathophysiology of coeliac disease
In genetically predisposed individuals the immune reaction that leads to enterocyte damage is initiated by exposure to toxic peptides in gluten. These toxic peptides result from the partial proteolysis of ingested gluten by gastrointestinal enzymes. The identification and understanding of these gluten epitopes  is an important step in the comprehension of coeliac disease pathogenesis [51].  To date at least 50 T-cell-stimulatory epitopes in gluten proteins have been identified, although a unique 33-mer gliadin fragment is considered the most immunogenic peptide [52]. Furthermore the 33-mer peptide is particularly resistant to further enzymatic degradation by gastric, pancreatic and brush border peptidases because of its high content of prolamine and glutamine [53]. Partially degraded gliadin peptides are transported through the epithelium and de-amidated by tTG2 within the lamina propria. This process allows antigen-presenting cells to bind the de-amidated gliadin peptides to the peptide pocket of HLA-DQ2 or DQ8 molecules. HLA bound de-amidated gliadin is then presented to CD4+ T-cells contributing to the innate and adaptive immune responses. Activated CD4+ cells initiate the release of pro-inflammatory cytokines interferon-γ (IFN-γ) and tumour necrosis factor-α (TNF-α) as well as Interleukin (IL) 21 which stimulates proliferation of intraepithelial lymphocytes. Gluten peptides also directly elicit the innate immune responses in macrophages and dendritic cells via receptors such as Toll-like receptor 4. This drives maturation of these cells and secretion of IL-1, IL-8, TNF-α, and monocyte chemo-attractant protein-1, which serve to potentiate the adaptive immune response to gluten. Subsequently under the influence of IFN-γ matrix metalloproteinases are secreted by myofibroblasts resulting in mucosal remodelling and villous atrophy [54]. This in turn leads to the clinical symptoms of coeliac disease. 
[bookmark: _Toc427572966]1.4 Who to test for coeliac disease
Case-finding in at risk groups is the approach to diagnosis that is recommended by current national and international guidelines as the best method of case detection [55-58]. The aim of case-finding is to identify patients at an early stage potentially to reduce the risks of developing complications of coeliac disease such as lymphoma, osteoporosis or anaemia. 
Recent American guidelines recommend testing for coeliac disease in patient populations with a prevalence of coeliac disease greater than twice that of the general population [56]. This has been demonstrated in multiple prospective case-finding studies for patients with classical symptoms or sequelae of malabsorption such as anaemia or osteoporosis [24-26, 46, 59]. These same studies also demonstrate increased prevalence of coeliac disease in patients with more non-specific symptoms however there is significant heterogeneity in the patient populations studied.  The best evidence for testing for abdominal symptoms comes from 2 meta-analyses in patients fulfilling the Rome III diagnostic criteria for IBS. IBS symptoms are prevalent in patients with coeliac disease affecting 38% of patients [29] and the prevalence of coeliac disease is 4.1% in those with IBS [30].  Evidence for testing in patients with other abdominal symptoms is less compelling. In a meta-analysis of patients fulfilling the criteria for functional dyspepsia there was a trend of increased diagnosis with an OR of 1.89 although this didn’t achieve statistical significance [60]. However there is some evidence that dyspeptic symptoms are common in patients with coeliac disease [61] and a gluten free diet can improve dyspeptic symptoms in newly diagnosed coeliac patients [62, 63]. For this reason case finding may be justified in patients with non-specific dyspeptic symptoms particularly for patients with intractable symptoms where no other cause is apparent. A single study in patients presenting to hospital with acute abdominal pain identified previously undiagnosed coeliac disease in 3% of patients [64]. A recent systematic review of diagnostic testing for coeliac disease in secondary care showed a range of prevalences from 2-13% in patients presenting with all abdominal symptoms [27]. 
Identification of patients with extra-intestinal manifestations of coeliac disease is important to avoid missed diagnoses. Case finding is therefore also recommended in groups of patients with symptoms and signs related to gluten exposure without abdominal symptoms [55-58]. Case finding is justified in these groups as there may be an improvement in the extra-intestinal manifestations on a gluten free diet as well as potentially reducing the risk of other known coeliac complications.  Examples of this already discussed include patients with anaemia [28, 65, 66] or osteoporosis [67] who may have subclinical malabsorption. 
Cryptogenic hepatitis is the most common hepatic manifestation of coeliac disease and testing patients with abnormal liver function tests with no clear cause may be justified. A recent meta-analysis of unexplained transaminitis demonstrated a pooled prevalence of coeliac disease 4% (1-7%) with 27% (13 – 44%) of newly diagnosed coeliac disease patients having abnormal liver function tests [36]. Clinicians must however be wary of the association between coeliac disease and other autoimmune liver disorders such as primary biliary cirrhosis [68, 69], primary sclerosing cholangitis [69, 70] and autoimmune hepatitis [71, 72]. These conditions should be excluded in patients with coeliac disease and abnormal liver function tests before a diagnosis of coeliac hepatitis can be made. Transaminitis resolves spontaneously on institution of an effective gluten free diet within a year in the majority of patients [73]. 
Idiopathic sporadic ataxia is another condition where case finding is recommended without gastrointestinal symptoms. In recent years there has been increasing awareness of gluten ataxia as a distinct clinical entity. Studies have shown gluten related antibodies (including anti-gliadin antibodies) in 11.5 to 41% of patients with idiopathic sporadic ataxia [74]. These patients may derive benefit from a gluten free diet even in the absence of enteropathy. However up to a third of patients with ataxia and gluten related antibodies have villous atrophy on duodenal biopsy [34]. The mechanisms for the relationship between dietary gluten exposure and ataxia remain to be fully elucidated however there is increasing interest in the role of tTG-6 antibodies which are expressed in the cerebellum [75, 76]. 
Unexplained fatigue may also be an indication for case finding for coeliac disease. Fatigue is an extremely common symptom in coeliac disease affecting 7 – 44% [77-79] of patients with reduced fatigue in patients who report good adherence to a gluten free diet [79]. Testing for coeliac disease in patients with unexplained fatigue has an estimated prevalence of 0.8 to 3.3% [16, 25, 46]. 
As well as patients with symptoms or obvious sequelae of coeliac disease case finding is recommended in several groups where there is increased risk of coeliac diagnosis. This includes patients with a first degree relative who have an estimated 10% risk of developing coeliac disease [40]. There is also significant cross-over between other autoimmune conditions and coeliac disease. Particularly type 1 diabetes mellitus and autoimmune thyroid disease. 
Prevalence rates for coeliac disease in type 1 diabetes range from 2 – 10% [58]. Screening for coeliac disease is currently recommended by Diabetes UK in children and adolescents with newly diagnosed type 1 diabetes and repeat testing if symptoms develop [57, 80, 81].  There is limited evidence that a gluten free diet in patients with diabetes and coeliac disease may improve glycaemic control and reduce the risk of micro-vascular complications of diabetes [82, 83]. 
Screening for coeliac disease in patients with autoimmune thyroid disease is less clear cut but may be recommended particularly if there large doses of replacement thyroxine are required which may indicate malabsorption of thyroxine [56]. Estimated prevalence of coeliac disease is up to 7% in selected populations with autoimmune thyroid disease [58].
Finally there is a well-documented link with coeliac disease and the congenital genetic defects of Turner’s syndrome and Down’s syndrome [84-91]. The prevalence of coeliac disease in these patients ranges from 4.7 – 6.4% for Turner’s [84, 91] and 0.3 – 4.6% for Down’s syndrome [88, 90].  The reasons for these associations are not known however clinicians should be aware of this potential association and have a low threshold for coeliac testing in these groups particularly in children where coeliac disease as well as their genetic disorder may be contributing to growth retardation [87]. Table 1 summarises the patient groups where testing is currently recommended. 



[bookmark: _Toc427572967]Table 1: Patient groups for which case-finding is advocated
	Gastrointestinal symptoms	
	Estimated prevalence of coeliac disease

	Abdominal pain
	1.6 – 3.2%[24-27, 46]

	Diarrhoea
	3.9 – 5.4%[24-27, 46]

	Irritable bowel syndrome
	4.1% [30]

	Steartorrhoea
	3.9 – 5.4%[24-27, 46]

	Unexplained abdominal symptoms
	2 -13% [27]

	Potential malabsorption

	Anaemia
	2.3 – 15%[57]

	Osteoporosis or osteopenia
	0 – 3% [24-27, 46]

	Vitamin D, ferritin, folate, B12 deficiency
	No prevalence data available. Micronutrient deficiency is however common in newly diagnosed coeliac disease [92]

	Weight loss
	2.7 – 3.9% [24-27, 46]

	Groups with an increased risk of coeliac disease

	First degree relative with coeliac disease
	5 – 11% [39, 40]

	Type 1 diabetes 

	0.3 – 11.3% [57]

	Autoimmune thyroid disease
	2.9 – 3.3% [57]

	Down’s syndrome
	0.3 – 4.6% [57]

	Turner’s syndrome
	4.6 – 6.4%[93]

	Others

	Prolonged fatigue (tired all the time)
	0.8 - 3.3%[16, 25, 46]

	Idiopathic sporadic ataxia
	3.8 – 13.7% [34]

	Unexplained sub-fertility
	2.7 – 3.0%[57]

	Elevated serum transaminases without other cause
	4%[36]


[bookmark: _Toc427572968]1.5 Serology in coeliac disease
Serological testing has been one of the major reasons for the increased awareness and diagnosis of coeliac disease.  Serological tests have excellent sensitivity and specificity in appropriate patient groups.  Blood tests are inevitably much less invasive than a small bowel biopsy and as such have increased the uptake of testing for coeliac disease, greatly improving our selection of appropriate patients for duodenal biopsy [94, 95]
Gliadin antibodies were the first widely available serological test [11]. However they may be present in up to 12% of the general population [16, 96] and absent in cases of coeliac disease and therefore lack the required sensitivity and specificity [16, 96]. For many years therefore the suspicion of coeliac disease was largely clinical. In 1984 endomysial antibody (EMA) testing was first described [97] and soon became commercially available.  EMA tests detect IgA antibodies to antigens by direct immunofluorescence in monkey oesophagus or human umbilical tissue.  Testing may be highly accurate with a sensitivity and specificity of 95% in some cohorts with overt villous atrophy [98, 99]. However EMA does have potential drawbacks; it requires the development of multiple plates and therefore labour intensive; the results are subjective; the substrates are limited and are expensive [99].
In 1997 the enzyme tissue transglutaminase (tTG) was identified as the auto-antigen recognised by the EMA in coeliac disease [100]. Enzyme-Linked Immunosorbent Assays (ELISA) were subsequently developed initially with guinea pig and then human recombinant tTG antibodies.  A systematic head to head review in 2006 of tTG and EMA demonstrated that human recombinant tTG was superior [99]. tTG assays are generally cheaper than EMA and may be more reliable as they provide a quantitative result. One weakness of tTG tests however, is the large number of commercially available tests, with the accuracy of the assays variable between manufacturers [101]. The best assays have a higher sensitivity than EMA and a comparable specificity, both around 98% [102]. In general however tTG assays are more sensitive although EMA remains more specific [99].
Although gliadin antibodies have been superseded by EMA and tTG, more recently anti de-amidated gliadin peptide (DGP) assays have become available.  DGP is gliadin enzymatically de-amidated by tTG, which enhances binding to HLA-DQ2/DQ8 receptors and recognition by gut-derived T cells [103]. Early studies of DGP antibodies showed high diagnostic performance equivalent to conventional tests with both IgA and IgG isotypes appearing highly sensitive and specific [104-109]. However a meta-analysis in 2010 showed that although the IgA based assay performed well there was no diagnostic advantage conferred by the use of DGP.  Pooled data from 11 adult and paediatric studies showed sensitivities for the IgA DGP and tTG antibody tests were 87.8% (95% CI, 85.6-89.9) and 93.0% (95% CI, 91.2-94.5) respectively and the pooled specificities were 94.1% (95% CI, 92.5-95.5) and 96.5% (95% CI, 95.2-97.5) respectively [102].  A 2012 meta-analysis of 16 paediatric studies again showed that tTG and EMA were superior to DGP.  Sensitivity and specificity for IgA-DGP ranged between 80.7% to 95.1% and 86.3% to 93.1% respectively. IgG-DGP was slightly superior with sensitivity ranging from 80.1% to 98.6% and specificity from 86.0 to 96.9% [110].  Comparing different studies can be difficult particularly as all of the studies have various degrees of ascertainment bias. However despite the apparent superiority of tTG and EMA the high sensitivity of DGP in particular IgG-DGP makes this a potentially suitable screening tool particularly in IgA deficient patients as IgG-DGP may be superior to IgG based assays of tTG.  This was shown in a recent paediatric study in which 7 IgA deficient patients were identified with IgG-DGP.  The same study showed that the sensitivity of IgG-DGP was reduced in older patients (over 7 years of age) but that this was matched by an increase in the sensitivity of IgA-DGP in older patients.  This highlights the need for a combined approach using IgA and IgG if DGP is to be used as a screening tool particularly in paediatric patients [111].  IgG based assays of tTG have also been extensively investigated with similar results in IgA deficient patients although no direct comparisons between the 2 assays have been made [112-114].
A point of care test (POCT) describes a test that may be undertaken at or near the site of the patient with the aim of providing quick and accurate findings. These results may inform clinicians providing evidence needed to support early management plans and specifically in coeliac disease, identify individuals who may require endoscopy and duodenal biopsy. Currently the National Institute of Clinical Excellence advocates tTG as the first choice serological test, with EMA used if tTG is equivocal [115, 116]. However false negative test results may occur in the presence of immunoglobulin A (IgA) deficiency and this should be checked for in patients where there is a high index of suspicion [56, 116]. Given the potential time delays of conventional serology, there could be a role for rapid, accurate point of care tests which can detect coeliac disease. A POCT of this nature could possibly be used in either primary or secondary care.
POCTs for coeliac disease are now commercially available in high-street pharmacies and on the internet for patients to purchase [117, 118]. 4   Investigation into these tests forms part of this thesis, Chapter 4 “Point of care testing for coeliac disease: a potential role in endoscopy” where the role of these tests will be discussed in greater detail. 
Currently there are 4 commercially available POCTs in the UK for coeliac disease (Figure 3): Simtomax® (Augurix Diagnostics), Biocard™ Coeliac Test (Ani Biotech Oy), the Coeliac Quick Test (Biohit™ Healthcare) and Coeliac Screen™ Pro (Personal Diagnostics™). The Biocard Coeliac Test, Coeliac Quick Test, and Coeliac Screen Pro measure tTG antibodies in whole blood.  The Coeliac Quick test combines IgA, IgG and IgM tTG antibodies whilst, Coeliac Screen Pro incorporates IgA and IgG tTG and Biocard only tests for IgA-tTG. Each of these tests utilise endogenous tTG antigen liberated from red blood cells when a haemolysing buffer solution is applied to the test. The Simtomax is different to the other tests being based on IgA and IgG DGP antibodies. Furthermore the design of the test differs from the tTG based tests in that the DGP antigen is integral to the test itself with mechanical filtration of the red blood cells in the lid of the test device. This process, according to the manufacturers, should allow a performance closer to that of a standard ELISA technique. All of the tests are all performed in a similar way, with a small amount of capillary whole blood (10-25µl) obtained either by finger pin-prick or venepuncture techniques added to the test devices. The tests all provide a binary result (positive/negative) demonstrated by the presence of a positive line and a control line, similar to many widely used pregnancy tests. All 4 POCT for coeliac disease provide rapid results within 10-15 minutes. Data on the estimated sensitivity and specificity of the available tests are shown in table 2.

[bookmark: _Toc427648700]Figure 3: Pictures of the 4 point of care tests commercially available in the UK (pictures taken by Medical Illustration Royal Hallamshire Hospital Sheffield)

[bookmark: _Toc427572969]Table 2: A summary of the available point of care tests for coeliac disease
	Test
	Reported sensitivity (%)
	Reported Specificity (%)
	Source

	Biocard
	78.1 – 97.4
	97.1 – 100
	[119], [120, 121], [118, 122] 

	Coeliac Quick Test
	93 – 100
	94.9 – 95
	[119],[123]

	Simtomax
	 92.9 - 97.4
	93.8 – 100
	[124-126],[127],[128]

	Coeliac Screen Pro
	92.3 – 100
	87.1- 91.7
	Personal diagnostics internal validation report 


 
[bookmark: _Toc382989697][bookmark: _Toc382989767]
[bookmark: _Toc427572970]1.6 Sero-negative coeliac disease
With the advent of accurate coeliac serology the focus of case finding for coeliac disease has rightly focussed on increased serological testing in at risk groups. However it must be noted that the sensitivity of even the best assays of tTG, EMA and DGP are not 100% and cases of sero-negative coeliac disease do exist, particularly when a single serological test is used in the diagnostic algorithm. One common reason for sero-negative coeliac disease may be IgA deficiency.  Selective IgA deficiency is present in 2% of coeliac patients (compared to around 0.2% of the general population) and may cause false negative serology as standard tests are usually based on the IgA subclass of antibody. Immunoglobulin levels should be checked alongside standard serology and duodenal biopsy is recommended in IgA deficient patients [56, 57].  However IgA deficiency is not the only cause of sero-negative coeliac disease. In the 11 studies reported in a recent meta-analysis of IgA-tTG the mean rate of tTG negative coeliac disease was 7% [102].  For this reason a duodenal biopsy in patients with a high suspicion of coeliac disease but negative serology may still be warranted.  It must be noted however, that the negative predictive value of coeliac serology is highest in low risk populations. A prospective study of a clinical decision tool for diagnosing coeliac disease demonstrated that patients without ‘high risk’ symptoms of anaemia, weight loss or diarrhoea could safely have coeliac disease excluded on the basis of negative serology [59].  This algorithm has not however been validated by other groups to date.  Also first degree relatives of an index case, patients on immunosuppression, those with early disease or refractory disease at diagnosis may also be at risk of sero-negative coeliac disease with or without the presence of ‘high risk’ symptoms [39].  
The diagnosis of antibody negative coeliac disease can also be problematic as there are other causes of villous atrophy that need to be considered.  For example in a recent American study of 72 patients with sero-negative villous atrophy only 28% of these were identified as having coeliac disease as the cause [129].  Data presented in abstract form from our own group suggests that 44% have coeliac disease with the next most common reason being attributed to GI infection (Giardia lamblia/Helicobacter pylori) [130]. A comprehensive list of the causes of sero-negative villous atrophy is shown in table 3. The use of HLA genotyping can be useful in cases of sero-negative villous atrophy if it proves negative. However a thorough approach to investigating these patients to consider alternative diagnoses is required in all cases. Corroborative evidence such as a family history, evidence of functional hyposplenism and response to a gluten free diet should be considered [131].  Adequate gluten intake at the time of duodenal biopsy also needs to be ensured as a reduced gluten diet may be sufficient to normalise the serology but insufficient to allow healing of the duodenal mucosa. In some cases a gluten challenge may be appropriate. Historical evidence suggests that EMA may be negative in early disease or with lesser degrees of villous atrophy [132]. A table of reasons for negative serology in coeliac disease is shown in table 4. It must also be noted that wheat or gluten can induce symptoms in non-coeliac patients and self-reported sensitivity isn’t necessarily as a result of coeliac disease [133, 134]. 





[bookmark: _Toc427572971]Table 3: Associations with sero-negative villous atrophy
	Causes of small bowel villous atrophy

	Coeliac disease
	Giardiasis [135]

	HIV enteropathy [136]
	Graft Versus Host Disease [137]

	Autoimmune Enteropathy [138]
	Intestinal Lymphangiectasis 

	Common Variable Immunodeficiency (CVID)[139]
	Lymphoma [140]

	Amyloidosis
	Ischaemic enteritis

	Small Intestinal Bacterial Overgrowth (SIBO) [129]
	Mastocytosis

	Collagenous Sprue [129] 
	Tropical Sprue [141]

	Crohn’s Disease [142]
	Tuberculosis [143]

	Eosinophilic Enteritis [144]
	Radiation Enteritis [145]

	Whipple’s Disease [146]
	Zollinger Ellison Syndrome 

	Peptic Duodenitis [147]
	Drugs – e.g. Olmesartan, NSAIDs [148, 149]

	Cryptogenic Multifocal Ulcerous Stenosing Enteritis (CMUSE) 
	Sarcoidosis

	Helicobacter Pylori [150]
	Helminth Infestation 



[bookmark: _Toc427572972]Table 4: Causes of sero-negative coeliac disease
	[bookmark: _Toc383617998][bookmark: _Toc383618577][bookmark: _Toc382989699][bookmark: _Toc382989769]Causes of sero-negative coeliac disease

	[bookmark: _Toc383617999][bookmark: _Toc383618578]IgA deficiency [151]

	[bookmark: _Toc383618000][bookmark: _Toc383618579]Self-imposed gluten free or reduced gluten diet [152]

	[bookmark: _Toc383618001][bookmark: _Toc383618580]Steroid or immunosuppressant use 

	Lesser degrees of villous atrophy [153]

	Refractory coeliac disease [154]

	Early diagnosis





[bookmark: _Toc427572973]1.7 The history of endoscopy for coeliac disease
In 1954 the histological finding of villous atrophy in coeliac disease was first described in 4 patients with steatorrhoea [10]. However at the time the only method for obtaining small bowel samples was at laparotomy. During this time the pathogenesis of coeliac disease was not fully understood. Previous reports of small bowel histology was only available in post mortem specimens and changes had been dismissed as a result of post mortem change [155]. Steatorrhoea was not routinely considered an adequate reason for laparotomy indeed it took Paulley 5 years to put together this small series. In Paulley’s case series patients were undergoing laparotomy for other conditions: suspected carcinoma, Crohn’s and Whipple’s disease. 
Laparotomy for obtaining routine small bowel samples was clearly not a feasible option. The major breakthrough came in 1956 when Margot Shiner developed the first reliable method of obtaining jejunal biopsy with a flexible extension to a rigid gastroscope under fluoroscopic guidance. A diagram of Margot Shiner’s jejunal biopsy tube is shown in figure 4 [2]. 

[bookmark: _Toc427648701]Figure 4: Margot Shiner's jejunal biopsy tube (reproduced from the BMJ) [2]
However Shiner’s jejunal biopsy tube was cumbersome and uncomfortable and in 1957 Lieutenant Crosby of the United States army developed the suction capsule [156]. The suction capsule comprised a metal capsule containing a spring loaded knife attached to a length of rubber tubing. The capsule and tubing were swallowed and when, under fluoroscopic guidance, the capsule was retained within the jejunum suction was applied via the tubing and the knife mechanism activated. The capsule was then retrieved back through the patient’s mouth. This method was far less invasive than the rigid gastroscope and became the method of choice for small bowel biopsy. In subsequent years the apparatus was perfected to shorten the procedure time and improve the chances of successful biopsy. Several designs were in use in the 1960s. The Watson intestinal biopsy capsule (figure 5) was one of these designs with an improved knife mechanism.  

[bookmark: _Toc427648702]Figure 5: A Watson intestinal biopsy capsule. Clockwise from top left: Capsule kit in box; assembly and deployment instructions; close up of capsule section showing aperture through which mucosa is suctioned. (Candidate’s pictures)
Despite the improvement of the Crosby capsule problems remained. The fluoroscopic guidance required exposure to significant amounts of radiation and the ‘blind’ nature of procedure did not guarantee a suitable specimen meaning that several passes were often required. With the advent of flexible fibreoptic endoscopy in the 1970s it became possible to visualise the small bowel mucosa and take reliable duodenal biopsies using through the scope forceps. Traditionally it had been felt that jejunal biopsies were required to make a diagnosis of coeliac disease. There was also concern that samples obtained by forceps may not be adequate for analysis as they tended to be smaller than those obtained by suction capsule. Multiple head to head studies however demonstrated similar diagnostic rates in patients who underwent both fibreoptic endoscopy with multiple duodenal biopsy and jejunal suction capsule sampling [157-160]. 
[bookmark: _Toc382989701][bookmark: _Toc382989771][bookmark: _Toc427572974]1.8 Duodenal histology and pitfalls in diagnosis
Villous atrophy was identified as the characteristic lesion in 4 patients with steatorrhoea by Paulley in 1954 [10]. As the understanding grew it became apparent that in the presence of a positive serological marker and villous atrophy was diagnostic of coeliac disease. The reporting of duodenal biopsies was standardised in 1992 when Marsh first reported his histopathology criteria [161]. This placed added emphasis on the importance of the presence of intraepithelial lymphocytes in the diagnosis of coeliac disease and suggested there are ‘pre-infiltrative’ lesions. In these criteria a Marsh 1 lesion was described as elevated intraepithelial lymphocytes in the absence of villous atrophy and a Marsh 2 lesion demonstrates crypt hyperplasia and raised intraepithelial lymphocytes. Finally the ‘destructive lesion’ (Marsh 3) requires crypt hyperplasia, raised intraepithelial lymphocytes as well as villous atrophy. These criteria were further modified by Oberhuber to further subdivide the destructive lesion (table 5) [162]. This graded the severity of the villous atrophy, on the basis of the villous height to crypt depth ratio, into partial villous atrophy (3a), sub-total villous atrophy (3b) and total villous atrophy (3c). For a cast iron diagnosis of coeliac disease the presence of a Marsh 3 lesion is required. 
Marsh 1 and 2 lesions can be associated with a diagnosis of coeliac disease.  In a recent study of patients with Marsh 1 changes and a positive EMA, participants were randomised to a gluten free diet or gluten containing diet [163]. Those who continued on a gluten containing diet demonstrated deterioration in villous architecture with reduced villous height to crypt depth ratio.  However Marsh 1 and 2 changes are non-specific and are seen in multiple other conditions including Helicobacter pylori infection or as a result of non-steroidal anti-inflammatory use [48]. Coeliac disease is subsequently confirmed on repeat gastroscopy and biopsy in 16 to 43.3% of patients [48, 49]. A table of differential diagnoses for Marsh 1 and 2 lesions is shown in table 6. As a result a diagnosis of coeliac disease cannot be made based on the presence of increased intraepithelial lymphocytes and positive serology alone.  In these patients a repeat gastroscopy and duodenal biopsy should be strongly considered following a 6 week gluten challenge of 10 grams of gluten (equivalent to 4 slices of bread) per day [56, 116].  Some patients may not tolerate this amount of gluten and there is some emerging evidence that shorter challenges with less gluten may be sufficient although clinical data is lacking [164].  HLA genotyping may also be useful in this situation as the absence of the HLA DQ2 and DQ8 haplotypes has a near 100% negative predictive value. This same strategy can be employed for patients with positive serology and a normal histology but a high index of suspicion of coeliac disease.  Coeliac serology is not 100% specific and false positives do occur particularly in other autoimmune conditions or conditions that lead to an elevated total IgA level [99, 102, 165].




[bookmark: _Toc427572975]Table 5: Marsh-Oberhuber classification for duodenal histology in coeliac disease
	Marsh-Oberhuber Classification
	Description 	

	0
	Normal

	1
	Raised IELs (≥25 per 100 enterocytes) – A non-specific finding that can be seen in coeliac disease

	2
	Raised IELs with crypt hyperplasia - A non-specific finding that can be seen in coeliac disease

	3a
	Raised IELs with crypt hyperplasia and partial villous atrophy

	3b
	Raised IELs with crypt hyperplasia and subtotal villous atrophy

	3c
	Raised IELs with crypt hyperplasia and total villous atrophy

	IELs, intraepithelial lymphocytes



[bookmark: _Toc427572976]Table 6: Causes of intraepithelial lymphocytosis (Marsh 1 and 2)
	Causes of intraepithelial lymphocytosis (Marsh 1 or 2)

	Coeliac disease
	Gastroenteritis

	Helicobacter Pylori infection
	Threadworm

	Drugs (NSAIDs, aspirin)
	Crohn’s

	Small bowel bacterial overgrowth
	Sarcoidosis

	Giardia
	Idiopathic


Occasionally duodenal histology can be sub-optimal for making a diagnosis of coeliac disease. This can occur for a variety of reasons. Firstly if an insufficient number, or size, of samples are taken by the endoscopist a characteristic lesion may be missed as changes of villous atrophy are well known to be patchy [166-168]. Biopsy specimens may be poorly orientated when processed leading to tangential sections being taken and over-reporting of villous atrophy [169]. Finally incidental sampling of areas with Brunner’s glands or gastric metaplasia may make interpretation difficult. This occurs more frequently in the duodenal bulb [170]. The role of duodenal bulb biopsies will be discussed in more detail in chapters 6 and 7.
[bookmark: _Toc382989704][bookmark: _Toc382989774][bookmark: _Toc427572977]1.9 Why is a duodenal biopsy required for diagnosing coeliac disease?
Currently the majority of coeliac patients are diagnosed on the basis of positive coeliac serology and a confirmatory duodenal biopsy, taken via endoscopic means, showing the presence of villous atrophy and increased intraepithelial lymphocytes (Marsh-Oberhuber stages 3a-c) (see table 5)[162]. However,  the 2012 European Society for Paediatric Gastroenterology, Hepatology and Nutrition guidelines suggest  an algorithm for avoiding biopsy in a small proportion of paediatric patients with significant symptoms, very high antibody titres (tTG>10x level of normal and positive EMA) and an appropriate genetic phenotype [93].  Although this is understandable for a paediatric population where endoscopic evaluation frequently requires a general anaesthetic, duodenal biopsy to confirm diagnosis is still required in adult populations for several reasons. Firstly although the performance of serology appears to be excellent the studies into each test are invariably performed in high prevalence populations.  This ascertainment bias overestimates the performance of a diagnostic test. As we lower threshold for serological testing the disease prevalence within the tested population will fall.  As a result the positive predictive value of the test will suffer.  For example in a recent cohort of 2000 patients with a prevalence of coeliac disease of 3.9% the positive predictive value of tTG was only 28.6% despite sensitivity and specificity of greater than 90% [165].  Secondly a clinical response to a gluten-free diet is not diagnostic of coeliac disease particularly in patients with IBS symptoms which may be gluten sensitive in the absence of coeliac disease and Crohn’s disease that can be pseudo-improved by a gluten free diet [133, 171, 172]. The presence of villous atrophy on a duodenal biopsy gives concrete evidence of coeliac disease which is helpful for counselling patients, ensuring prescription of gluten free foods and assessing improvement on a gluten free diet. If patients do not respond to a gluten-free diet as expected, any uncertainty in the initial diagnosis can make subsequent evaluation problematic. Finally the diagnosis of coeliac disease has implications for first degree relatives of an index case that have a 10% chance of diagnosis. It is difficult to recommend screening of relatives based on serology alone.
[bookmark: _Toc382989705][bookmark: _Toc382989775][bookmark: _Toc427572978]1.10 What are the potential consequences of coeliac disease?
Coeliac disease is known to have potentially serious sequelae which may be prevented with a simple non-toxic treatment in the form of a strict lifelong gluten-free diet. Historical estimates for lymphoma suggested a relative risk of 40 – 100 times that of the general population [173]. However, as detection of coeliac disease has improved, contemporary studies have shown only a modest risk for malignancy [22, 174-176].  A recent meta-analysis demonstrated a fourfold increased risk of non-Hodgkin lymphoma (including Enteropathy Associated T-Cell Lymphoma (EATL)) [177-180]) compared to the general population with an estimated 1 in 2000 coeliac patients developing lymphoma per year [181].  Evidence for the protective effect of a gluten-free diet against the development of lymphoma is circumstantial. EATL is frequently diagnosed at the same time of or soon after the diagnosis of coeliac disease before the patient can start an effective gluten-free diet [182, 183]. A recent large population-based study showed that persistent villous atrophy, which is more common in patients with poor adherence to a gluten-free diet, was associated with increased risk of lymphoma with a hazard ratio of 2.26 compared to those who demonstrated mucosal healing on follow up biopsy [184]. However direct evidence of benefit is sparse. EATL is rare and as a result the studies are small and data are conflicting [176, 185-187]. 
Osteoporosis is prevalent amongst coeliac sufferers with 32-80% having reduced bone mineral density [188] and a strict gluten-free diet has been shown to improve bone mineral density. In a recent study of 95 patients with newly diagnosed coeliac disease there was a significant improvement in the mean bone mineral density independent of other risk factors and the effect of exercise [189].  This validates results from a previous systematic review [190]. However, patients with silent or subclinical disease may not have metabolic bone disease to the same extent as those with classical coeliac disease [191].  Current national guidelines recommend that patients are given lifestyle advice to ensure adequate calcium intake, avoid smoking and excess alcohol, and advice on adherence to a strict gluten-free diet. Baseline bloods for calcium, vitamin D and alkaline phosphatase should be requested. Baseline DXA (Dual-energy X-ray absorptiometry) to assess bone mineral density at diagnosis should be reserved for those with abnormal bloods or those at high risk of osteoporosis or additional risk factors. Those at high risk include those over the age of 70, recent weight loss of greater than 10%, a body mass index of less than 20 kg/m2, history of fragility fracture, and physical inactivity. A further DXA should be requested if there is a suspected fragility fracture or in cases of suspected poor adherence. Loss of bone density at a greater than expected rate should prompt measurement of vitamin D levels, a dietetic referral, consideration of repeat intestinal mucosal biopsy and review of additional risk factors [55]. 
Patients with coeliac disease can have functional hyposplenism resulting in a higher risk of infection from encapsulated bacteria [192]. Vaccination against streptococcus pneumonia and consideration of vaccination against meningitis C and haemophilus influenza B as well as an annual influenza vaccination are recommended by national guidelines in this population [55]. 
As previously discussed co-existing autoimmune conditions are common in coeliac disease.  There is limited conflicting evidence that a gluten free diet may be protective in preventing development of other autoimmune conditions. Circumstantial evidence comes from epidemiological studies looking at the age of diagnosis with coeliac disease compared to the numbers of patients suffering with other autoimmune conditions. Ventura et al showed that older patients with coeliac disease had a significantly increased incidence of co-existing autoimmune conditions at diagnosis compared to younger coeliac patients [72]. However, 2 further studies showed no difference between age of diagnosis and levels of autoimmunity [193, 194]. Indeed Cosnes et al demonstrated that patients younger than 36 at diagnosis appeared to be at increased risk of other autoimmune conditions [195]. However in the same study patients who were deemed adherent to a gluten free diet had a significantly lower incidence of autoimmune conditions. The reasons for this paradox are unclear but the authors concluded that patients diagnosed at an older age may have a less severe phenotype and may therefore be at reduced risk of developing other autoimmune conditions.
Anaemia and other micronutrient deficiencies are common in newly diagnosed coeliac disease. Clinicians should measure iron, B12, folic acid, vitamin D and calcium levels at diagnosis. Appropriate replacement is required on diagnosis with monitoring of haemoglobin, B12, folate, serology and immunoglobulins on an annual basis.  Adherence to a gluten-free diet may prevent recurrence of nutrient deficiencies provided there is sufficient oral intake [55].
Finally, quality of life studies looking at patients with coeliac disease on a gluten-free diet have shown this group to have a lower quality of life in both the short and long term compared to the general population and patients with other chronic gastrointestinal conditions such as ulcerative colitis [196, 197]. Appropriate investigation and management of symptoms as well as support with a gluten-free diet may improve quality of life [197, 198]. 
[bookmark: _Toc382989706][bookmark: _Toc382989776][bookmark: _Toc427572979]1.11 Management of coeliac disease
At present the only proven treatment for coeliac disease is a gluten-free diet.   However patients can find a gluten-free diet less than satisfactory with many patients complaining of poor palatability of available gluten-free foods and social difficulties relating to eating out.  Assessing adherence can be difficult but it is important particularly if a patient remains symptomatic. There are five commonly used ways to assess adherence: patient reported adherence, dietetic assessment, a validated adherence questionnaire, coeliac serology or a repeat duodenal biopsy [199]. A recent systematic review estimated adherence to a strict gluten-free diet using qualitative methods ranged from 42 – 91% however complete non-adherence was rare [200].  Factors that were most associated with good adherence to a gluten-free diet were follow-up with an expert dietician and membership of a coeliac disease advocacy group and this should be strongly encouraged.    
Many clinicians feel that a repeat duodenal biopsy is the most objective measurement of adherence.  A recent UK cohort study has demonstrated the utility of follow up biopsy prior to discharge to primary care services to risk stratify those patients who are likely to have more severe disease and complications [201].  However mucosal healing can take several years and the ideal timing of a follow-up biopsy is not known. Repeat duodenal biopsy is invasive and as a result quantitative serology measurements are also frequently used as a surrogate marker of intestinal healing however, serology does not appear to correlate in a linear manner with histology [201, 202]. 
The assessment of adherence is complex and is probably best measured using a combination of factors. Patients should have access to a dietician to assess adherence in conjunction with repeat serology and gastroenterology input to assess for resolution of symptoms. Repeat duodenal biopsy should probably be reserved for patients with elevated serological markers, persistent symptoms or nutrient deficiencies.  Patients who are stable and have apparently good adherence to a gluten-free diet should be seen in primary or secondary care on an annual basis to assess symptoms and discuss adherence.
Although the majority of patients with coeliac disease will respond to a gluten-free diet up to 30% of patients may have persistent symptoms [56].  Some patients may have been initially misdiagnosed with coeliac disease and the diagnosis must be confirmed by review of histology, serology and history. The most common reason for persistent symptoms in patients with confirmed coeliac disease is persistent gluten exposure [200].  There are also several well documented associations with other gastrointestinal conditions such as small bowel bacterial overgrowth, pancreatic insufficiency and microscopic colitis that may also contribute to ongoing gastrointestinal symptoms [56].  Patients who do not respond to a gluten-free diet are described as non-responsive and in a very small minority of patients persistent symptoms will be due to refractory coeliac disease. This is a rare condition which is defined as a persistence of villous atrophy despite strict adherence for 12 months to a gluten-free diet and can be a precursor to Enteropathy Associated T-cell Lymphoma (EATL) [154]. Patients with refractory coeliac disease will have persistent symptoms including persistent nutritional deficiencies, weight loss and malabsorption.

[bookmark: _Toc382989707][bookmark: _Toc382989777][bookmark: _Toc427572980]1.12 Conclusions
In conclusion coeliac disease is a common but under-diagnosed condition. Coeliac disease is rare amongst autoimmune conditions in that the trigger for the immune process is known. This has allowed the successful treatment with a non-toxic dietary intervention in the form of a strict gluten free diet. This treatment has the potential to greatly reduce the risk of the long term complications of coeliac disease, improve symptoms and quality of life. However with 75% of patients with coeliac disease remaining un-diagnosed there is significant scope for improving the diagnostic process to identify patients and initiate treatment. Increasing detection rates has the potential to reduce morbidity and reduce the cost burden of this eminently treatable condition.




Thesis for the degree of MD		Peter Mooney

137 of 147
[bookmark: _Toc427572981]CHAPTER 2: Hypothesis, aims and contributions

[bookmark: _Toc427572982]2.1 Null hypothesis
As outlined in this introduction the investigation and treatment of coeliac disease has come a long way since the 1950s when the trigger for the condition was first recognised. However current evidence would suggest that there is still much to do to improve the detection of coeliac disease. The null hypothesis therefore of this thesis is that current diagnostic strategies are optimal for diagnosing coeliac disease.
[bookmark: _Toc427572983]2.2 Aims
The aims of this thesis are
a) To ascertain the prevalence of coeliac disease for different gastrointestinal conditions and co-morbid conditions to identify if serological testing should be expanded into different patient groups in patients attending gastroenterology outpatients. 
b) To ascertain the diagnostic accuracy for novel point of care tests when compared to the gold standard of duodenal biopsy and evaluate a novel strategy to identify coeliac disease using of a point of care test in a pre-endoscopy setting to reduce missed diagnoses in endoscopy. 
c) To establish current duodenal biopsy practices and identify whether guidelines to take the required number of biopsies are being followed. Furthermore this thesis aims to identify factors associated with poor guideline adherence and assess the impact of adherence to duodenal biopsy guidelines has on rates of coeliac disease diagnosis.
d) To identify whether a strategy of additional duodenal bulb biopsy increases the diagnostic yield for coeliac disease in adult patients and if so to establish the ideal number and site of duodenal bulb biopsies required.
e) To identify the phenotype of patients with coeliac disease confined to the duodenal bulb and whether the consequences of coeliac disease are consistent with patients with conventional disease. Furthermore this thesis aims to identify whether duodenal bulb biopsy is required for all duodenal biopsy indications 

[bookmark: _Toc427572984]2.3 Collaborations and contributions statement
As with all research this was a collaborative process. I am extremely grateful to the clinicians who helped to collect data particularly from external sites.
Chapter 3: In this multicentre study data were collected from the 4 sites by Dr Keith Dear (Chesterfield Royal Hospital), Dr Pandurangan Basumani (Rotherham District General Hospital), Dr Nafan Libzo (Northern General Hospital, Sheffield), Dr Mark McAlindon, Dr Andrew Hopper and Dr Reena Sidhu (Royal Hallamshire Hospital, Sheffield). The 4000 data sets were then collated analysed and interpreted by the candidate. 
Chapter 4: Patients were recruited and endoscopies were performed by the candidate, Dr Matthew Kurien and Dr Kate Evans. Over 50% of the patients were recruited by the candidate and data were collated analysed and interpreted entirely by the candidate.
Chapter 5: In this multicentre study data were from the Northern General and Royal Hallamshire Hospitals in Sheffield collected by the candidate and from the external sites by Dr Michael Finegan and Dr Richard Keld (Royal Albert Edward Infirmary, Wigan) and Dr Faisal Khan and Dr Greg Naylor (Chesterfield Royal Hospital). Data from all the sites was collated, analysed and interpreted by the candidate. 
Chapters 6 and 7: Patients were recruited and endoscopies performed by the candidate, Dr Matthew Kurien, Dr Kate Evans and Dr John Leeds. Over 50% of the patients were recruited to the study had their endoscopies performed by the candidate. Data for all the recruited patients were collated, analysed and interpreted by the candidate. All data regarding patient outcomes was collected, analysed and interpreted by the candidate.

Finally this would not have been possible without the unflinching support, mentorship and supervision of Professor David Sanders.  









[bookmark: _Toc427572985][bookmark: _Toc382989709][bookmark: _Toc382989779]CHAPTER 3: Case finding for coeliac disease in secondary care: A prospective multicentre UK study

[bookmark: _Toc427572986]3.1 Summary
Coeliac disease affects 1% of the population. Despite this high prevalence, the majority of individuals are undetected. Many patients present with subtle symptoms which may also contribute to under diagnosis. Our aim was to determine the relative importance of different presenting characteristics.
Unselected gastroenterology patients referred to 4 hospitals in South Yorkshire were investigated for coeliac disease. Diagnosis was based on positive serology and the presence of villous atrophy. Odds ratios (OR) were calculated for presenting characteristics and multivariate analysis performed to identify independent risk factors.
4089 patients were assessed (mean age 55.8 (SD18.2), 41.5% male). 129 had coeliac disease (3.2%, 95% CI 2.6 – 3.7%). Multivariate analysis of patients referred to secondary care showed family history of CD (OR 1.26 p<0.0001), anaemia (OR 1.03 p<0.0001) and osteoporosis (OR 1.1 p0.006) were independent risk factors for a diagnosis of coeliac disease. When compared to population controls, diarrhoea (OR 4.1 p<0.0001), weight loss (OR 2.7 p=0.02), IBS symptoms (OR 3.2 p=0.005) thyroid disease (OR 4.4 p=0.01) and diabetes (OR 3.0 p=0.05) were also associated with increased coeliac disease risk. 
Coeliac disease accounts for 1 in 31 referrals in secondary care to unselected GI clinics. A low threshold for coeliac disease testing should be adopted.
This chapter has been published prior to thesis submission in Digestive and Liver Disease (2014;46(1):32-5) and has been reproduced with permission from the publishers Elsevier.
[bookmark: _Toc382989710][bookmark: _Toc382989780][bookmark: _Toc427572987]3.2 Screening versus case finding
There is a clear mismatch between the numbers of cases of coeliac disease that are diagnosed and the reported prevalence figures for European populations. Coeliac disease is known to have potentially serious sequelae which may be largely prevented with a simple non-toxic treatment in the form of a strict lifelong gluten free diet.  The longer a patient goes undiagnosed the more likely they are to suffer with complications. Complications can be devastating. In particular enteropathy associated T-cell Lymphoma (EATL) which has a dismal prognosis.  Only 20-40% of patients with EATL have been diagnosed with coeliac disease prior to their diagnosis with lymphoma [203]. Perhaps an earlier diagnosis of coeliac disease would have prevented progression to EATL [185, 203]. Therefore it would seem prudent to identify patients at an early stage.  This should reduce morbidity, mortality and cost in the form of reduced clinic attendances and reduced numbers of unnecessary investigations [204].  Population screening would therefore seem a logical method for case detection.  There are however some problems with this approach.   Historically coeliac disease was a rare diagnosis usually made in childhood of patients with malabsorption and failure to thrive [12].  Complications such as lymphoma and other associated malignancy were identified in this cohort of patients.  Rates of malignancy were based on hospital series of patients with severe symptomatic disease, often with cancer at the time of diagnosis [178-180]. However it is now apparent that there is a much larger group of patients, diagnosed as adults, who have less severe symptoms and may be completely asymptomatic.  The rate of complications in this cohort appears to be much less significant.  Rates of malignancy for example in large population based cohorts have shown only modest increases for those with coeliac disease [173-175]. Another example is osteoporosis which is well recognised to be prevalent in coeliac disease with abnormal bone mineral density in 32-80% of patients [188]. However, the extent to which silent or subclinical coeliac disease patients have metabolic bone disease compared to those with classical disease is not clear [191]. Also although serological testing has been shown to have high sensitivity and specificity these studies have been conducted in high risk populations. This positive ascertainment bias inherently inflates the apparent performance of the test. However when the disease prevalence falls as would be the case in population screening the positive predictive value of the test will suffer leading to increased numbers of false positive tests. This may result in increased anxiety amongst tested patients who may be completely asymptomatic and would lead to increased unnecessary investigations. As a result population screening is not recommended by current national guidelines [56, 116]. Recent studies have instead focussed on case-finding strategies in at risk groups to increase the numbers of patients diagnosed with coeliac disease.
[bookmark: _Toc382989711][bookmark: _Toc382989781][bookmark: _Toc427572988]3.2 Previous case-finding studies  
Delays in diagnosis may occur because of a delay in referral to secondary care.  Indeed most previous case-finding studies have focussed on primary care.   Hin and colleagues were the first to investigate the problem of under-diagnosis of coeliac disease in general practice by demonstrating a 3% prevalence of coeliac disease in at risk groups [26].  Their work has subsequently been validated in other European [46] and North American [205] cohorts. Catassi et al diagnosed 2.25% of their cohort with coeliac disease drastically increasing their previously low detection rate in the process [205]. A recent systematic review of diagnostic testing in for coeliac disease in primary care showed a prevalence of 2-13% in patients presenting with abdominal symptoms [27].  Studies in secondary care have found similar results however prospective studies are thin on the ground.  In a US study patients at risk of coeliac disease (those with abdominal symptoms, family history or an associated condition) were offered EMA testing and compared them to asymptomatic controls. Those in the ‘at risk’ group had a 1 in 22 (4.5%) chance of being diagnosed with coeliac disease compared to 1 in 133 (0.75%) asymptomatic patients [25]. 
As previously discussed testing for symptomatic patients has clear benefits in terms of reducing symptoms and long term complications and can easily be justified.  Case finding studies have also identified patients who are ‘at risk’ of coeliac disease such as those with another autoimmune conditions or a family history of coeliac disease. These patients may be completely asymptomatic and so may be described as being part of a screening programme which may have inherent ethical issues as described above.  However within the general population case finding in these groups can be justified for several reasons.  Firstly patients with these conditions are much more likely to have a confirmed diagnosis of coeliac disease and therefore have a reduced chance of having false positive investigations and their inherent issues.  Secondly many patients with apparently asymptomatic disease may only become aware of the symptoms upon their resolution on institution of an appropriate gluten free diet [206].  Finally in patients with underlying autoimmune conditions such as type 1 diabetes mellitus or thyroid disease may demonstrate an improvement in their primary diagnosis on a gluten free diet if they are confirmed as having coeliac disease.  A gluten free diet may improve glycaemic control and reduce the incidence of micro-vascular complications of diabetes such as nephropathy [82, 83]. There have been case reports of spontaneous improvement in patients with subclinical hypothyroidism [207].   
Case finding studies have to date focussed on pre-defined symptoms and associated conditions to increase detection rates. This may miss hitherto unknown associations or result in inappropriate testing in patients with a low prevalence of coeliac disease. A case finding study in secondary care prospectively evaluating presenting characteristics could have the potential to drastically improve case finding for coeliac disease. 
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This was a multicentre, prospective study of patients in the South Yorkshire area (United Kingdom)  All patients referred to the clinics of participating consultants (5 consultants) within the South Yorkshire Luminal Gastroenterology Research Group (SYLGRG) for a gastroenterology opinion between January 2008 to December 2010 were invited to take part in the study.  The SYLGRG comprises 4 hospitals which include the Royal Hallamshire Hospital, Northern General Hospital, Rotherham District General Hospital, and Chesterfield and North Derbyshire Royal Hospital with a total catchment population of about 2,000,000. Each gastroenterology department sees in the region of 3000 new patients per year. 
All patients attending unselected gastroenterology clinics were investigated for coeliac disease with EMA, tTG antibodies or a combination of the 2 tests depending on the protocols of the individual trusts.  Patients were recruited consecutively and no patients declined to take part in the study.  As EMA and tTG are both immunoglobulin A (IgA) based tests all patients also had their total IgA levels measured in line with local policy to rule out the possibility of deficiency leading to a false negative result.  EMA was detected using direct immunofluorescence on primate oesophagus sections (Binding Site, Birmingham UK). tTG were measured using commercially available enzyme linked immunosorbent assay kits with positive values determined on a local basis as per the manufacturer’s guidance. Total IgA levels were also measured.  Patients with IgA levels below the manufacturer’s recommended lower range were regarded as having evidence of IgA deficiency.
Reason for referral, demographic data and co morbidities were noted at the time of referral.  All patients with a positive tTG or EMA and patients with evidence of total IgA deficiency were offered duodenal biopsy.  As we tested all patients referred to gastroenterology secondary care many patients underwent gastroscopies for unrelated conditions.  This opportunity was taken to obtain duodenal biopsies.  This enabled us to calculate realistic sensitivities and specificities of serological testing and accurate odds ratios for each presenting complaint and associated condition. Duodenal biopsies were reviewed locally by gastrointestinal histopathologists.  All biopsies were classified according to the Marsh criteria for coeliac disease. A diagnosis of coeliac disease was made on the basis of positive serology and histology comprising of elevated intra-epithelial lymphocytes, crypt hyperplasia and villous atrophy (Marsh grades 3a-3c).  In those patients with evidence of villous atrophy (Marsh 3a-3c) but negative serological tests corroborative evidence of coeliac disease was sought (HLA, family history, histological improvement on gluten-free diet etc.). 
Statistical Analysis
The prevalence of coeliac disease within populations of patients in whom each presenting complaint and associated condition either was or was not present was calculated.  A chi square test was then applied to assess the difference between these two groups and odds ratios were calculated.  Multivariate analysis was performed using backward elimination binary logistic regression to identify associated conditions and presenting complaints that were most significantly independently associated with a positive diagnosis of coeliac disease.  The prevalence of coeliac disease in each group was also compared to our previous general practice cohort [16] to give an accurate estimation of the relevance of symptoms in the community. All statistical calculations were performed using SPSS (IBM) and all P values are 2 sided.
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A total of 4089 patients were prospectively recruited from the gastroenterology outpatient departments of the hospitals in the SYLGRG.  The mean age of the population was 55.8 (Standard Deviation (SD) 18.2), range 16-99. 1697 (41.5%) of patients referred were male.  3675 patients (89.4%) were found to be antibody negative. 2246 of these sero-negative patients underwent an endoscopy, either because of a high clinical suspicion of CD or for an alternative indication. 1429 patients were not biopsied as negative serology was felt sufficient to exclude a diagnosis of coeliac disease and there was no other indication for an upper GI endoscopy. In 28 patients serology results could not be identified. These patients all had high risk symptoms and underwent routine duodenal biopsy.  In total, 385 patients had a positive serological test.  14 were positive for EMA alone, 247 for tTG alone and 124 were positive for both EMA and tTG.  129 patients were diagnosed with coeliac disease, giving a prevalence of coeliac disease within our cohort of 3.2% (2.7-3.8).  The mean age of patients diagnosed with coeliac disease was significantly lower than those who did not have coeliac disease, 49.7 (+3.0) (SD 17.0) vs. 56.0 (+0.6) (SD 18.2) (p0.0001).  Of the coeliac cohort 65.1% (84/129) were female compared to 58.2% (2308/3960) of the non-coeliac cohort.  The sensitivity and specificity for EMA alone were 69.8% (61.0 – 77.4) and 98.2% (97.6 – 98.7) respectively.  The sensitivity and specificity for tTG were 79.8% (61.7 – 86.1) and 91.4% (90.2 – 92.4) respectively.  The combined EMA and tTG approach resulted in the best positive predictive value for serological testing with a sensitivity of 78.1% (69.2 – 85.1), specificity 98.5% (98.0 – 99.0), positive predictive value 73.6% (64.6 – 81.0) and a negative predictive value of 98.9% (98.3 – 99.3).  
The prevalence of coeliac disease, with associated odds ratios for associated conditions and presenting complaints are shown in table 7.  Unsurprisingly the presenting complaints that were most significantly associated with the presence of CD were those who had been referred for a gastrointestinal opinion based on the presence of positive coeliac serology or the need for a small bowel biopsy with odds ratios (OR) of 21.7 (14.2 – 33.3) and 3.8 (2.2 – 6.6) respectively.  The presence of anaemia OR 2.0 (1.3 – 2.9), a history of autoimmunity OR 2.0 (1.0 – 4.3), osteoporosis OR 4.9 (1.4 – 16.9) and a family history of CD OR 11.9 (4.9 – 28.8) were also positively associated with the diagnosis of CD.  
Interestingly symptoms such as abdominal pain and bloating or symptoms of IBS that are commonly seen in CD were seen more commonly in patients without a diagnosis of CD with the symptoms of abdominal pain and reflux being significantly negatively associated with a positive diagnosis of CD with odds ratios of 0.4 (0.2 – 0.7) and 0.3 (0.1 – 0.9) respectively.  However when compared to our general population reference cohort patients with diarrhoea, IBS symptoms and weight loss were significantly more likely to be diagnosed with CD with ORs of 4.1 (2.0 – 8.3) 3.2 (1.4 – 7.1) and 2.7 (1.2 – 6.2) respectively.  Although CD was more prevalent in patients with abdominal pain compared to the general population OR 1.6 (0.8 – 3.3) this didn’t achieve statistical significance. Full results from the comparison to the general population are shown in table 8.
Multivariate analysis showed that in patients referred to secondary care family history of CD (AOR=1.26, β=0.23, p<0.0001), anaemia (AOR 1.03, β=0.01, p<0.0001) and osteoporosis (AOR=1.1, β=0.1, p0.006) were independent risk factors for a diagnosis of CD.


[bookmark: _Toc427572991]Table 7: Univariate analysis of prevalence of coeliac disease by presenting complaint. †Significant at p<0.05  *Significant at adjusted p<0.001 (Bonferroni method) to account for multiple comparisons.
	Presenting complaint
	Number of referrals
	Coeliac disease prevalence % (95%CI)
	OR for the presence of CD in secondary care (95%CI)
	P

	Positive serology
	128
	32.8 (25.3 - 41.4)
	21.7 (14.2 - 33.3)
	<0.0001†*

	Small bowel biopsy
	158
	10.1 (6.2 - 15.9)
	3.8  (2.2 - 6.6)
	<0.0001†*

	Anaemia
	676
	5.3 (3.9 - 7.3)
	2.0 (1.3 - 2.9)
	0.0004†*

	Diarrhoea
	601
	4.0 (2.7 - 5.9)
	1.3   (0.9 - 2.1)
	Ns

	Chest pain
	55
	3.6 (0.3 - 13.0)
	1.2  (0.3 - 4.8)
	Ns

	IBS symptoms
	416
	3.1 (1.6 - 5.0)
	1.0  (0.6 - 1.8)
	Ns

	Constipation
	135
	3 (0.9 - 7.6)
	0.9 (0.3 - 2.5)
	Ns

	Weight Loss
	445
	2.7 (1.5 - 4.7)
	0.8  (0.5 - 1.5)
	Ns

	Vomiting/nausea
	247
	2.4 (0.1 - 5.3)
	0.8  (0.3 - 1.7)
	Ns

	Abdominal bloating
	191
	2.1 (0.6 - 5.5)
	0.7  (0.2 - 1.8)
	Ns

	Dyspepsia
	417
	1.9 (0.9 - 3.8)
	0.6 (0.3 - 1.2)
	Ns

	Abdominal pain
	1135
	1.6 (0.9 - 2.5)
	0.4  (0.2 - 0.7)
	0.0004†*

	Reflux
	358
	1.1 (0.3 - 2.9)
	0.3  (0.1 - 0.9)
	0.017†

	Possible GI bleed
	201
	1.0 (0.04 - 3.8)
	0.3 (0.07 - 1.2)
	ns

	Change in Bowel Habit
	154
	0.6 (0.0 - 3.9)
	0.2  (0.03 - 1.4)
	ns

	Dysphagia
	191
	0.5 (0.0 - 3.2)
	0.2 (0.02 - 1.1)
	ns

	IBD
	85
	0
	0
	-

	Abnormal Liver Function
	33
	0
	0
	-

	Associated conditions
	 
	 
	 
	 

	Family History of coeliac disease
	26
	26.9
	11.9 (4.9 - 28.8)
	<0.0001†*

	Osteoporosis
	22
	13.6
	4.9 (1.4 - 16.9)
	0.03†

	History of autoimmune disease
	132
	6.06
	2.0 (1.0 - 4.3)
	0.07

	Psoriasis
	18
	5.6
	1.8 (0.2 - 13.7)
	ns

	Musculoskeletal/skin problems
	47
	4.3
	1.4 (0.3 - 5.7)
	ns

	Thyroid disease
	117
	4.27
	1.4 (0.6 - 3.5)
	ns

	Diverticular disease
	55
	3.6
	1.2 (0.3 - 1.8)
	ns

	Diabetes
	206
	2.91
	0.9 (0.4 - 2.1)
	ns

	Upper GI inflammation
	172
	1.2
	0.4 (0.09 - 1.4)
	ns

	Renal disease
	57
	0
	0
	-

	Liver disease
	54
	0
	0
	-

	Rheumatoid arthritis
	42
	0
	0
	-

	Alcohol problems
	32
	0
	0
	-

	Pancreatic problems
	17
	0
	0
	-




[bookmark: _Toc427572992]Table 8: Presenting complaints compared to the general population . †Significant at p<0.05  *Significant at adjusted p<0.003 (Bonferroni method) to account for multiple comparisons.
	Indication
	OR
	95%CI
	p value

	Positive Serology
	48.3
	24.5 - 95.2
	<0.0001†*

	Anaemia
	5.6
	2.9 - 10.8
	<0.0001†*

	Diarrhoea
	4.1
	2.0 - 8.3
	<0.0001†*

	IBS
	3.2
	1.4 - 7.1
	0.005†

	Constipation
	3
	1.0 - 9.5
	0.1

	Weight Loss
	2.7
	1.2 - 6.2
	0.02

	Vomiting/nausea
	2.5
	0.9 - 6.6 
	0.1

	Abdominal bloating
	2.1
	0.7 - 6.6
	0.3

	Dyspepsia
	1.9
	0.8 - 4.8
	0.2

	Abdominal pain
	1.6
	0.8 - 3.3
	0.3

	Reflux
	1.1
	0.4 - 3.5
	0.8

	Any GI symptom
	2.4
	1.3 - 4.5
	0.005†

	Family History
	36
	13.0 - 102.8 
	0.0001†*

	Osteoporosis
	15.6
	4.1 - 60.0
	0.0001†*

	Autoimmunity
	6.4
	2.6 - 16.0
	0.0001†*

	Thyroid disease
	4.4
	1.5 - 12.8
	0.01†

	Diabetes
	3
	1.0 - 8.0
	0.05
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Coeliac disease accounted for 3.2% (2.7-3.8) referrals to the SYLGRG.  Although this is higher than the reported prevalence of coeliac disease of 1% it is in line with other case-finding studies [25, 26, 46, 205].  As previously discussed case-finding studies have often focussed on primary care.  Catassi et al diagnosed 2.25% of their cohort with coeliac disease [205] and Berti et al identified 1.85% of their adult patients as having coeliac disease [46].  Interestingly both of these studies used a fairly strict enrolment policy with pre-defined symptoms or coeliac associations. Despite this their prevalence figures are lower than our own where we tested any patient presenting to gastroenterology services.  Perhaps the strict admission criteria missed patients with subtle symptoms that may have been picked up by our strategy.   
The mean age of our cohort would appear to be in contrast with the aim of an early case-finding strategy to avoid malignancy.  However delays in the diagnosis of coeliac disease are widely reported by the international research community [25, 208-211] and our study represents real life practice.  Indeed we believe our approach is justified by the number of older patients who were diagnosed with coeliac disease in our cohort.  These patients still derive benefit from a diagnosis of coeliac disease in terms of reduced symptoms and complications such as anaemia and osteoporosis.  Also our present study aimed to identify characteristics that can be used in the future to facilitate earlier diagnosis.  Testing all patients referred for a gastroenterology opinion is one method that has the potential to drastically reduce the risk of missed diagnosis. 
Coeliac disease in our cohort was associated with younger age, anaemia, history of another autoimmune condition, a family history and osteoporosis.  These findings are similar to the previous case finding studies [26, 46, 205].  However, unlike other case finding studies that have had a focussed approach on well recognised coeliac symptoms and associations we applied a blanket testing policy.  This has allowed us to ascertain accurate odds ratios for individual symptoms in a gastroenterology outpatient setting.  This has obvious practical benefits for physicians.  It also clearly validates the previous case finding studies as it demonstrates that the symptoms and associated conditions that had been targeted in these previous studies were appropriate.  However symptoms commonly identified with coeliac disease such as weight loss, diarrhoea or symptoms of irritable bowel syndrome were not shown to be positively associated with coeliac disease within our cohort.  This was probably as a result of our skewed population which included a large number of patients with anaemia who were at increased risk of coeliac diagnosis but may not have had much in the way of abdominal symptoms.  Our research group also includes a tertiary coeliac centre which may have picked up more unusual presentations of coeliac disease without overt gastrointestinal symptoms.  As a result we also decided to compare the results to our previous general population cohort [18].   When compared to these patients diarrhoea (OR 4.1 (2.0 – 8.3) p<0.0001) IBS symptoms (OR 3.2 (1.4 – 7.1) p=0.005) and weight loss (OR 2.7 (1.2 – 6.2) p=0.02) are clearly at increased chance of coeliac disease diagnosis.  When all gastrointestinal symptoms were pooled they also showed an increased chance of diagnosis (OR 2.4 (1.3 – 4.5) p=0.005).  Case finding in these groups should be mandatory.
However we may also need to focus attention on increasing awareness of less common presentations of coeliac disease. In this regard we were unable to identify any further strong associations with coeliac disease. Indeed presentations such as reflux and abdominal pain were negatively associated with a new diagnosis of coeliac disease in secondary care and at no significantly increased risk when compared to the general population. There may, therefore, be an argument for excluding these patients from testing. However there is evidence that these conditions may improve on institution of a gluten free diet [212-214] and with 75% of patients with coeliac disease undiagnosed perhaps a case could be made for testing in these patient groups. Clearly further prospective studies into these patient populations is required which may identify appropriate subgroups for testing.  
Delays in diagnosis may be reduced if serological testing for coeliac disease was more readily taken up in primary care.  The importance of primary care in diagnosis was highlighted in our cohort with patients referred with positive coeliac serology or for consideration of a small bowel biopsy had a very high probability of being diagnosed with coeliac disease with ORs of 21.7 (14.2 – 33.3) and 3.8 (2.2 – 6.6) respectively. This is clearly encouraging and suggests that the education of GPs in testing for coeliac disease in the region is having a beneficial effect. Indeed in a recent study the South Yorkshire region had one of the highest coeliac disease diagnosis rates nationally [33]. If our model can be translated to the rest of the country perhaps national diagnosis rates may also improve.
In this study we aimed to identify any as previously unrecognised associations with coeliac disease in patients attending secondary care. As such in analysing our data we conducted multiple comparisons of a large number of categorical variables. This is a potential strength of the study. However by conducting multiple comparisons we may have inevitably increased the risk of introducing a type-I error. To correct for this possibility, in tables 7 and 8, analysis of significance was conducted using a standard  of 0.05 and a corrected  using the Bonferroni correction (0.05/number of comparisons). This largely left the results unchanged but does raise the possibility that the apparent associations of coeliac disease with osteoporosis, IBS, thyroid disease and absence of reflux symptoms may be purely down to chance. However we must also take into account the increased risk of type-II error with the Bonferroni correction which may be overly conservative particularly with large numbers of comparisons as in this case. Further prospective studies are required to look into these potential associations specifically to see if these results can be reproduced.
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In conclusion we present a large prospective multicentre case-finding study in secondary care.  1 in 31 referrals for a gastroenterology opinion in our cohort were found to have coeliac disease.  These data clearly support case-finding for coeliac disease. Furthermore by undertaken a pan-South Yorkshire study we consider that this reflects real clinical practice and provides a message for clinicians which is directly relevant to their clinical practice. If we had undertaken a screening study we would expect to diagnose 1% of patients with coeliac disease – our higher figure would suggest that we are targeting the right patients.  Delays in diagnosis are often explained by the variable presentation of coeliac disease and we would encourage a low threshold for active case-finding and testing for coeliac disease within primary care. Coeliac disease has a high prevalence within unselected gastroenterology patients and as such we feel a universal testing policy for these patients could be justified.
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[bookmark: _Toc427572995]CHAPTER 4: Point of care testing for coeliac disease: a potential role in endoscopy?
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As discussed in Chapter 1, coeliac disease is a common but under-diagnosed condition. A rapid point of care test (POCT) could reduce lead times and missed diagnoses. The objective of this study is to assess the utility of an IgA tissue-transglutaminase (tTG) antibody POCT in an endoscopic setting at a single University Hospital in the UK
Patients attending for suspected coeliac disease and routine endoscopy for upper gastrointestinal symptoms were recruited. All patients were tested with POCT, serum tTG and endomysial antibody (EMA) and upper gastrointestinal endoscopy with duodenal biopsies at the same visit. Comparison was made to histology in all cases with villous atrophy regarded as diagnostic of CD.
523 patients (63.5% female, mean age 49.7 (range 17-89 SD17.6) with no prior diagnosis of coeliac disease were recruited. 117 patients were newly diagnosed with CD, 82 were positively identified by the POCT. Sensitivity, specificity, positive predictive value and negative predictive values were 70.1%, 96.6%, 85.4%, and 91.8% respectively. In comparison tTG and EMA both performed significantly better than the POCT. Sensitivity and specificity of tTG were 91.0% and 83.5% respectively and EMA 83.8% and 97.5%. 
The performance of this POCT was disappointing compared to standard serology and cannot at present be recommended within the context of an endoscopy unit.
Sections of this chapter have been published prior to thesis submission in Gastrointestinal Endoscopy (2014;80(3):456-62), Clinical Gastroenterology and Hepatology (In-press, online first) and Expert Opinion on Medical Diagnostics and has been reproduced with permission from the publishers Elsevier and Informa Healthcare.
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There has been limited work undertaken evaluating POCT in coeliac disease. However, early reports suggested comparative sensitivity and specificity to the currently used serum serological tests [119-122]. In a recent screening study evaluating 2690 children in primary care in Hungary, the use of the Biocard test had a sensitivity and specificity of 78.1% and 100% respectively for a final diagnosis of coeliac disease by biopsy [118, 121]. In addition, in the same study the median time to biopsy was significantly reduced, demonstrating a potential role of these POCT over conventional serological markers within primary care to reduce diagnostic pathway times. 
Currently, National Institute of Clinical Excellence (NICE) guidelines suggest not using point of care testing in coeliac disease when compared to conventional laboratory serological markers, however this decision was based on a lack of evidence at the time to substantiate POCT and also a need for further evaluation of de-amidated gluten [115]. More recently the European Society of Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guidelines have integrated POCT into their guidelines, emphasising the need for test interpretation to be done by trained individuals rather than by laypeople [93]. With increasing research being undertaken in this area, POCT may well become part of routine care in the future and an awareness and knowledge of these tests will be important not only to doctors but to other allied healthcare professionals (e.g. practice nurses, dieticians) who may be requesting or undertaking these tests. 
The current body of work undertaken evaluating POCT has tended to concentrate on the Biocard test, an immunochromatographic test that detects IgA antibodies to tissue transglutaminase in whole blood. The test utilises endogenous transglutaminase antigen liberated from the patient’s own erythrocytes when the test sample is mixed with a haemolysing buffer solution. The diluted blood sample is applied to the test strip and migrates down the cassette by capillary diffusion. In patients with tTG antibodies, immune complexes between these antibodies, the endogenous tTG antigen, and mouse antibodies to human IgA antibodies labelled with colloidal gold particles present in the test strip, are formed. If immune complexes are present they bind to tTG binding protein in the test cassette to form a visible test line [118].  Accuracy of this test appears to be promising with sensitivity ranging from 78.1 to 97.4% and specificity 97.6 to 100% [118-122, 215, 216]. However these studies have only biopsied patients with positive standard serology or have compared results directly to standard serology rather than to the gold standard of duodenal histology. This bias will inevitably increase the reported sensitivity of the test. A comprehensive list of the studies into Biocard is shown in table 9.
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[bookmark: _Toc427572998]Table 9: Summary of the studies into the Biocard point of care test for coeliac disease (CD)
	Country
	Year
	Population
	CD prevalence
	Sensitivity
	Specificity
	Study limitations

	Hungary[122]
	2005
	Prospectively 165 patients under high clinical suspicion of CD.
	23% in prospective cohort
	97.4%
	97.6%
	Precursor to Biocard             Not all patients biopsied  

	Italy [119]
	2006
	151 patients with suspicion of CD
	33.7%
	90.2%
	100.0%
	Patients with negative serology not biopsied

	Hungary[121] 
	2006
	150 patients under clinical suspicion of CD prospectively tested
	29.3%
	95.5%
	97.1%
	Sensitivity and specificity compared to serology not histology

	Hungary[118]
	2007
	2690 children undergoing screening
	1.4%
	78.1%
	100.0%
	Only patients with positive POCT underwent biopsy

	Finland[120]
	2007
	87 patients with suspected CD or dyspepsia
	58.6%
	82.0%
	100.0%
	High prevalence of CD

	Brazil[215]
	2009
	300 under suspicion of CD including 46 known CD on GFD 
	17.3%
	14 of 15 patients with positive Biocard confirmed villous atrophy
	Only patients with positive Biocard underwent serology and duodenal biopsy

	Italy[216]
	2011
	196 relatives of index cases
	1.5%
	n/a
	100.0%
	Only patients with positive Biocard underwent serology and duodenal biopsy

	Libya[217]
	2011
	2920 children undergoing screening
	0.8%
	50 patients had positive POCT of these 19 had biopsy confirmed CD. 4 patients with negative POCT had CD
	Not all patients had serology so unable to calculate sensitivity and patients only underwent biopsy if had positive serology

	Romania [218]
	2013
	148 1st degree relatives  of index case
	8.8%
	92.3%
	100%
	Not all patients underwent histology and sensitivity compared to EMA only 


  
Another potential drawback to the Biocard test is its efficacy in patients who are IgA deficient, a condition associated with 2% of patients with coeliac disease compared to 0.2% of the general population [78].  The 3 other POCTs all include assays based on more than one immunoglobulin class and should therefore avoid this potential drawback of the Biocard test.  However the evidence for these POCTs is currently fairly limited with a single published study comparing the Coeliac Quick Test to Biocard.  This did show fairly encouraging results with a sensitivity of 100% and specificity of 94.9% [119].  However there was significant ascertainment bias as the prevalence of coeliac disease in this study was 35%.  This was also early in the development of the assay and was based on the use of a serum sample rather than the whole blood sample now used.  Furthermore this study looked at a precursor test (Stick-CD1). The only other data available for the Coeliac Quick Test or the Coeliac Pro Test are based on ‘in-house’ studies or small studies compared to serology in abstract form only [123].
Simtomax is a novel test which uses lateral flow technology to detect both IgA and IgG antibodies against DGP which also needs further evaluation. It also has a potential benefit over the Biocard test in that it can be used in patients who are IgA deficient. The diagnostic accuracy of Simtomax to detect coeliac disease was first validated in a cohort of 61 paediatric patients [125]. 15 of the patients were known to have coeliac disease with the rest under clinical suspicion of CD.  7 new diagnoses of coeliac disease were confirmed in this cohort.  Findings from this study suggested Simtomax had a sensitivity of 97.4% and a specificity of 100%. When compared to the sensitivity and accuracy of the standard laboratory based serological coeliac tests.  A follow up study by the same group in 122 paediatric patients (10 new coeliac disease and 7 follow up coeliac disease with poor dietary adherence) again showed encouraging results with apparent 100% sensitivity for newly diagnosed coeliac disease [126].  Three further industry studies have demonstrated a similar performance level of the Simtomax test [127].  A study in a French paediatric cohort of 250 children with a risk factor for coeliac disease or suspected coeliac disease has again shown encouraging performance [128].  24 patients were identified as having coeliac disease within this cohort and Simtomax was able to correctly identify these patients including 2 IgA deficient patients achieving a diagnostic accuracy of 94.8% (91.2-96.9).  However it must be noted that all studies to date have been compared to standard tTG assays rather than the gold standard of biopsy. 
Whilst the findings for POCT look positive, it is to be emphasised that most studies evaluating POCT have been undertaken in high risk populations. At present, there is a paucity of data evaluating the role of POCT in general or lower prevalence populations, which may influence their role as potential screening tools.  Simtomax in particular has not yet been evaluated in adult populations. 
[bookmark: _Toc382989725][bookmark: _Toc382989795][bookmark: _Toc427572999]4.3 The potential role of a point of care test for coeliac disease in endoscopy 
In the absence of early diagnosis and appropriate management, untreated coeliac disease can be associated with significant morbidity and increased mortality [175, 219]. Data from the international literature demonstrate delays in coeliac diagnosis ranging from 4 to 13 years based on UK and USA cohorts [220, 221]. One reason for this may be missed opportunities at endoscopy. A recent US study has shown that 5% of patients with newly diagnosed coeliac disease had a prior OGD and in 59% of these patients a duodenal biopsy was not taken [222]. Similar data has been reported in the UK [220].  This suggests a failure in case-finding for coeliac disease at endoscopy [26, 31, 96]. One possible explanation for this may be reliance by endoscopists on the presence of endoscopic markers of coeliac disease to guide biopsy in selected patients. However, endoscopic markers of coeliac disease lack the required sensitivity [223]. This has led many centres to advocate routine duodenal biopsies or a very low threshold for biopsy [222, 224]. Observational studies suggest practice is highly variable with duodenal biopsy rates ranging from 31-74% [224-226]. Furthermore a routine biopsy approach is costly and for this reason we have previously described a clinical algorithm which combines symptoms and serology [59]. This algorithm advocates biopsy sampling from ‘high-risk’ individuals with symptoms of diarrhoea, weight loss or anaemia and also from patients with a positive tTG result. By adopting this strategy, our group demonstrated a sensitivity of 100% for detecting patients who had undiagnosed coeliac disease presenting to endoscopy, and also confidently identified those patients who did not require a duodenal biopsy.  However the limitation to using this clinical decision tool in practice is that serology results are not always available at the time of the endoscopic procedure. Thus the use of an accurate POCT that can provide a rapid result prior to OGD in appropriate patient groups could guide biopsy strategies and potentially be cost saving.
As previously discussed, there has only been limited work undertaken evaluating POCT in coeliac disease and no previous studies within the endoscopic setting. In total there have been 11 POCT studies (composite n=7019) [118-122, 124, 128, 215-218]. Of these 9 of 11 studies were based on Biocard, and only one other POCT has any published data to evaluate [124]. The reported sensitivity in some data sets was comparable to standard serology at greater than 90%, for this reason we chose to use Biocard in the setting of endoscopy. Furthermore none of the published studies have compared with the ‘gold standard’ of small bowel histology in all tested patients. This study aims to assess the clinical utility of Biocard in a population referred for endoscopy. Comparisons are made against current serological tests and the gold standard of a duodenal biopsy in all patients.
[bookmark: _Toc427573000][bookmark: _Toc382989726][bookmark: _Toc382989796]4.4 Part 1: Biocard in endoscopy 
[bookmark: _Toc427573001]4.4.1 Methods 
Patient recruitment: Patients were all recruited from the Royal Hallamshire Hospital, Sheffield.  Patients were prospectively recruited from a single, coeliac enriched endoscopy list between August 2010 and August 2013. The endoscopy list is open to primary and secondary care referrals for patients with suspected coeliac disease but also includes patients who are referred for open access endoscopy from primary care for investigation of other upper gastrointestinal symptoms such as dyspepsia or gastro-oesophageal reflux disease. 
All recruited patients were concurrently serologically tested for IgA TTG, EMA, and total IgA level and underwent the POCT transglutaminase-based rapid test (Biocard test). Duodenal biopsy was performed as the ‘gold standard’ in all cases.  Patient consent was obtained prior to all OGD examinations, with quadrantic biopsies taken from the second part of the duodenum in all patients. Patients were excluded from the study if they had a coagulopathy (international normalized ratio of >1.3 or a platelet count of <80×109/l), if they had active gastrointestinal bleeding or a suspected carcinoma observed during the examination. 
Serology: Total IgA was measured on a Behring BN2 nephelometer. IgA tTG antibodies were assayed using enzyme-linked immunosorbent assay kits (Aesku Diagnostics, Wendelsheim, Germany). A tTG titre of > 15 U/ml was regarded as positive. IgA EMA was detected by immunofluorescence on primate oesophagus sections (Binding Site, Birmingham, UK).
Point of Care Test (POCT): In this study we evaluated a single POCT, the Biocard Coeliac Test (Ani Biotech Oy).  Fresh fingertip whole blood samples were collected as per the manufacturer’s guidance, with samples transferred into a tube containing 0.5 mL of haemolysing sample buffer using a glass capillary. Three drops of the haemolysed sample dilution were then pipetted into the round application field of the Biocard test card, with test results interpreted at 10 minutes. A demonstration of the Biocard POCT is shown in figure 6. All tests in this study were undertaken by trained endoscopy staff and findings were interpreted as per the manufacturer’s written instructions. Results were read without knowledge of any serum serology results that were available to reduce bias.  The endoscopist was blinded to the result of the POCT. Figure 7 demonstrates the appearances of both a positive and negative Biocard test result.  In all patients the Biocard POCT was compared to serology, taken at time of endoscopy, and all patients had duodenal biopsy as the gold standard. 
 (
Figure 
6
: Demonstration of the Biocard technique. 1: Biocard test kit 2:Finger prick blood 3:Blood is drawn in glass capillary 4: Capillary placed in haemolysing buffer solution 5: Mixed solution drawn into pipette 6: 3 drops pipetted into test strip (pictures taken by Medical Illustration, Royal Hallamshire Hospital, Sheffield)
) (
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5.
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[bookmark: _Toc427648704]Figure 7: Biocard possible results. Left - positive Biocard test. Right - negative Biocard test (pictures taken by Medical Illustration Royal Hallamshire Hospital Sheffield)

Biopsies and histology: In total, five biopsies were taken from the first and second part of the duodenum, with each biopsy fixed in formalin at the time of the endoscopy. Specimens were then processed, orientated and embedded in paraffin wax. Standard 3 µm thick sections at three levels were stained with haematoxylin and eosin and reported routinely. We graded villous atrophy according to the modified Marsh criteria. The presence of Marsh 3 changes at histology and supporting positive serological markers was considered to be diagnostic of coeliac disease. Any equivocal cases were then reviewed by a gastrointestinal histopathologist who independently assessed the consistency of sampling and reporting.
Ethics: This study protocol was approved by the Yorkshire and the Humber Research Ethics committee and registered with local research and development department of Sheffield Teaching Hospital NHS Foundation Trust under the registration number STH15416.
Statistical analysis Diagnostic Value of the Biocard POCT, EMA and TTG were calculated using sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), alongside 95% confidence intervals (CI) using the Wilson Method [227]. In a post-hoc analysis we assessed the usefulness of the Biocard test in place of standard serology in our previously validated diagnostic algorithm for CD where patients were classified as high risk depending on the presence of anaemia, diarrhoea or weight loss. Odds ratios were calculated for presenting characteristics and 2 sided p-values calculated with a Chi square. Statistical analysis was undertaken using SPSS version 20.0 (IBM). Data were subsequently re-analysed by a biostatistician from the Sheffield University Statistics Unit. 
[bookmark: _Toc382989728][bookmark: _Toc382989798][bookmark: _Toc427573002]4.4.2 Results
In total 523 patients (63.5% female, mean age 49.7 (range 17-89 SD17.6) were recruited. Of these 141 patients (27.0%) were referred for endoscopy on the basis of positive serology in primary or secondary care. 223 patients (42.6%) had pre-defined ‘high risk’ symptoms of anaemia, weight loss or diarrhoea. 143 patients (27.3%) were referred with dyspepsia or symptoms suggestive of gastro oesophageal reflux disease.  A comprehensive list of the presenting characteristics is shown in table 10.  In group 1 117 new cases of coeliac disease were identified giving a prevalence for coeliac disease of 22.4%.  These new cases included 7 cases (6%) of sero-negative coeliac disease.  One patient had severe IgA deficiency (<0.08g/L) and a diagnosis was made on the basis of positive IgG tTG and the correct HLA type.  The other 6 patients were confirmed by a combination HLA genotyping or subsequent positive serology and response to gluten free diet.  The remaining 110 new coeliac disease patients all had either positive tTG or EMA.  3 control patients also had severe IgA deficiency, 2 failed to produce a control line on the Biocard and 1 had a faint control line. The presenting characteristics most likely to result in a new diagnosis of coeliac disease were fatigue (OR 15.4 p<0.0001) referral with positive serology (OR 10.3 p<0.0001), a family history of coeliac disease (OR 5.9 p=0.0003) and bloating (OR 3.3 p=0.002).  Presentation with dyspepsia, gastro-oesophageal reflux, dysphagia or for surveillance of known Barrett’s oesophagus was unlikely to result in a new diagnosis of coeliac disease (OR 0.1 p<0.0001). As previously discussed in Chapter 3 with multiple comparisons may have increased the type 1 error rate as such in table 10 significance is quoted for both unadjusted and adjusted  levels for multiple comparisons using the Bonferroni method. This largely leaves the results unchanged although the associations with coelaic disease and the presence of diarrhoea and absence of ataxia, reflux and oesophageal symptoms could be purely down to chance.
Of the 117 new cases of coeliac disease 82 tested positive using the Biocard.  In the control group of 406 patients there were 14 false positive tests giving a sensitivity of 70.1% (60.8 – 78.0), specificity 96.6% (94.1 – 98.0), positive predictive value (PPV) 85.4% (76.4 – 91.5) and negative predictive value (NPV) of 91.8% (88.7 – 94.1).  In comparison tTG and EMA both performed significantly better than the Biocard test with tTG being the best screening test with highest sensitivity and NPV. tTG had a sensitivity, specificity, PPV and NPV of 91.0% (83.4 – 95.0), 83.5% (79.4 – 86.9), 61.3% (53.6 – 68.5) and 96.8% (94.3 – 98.3) respectively and EMA 83.8% (75.5 – 89.7), 97.5% (95.4 – 98.7), 90.7 (83.2 – 95.2) and 95.4% (92.8 – 97.1) respectively (see table 11).  Of the 35 patients with a false negative POCT 22 patients had high risk symptoms. Therefore if the Biocard POCT was used in place of standard serology in our previously published diagnostic algorithm 13 patients with a new diagnosis of coeliac disease would have been missed.   




[bookmark: _Toc427573003]Table 10: Presenting characteristics and prevalence in coeliac disease and controls. (Note: Some patients have multiple presenting characteristics) †Significant at p<0.05  *Significant at adjusted p<0.003 (Bonferroni method) to account for multiple comparisons
	Reason for referral
	All patients (n=523)
	Coeliac Disease (n=117)
	Controls (n=406)
	Odds Ratio
	P

	Positive serology
	141 (27%)
	77 (65.8%)
	64 (15.8%)
	10.3
	<0.0001†*

	Fatigue
	15 (2.9%)
	12 (10.3%)
	3 (0.7%)
	15.4
	<0.0001†*

	Dyspepsia
	112 (21.4%)
	7 (6.0%)
	105 (25.9%)
	0.2
	<0.0001†*

	Family History of CD
	18 (3.4%)
	11 (9.4%)
	7 (1.7%)
	5.9
	0.0003†*

	Bloating
	30 (5.7%)
	14 (12%)
	16 (3.9%)
	3.3
	0.002†*

	GORD
	42 (8.0%)
	1 (0.9%)
	37 (9.1%)
	0.1
	0.005†

	Ataxia
	51 (9.8%)
	4 (3.4%)
	47 (11.6%)
	0.3
	0.01†

	Diarrhoea
	94 (18%)
	30 (25.6%)
	64 (15.8%)
	1.8
	0.02†

	Dysphagia, Barrett's surveillance or oesophagitis healing
	20 (3.8%)
	0
	20 (4.9%)
	n/a
	0.03†

	Anaemia
	89 (17%)
	26 (22.2%)
	63 (15.5%)
	1.5
	0.1

	Low B12 or Folate
	15 (2.9%)
	6 (5.1%)
	9 (2.2%)
	2.3
	0.1

	History of autoimmunity
	11 (2.1%)
	4 (3.4%)
	7 (1.7%)
	2
	0.2

	Weight loss
	44 (8.4%)
	13 (11.1%)
	31 (7.6%)
	1.5
	0.3

	IBS type symptoms
	20 (3.8%)
	6 (5.1%)
	14 (3.4%)
	1.5
	0.4

	Abdominal pain
	60 (11.5%)
	14 (12%)
	46 (11.3%)
	1.1
	1

	Nausea/vomiting
	15 (2.9%)
	3 (2.6%)
	12 (3.0%)
	0.9
	1



[bookmark: _Toc427573004]Table 11:  Performance of Biocard and standard serology against the histology
	Assay
	Sensitivity (95%CI)
	Specificity (95% CI)
	PPV (95% CI)
	NPV (95% CI)

	Biocard
	70.1% (60.8 – 78.0)
	96.6% (94.1 – 98.0),
	85.4% (76.4 – 91.5)
	91.8% (88.7 – 94.1)

	tTG
	91.0% (83.4 – 95.0)
	83.5% (79.4 – 86.9)
	61.3% (53.6–68.5)
	96.8% (94.3 – 98.3)

	EMA
	83.8% (75.5 – 89.7)
	97.5% (95.4 – 98.7)
	90.7 (83.2 – 95.2)
	95.4% (92.8 – 97.1)



[bookmark: _Toc382989730][bookmark: _Toc382989800][bookmark: _Toc427573005]4.4.3 Discussion
This is the largest study into a POCT for adult coeliac disease. The sensitivity of Biocard in this data set was 70.1%. We believe that this low sensitivity is because we are the first investigators to provide comparison against the gold standard of histology in all tested patients. The methodology of the previous studies [118-122, 215-217] has resulted in an overestimation of Biocard’s sensitivity.  
A POCT approach could be cost-effective when offset against avoiding duplicate endoscopy (as occurs in 5 - 13.6% of patients with newly diagnosed coeliac disease [220, 222]), reducing biopsy in low risk groups, or the practice of routine duodenal biopsy. However, our data does not support this. Although Biocard had excellent specificity (96.6%) comparable to that of EMA (97.5%) the sensitivity of 70.1% was disappointing.  If we had used Biocard to direct duodenal biopsy in our cohort, 35 patients with a new diagnosis of coeliac disease would have been missed.  Even if we advocated the use of routine biopsy in patients with high risk symptoms of diarrhoea, anaemia or weight loss 13 low risk patients would not have been detected.  In common with other studies into POCTs our study cohort had a high prevalence of coeliac disease (22.4%) and reflects a referral bias.  The specialist nature of the list may have also led to an increased number of patients with sero-negative coeliac disease which may have adversely affected the POCTs performance. However our rate of 6% is similar to previously published rates in other cohorts and probably reflects real life practice [165, 228].  Despite the presence of sero-negative coeliac disease therefore the high pre-test probability of coeliac disease within our cohort would be expected to overestimate the performance of the POCT.  Bearing this in mind the results are particularly disappointing.  Our figures seem to be at odds with many of the previous case finding studies using Biocard with sensitivity ranging from 78.1% to 97.4% [118-122, 215-217].  However the critical difference between our study and previous studies is that we performed duodenal biopsy in all patients that were tested.  Previous studies have only biopsied patients with positive standard serology or have compared results directly to standard serology. This is an inherent positive ascertainment bias which increases the reported sensitivity of the test. Another reason for the low sensitivity of the POCT may be the test selected for this study. There is a potential limitation to Biocard which is the presence of IgA deficiency. Biocard is the only POCT that only detects IgA tTG antibodies with the other POCT all incorporating at least 2 immunoglobulin types and may therefore be expected to have the lowest sensitivity of all the POCTs. However Biocard was chosen as it is the most widely studied, most widely available test and previous studies have suggested similar sensitivity to standard serology [119-122].  Standard tTG serology is also based on IgA only however the performance of standard serology was significantly superior. The reasons for this difference are unclear however the use of whole blood samples in the POCT compared to serum used for standard serology may partly explain this issue. Whole blood tests are dependent on red cells, thus if there is not enough within the finger prick sample the ‘total’ quantity of red cells may be inadequate to generate a positive result. Faint or weak positive results may occur under these circumstances (as has been previously described) [22, 23]. In real clinical practice these results may be interpreted as negative. Thus the subjective nature of the POCT compared to the regularly calibrated quantifiable results from standard tTG assays may also have contributed.
[bookmark: _Toc382989731][bookmark: _Toc382989801][bookmark: _Toc427573006]4.4.4 Conclusions
In conclusion this is the first study to assess Biocard within the clinical setting of endoscopy. The sensitivity of Biocard in this data set was 70.1% when compared against the gold standard of duodenal biopsy in all new patients that were tested. The performance of Biocard was disappointing compared to standard serology and cannot at present be recommended within the context of an endoscopy unit. Further work using other POCTs may yet prove that they have a viable role in endoscopy to identify appropriate patients for duodenal biopsy. 
[bookmark: _Toc427573007]4.5 Part 2: Head to head comparison of multiple point of care tests in endoscopy
Although the Biocard data are disappointing this does not remove the potential role of a POCT for coeliac disease in endoscopy. As previously discussed, there are now four commercially available POCTs licensed for use in the UK. Three of these POCTs (Biocard, Coeliac Quick Test, and Simtomax) are widely available internationally for both professional and personal use. The fourth POCT (Coeliac Pro) has also been developed but at the time of writing had not been marketed. This is only available from the manufacturer and has no published data to support its validity. The studies into all POCTs to date have been limited by size, and when compared against the gold standard of duodenal biopsy for all studied patients sensitivity has been disappointing. In this study we aimed to ascertain which of the readily available POCTs would be most suited to a pre-endoscopic setting.
[bookmark: _Toc427573008]4.5.1 Methods
In this part of the study 3 available tests were directly compared: Biocard, Coeliac Quick Test and Simtomax. Patients attending the coeliac specialist endoscopy list, as previously described, with a high risk of coeliac disease were recruited. Patients invited to take part were those without a prior diagnosis of coeliac disease with a positive EMA from either primary or secondary care. All patients received contemporaneous standard serology on the day of their endoscopic examination as previously described. Whole blood taken from the same sample was used on all 3 point of care test kits simultaneously. All patients received standard duodenal biopsy as previously described with quadrantic distal duodenal biopsies and a single duodenal bulb biopsy. All of the tests were performed and interpreted according to the manufacturers’ instructions by a single trained Biomedical Science student.  Tests were interpreted independently of the endoscopy to reduce bias. 
[bookmark: _Toc427573009]4.5.2 Results
In total 82 patients (51.2% female, mean age 41.0) have been recruited. In 10 patients the EMA had normalised on repeat testing. None of these patients had villous atrophy on duodenal biopsy. Of these patients 9 had been referred with a weak positive EMA and had a negative tTG. A single patient had a tTG of 10 times the upper limit of normal, and subsequent gluten challenge revealed a positive EMA and villous atrophy and was subsequently diagnosed with coeliac disease. Of the remaining 72 patients 59 (81.9%) new cases of coeliac disease were confirmed with the presence of villous atrophy. Of the 13 EMA positive patients without villous atrophy 8 had Marsh 1 or 2 changes present with the remaining 5 patients having normal histology. The sensitivity for detecting villous atrophy of both serum tTG (98.3 (89.7- 99.9)) and the Simtomax test (96.6 (87.3 – 99.4)) were significantly better compared than the Biocard (72.9 (59.5 – 83.3), p<0.0001) and Coeliac Quick Test (71.2 (57.7 – 81.9), p<0.0001) (McNemar test for correlated proportions). There was no significant difference between the sensitivities of serum tTG and Simtomax or between the Biocard and Coeliac Quick Test. Full sensitivity, specificity PPV and NPV for all of the POCTs and standard serum tTG compared to the gold standard of villous atrophy (Marsh 3a-c) on duodenal biopsy are shown in table 12. 



[bookmark: _Toc427573010]Table 12: Comparison of accuracy of different tests for coeliac disease
	Test
	Sensitivity % (95%CI)
	Specificity % (95%CI)
	PPV % 
(95%CI)
	NPV % 
(95%CI)

	Serum tTG
	98.3 (89.7- 99.9)
	34.8 (17.2 – 57.2)
	79.5 (68.1 – 87.7)
	88.9 (50.7 – 99.4)

	Biocard
	72.9 (59.5 – 83.3)
	65.2 (42.8 – 82.8)
	84.3 (70.9 – 92.5)
	48.4 (30.6 – 66.6)

	Celiac Quick Test
	71.2 (57.7 – 81.9)
	52.2 (31.1 – 72.6)
	79.2 (65.5 – 88.7)
	41.4 (24.1 – 60.9)

	Simtomax
	96.6 (87.3 – 99.4)
	30.4 (14.1 – 53.0)
	78.1 (66.6 – 86.6)
	77.8 (40.2 – 96.1)



[bookmark: _Toc427573011]4.5.3 Discussion
Preliminary results would appear to suggest that the Simtomax test is the most sensitive POCT. To date it appears to be equivalent to serum tTG as a screening test for coeliac disease. As previously discussed Simtomax utilises DGP for the detection of coeliac disease. Gliadin peptides are the ‘toxic’ components of wheat that result from the partial digestion of gluten in the diet. Gliadin peptides then pass through the small bowel epithelium where they bind to HLA DQ2 or DQ8 receptors initiating the immune response that results in small intestinal damage. This same response also results in the formation of gliadin antibodies that formed the basis of early serological tests for coeliac disease. However as previously discussed these antibodies perform relatively poorly as a screening test. More recently it has been demonstrated that the de-amidation of gliadin by tissue transglutaminase enhances this immune response in coeliac disease by increasing affinity for the HLA DQ2 or DQ8 receptors [103, 229, 230]. This has led to the identification of DGP antibodies. However these antibodies have been shown to be inferior to tTG as a screening test when used in serum ELISA assays [102].  It would therefore seem counterintuitive that Simtomax would be superior to Biocard and the Coeliac Quick Test which utilise tTG in their assay. There may however be several explanations for this result. Firstly as previously discussed Biocard only uses a single immunoglobulin class (IgA) for its tTG assay compared to the other tests which identify more than one class of immunoglobulin. The Coeliac Quick Test detects IgA, IgG, and IgM tTG and Simtomax IgA and IgG DGP. The use of multiple antibody assays within the same test may inherently increase the sensitivity as well as potentially avoiding the problem of IgA deficiency which is common in coeliac disease. Secondly, as with all POCTs, interpretation is important. It may be that the appearances of weakly positive Biocard and Coeliac Quick Test results are more difficult to interpret than those of weakly positive Simtomax test or lower levels of circulating antibodies are required to initiate a response in the Simtomax test. Finally there is recent evidence that the IgG epitope of DGP may be superior to tTG and EMA in detecting persistent villous atrophy in patients with known coeliac disease on a gluten free diet [231]. This may also have relevance to diagnosis of coeliac disease as although patients were only included if they were on a normal gluten containing diet patients may have differing levels of gluten within their diet that could result in normalisation of tTG but not DGP. 
[bookmark: _Toc427573012]4.5.4 Conclusions
This is a small sample of patients with a high pre-test probability of coeliac disease. This will inherently affect the sensitivity of the test but in this small sample Simtomax appears to be the most promising screening test for coeliac disease in endoscopy. Recruitment for this study is ongoing and a larger cohort is likely to give more robust data that can be used to direct further study into point of care testing in endoscopy.



[bookmark: _Toc427573013]CHAPTER 5: Does adherence to duodenal biopsy guidelines increase the detection of coeliac disease? A multicentre UK study
[bookmark: _Toc382989732][bookmark: _Toc382989802]
[bookmark: _Toc427573014]5.1 Summary
Coeliac disease is a common autoimmune condition affecting 1% of the adult population. However large numbers of patients remain undiagnosed which may have significant health consequences and so methods to increase detection should be sought. Guidelines suggest that at least 4 duodenal biopsies should be taken to rule out coeliac disease. A previous US study showed that biopsy guidelines were only followed in 35% of cases. The aim of the present study was to see whether guidelines were being followed in the UK and if adherence to the guidelines improved detection of coeliac disease.
Endoscopy and histology reports were retrospectively reviewed for all patients who had a duodenal biopsy in a 3 month period between November 2012 and January 2013 from 4 UK hospitals. Indications for biopsy, role of the endoscopist (e.g. physician, surgeon or nurse endoscopist), number of duodenal biopsies received by histopathology and the final diagnosis were recorded. The presence of villous atrophy was required for coeliac disease diagnosis. Patients were excluded if they had known coeliac disease. The difference between a double and single bite biopsy technique was also assessed.
1423 patients underwent duodenal biopsy for possible coeliac disease across the 4 sites in the study period. 97 (6.8%) of these were diagnosed with coeliac disease. Guidelines to take at least 4 biopsies were met in 40% of patients and the median number of duodenal biopsies taken for all patients was 3. Coeliac disease was more likely to be diagnosed if guidelines were followed (10.1% versus 4.6%, p<0.0001). The median number of biopsies was greater in patients diagnosed with coeliac disease (4 versus 3) p<0.0001. Gastroenterologists and nurse endoscopists were more likely than surgeons to follow guidelines (41.8% versus 51.2% versus 18.2%, p<0.0001) and took a higher median number of biopsies (3 versus 4 versus 2, p<0.0001). As a result gastroenterologists and nurse endoscopists made a diagnosis of coeliac disease in more cases than surgeons (7.1% versus 6.7% versus 3.0%, p=0.1). All presenting characteristics (other than positive serology in which guidelines were followed in 65%) were associated with poor adherence to guidelines. 12.4% of newly diagnosed coeliac disease patients had at least 1 non-diagnostic gastroscopy in the 5 years prior to diagnosis. Changing biopsy technique to single bites resulted in improvement of median duodenal biopsies from 3 to 4. (p=0.02).
We have shown that 12.4% of patients with coeliac disease had a previous gastroscopy 5 years prior to their diagnosis. Taking 4 duodenal biopsies results in increased detection of coeliac disease. We are the first investigators to demonstrate that there is variation in biopsy rates based on the speciality of the endoscopist and biopsy technique (single or double bite). Furthermore this variability has a direct relationship with the detection rate of coeliac disease. Education of all groups of clinicians in duodenal biopsy techniques may result in more patients receiving a prompt diagnosis of coeliac disease.
This chapter has previously been presented in abstract form at the British Society of Gastroenterology 2014, Digestive Diseases Week 2014 (poster of distinction) and United European Gastroenterology Week 2014 meetings.
[bookmark: _Toc382989733][bookmark: _Toc382989803][bookmark: _Toc427573015]5.2 Introduction
Internationally the prevalence of coeliac disease is now recognised to be 0.2-1.0% [14, 16, 232]. However, despite increased awareness of coeliac disease worldwide meta-analyses have demonstrated that for every patient diagnosed 3 – 7 patients go undetected [31-33]. International cohorts have reported significant delays in diagnosis ranging from 4 to 13 years [220, 221]. We have previously demonstrated that 13.6% of patients with newly diagnosed coeliac disease have had a prior endoscopy where the chance to diagnose coeliac disease was missed [220].  This has been confirmed in a more recent US study where 5% of patients with newly diagnosed coeliac disease had a prior gastroscopy and in 59% of these patients a duodenal biopsy was not taken [222]. This suggests a failure of case finding at endoscopy. Current national and international guidelines recommend routine duodenal biopsy in patients with high risk symptoms of weight loss, chronic diarrhoea and anaemia [55, 56, 58]. A recent large observational study however has demonstrated that this practice is highly variable with duodenal biopsy rates for these conditions ranging from 19 – 59% [226]. Another explanation may be reliance by clinicians on the presence of endoscopic markers of coeliac disease to guide biopsy. However, endoscopic markers of coeliac disease lack the required sensitivity [223]. Guidelines currently recommend that at least 4 quadrantic biopsies are taken from the second part of the duodenum to ensure diagnosis. However recent evidence from 2 US studies would suggest that this practice is not universally adopted. In newly diagnosed coeliac patients who had undergone a previous non-diagnostic duodenal biopsy only 29% had adequate numbers of samples taken [222]. Secondly a large audit of duodenal biopsy practice showed that clinicians followed these guidelines in only 35% of cases [233]. When clinicians adhered to guidelines the rate of coeliac disease diagnosis more than doubled from 0.7% to 1.8%. These 2 studies would appear to suggest that adhering to advice to take at least 4 biopsies increases the diagnostic yield of gastroscopy and duodenal biopsy. One explanation for the results may be that clinicians take more biopsies where there is a strong suspicion of coeliac disease. However the authors demonstrated that adherence to guidelines was equally poor for all indications. To date there have been no published studies in European or UK cohorts to establish the rate of duodenal biopsy. This multicentre study aims to assess rates of adherence to guidelines and assess the impact of following guidelines on diagnostic yield in a representative UK population. Some groups of clinicians may be unaware of current guidelines which could also result in poor adherence rates. This study therefore also aimed to examine different groups of clinicians on adherence rates and diagnostic yield.
[bookmark: _Toc382989734][bookmark: _Toc382989804][bookmark: _Toc427573016]5.3 Methods
We performed a retrospective analysis of duodenal biopsy rates from 4 UK hospitals over a 3 month period between November 2012 and January 2013. This hospitals studied were: Royal Hallamshire Hospital, Sheffield; Northern General Hospital, Sheffield; Chesterfield Royal Hospital; Royal Albert Edward Infirmary, Wigan. 
Patients were identified in 2 ways to ensure capture of all appropriate cases. Firstly a search of local endoscopy databases was made using the term ‘duodenal biopsy’ within the text of the report or in the ‘biopsies taken’ section of the report. Secondly a search was made against local histopathology databases to search for all duodenal biopsy samples that were received in the study period these were then cross-referenced against local endoscopy databases. Cases were excluded if the biopsy request or endoscopy report mentioned a specific abnormality, other than suspected changes of coeliac disease, (for example a duodenal polyp) that was being biopsied. For all cases the specialty and grade of the endoscopist who performed procedure was recorded. Indications for endoscopy as recorded on the endoscopy request were also noted. The total number of gastroscopies performed in each centre during the study period was noted.
Biopsy reports for all patients identified were accessed and analysed. Numbers of biopsies received by the pathology department as per the histopathologist’ s report was used to calculate the number of duodenal biopsies taken and was recorded for all patients. In a small number of cases it was not possible to ascertain the exact number of biopsies received. These patients were excluded from the analysis. A diagnosis of coeliac disease required the presence of elevated intraepithelial lymphocytes, crypt hyperplasia and villous atrophy (Marsh 3a-3c). Confirmation of the diagnosis of coeliac disease was sought by accessing notes and serology results. Patients with a previous diagnosis of coeliac disease were excluded. For all new cases of coeliac disease identified notes and endoscopy reports were accessed to ascertain if a previous endoscopy had been performed in the previous 5 years prior to diagnosis. 
In a separate arm of the study the effect of duodenal biopsy technique was analysed. A retrospective analysis of 150 consecutive cases where duodenal biopsy was taken using a double bite technique was undertaken and compared to a prospective cohort of 150 consecutive patients where the biopsy technique was changed to a single biopsy per pass of the forceps. Figure 8 shows a picture of endoscopy biopsy forceps in the open and closed positions. Both cohorts were taken from the same specialist coeliac disease list where the intention was to take 4 biopsy samples from the second part of the duodenum. The number of biopsy samples received by the lab was noted for each of these patients. Median values were calculated and compared using Mann Whitney U-test for non-parametric data. This analysis was to ascertain whether a single bite technique resulted in a greater number of biopsies being received by the lab. No analysis of the quality of biopsies received was undertaken.
Statistical analysis
Median number of duodenal biopsies received by the pathology department was compared between groups using a Kruskal-Wallis test for non-parametric continuous data. Rates of adherence to guidelines to take at least 4 duodenal biopsies were calculated for different groups and compared using a chi square for categorical data. Multivariate analysis to identify factors independently associated with adherence to guidelines and a coeliac disease diagnosis were calculated using backwards elimination binary logistic regression. Statistical analysis was undertaken using SPSS 21.0 (IBM).
[bookmark: _Toc411860370][bookmark: _Toc382989735][bookmark: _Toc382989805]
[bookmark: _Toc427648705]Figure 8: Endoscopic biopsy forceps in the open position on the left and closed on the right (pictures taken by the candidate)

[bookmark: _Toc427573017]5.4 Results
Initial searches of the endoscopy and pathology databases from the 4 sites identified 1499 cases where endoscopy and duodenal biopsy had been performed in the 3 month study period. Of these patients 76 patients were excluded from further analysis: 30 patients had a known diagnosis of coeliac disease; in 12 patients it was not possible to determine the exact number of biopsy specimens received; in 34 patients the biopsy or endoscopy report specifically mentioned that biopsy was of a discrete duodenal lesion rather than for the purposes of excluding coeliac disease.
In total 1423 cases (mean age 58.6 SD17.9, 56.3% female) were suitable for analysis. 509 patients (35.8%) were identified from Royal Hallamshire Hospital, 370 patients (26.0%) from the Northern General Hospital, 324 patients (22.8%) from Royal Albert Edward Infirmary and 220 patients (15.5%) from Chesterfield Royal Hospital. During the study period 4831 gastroscopies (Royal Hallamshire Hospital-1454; Northern General Hospital-1265; Royal Albert Edward Infirmary-1097; Chesterfield Royal Hospital-1015) were performed in total by 88 endoscopists. The rate of duodenal biopsy during the study period for all examinations was therefore 29.5% (Royal Hallamshire Hospital 35.0%; Northern General Hospital 29.2%; Royal Albert Edward Infirmary 29.5%; Chesterfield Royal Hospital 21.7%).
During the study period 97 new diagnoses of coeliac disease were made giving a diagnostic yield of 6.8% for duodenal biopsy. For all cases included in the analysis guidelines to take at least 4 duodenal biopsies were followed in only 40% of patients. The median number of duodenal biopsies taken for all patients was 3. Coeliac disease was more likely to be diagnosed if guidelines were followed (10.1% versus 4.6%, p<0.0001). The median number of biopsies was also greater in patients diagnosed with coeliac disease compared to those who weren’t (4 versus 3, p<0.0001). The diagnostic yield by number of duodenal biopsies is shown in table 13. On binary logistic regression, when corrected for age, gender and presenting characteristics, an increased number of duodenal biopsies was independently associated with a diagnosis of coeliac disease (AOR 1.363 (1.167 - 1.591) p<0.0001). 
Gastroenterologists performed 1095 (77.0%) of the procedures where duodenal biopsy was taken, surgeons performed 132 (9.3%) and nurse endoscopists 119 (8.4%) of the procedures studied.  Gastroenterologists (41.8%) and nurse endoscopists (51.2%) were more likely than surgeons (18.2%) to follow guidelines (p<0.0001) and took a higher median number of biopsies (3 versus 4 versus 2, p<0.0001). However there was no significant difference in rates of coeliac disease diagnosis between gastroenterologists, nurse endoscopists and surgeons (7.1% versus 6.7% versus 3.0%) (p=0.1). On further analysis of gastroscopist subgroups, gastroenterology registrars submitted a greater number of biopsies compared to surgery registrars (p<0.0001), consultant surgeons (p<0.0001) and consultant gastroenterologists (p<0.0001).  Gastroenterology registrars were found to make significantly more diagnoses of coeliac disease compared to consultant gastroenterologists (11.9 vs 4.5% p<0.0001). However when the specialist coeliac disease endoscopy list was removed from the analysis however no significant difference in diagnostic yield was demonstrated (5.8 vs 3.5%, p=0.280). No other significant differences between endoscopist subgroups were identified. A full analysis of duodenal biopsy rates by specialty and grade of the endoscopist is shown in table 14.
[bookmark: _Toc427573018]Table 13: Diagnostic yield for coeliac disease based on the number of duodenal biopsies taken
	Number of duodenal biopsies
	N
	Diagnostic yield (%)

	Fewer than 4
	851
	4.6

	4 or more
	572
	10.1

	1
	125
	0.8

	2
	363
	2.8

	3
	363
	7.7

	4
	356
	5.6

	5
	133
	12.8

	6
	48
	16.7

	7
	23
	39.1

	8
	7
	14.3

	9
	1
	100

	10
	4
	50
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[bookmark: _Toc427573019]Table 14: Biopsy rates by specialty and grade of endoscopist
	Specialty
	Grade
	Number of procedures
	Adherence to guidelines (%)
	Mean number of biopsies 
	Median number of biopsies
	Diagnostic yield (%)

	Gastroenterology
	All
	1095
	41.8
	3.3
	3
	7.1

	Gastroenterology 
	Consultant
	621
	39.8
	3.1
	3
	4.5

	Gastroenterology 
	Registrar
	396
	45.5
	3.5
	3
	11.9

	Gastroenterology 
	Staff grade
	47
	39.7
	3.1
	3
	3.8

	Surgery
	All
	132
	18.2
	2.6
	2
	3.0

	Surgery
	Consultant
	89
	22.5
	2.6
	2
	2.2

	Surgery
	Registrar
	43
	9.3
	2.5
	2
	4.7

	Nurse endoscopist
	n/a
	119
	51.3
	3.5
	4
	6.7

	Other
	n/a
	77
	37.7
	3.2
	3
	9.1

	Total
	n/a
	1423
	40.2
	3.2
	3
	6.8



Other than positive serology all presenting characteristics were associated with poor adherence to guidelines. The single most common reason for duodenal biopsy recorded was anaemia with this being mentioned in 691 cases (48.6%). The diagnostic yield in patients with anaemia was 4.2%. Duodenal biopsy for a positive serological test for coeliac disease was only mentioned in 99 cases (7.0%) but resulted in 48 new cases of coeliac disease (diagnostic yield 48.5%). A full list of the indications for endoscopy, rates of adherence to guidelines and the diagnostic yield for duodenal biopsy in each of these groups is shown in tables 15 and 16. Binary logistic regression to identify presenting characteristics associated with adherence to guidelines is shown in table 17. 
At the Northern General Hospital and Royal Hallamshire Hospital 1106 procedures were performed for weight loss, diarrhoea or anaemia during the study period. In 121 cases (10.9%) no duodenal biopsy was taken. 

[bookmark: _Toc427573020]Table 15: Adherence to guidelines and mean/median number of biopsies by presenting characteristics
	Indication
	Number
	Guidelines followed (%)
	Mean biopsies
	Median biopsies
	Diagnostic yield (%)

	High risk symptoms
	985
	37.4
	3.1
	3
	4.3

	Anaemia
	691
	34.9
	3.0
	3
	4.2

	Weight loss
	248
	39.1
	3.1
	3
	3.2

	Dyspepsia
	166
	34.9
	3.0
	3
	2.4

	Abdominal pain
	122
	39.3
	3.2
	3
	5.7

	Diarrhoea
	114
	53.5
	3.7
	4
	7.1

	Positive serology
	99
	64.6
	4.4
	4
	48.5

	Reflux
	44
	43.2
	3.2
	3
	4.5

	Bloating
	24
	58.3
	3.8
	4
	8.3

	Family history of coeliac
	10
	80.0
	5.0
	5
	30.0





[bookmark: _Toc427573021]Table 16: Diagnostic yield when guidelines to take 4 or more biopsies are followed or NOT followed with associated odds ratios (OR) †Significant at p<0.05  *Significant at adjusted p<0.006 (Bonferroni method) to account for multiple comparisons.
	Indication
	N
	Guidelines followed (%)
	Diagnostic yield
	OR (95%CI)
	P

	
	
	
	Guidelines followed
	Guidelines NOT followed
	
	

	High risk symptoms
	985
	37.4
	4.8
	4.1
	1.2 (0.6 - 2.3)
	0.53

	Anaemia
	691
	34.9
	5.0
	3.8
	1.3 (0.6 - 2.8)
	0.45

	Weight loss
	248
	39.1
	6.2
	1.3
	4.9 (1.0 - 24.9)
	0.03†

	Dyspepsia
	166
	34.9
	3.4
	1.9
	1.9 (0.3 - 13.8)
	0.52

	Abdominal pain
	122
	39.3
	10.4
	2.7
	4.2 (0.8 - 22.5)
	0.07

	Diarrhoea
	99
	55.6
	9.1
	4.5
	2.1 (0.4 - 11.4)
	0.39

	Positive serology
	99
	64.6
	51.6
	42.8
	1.4 (0.6 - 3.3)
	0.41

	All indications
	1423
	40.2
	10.1
	4.6
	2.3 (1.5 – 3.6)
	<0.0001†*






[bookmark: _Toc427573022]Table 17: Binary logistic regression of factors associated with adherence to guidelines to take 4 or more duodenal biopsies
	Factor
	β
	AOR (95% CI)
	p

	Positive serology
	0.75
	2.12 (1.32 - 3.40)
	0.002

	Age
	-0.01
	0.99 (0.99 - 1.00)
	0.03

	Dyspepsia
	-0.41
	0.67 (0.45 - 0.98)
	0.04

	Anaemia
	-0.30
	0.74 (0.54 - 1.01)
	0.06

	Family History of Coeliac Disease
	1.41
	4.10 (0.83 - 20.26)
	0.08

	Diarrhoea
	0.38
	1.46 (0.93 - 2.28)
	0.10

	Abdominal Pain
	-0.26
	0.77 (0.50 - 1.18)
	0.23

	Bloating
	0.45
	1.57 (0.66 - 3.74)
	0.31

	Weight Loss
	-0.11
	0.90 (0.64 - 1.26)
	0.53

	Female Gender
	0.04
	1.04 (0.83 - 1.30)
	0.74

	IBS
	0.29
	1.34 (0.21 - 8.35)
	0.76

	Reflux
	-0.02
	0.98 (0.52 - 1.85)
	0.94

	Altered Bowel Habit
	-0.04
	0.96 (0.33 - 2.79)
	0.94

	Micronutrient Deficiency
	0.004
	1.00 (0.37 - 2.74)
	0.99



On review of previous notes 12 (12.4%) of newly diagnosed coeliac disease patients had at least 1 non-diagnostic gastroscopy in the 5 years prior to diagnosis. This figure is consistent with the previously published literature. Indeed 4 patients (4.1%) had undergone 2 previous non-diagnostic gastroscopies in the 5 preceding years. In 7 of 12 patients (58.3%) who had undergone a previous gastroscopy a non-diagnostic duodenal biopsy specimen had been received. Unfortunately no data are available on the number of biopsies received by histopathology for these samples.  
Changing biopsy technique from a double bite to single bite technique resulted in an improvement in the median number of distal duodenal biopsies received by the histopathology department from 3 to 4. (p=0.02). This didn’t result in a significant increase in adherence to guidelines from 41%	 with double bite and 55% single bite. It did however result in fewer patients having fewer than 3 biopsies received (24% vs 11%, p=0.006)
[bookmark: _Toc382989738][bookmark: _Toc382989808][bookmark: _Toc427573023]5.5 Discussion
Changes of villous atrophy in coeliac disease are known to be patchy [166-168]. This has led to recommendations from national and international bodies for endoscopists to take at least 4 duodenal biopsies to diagnose coeliac disease [56]. The evidence however for this recommendation is sparse. The best evidence for taking multiple duodenal biopsies comes from a prospective trial of 56 patients with a positive EMA [167]. Each patient underwent 9 duodenal biopsies.  Of the 53 patients with evidence of villous atrophy 19% had at least one biopsy where there was no evidence of villous atrophy. There was also significant variation in the degree of villous atrophy identified between biopsy specimens. To achieve 100% sensitivity for villous atrophy in this cohort at least 3 biopsies were required and to ensure the most severe lesion was identified 5 biopsies were required. This study was backed up by a retrospective analysis of 102 patients with coeliac disease and 145 controls [234]. 2 biopsy specimens would lead to a correct diagnosis of coeliac disease in 90% compared to 100% if 4 biopsies were analysed. 
Real life clinical data on the impact of these guidelines is however also thin on the ground. The only published study to date assessing adherence to guidelines was in a US cohort which demonstrated that adherence to guidelines significantly increased the diagnostic yield of duodenal biopsy from 0.7 to 1.8% [233].  There have however been no studies in UK or European populations. 
We have demonstrated that adherence to guidelines to take at least 4 duodenal biopsies in a UK cohort is 40.2%. Our adherence rate was marginally better than the 35% reported in the US cohort however it remains suboptimal. We have also shown that submission of 4 or more biopsies is associated with a significantly increased diagnostic yield (p<0.0001). Furthermore an increased number of duodenal biopsies submitted is independently associated with a diagnosis of coeliac disease on binary logistic regression (AOR 1.36 (1.17 - 1.59) p<0.0001).  One potential explanation for this association may be that clinicians are more likely to submit a greater number of biopsies if they feel that coeliac disease is more likely. Our data would appear to support this theory to some extent as median numbers of biopsies taken for the indications of diarrhoea (p<0.0001), family history of coeliac disease (p=0.001) or positive coeliac serology (p<0.0001) were greater than those for other indications (median 4 versus 3). However when biopsy rates for symptoms associated with a high risk of coeliac disease (anaemia, weight loss and diarrhoea) are combined, biopsy rates remain disappointing (median 3). Also, when presenting characteristics were analysed separately, there was a trend towards increased diagnostic yield for coeliac disease in all groups when 4 or more biopsies were submitted although this only achieved significance for weight loss (p=0.03). This would appear to suggest that increased diagnostic yield with increased biopsy submission is independent of the indication.
We have also shown that gastroenterologists are more likely to adhere to current guidelines and submit a greater number of duodenal biopsies. This may be as a result of lack of awareness of guidelines but may also reflect a different case mix. However in the UK surgeons are frequently referred patients with diarrhoea and iron deficiency anaemia and should be aware of guidelines. It may be that surgeons are getting insufficient exposure to performing diagnostic gastroscopy to be aware of the current recommendations and their importance. This has been demonstrated in our cohort where the majority of procedures were carried out by physicians. The importance of these guidelines needs to be stressed in training and could be included in national mandatory endoscopy training courses. Another method of improving biopsy rates would be to include this as a measure of the performance of an endoscopy unit. Several similar recommendations such as polyp detection rates and the requirement to take random colonic biopsies for chronic diarrhoea already form part of the Global Rating Scale for endoscopy units. This scale is used to assess the effectiveness of endoscopy units in the UK and is a requirement for Joint Advisory Group for endoscopy accreditation.
Finally expert opinion has maintained that single biopsy specimens should be obtained with each pass of the biopsy forceps rather than ‘double bites’ [235]. This has previously been demonstrated for oesophageal and gastric biopsies [236] and colonic biopsies [237] however evidence for this for the diagnosis of coeliac disease was not available prior to commencing this study. We have demonstrated in a small sample that taking single biopsies results in fewer ‘lost’ samples with a higher median number of biopsies reported by histopathologists. This could have significant implications as lost samples at endoscopy may be one reason for failure to adhere to guidelines. However we were unable to significantly increase rates of adherence to guidelines in this small sample and our study did not look at rates of diagnosis prospectively with either technique and this needs further evaluation. It is not clear why with 4 passes of the biopsy forceps that 100% of samples weren’t retrieved. It may be that some samples were small and not able to be processed in the pathology department or that samples are simple lost in the endoscopy process. Perhaps a combined approach of single bites with confirmation of numbers to ensure 4 good samples are present would be the most pragmatic approach. This is particularly important as, subsequent to our study, a study from the US has demonstrated similar findings [238]. In conjunction with our findings single bites should be encouraged however further prospective study into the quality of samples received and outcome of single versus double bite techniques in terms of length and tolerability of endoscopy examination and rates of diagnosis are clearly required.
[bookmark: _Toc382989739][bookmark: _Toc382989809][bookmark: _Toc427573024]5.6 Conclusions

We have validated current national guidelines requiring the submission of at least 4 duodenal biopsies to diagnose coeliac disease. Biopsy guideline adherence is associated with significantly increased diagnostic yield. Physicians are more likely than surgeons to adhere to guidelines but rates are still poor. Increased awareness of the importance of guidelines could be achieved by including biopsy guidelines in the national training endoscopy scheme and including this measure in the Global Rating Scale for accreditation of endoscopy units. Changing biopsy technique to a ‘single-bite’ method may result in a greater number of specimens being submitted. 











[bookmark: _Toc427573025]CHAPTER 6: Is there an optimal site for duodenal bulb biopsy and how many bulb biopsies are required?
[bookmark: _Toc382989746][bookmark: _Toc382989816][bookmark: _Toc427573026]6.1 Summary
The diagnosis of coeliac disease may be missed at endoscopy. This may be as a result of inadequate biopsy sampling from the duodenum. We have previously demonstrated that the duodenal bulb can be the only site of villous atrophy in newly diagnosed coeliac patients. If a routine duodenal bulb biopsy is to be recommended to diagnose coeliac disease the ideal site and number of biopsies to be taken from the bulb needs to be determined.
Patients presenting to a single coeliac enriched endoscopy list were recruited. All recruited patients underwent routine quadrantic biopsies in the second part of the duodenum and coeliac serology testing (EMA, tTG and immunoglobulins) on the day of their endoscopic examination. In addition patients had individual samples taken from 4 standardised topographic areas within the duodenal bulb relating to areas of the clock face, 12, 3, 6, and 9 O’clock positions. Both samples were reported by a single specialist gastrointestinal histopathologist. For a diagnosis of coeliac disease to be made at least 1 biopsy needed to show evidence of villous atrophy in the presence of positive coeliac serology. In patients with negative serology but evidence of villous atrophy HLA typing and clinical history were used to confirm a diagnosis of coeliac disease.
171 patients (mean age 47 SD17, 64% female) were recruited. Of these 65 new diagnoses of coeliac disease were made. In this group the duodenal bulb was the only site of villous atrophy in 10.8% of patients. A duodenal bulb biopsy taken from the 3 O’clock position in addition to standard distal duodenal biopsies resulted in 100% sensitivity for diagnosing coeliac disease however there was no statistical difference between the bulb biopsy sites. 
The addition of a duodenal bulb significantly increases the diagnostic yield of duodenal biopsy. A single biopsy from any site within the duodenal bulb in addition to standard distal duodenal biopsy should ensure maximum diagnostic yield.
This chapter has previously been presented in abstract form at the British Society of Gastroenterology 2014, Digestive Diseases Week 2014 and United European Gastroenterology Week 2014 meetings.
[bookmark: _Toc382989747][bookmark: _Toc382989817][bookmark: _Toc427573027]6.2 Introduction
As previously discussed the diagnosis of coeliac disease is being missed at endoscopy. 5 – 13% of patients with newly diagnosed coeliac disease have undergone a non-diagnostic gastroscopy within 5 years of their diagnosis [220].  In many of these patients the diagnosis of coeliac disease was not considered and no duodenal biopsy was taken. However a recent American study demonstrated that 41% of newly diagnosed coeliac patients who had undergone a previous non-diagnostic gastroscopy had duodenal biopsies taken but these had not shown evidence of villous atrophy [222].  Evidence suggests that villous atrophy may be patchy and inadequate biopsy number could explain this result. Emerging evidence however, including from work undertaken in this thesis, suggests that the duodenal bulb may be the only site of villous atrophy [167, 170, 239, 240].   The addition therefore of a duodenal bulb biopsy in these patients may have resulted in fewer missed diagnoses.  Multiple distal duodenal biopsies are recommended to avoid the risks of patchy changes causing missed diagnosis. However if duodenal bulb biopsy is to be widely implemented clinicians need to know how may bulb biopsy specimens are required and whether there is an ideal site for sampling. To date there is only a single study to assess this problem. A study of 28 newly diagnosed coeliac patients suggested that a biopsy from the 9 or 12 O’clock positions may be optimal [241]. In all patients with villous atrophy within the duodenal bulb changes were evident in the 9 or 12 O’clock positions compared to 92% for the other sites. The study was limited by its small size however and there was no statistical difference between the sites. The most severe lesion was also most commonly seen in these positions and this did generate a significant result. We therefore aimed to see whether this could be replicated in a larger cohort. We aimed to assess the ideal site for bulb biopsy and whether more than one biopsy was required to avoid missed diagnosis.
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Patients were prospectively recruited from a single specialist coeliac disease endoscopy list at the Royal Hallamshire Hospital between July 2010 and September 2013. 
After written informed consent by all patients, a gastroscopy was undertaken by 1 of 4 JAG (Joint Advisory Group for endoscopy) accredited upper GI endoscopists. Gastroscopies were performed with an Olympus GIF240 endoscope (Olympus, Tokyo, Japan), with duodenal biopsies performed by using Olympus FB-240K biopsy forceps (2.8-mm standard oval with needle). 
In total all patients received 8 duodenal biopsies with 4 taken from the second part of the duodenum and 4 from standardised quadrantic areas within the duodenal bulb.  Samples from the second part of the duodenum were taken in a standard fashion and were placed in a single formalin pot. Each patient then received a further 4 biopsy specimens from the duodenal bulb. The different topographic areas from which the quadrantic bulb biopsy specimens were taken correlated with a clock face, with specimens taken from the 12 O’clock, 3 O’clock, 6 O’clock and 9 O’clock positions within the duodenal bulb as shown in figure 9, with the patient positioned in the left lateral position. Thus we ensured biopsies were aimed at targeted areas rather than specifically to areas of obvious mucosal abnormality and allowed consistency of sampling between patients. Biopsy specimens from the duodenal bulb were carefully inserted into a biopsy cassette with numbered compartments before being fixed in formalin at the time of endoscopy. The specific compartments of the cassettes were numbered, reflecting specific duodenal bulb biopsy sites. Each of the bulb specimens was placed in a separate paraffin wax block. All 4 of the biopsies from the distal duodenum were orientated and embedded in a single block of paraffin wax by the pathology department. Standard 3μm thick sections were taken from all samples and stained with haemotoxylin and eosin. Each bulb sample was assessed and reported separately by the same pathologist who reported the specimens from the second part of the duodenum but not in a blinded manner. Distal duodenal bulb biopsy specimens were analysed prior to bulb biopsy specimens. Each of the biopsy specimens was graded according to the modified Marsh criteria to identify the presence and severity of villous atrophy. 
All patients enrolled received concurrent standard coeliac serology tests, as well as immunoglobulins, taken on the day of their examination. IgA tTG was measured by using a single enzyme-linked immunosorbent assay (Aesku Diagnostics, Wendelsheim, Germany). A tTG titre of greater than 15 U/mL was used to define a positive test as per the manufacturer’s instructions. IgA EMA was detected by immunofluorescence on primate oesophagus sections (Binding Site, Birmingham, UK). Total immunoglobulins were measured on a Behring BN2 nephelometer (Dade Behring, Marburg, Germany). Patients were excluded from the study if they had any standard contraindications to endoscopic biopsy, if they had active GI bleeding, if a suspected carcinoma was observed during the examination, or if they were pregnant.
Patients were defined as having coeliac disease if they had the combination of positive antibodies (EMA or tTG) and evidence of increased intraepithelial lymphocytes crypt hyperplasia and villous atrophy, (Marsh 3a–3c) on any of their biopsy specimens. For cases of villous atrophy in which the patient had negative coeliac serology, supporting evidence of coeliac disease was sought as previously described in Chapter 5. 

Statistical analysis
Sensitivities for each biopsy site and for combinations of duodenal biopsy sites were calculated. The sensitivity for each site and different combinations of biopsy site were compared using a McNemar test for correlated proportions. All p values provided are 2 sided. 

[bookmark: _Toc427648706]Figure 9: Endoscopic image of the duodenal bulb with patient in the left lateral position. Topographical areas of the bulb for biopsy corresponding to areas of the clock face marked with the lumen to the second part of the duodenum moving round to 3 O’clock. (Picture taken by the candidate using PENTAX gastroscope)

[bookmark: _Toc382989749][bookmark: _Toc382989819][bookmark: _Toc427573029]6.4 Results
In total 171 (mean age 47 SD17, 64% female) patients were recruited patients with suspected coeliac disease. 65 (38%) new diagnoses of coeliac disease were made with the remaining 106 (62%) patients serving as controls. Mean age was lower in the patients diagnosed with coeliac disease compared to controls (42 versus 49, p 0.005). In the patients with newly diagnosed coeliac disease 47 (72%) were both EMA and tTG positive, 3 (5%) were EMA positive only and 10 (15%) were tTG positive only. 5 patients (8%) were diagnosed with sero-negative coeliac disease with evidence of villous atrophy in at least one biopsy specimen, an appropriate HLA type and appropriate other supporting features. 
In newly diagnosed coeliac disease the duodenal bulb was the only site of villous atrophy in 10.8% of patients compared to 4.6% of patients where the distal duodenum was the only site of villous atrophy. 62/65 (95.4%) newly diagnosed coeliac patients had villous atrophy in the duodenal bulb. Of the 62 patients with villous atrophy in the duodenal bulb 6 (9.7%) had at least one duodenal bulb sample that showed no evidence of villous atrophy. However there was significant variability in the severity of the villous atrophy within the bulb. In 23/62 cases (37.1%) there was a difference between the Marsh grades reported for each of the bulb specimens. However when combined with distal duodenal biopsies there was no difference in sensitivity between the sites of bulb biopsy for diagnosing coeliac disease. The addition of a duodenal bulb biopsy taken from the 3 O’clock position to standard distal duodenal biopsy resulted in 100% sensitivity. However the addition of biopsies from any of the other topographical areas only resulted in missing of a single case giving a sensitivity of 98.5% and there was no statistical difference between the sites. The addition of a duodenal bulb biopsy from any site was statistically superior to a distal duodenal biopsy alone in increasing the sensitivity of duodenal biopsy. A comparison of the sensitivities for each biopsy strategy is shown in table 18.





[bookmark: _Toc427573030]Table 18: Sensitivities for duodenal biopsy strategies
	New Coeliac disease (n=65)
	Sensitivity for detecting villous atrophy (%)
	Significance compared to D2 alone (p value)
	Significance compared to D2 + D1 -3 O’clock (p value)

	Distal duodenum (D2)
	89.2
	Ref
	0.016

	Duodenal bulb (D1)
	95.4
	0.34
	0.25

	D1 - 12 O'clock
	89.2
	1
	0.016

	D1 - 3 O'clock
	92.3
	0.77
	0.063

	D1 - 6 O'clock
	92.3
	0.75
	0.063

	D1 - 9 O'clock
	92.3
	0.75
	0.063

	D2 + D1 – 12 O’clock
	98.5
	0.031
	1

	D2 + D1 – 3 O’clock
	100
	0.016
	Ref

	D2 + D1 – 6 O’clock
	98.5
	0.031
	1

	D2 + D1 – 9 O’clock
	98.5
	0.031
	1


Duodenal bulb biopsy was also more commonly the site of the most severe lesion (83.1%) compared to the distal duodenum (67.7%).  4 biopsies from the duodenal bulb, in addition to the distal duodenum, were required to achieve 100% sensitivity in identifying the most severe lesion. The best 2 bulb biopsy strategy was by incorporating a distal duodenal biopsy and bulb biopsies form the 3 O’clock and 9 O’clock positions.  A comparison of the sensitivities of different duodenal biopsy strategies to identify the most significant lesion is shown in table 19.





[bookmark: _Toc427573031]Table 19: Comparison of sensitivities for different duodenal biopsy strategies to detect the most significant duodenal lesion
	Newly Diagnosed Coeliac Patients (n=65)
	Sensitivity for detecting the most significant lesion
	Significance compared to D2 alone (p value)
	Significance compared to D2+3+9 (p value)

	Distal duodenum (D2) only
	67.7
	Ref
	<0.0001

	Duodenal bulb (D1) only
	83.1
	0.11
	0.06

	D1 - 12 O'clock only
	64.6
	0.85
	<0.0001

	D1 - 3 O'clock only
	61.5
	0.6
	<0.0001

	D1 - 6 O'clock only
	63.1
	0.7
	<0.0001

	D1 - 9 O'clock only
	64.6
	0.845
	<0.0001

	D2 + D1 – 12 O’clock
	86.2
	<0.0001
	0.11

	D2 + D1 – 3 O’clock
	89.2
	<0.0001
	0.125

	D2 + D1 – 6 O’clock
	86.2
	<0.0001
	0.07

	D2 + D1 – 9 O’clock
	86.2
	<0.0001
	0.03

	D2 + D1 3 O’clock and 9 O’clock
	95.4
	<0.0001
	Ref



Amongst the control patients, 4 (4%) were positive for both tTG and EMA, 1 (1%) patient had a positive EMA only, 23 (22%) had a positive tTG only, and 78 (74%) were negative for both tTG and EMA. 2 patients included in the control group had sero-negative villous atrophy but had coeliac disease excluded on the basis of an HLA type incompatible with coeliac disease. Both of these patients had villous atrophy detected solely within the bulb and this was evident in all 4 samples. One patient had Helicobacter Pylori infection identified as the likely cause and is awaiting a re-biopsy following eradication therapy. The other patient had persistent villous atrophy on repeat biopsy on a gluten free diet and despite extensive investigation no cause has been identified, he remains under active follow up. 26 patients also had Marsh 1 or 2 changes identified on duodenal biopsy. Of these 2 patients had tTG > 20 times the upper limit of normal and a positive EMA and were subsequently diagnosed as having coeliac disease. These patients both had Marsh 1 changes in all 4 bulb samples and in the distal duodenum. The remaining 24 Marsh 1 and 2 patients all had negative EMA whilst 6 had borderline positive tTG. Marsh 1 changes were more likely to be confined to the second part of the duodenum (54.2%) compared to the bulb (16.7%) Of the 4 patients with Marsh 1 changes confined to the bulb all of these patients had patchy Marsh 1 changes, all were negative for EMA and tTG and 3/4 had endoscopic evidence of active duodenitis. 
[bookmark: _Toc382989752][bookmark: _Toc382989822][bookmark: _Toc427573032]6.5 Discussion
This is the largest study to assess the optimal biopsy strategy for detecting changes of coeliac disease in an adult population.  This study confirms that villous atrophy can be confined to the duodenal bulb, with 10.8% of newly diagnosed coeliac patients in this study demonstrating this as the only site of villous atrophy. Although there have been several studies assessing the utility of bulb biopsies there has been no consensus on the number of additional bulb biopsies required [167, 242]. Changes of coeliac disease are recognised to be patchy in the distal duodenum requiring multiple biopsies to avoid missed diagnosis. Although we have demonstrated that patchiness of villous atrophy does equally apply to the duodenal bulb as it does the distal duodenum this study has provided the best evidence to date to suggest that only a single bulb biopsy is required to significantly increase the diagnostic yield of duodenal biopsy. There are cost implications with the addition of a duodenal bulb biopsy. Importantly however we have been able to show that this cost will be minimal with only a single extra biopsy specimen required. Any costs associated with the addition of this biopsy are likely to be outweighed by the reduction in costs associated with unnecessary treatment and investigation that may result from missed diagnosis. 
There is concern from some quarters that the addition of a bulb biopsy may increase the detection of spurious abnormalities [243]. 6 control patients (5.7%) did have abnormal findings not attributable to coeliac disease that would not have been identified if bulb biopsy had been performed. 4 of these patients had patchy Marsh 1 changes with 3 having endoscopic evidence of duodenitis. It may be therefore that a single targeted biopsy of the bulb avoiding inflamed areas may have avoided some of these false positives. Also in our cohort the distal duodenal biopsies were more likely to have spurious results with 13 (12.2%) demonstrating Marsh 1 or 2 changes not seen in the bulb. Further analysis of cohorts undergoing duodenal biopsy may identify patient groups that do not require bulb biopsy and this may reduce the numbers of anomalous results further. 
[bookmark: _Toc382989753][bookmark: _Toc382989823][bookmark: _Toc427573033]6.6 Conclusions
The addition of a duodenal biopsy from any site within the duodenal bulb significantly increases the sensitivity of duodenal biopsy for diagnosing coeliac disease. There is no significant difference between any of the topographical areas identified. This study confirms the utility of duodenal bulb biopsy to minimise the risk of missed diagnoses of coeliac disease.







[bookmark: _Toc427573034]CHAPTER 7: Does the addition of a duodenal bulb biopsy increase the diagnosis of coeliac disease and what are the consequences of Ultra Short Coeliac Disease? 
[bookmark: _Toc382989740][bookmark: _Toc382989810][bookmark: _Toc427573035]7.1 Summary
The clinical implications of gluten sensitive enteropathy with villous atrophy that is limited to the duodenal bulb (D1) in adult coeliac disease are unclear. The phenotypes of patients with D1 villous atrophy in isolation have not been delineated. We aimed to assess the sensitivity of D1 biopsy, number and site of biopsies required for the detection of ultra-short coeliac disease (USCD) and the phenotype of affected patients.
Group 1, had D1 and D2 biopsies with concurrent serology. Group 2, consecutive patients with suspected coeliac disease underwent quadrantic D1 biopsy. Group 3, patients with USCD were phenotypically compared to conventional coeliac disease and controls. Lymphocyte (IEL) counts and immunophenotype were compared between D1 and D2.
Group 1, n=1378 (mean age 50.3, 62% female) with 268/1378 (19.4%) new CD cases. 9.7% of CD patients had villous atrophy confined to D1 (P<0.0001). In Group 2, n=171 (mean age 46.5, 64% female) a single additional D1 biopsy from any site increased sensitivity by 9.3-10.8% (P<0.0001). Group 3 (n=26), patients with USCD were younger (p=0.03), with lower tTG titres (p=0.001) and less likely to present with diarrhoea (P=0.001). The prevalence of ferritin deficiency (P=0.007) and folate deficiency (P=0.003) was higher in conventional coeliac disease than USCD and controls. In coeliac disease the median IEL count in D1 was 50 and in D2 was 48 (P=0.7). D1 IELs were immunophenotypically indistinguishable to D2 in coeliac disease.
[bookmark: _Toc382989741][bookmark: _Toc382989811]A single additional D1 biopsy from any site increases the diagnostic yield. Patients with USCD may represent early coeliac disease with a mild clinical phenotype and infrequent nutritional deficiencies.
This chapter has previously been presented as an oral presentation at Digestive Diseases Week 2015.
[bookmark: _Toc427573036]7.2 Introduction
5-13.6% of patients with newly diagnosed coeliac disease have had a prior endoscopy where the chance to diagnose coeliac disease was missed.[220, 222] In many patients no consideration was given to duodenal biopsy however 41% of patients in a recent US study had a non-diagnostic duodenal biopsy.[222] Historically small bowel biopsies were taken from the jejunum with a Crosby capsule to diagnose coeliac disease.[167] However with the advent of fibre-optic endoscopy biopsies from the distal duodenum were shown to be as accurate as jejunal biopsies for recognising coeliac disease.[167] The gluten load is highest in the proximal GI tract and the duodenal bulb (D1) would seem a logical place to identify signs of coeliac disease. However D1 had been avoided as a possible biopsy site due to concerns over the difficulty in interpretation due to the potential presence of Brunner’s glands, gastric metaplasia, peptic duodenitis and presumed reduced villous height.[170] Prospective data from a heterogeneous group of small studies has suggested that interpretation of D1 biopsies is possible and may be the only site of villous atrophy in newly diagnosed coeliac disease, (ultra-short coeliac disease).[167, 170, 239-241, 244]. A summary of the studies into duodenal bulb biopsy is shown in table 20. D1 biopsy however is not yet fully accepted for several reasons. Firstly, the majority of these studies are based on small cohorts with inadequate control groups used. It has not therefore, been established if D1 biopsy is necessary for all indications. Secondly it is not clear if the histology of D1 in coeliac disease is equivalent to D2. Indeed a recent international study has suggested that by lowering the relative count of IELs from 40 IELs/100 enterocytes to 25 IELs/100 enterocytes would result in increased diagnostic yield for coeliac disease [245]. However although this study looked at IEL counts in D1 the assumption was made that IELs counts in the D1 are the same as those from the distal duodenum. A recent study of patients without coeliac disease however, has suggested that the normal count of IELs in healthy patients may be lower in D1 than D2 [246]. To date there are no data assessing histological phenotype in D1 in coeliac disease. Finally, and crucially, it has not been established if ultra-short coeliac disease (USCD) represents the same clinical phenotype and has the same implications as more extensive, conventional coeliac disease. 
We aimed therefore, to establish the prevalence of USCD, in the largest international cohort of patients in the context of a routine duodenal biopsy strategy. Secondly we aimed to establish the clinical and histological phenotype of USCD.
[bookmark: _Toc427573037]Table 20: Summary of adult studies into duodenal bulb biopsy
	Country
	Year
	Sample size
	Controls
	Villous atrophy only in the bulb

	Austria [240]
	2001
	21
	30
	9.5%

	USA [170]
	2010
	40
	40
	12.5%

	UK [167]
	2007
	56
	0
	1.8%

	UK [239]
	2011
	126
	250
	9.0%

	UK [241]
	2012
	28
	49
	17.9%

	Italy [244]
	2014
	25
	17
	0%



[bookmark: _Toc427573038]7.3 Methods
Patients were prospectively recruited from a single teaching hospital in Sheffield, UK, between 2008 and 2014.  Consecutive patients attending a single endoscopy list, where routine duodenal biopsy is employed, were recruited. Patients attending include those with suspected coeliac disease but also include general and open access referrals for all upper GI symptoms. All recruited patients received quadrantic biopsies from the second part of the duodenum. At least one further biopsy sample was taken from D1 in a separate formalin pot. Distal biopsy specimens were analysed prior to bulb biopsy specimens. Each of the biopsy specimens was graded according to the modified Marsh criteria (table 5), by experienced specialist GI histopathologists, to identify the presence and severity of villous atrophy. The Marsh criteria were applied consistently between the bulb and distal duodenum. All patients enrolled received concurrent standard coeliac serology tests, as well as immunoglobulins, taken on the day of their examination. IgA tTG was measured by using a single enzyme-linked immunosorbent assay (Aesku Diagnostics, Wendelsheim, Germany). A tTG titre of greater than 15 U/mL was used to define a positive test as per the manufacturer’s instructions. IgA EMA was detected by immunofluorescence on primate oesophagus sections (Binding Site, Birmingham, UK). Total immunoglobulins were measured on a Behring BN2 nephelometer (Dade Behring, Marburg, Germany). Patients were excluded from the study if they had any standard contraindications to endoscopic biopsy, if they had active GI bleeding, if a suspected carcinoma was observed during the examination, or if they were pregnant.
Patients were defined as having coeliac disease if they had the combination of positive antibodies (EMA or tTG) and evidence of increased IELs, crypt hyperplasia and villous atrophy, (Marsh 3a–3c) in any of their biopsy specimens. For cases of villous atrophy in which the patient had negative coeliac serology, supporting evidence of coeliac disease was sought including HLA typing, family history, exclusion of other causes of villous atrophy, gluten challenge, repeat biopsy and/or response to a gluten free diet.
To ascertain the phenotype and consequences of USCD the 26 patients with USCD were compared to the patients with conventional coeliac disease and controls. Presenting symptoms and serology taken at the time of endoscopy were compared across the whole cohort. Baseline hematology, biochemistry bone profile and haematinics taken prior to commencing gluten free diet were compared to conventional coeliac disease and age and sex matched controls with negative serology and normal duodenal histology. Baseline bone densitometry using Dual-energy X-ray Absorptiometry (DXA) was also compared in coeliac patients. Osteopenia was defined as a T-score of -1.5 to -2.4 and osteoporosis as a T-score of less than -2.5. 
In a separate analysis blinded IEL counts were performed in 25 patients with coeliac disease and compared to age and sex matched controls with negative serology. Counts were made manually using Image-J software (National Institutes of Health) on sections stained with haemotoxylin and eosin. Median IEL counts per 100 enterocytes were calculated from 5 representative villi using the previously validated method of Walker and colleagues.[245] Immunohistochemistry staining for CD3, CD4 and CD8 was used in patients with villous atrophy in both D1 and D2 to assess for any phenotypic differences. 
Statistical Analysis
The sensitivity for duodenal biopsy sites were compared using a McNemar test for correlated proportions. Univariate analysis of categorical presenting characteristics between USCD, conventional CD and control patients was performed using Chi square and multivariate analysis using binary and multinomial logistic regression. Chi-squared Automatic Interaction Detector (CHAID) decision tree analysis was used to identify groups likely to be diagnosed with USCD or conventional coeliac disease. The CHAID decision tree model uses multiple Chi-square tests corrected for multiple comparisons (Bonferroni) to identify the most significant independent variable. Once this has been identified the model splits subjects into groups based on this variable and further analysis is carried out in each of the new groups. We chose an unlimited tree depth and the model will continue to split groups based on independent variables until there is not a significant difference based on the remaining independent variables.   Kruskal-Wallis was used for comparing non-parametric continuous values and ANOVA was used for parametric data to analyse the consequences of USCD and conventional coeliac disease compared to controls. Absolute values were compared using a Chi-square. Analysis was undertaken using SPSS 21.0 (IBM). All p values provided are 2 sided.
[bookmark: _Toc382989743][bookmark: _Toc382989813][bookmark: _Toc427573039]7.4 Results
[bookmark: _Toc427573040]7.4.1 Is there an increased diagnostic yield with D1 sampling?
1378 patients (mean age 50.3, 62% female) were consecutively recruited. 268 patients (19.4%) were newly diagnosed with coeliac disease. 26 of the coeliac disease patients had villous atrophy confined to D1 and were diagnosed with USCD. By taking an additional D1 biopsy the diagnostic yield was increased by 9.7% compared to standard D2 biopsy (p<0.0001). On multivariate analysis a diagnosis of coeliac disease was associated with younger age (p<0.0001), anaemia (AOR 1.71, β=0.54, p=0.02), a family history of coeliac disease (AOR 2.89, β=1.06, p<0.0001), lethargy (AOR 3.67, β=1.31, p<0.0001) and osteoporosis (AOR 6.14, β=1.82 p<0.0001).  Coeliac disease was not associated with reflux (AOR 0.10, β=-2.29, p<0.0001) and non-specific dyspepsia (AOR 0.23, β=-1.45, p<0.0001). 22 (8.2%) of the newly diagnosed patients had sero-negative coeliac disease. Sero-negative coeliac disease was not more common in USCD (7.7%) compared to conventional (9.1%) (P=1.0). Non-coeliac abnormalities were seen in 80 D1 biopsies (5.8%) and 24 D2 biopsies (1.7%) (p<0.0001). The most common histological abnormality other than coeliac disease was peptic duodenitis which was seen in 4.1% of D1 samples compared to 1.4% of D2 samples (p<0.0001). Brunner’s glands interfering with interpretation was rare, but was seen more commonly in D1 (1.2%) compared to D2 (0.3%) samples (p=0.002). Analysis of the non-coeliac abnormalities is shown in table 21.
[bookmark: _Toc427573041]Table 21: Analysis of non-coeliac abnormalities seen in D1 and D2
	Non-Coeliac abnormality
	D2

	
	None
	Brunner’s glands
	Peptic duodenitis
	Gastric metaplasia

	D1
	None
	1289
	2
	6
	1

	
	Brunner’s glands
	15
	2
	0
	0

	
	Peptic duodenitis
	44
	0
	12
	0

	
	Gastric metaplasia
	6
	0
	0
	1



[bookmark: _Toc427573042]7.4.2 Are there any consequences to Ultra-short Coeliac Disease?
The 26 patients (mean age 37.3, 73% female) with villous atrophy confined to the duodenal bulb and diagnosed with USCD were compared to the 242 patients (mean age 42.0, 66% female) with conventional coeliac disease. Histology from both D1 and D2 in a patient with USCD is shown in figure 13. Patients with USCD (mean age 37.3) were younger than those diagnosed with conventional coeliac disease (mean age 42.0) on multinomial logistic regression (AOR 0.97 (0.94 – 0.998) P=0.03). On univariate analysis (table 22) patients with both USCD and conventional disease were less likely than controls to present with reflux (P<0.0001) or dyspepsia (P<0.0001) and more likely to have a family history of coeliac disease (P<0.0001). 3.8% of USCD patients had diarrhoea which was significantly lower than 24.0% of conventional coeliac patients (P<0.0001). Furthermore on CHAID decision tree analysis (Bonferroni method) with unlimited tree depth to identify USCD amongst coeliac patients the absence of diarrhoea was the single discriminating factor (Adj P=0.019) (figure 10). On multivariate analysis (table 23) conventional coeliac patients but not USCD patients were more likely than controls to present with anaemia, diarrhoea, a family history of coeliac disease, lethargy, and osteoporosis. Patients with USCD, but not conventional coeliac disease, were less likely than controls to present with abdominal pain (AOR 0.09 (0.01 - 0.76) P=0.03). CHAID analysis reveals the most significant diagnostic yield, at 49.3%, in our cohort was for patients with a family history of coeliac disease presenting without dyspeptic symptoms. The full decision tree for diagnosing all patients with coeliac disease based on symptomatic presentation is shown in figure 11. 






[bookmark: _Toc427573043]Table 22: Univariate analysis of presenting characteristics. Figures with different superscript letters are significantly different between the groups  at a P<0.05 level using a z-test of column proportions adjusted for multiple comparisons (Bonferroni method)
	Characteristic
	USCD
	Conventional coeliac disease
	Controls
	P

	
	(%)
	(%)
	(%)
	

	Diarrhoea
	3.8a,b
	24.0b
	14.6a
	<0.0001

	Dyspepsia
	7.7a
	5.0a
	33.0b
	<0.0001

	Family History
	11.5a,b
	14.5b
	3.5a
	<0.0001

	Lethargy
	7.7a,b
	16.5b
	3.2a
	<0.0001

	Reflux
	0.0a,b
	1.7b
	14.8a
	<0.0001

	Osteoporosis
	3.8 a,b
	3.7 b
	0.8 a
	0.001

	Previous abnormal histology
	30.8 a
	7.0 b
	11.4 b
	0.001

	Autoimmunity
	15.4a
	6.6a,b
	3.7b
	0.003

	Anaemia
	19.2 a,b
	18.6 b
	11.0 a
	0.003

	Nausea/Vomiting
	0.0 a,b
	1.7 b
	6.6 a
	0.005

	Alternating bowel habit
	11.5a
	3.3a,b
	2.3b
	0.01

	Neurological symptoms
	11.5
	5.0
	9.2
	0.09

	B12/folate/vitamin D deficiency
	7.7
	7.4
	4.2
	0.09

	Female Gender
	73.1
	65.7
	61.2
	0.22

	Bloating
	7.7
	10.3
	7.2
	0.26

	Abdominal pain
	3.8
	12.0
	13.7
	0.28

	Weight Loss
	3.8
	7.4
	9.5
	0.38

	Irritable Bowel Syndrome
	3.8
	8.3
	6.1
	0.41




[bookmark: _Toc427648707]Figure 10: CHAID decision tree for discrimination between Ultra-Short and Conventional Coeliac Disease demonstrating that diarrhoea as the most significant (adjusted for multiple comparisons) independent variable. No other significant differences are identified between patients with and without diarrhoea so the model stops.  














[bookmark: _Toc427573044]Table 23: Multinomial logistic regression of presenting characteristics in USCD, conventional Coeliac Disease and controls
	Characteristic
	Ultra Short Coeliac Disease
	Conventional coeliac disease

	
	Compared to controls
	Compared to conventional coeliac disease
	Compared to controls

	
	AOR
	β
	p
	AOR
	β
	p
	AOR
	β
	p

	Age
	0.94 (0.91 - 0.97)
	-0.06
	<0.0001
	0.97 (0.94 - 0.998)
	-0.03
	0.03
	0.97 (0.96 -0.98)
	-0.03
	<0.0001

	Dyspepsia
	0.32 (0.06 - 1.62)
	-1.15
	0.17
	1.68 (0.30 – 9.49)
	0.51
	0.56
	0.18 (0.10 - 0.36)
	-1.66
	<0.0001

	Family History
	1.98 (0.50 - 7.91)
	0.69
	0.33
	0.69 (0.17 – 2.75)
	-0.37
	0.6
	2.86 (1.67 - 4.91)
	1.06
	<0.0001

	Lethargy
	1.32 (0.27 - 6.50)
	0.28
	0.73
	0.35 (0.07 – 1.73)
	-1.05
	0.2
	3.74 (2.19 - 6.37)
	1.33
	<0.0001

	Osteoporosis
	5.26 (0.50 - 54.91)
	1.66
	0.17
	0.91 (0.09 – 9.62)
	-0.11
	0.93
	5.81 (2.09 - 16.15)
	1.77
	0.001

	Previous abnormal histology
	4.33 (1.63 - 11.47)
	1.46
	0.003
	8.67 (2.98 – 25.25)
	2.16
	<0.0001
	0.5 (0.29 - 0.87)
	-0.7
	0.01

	Anaemia
	1.1 (0.32 - 3.74)
	0.1
	0.88
	0.62 (0.18 – 2.18)
	-0.48
	0.46
	1.77 (1.11 - 2.82)
	0.58
	0.02

	Reflux
	NS
	-14.06
	NS
	NS
	-12.8
	0.98
	0.28 (0.10 - 0.81)
	-1.28
	0.02

	Abdominal pain
	0.09 (0.01 - 0.76)
	-2.45
	0.03
	0.14 (0.02 – 1.29)
	-1.96
	0.08
	0.61 (0.38 - 0.99)
	-0.49
	0.05

	Diarrhoea
	0.2 (0.02 - 1.66)
	-1.61
	0.14
	0.13 (0.02 – 1.10)
	-2.04
	0.06
	1.53 (1.00 - 2.33)
	0.44
	0.05

	Nausea/vomiting
	NS
	-14.23
	NS
	2x10-6 (7x10-7 - 6x10-6)
	-13.14
	<0.0001
	0.34 (0.12 -0.99)
	-1.08
	0.05

	Neuro symptoms
	0.93 (0.22 - 3.92)
	-0.05
	0.93
	1.86 (0.40 – 8.73)
	0.53
	0.43
	0.5 (0.25 - 1.01)
	-0.59
	0.06

	IBS
	0.15 (0.02 - 1.36)
	-1.91
	0.09
	0.23 (0.02 – 2.20)
	-1.46
	0.2
	0.64 (0.35 - 1.17)
	-0.45
	0.15

	Autoimmunity
	2.31 (0.63 - 8.50)
	0.87
	0.21
	1.75 (0.44 – 6.92)
	0.49
	0.42
	1.32 (0.67 - 2.58)
	0.38
	0.42

	Weight loss
	0.39 (0.05 - 3.11)
	-0.95
	0.37
	0.46 (0.05 - 3.74)
	-0.81
	0.6
	0.87 (0.48 - 1.55)
	-1.44
	0.63

	Bloating
	0.74 (0.15 - 3.61)
	-0.3
	0.71
	0.68 (0.14 – 3.71)
	-0.39
	0.64
	1.09 (0.64 - 1.87)
	0.09
	0.75

	B12 /folate /vitamin D deficiency
	0.77 (0.16 - 3.76)
	-0.26
	0.75
	0.72 (0.14 – 3.65)
	-0.33
	0.69
	1.07 (0.57 - 2.02)
	0.07
	0.82

	Female gender
	1.4 (0.54 - 3.61)
	0.34
	0.49
	1.38 (0.52 – 3.65)
	0.31
	0.52
	1.01 (0.72 - 1.42)
	0.22
	0.93

	Alternating Bowel Habit
	4.44 (0.93-21.32)
	1.49
	0.06
	4.34 (0.82 – 23.00)
	1.46
	0.09
	1.02 (0.40 - 2.59)
	0.03
	0.96




[bookmark: _Toc427648708]Figure 11: CHAID decision tree analysis to discriminate between subjects with or without coeliac disease based on presenting symptoms with unlimited tree depth. Significant values are for the difference between those with or without coeliac disease and results are subdivided into Ultra-Short or Conventional coeliac disease for illustration only. Using this model we have identified a group of apparently ‘low risk’ subjects, those with dyspepsia and reflux symptoms, where no patients were diagnosed with coeliac disease. The model has also identified those who appear to be in a ‘high risk’ category, subjects with a family history of coeliac disease presenting without dyspepsia symptoms, 49.3% of these patients were ultimately diagnosed with coeliac disease.

Patients with USCD had lower tTG titres (P=0.001) but had equal rates of tTG positivity (P=0.57) compared to conventional coeliac disease. The prevalence of ferritin deficiency (P=0.007) and folate deficiency (P=0.003) was higher in conventional coeliac disease than USCD and controls. There was no difference in bone densitometry findings. On multinomial logistic regression analysis tTG levels were confirmed to be lower in USCD (AOR 0.91 (0.84 - 0.98) P=0.019) and folate levels were higher (AOR 1.17 (1.03 - 1.35) P=0.018) compared to conventional coeliac disease.  A summary of the blood and DXA findings is shown in tables 24 and 25.
[bookmark: _Toc427573045]Table 24: Analysis of absolute blood and DXA values in ultra-short celiac disease compared to conventional coeliac disease and controls (figures with different superscript letters are significant at a P<0.05 level using one way ANOVA with Bonferroni post-Hoc comparison for parametric data or Kruskal Wallis adjusted for multiple comparisons for non-parametric data)

	 
	USCD
	Conventional CD
	Controls
	p
	Multivariate analysis USCD compared to conventional CD

	
	Mean
	Median
	Mean
	Median
	Mean
	Median
	
	AOR
	p

	tTG 
(x Upper Limit of Normal)
	6.8
	4.8 a
	12.9
	20 b
	0.96
	0.27 c
	<0.0001
	0.91
(0.84 - 0.98)
	0.02

	Haemoglobin
	13.8 a
	14
	13.6 a
	13.8
	13.9 a
	13.8
	0.43
	1.10
(0.56 - 2.15)
	0.88

	MCV
	87.4 a
	88.4
	88.4 a
	88.6
	89.8 b
	90.2
	0.03
	0.95
(0.84 - 1.07)
	0.38

	B12
	353.8
	349.5 a
	406.9
	364 a
	390.6
	356 a
	0.53
	1.00
(0.99 - 1.00)
	0.09

	Ferritin
	63.9
	45.5 a,b
	61.2
	34 b
	66.5
	50 a
	0.03
	1.00
(0.99 - 1.01)
	0.87

	Folate
	10.2
	9.6 a,b
	8.3
	7.2 b
	10.2
	8.6 a
	0.002
	1.17
(1.03 - 1.35)
	0.02

	Calcium
	2.3
	2.3 a
	2.31
	2.31 a
	2.3
	2.29 a
	0.84
	7.33
(0.02 - 2446.7)
	0.50

	ALT
	30.9
	17 a
	27.3
	21 a
	22.7
	18 a
	0.05
	1.01
(0.99 - 1.03)
	0.56

	T-Score Spine
	-0.72 a
	-0.8
	-0.7 a
	-0.7
	n/a
	n/a
	0.74
	0.65
(0.296 - 1.46)
	0.29

	T-Score Hip
	-0.32
	-0.1a
	-0.38
	-0.3a
	n/a
	n/a
	0.99
	1.36
(0.51 - 3.64)
	0.54


[bookmark: _Toc427573046]Table 25: Comparison of relative blood and DXA values in ultra-short celiac disease compared to conventional disease and controls Figures with different superscript letters are significantly different between the groups  at a P<0.05 level using a z-test of column proportions adjusted for multiple comparisons (Bonferroni method)

	
	Percentage abnormality

	
	USCD
	CCD
	Control
	P

	Low Ferritin
	16.0a,b
	31.3b 
	16.8a
	0.009

	Low Folate
	3.8a,b
	17.9b
	6.3a
	0.003

	Hypocalcaemia
	4.5
	8.3
	7.4
	0.81

	Elevated ALT
	16.0
	16.9
	13.0
	0.60

	Osteoporosis
	10.5
	13.5
	Na
	0.76

	Microcytosis
	12.0
	7.2
	4.6
	0.31

	Low B12
	0.0
	5.8
	3.9
	0.37

	Anaemia
	8.0
	8.9
	5.3
	0.41

	Osteopenia or worse
	47.4
	44.6
	Na
	1.0



[bookmark: _Toc427573047]7.4.3 Is there a difference in intraepithelial lymphocytes between D1 and D2?
Median IEL counts in patients without coeliac disease were lower in D1 (11) than D2 (16) (P=0.002) however all median IEL counts were below the currently agreed cut off of 25 IELs/100 enterocytes [245]. An example of IEL counts in D1 and D2 is shown in figure 12. In coeliac disease the median IEL count in D1 was 50 and in D2 was 48 (P=0.71). IELs in D1 were immunophenotypically indistinguishable to those in D2 in coeliac patients (figure 13) 

[bookmark: _Toc427648709]Figure 12: Representative villi from the same patient with normal IEL counts in D1 and D2. (Dark blue counters (1) are enterocytes and light blue counters (2) are IELs) (Photos taken by the candidate)

[bookmark: _Toc427648710]Figure 13: Plate A: Duodenal bulb (D1) histology of patient with Ultra-Short Coeliac Disease showing Marsh Grade 3c disease stained with Hemotoxylin and Eosin (H&E). Plate B: D2 histology of patient with Ultra-Short Celiac Disease showing normal villous architecture and minimally increased Intrepithelial Lymphocytes (IELs) (Marsh grade 1).  Plates C-E - Serial sections of a duodenal biopsy from a case of coeliac disease with partial villous atrophy (Marsh 3a) stained by antibodies against different lymphocyte phenotypes. It can be seen that there is a greatly increased number of intra-epithelial lymphocytes stained by the pan-lymphocyte marker CD3. None of these lymphocytes are stained by CD4 so they are not of the T-helper phenotype. All of them do stain with CD8 so they are of the T-cytotoxic/suppressor phenotype expected in regular coeliac disease, and there are no unstained lymphocytes suggestive of a null phenotype. (Pictures taken by the candidate and Professor Simon Cross, consultant pathologist)
[bookmark: _Toc382989744][bookmark: _Toc382989814]

[bookmark: _Toc427573048]7.5 Discussion
We present the largest prospective international cohort of patients to undergo routine duodenal bulb biopsy for coeliac disease. We have shown a significant increase in the diagnostic yield when a single D1 biopsy is taken from any site. Critically this is the first study to assess the clinical implications and presentation of USCD in adult patients. Patients with USCD appear to represent early CD with a mild clinical phenotype presenting at a younger age with infrequent nutritional deficiencies.
[bookmark: _Toc382989745][bookmark: _Toc382989815]There is a growing body of evidence suggesting that D1 may be the only site of villous atrophy in patients with newly diagnosed coeliac disease [167, 170, 239-241]. However the practice of D1 biopsy has not been universally accepted. Indeed, in a recent audit of non-specialist hospitals in the UK, a D1 biopsy was only performed in only 18/914 (2.0%) of patients undergoing duodenal biopsy to diagnose coeliac disease and only in 10% of patients in a recent US study [233, 247]. There may be several reasons for the poor uptake in D1 biopsy which we have been able to address in this study. Firstly the numbers of patients have been very small in highly coeliac enriched populations with few if any control patients. In our study 1378 patients were prospectively recruited, more than twice the combined number of patients in previous studies. Furthermore all patients had routine duodenal biopsy performed reducing potential ascertainment bias within our cohort and increasing the applicability to the general population. Secondly there remain concerns that interpretation of may be impeded by the presence of non-coeliac abnormalities such as peptic duodenitis or gastric heterotopia. However in our cohort non-coeliac abnormalities were relatively rare and were rarely considered to interfere with interpretation of duodenal biopsies. Finally none of the studies performed in adult patients have analysed the presentation patients with USCD. Only a single paediatric study has assessed clinical characteristics [248]. In this retrospective study of 101 children with newly diagnosed coeliac disease, no differences in the mode of presentation USCD (n=10) and conventional disease could be elicited however the study was likely to be underpowered to detect significant differences. Furthermore no studies have attempted to assess the clinical impact of USCD. In our cohort patients with appeared to have a less severe clinical phenotype with less frequent diarrhoea and fewer micronutrient deficiencies. This may be commensurate with the loss of absorptive capacity associated with a short segment of villous atrophy. Interestingly, however, patients with USCD were diagnosed at a younger age and had lower tTG titres suggesting that coeliac disease may have been identified at an earlier stage. This may have resulted in fewer nutritional deficiencies from a shorter lead time to diagnosis. Furthermore, this may have other significant implications for patients allowing earlier intervention with a gluten free diet. This may ameliorate symptoms and reduce the burden of unnecessary investigations that can be associated with a missed coeliac diagnosis [222]. It may also reduce the potential for long term sequelae of coeliac disease such as lymphoma or osteoporosis. However, further long term follow up studies of patients with USCD are required to truly assess the long term implications of diagnosis. 
[bookmark: _Toc427573049]7.6 Conclusions
In conclusion, additional D1 biopsy increases the diagnostic yield. A diagnosis of USCD may represent early coeliac disease with a mild clinical phenotype. The addition of a D1 biopsy to diagnose coeliac disease may reduce the known delay in diagnosis that many patients with coeliac disease experience. This may allow earlier institution of a gluten free diet and potentially prevent nutritional deficiencies and reduce the symptomatic burden of coeliac disease.

















[bookmark: _Toc427573050]CHAPTER 8: Summary of key findings, recommendations for future research and conclusions
[bookmark: _Toc427573051]8.1 Summary of key findings
Undiagnosed coeliac disease can be associated with significant morbidity that may be readily treated with a non-toxic dietary measure. However it remains under-diagnosed [33]. As discussed in the introduction to this thesis the rate of diagnosis has significantly improved in the last decade. This has been mainly due to the ready availability of cheap and effective serological testing and a realisation of the broad presentations of coeliac disease. However, despite this improvement, the number of patients who remain “under the waterline” of the coeliac iceberg is substantial with an estimated 75% of patients undiagnosed.  The main aim of this body of work therefore was to identify deficiencies in practice that may lead to under-diagnosis and ascertain ways of improving diagnostic rates of coeliac disease. This was achieved in several ways: Firstly to ensure that we are considering testing for coeliac disease in appropriate groups; secondly to identify whether newly available POCTs are sensitive enough to be used in place of standard serology; thirdly to see whether a novel POCT approach could be used to identify appropriate patients for duodenal biopsy in endoscopy; and finally once a patient is in endoscopy identify whether biopsy techniques are adequate including the role of an additional duodenal bulb biopsy to diagnose coeliac disease.
In Chapter 3 I examined the role of routine serological testing for coeliac disease in patients attending gastroenterology departments. Previous similar studies have used strict entry criteria with known coeliac associations to try to improve local diagnosis rates with some success [25, 26, 46, 205]. However, many of these studies were performed when overall awareness of coeliac disease was low. Although they are, in part, responsible for raising the profile of coeliac disease and have certainly contributed to improved coeliac diagnosis rates they may have missed hitherto unknown coeliac associations. Our study was unique therefore in that we applied a routine testing approach in secondary care to try and identify new patient groups in whom to recommend serological testing. This approach has the advantage of ascertaining an accurate prevalence for coeliac disease in tested patients. I have shown that routine serological testing in gastroenterology outpatient departments has a significant diagnostic yield and that patients with any GI symptom are at increased double the risk of coeliac disease compared to the general population. This may justify routine testing in patients attending gastroenterology. However no new associations with coeliac disease were identified. Indeed patients presenting with reflux or abdominal pain symptoms appeared to be at reduced risk compared to other patient groups presenting to outpatients and were at no increased risk compared to the general population. Routine serological testing in these groups might therefore be classed as screening rather than case finding and should perhaps be excluded from testing. However some studies have identified significant reflux symptoms in newly diagnosed coeliac disease that responds to a gluten free diet and a significant diagnostic yield in patients presenting with acute abdominal pain [64, 212, 214, 249, 250]. Plainly further prospective studies and meta-analysis are required to try and identify whether a routine approach can be justified in these groups or whether further sub-groups of patients with these symptoms can be identified.  
As previously discussed not only increased awareness of coeliac disease but the increased availability of serological testing has contributed to the increased rates of diagnosis over the last decade. One method to increase the availability of serological testing is point of care testing which can provide a rapid serological result with the need for laboratory facilities and multiple clinical visits. The lag in availability of standard serological results may lead to a significant delay in diagnosis and may put off clinicians from considering coeliac testing. Delays may also be of particular importance if a patient has troublesome symptoms. POCTs for coeliac disease have been available for some time. The Biocard test is the most widely available test and can be bought by patients from pharmacies and online. However the studies into this test are frequently flawed with variable gold standards. In Chapter 4 I have examined, in detail, the Biocard test and undertaken the largest study to compare the test to the gold standard of villous atrophy in all tested patients. Unfortunately the sensitivity of the Biocard test proved to be disappointing. However, the negative findings of this work are still of importance, not least because patients can buy the test for themselves. The poor performance of the test needs to be highlighted so that clinicians can counsel patients who have used the Biocard test as to the significance of the result. The aim of this thesis was to identify areas where improved testing could increase diagnostic rates of coeliac disease. Indeed several studies, including in Chapter 5 of this thesis, have shown that patients with newly diagnosed coeliac disease have frequently undergone a previous endoscopy where the chance to make a diagnosis has been missed [220, 221]. To try to address this unmet need I have demonstrated a proof of concept with the use of a POCT prior to endoscopy. The Biocard test does not appear adequately sensitive to be used in this role. Nonetheless we have shown that in a head to head comparison in a small highly selected group that the Simtomax test appears to be the most sensitive POCT. There are some limitations to these studies. In common with the majority of studies into serological tests, and the available POCTs in particular, our studies were carried out in a selected population with a high prevalence of coeliac disease. This increased pre-test probability results in significant ascertainment bias and an inflation of the positive predictive value of the test in particular. However with all patients tested against an agreed gold standard of villous atrophy I believe that this study is the closest to estimating a realistic sensitivity and specificity. In addition our head to head assessment of 3 available POCTs allows direct comparison of the selected tests. Clearly further, larger studies, in lower prevalence populations that are more representative of patients attending endoscopy need to be conducted before this could be recommended as routine. In addition, exactly which patient groups will benefit most from the use of POCT remains to be fully elucidated. Further roles of POCTs also need to be examined particularly if the sensitivity of Simtomax in remains equivalent to serum tTG in a larger, lower prevalence study. Could a POCT be successfully used in the community, perhaps in local pharmacies or in a primary care setting to reduce diagnosis lead times? The use of POCTs in a paediatric setting is also a promising area particularly as venepuncture in this patient group can be troublesome. However I think it is important that the use of POCTs focuses on use by medical professions rather than by patients themselves as this model could create significant problems for diagnosis. For example if patients place themselves on a gluten free diet with a positive result from a test with a low positive predictive value or are falsely reassured by a negative result. Either of these scenarios may result in an increased delay to diagnosis.   
As well as ensuring that appropriate patients are selected for duodenal biopsy it is important to make sure that patients receive appropriate biopsy once they are in endoscopy to maximise the chance of successful diagnosis. This was the focus of Chapters 5, 6 and 7.  In Chapter 5 I have demonstrated an increased diagnostic yield for coeliac disease with adherence to guidelines to take at least 4 duodenal biopsy samples. Furthermore I have identified deficiencies in the practice of different clinician groups. However, although I have proposed mechanisms for increasing adherence such as increasing education and including adherence to guidelines as a mandatory requirement for endoscopy units none of these have been implemented. Furthermore additional study into the impact of the new British Society of Gastroenterology guidelines for coeliac disease needs to be considered [55]. There are some limitations to this work not least the retrospective nature of the study design. A prospective study directly comparing biopsy techniques is required although this would need careful attention paid to ethical concerns particularly if repeat endoscopy was required. 
Another reason why patients with newly diagnosed coeliac disease may have been missed at endoscopy may be the entity of USCD where villous atrophy is confined to the duodenal bulb. This has been demonstrated in paediatric populations and in small numbers of adult patients but routine duodenal bulb biopsy has not been widely implemented [239].  In this thesis I have confirmed in the largest study internationally that there is indeed an increased diagnostic yield for coeliac disease if a routine duodenal bulb biopsy is taken. Furthermore only a single additional D1 biopsy is required. This has significant implications for practice and may reduce numbers of missed diagnoses. Moreover we have demonstrated that patients with USCD appear to have a different short-term phenotype compared to those with conventional coeliac disease. This also could have significant implications. Perhaps by ensuring a duodenal bulb biopsy is taken we can make an earlier diagnosis of coeliac disease and prevent progression to more significant disease and its associated complications. However there remain significant questions regarding D1 biopsy. Will patients with USCD go on to develop conventional coeliac disease if they remain on a gluten containing diet? If they remain on a gluten containing diet are there any consequences? Is USCD a sentinel lesion for patchy changes in the more distal small bowel? Are the long term clinical consequences of patients who have USCD the same as those with conventional disease? And, finally what is the role of an additional D1 biopsy in patients on a gluten free diet who are coming to endoscopy with persistent symptoms and does persistent USCD have the same long term consequences as more extensive disease? Longitudinal studies of these patients are required to see if there are any long term consequences to USCD. Ideally a randomised study of gluten free versus gluten containing diet in these patients similar to those undertaken in patients with Marsh 1 lesions is required [163]. However, identifying sufficient numbers of patients for an adequately powered study may take too long for this to be truly feasible.  
8.2 Strengths and limitations
The main strength of this thesis is that it has identified areas for improvement at every stage of a patient’s journey from presentation with symptoms to serological testing and finally to endoscopy and duodenal biopsy. Utilising a routine serological testing and duodenal biopsy strategy for the studies in this thesis has allowed the most accurate analysis possible. This broad scope for investigation may have allowed identification of hitherto unrecognised coeliac associations. However it also resulted in multiple comparisons of the data. This may have increased the risk of false positive comparisons particularly in those with borderline associations. However this may provide the first signal for associations that warrant further investigation. Additional, prospective studies looking specifically at these borderline associations may therefore be required.
Another potential limitation is the inherent referral bias to a specialist coeliac disease centre in Sheffield. To reduce this bias, wherever possible, the studies in this thesis have included non-specialist centres. Ascertainment bias resulting from high coeliac disease prevalence and inflated pre-test probability in the studies may also have impacted on the results. 
[bookmark: _Toc427573052]8.3 Conclusions
In summary, the diagnosis of coeliac disease remains suboptimal with large numbers of patients undiagnosed and significant delays in diagnosis remain. In this thesis I have demonstrated several novel mechanisms for increasing detection of coeliac disease including: routine serology for patients presenting with abdominal symptoms in secondary care, the potential for point of care testing prior to endoscopy to direct duodenal biopsy, and the addition of a duodenal bulb biopsy to increase the diagnostic yield of biopsy. Although further work is required to fully evaluate the impact of my findings I would respectfully suggest that some of the observations from this thesis and publications could directly influence clinical practice. For example, simply adopting optimal biopsy practices could significantly affect diagnostic rates for patients with previously undiagnosed coeliac disease. Potentially this could also shorten such patients’ delays in their diagnostic pathway. However, for such outcomes to be implemented I believe a national directive, such as incorporating optimal duodenal biopsy practices into the Global Rating Scale required for Joint Advisory Group for endoscopy, is necessary. 
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