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Abstract 
 

The systemic vasculitides are a group of rare heterogeneous conditions where the primary 

problem is inflammation of blood vessels.  The underlying aetiology for most forms of 

vasculitis is unknown.  The resulting blockage of blood flow causes tissue ischaemia which can 

result in organ damage or death.  Making an early diagnosis is difficult.  Treatment is usually 

toxic, and morbidity and mortality from vasculitis is high. 

 

Improving the long-term outcomes for patients with these conditions needs a multifaceted 

approach that encompasses early diagnosis, a better knowledge of the underlying aetiology, 

understanding the disease course and associated morbidity, and finding safer long-term 

treatment strategies.  This thesis has a very clinical focus and brings together work that 

addresses many of these themes.  The publications that form the core of this thesis cover 

current classification criteria for systemic vasculitis, how to make a diagnosis of vasculitis, the 

need for diagnostic criteria, morbidity and mortality in ANCA-associated vasculitis with a focus 

on cardiovascular disease and neuropathy, and validation of outcome measures which are 

now endorsed for use in trials of ANCA-associated vasculitis. 

 

The overarching goal of all the work presented is to improve outcomes for patients diagnosed 

with systemic vasculitis, whether it be by improving speed and accuracy of diagnosis, 

understanding the morbidity and mortality of vasculitis better in order to optimise therapy or 

by providing the tools to assess and monitor disease which in turn will enable physicians, 

funders or regulatory agencies to provide access to appropriate therapy. 
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any material condition of these terms and condition or any of CCC's Billing and Payment Terms 

and Conditions, the license is automatically terminated upon written notice from the BMJ Group 

or CCC or as otherwise provided for in CCC's Billing and Payment Terms and Conditions, where 

these apply.  Continued use of materials where a licence has been terminated, as well as any use 

of the Licensed Materials beyond the scope of an unrevoked licence, may constitute intellectual 

property rights infringement and BMJ Group reserves the right to take any and all action to 

protect its intellectual property rights in the Licensed Materials. 

8. Warranties: BMJ Group makes no express or implied representations or warranties with 

respect to the Licensed Material and to the fullest extent permitted by law this is provided on an 

"as is" basis.   For the avoidance of doubt BMJ Group does not warrant that the Licensed 

Material is accurate or fit for any particular purpose.  
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9. Limitation of Liability:  To the fullest extent permitted by law, the BMJ Group disclaims all 

liability for any indirect, consequential or incidental damages (including without limitation, 

damages for loss of profits, information or interruption)arising out of the use or inability to use 

the Licensed Material or the inability to obtain additional rights to use the Licensed Material.  To 

the fullest extent permitted by law, the maximum aggregate liability of the BMJ Group for any 

claims, costs, proceedings and demands for direct losses caused by BMJ Group's breaches of its 

obligations herein shall be limited to twice the amount paid by you to CCC for the licence 

granted herein. 

10. Indemnity: You hereby indemnify and  hold harmless the BMJ Group and their respective 

officers, directors, employees and agents, from and against any and all claims, costs, proceeding 

or demands arising out of your unauthorised use of the Licensed Material. 

 11. No Transfer of License: This licence is personal to you, and may not be assigned or 

transferred by you without prior written consent from the BMJ Group or its authorised 

agent(s). BMJ Group may assign or transfer any of its rights and obligations under this 

Agreement, upon written notice to you. 

12. No Amendment Except in Writing: This licence may not be amended except in a writing 

signed by both parties (or, in the case of BMJ Group, by CCC on the BMJ Group's behalf). 

13. Objection to Contrary terms:  BMJ Group hereby objects to any terms contained in any 

purchase order, acknowledgment, check endorsement or other writing prepared by you, which 

terms are inconsistent with these terms and conditions or CCC's Billing and Payment Terms and 

Conditions.  These terms and conditions, together with CCC's Billing and Payment Terms and 

Conditions (which to the extent they are consistent are incorporated herein), comprise the 

entire agreement between you and BMJ Group (and CCC) and the Licensee concerning this 

licensing transaction. In the event of any conflict between your obligations established by these 

terms and conditions and those established by CCC's Billing and Payment Terms and Conditions, 

these terms and conditions shall control. 

14. Revocation: BMJ Group or CCC may, within 30 days of issuance of this licence, deny the 

permissions described in this licence at their sole discretion, for any reason or no reason, with a 

full refund payable to you should you have not been able to exercise your rights in full.  Notice 

of such denial will be made using the contact information provided by you.  Failure to receive 

such notice from BMJ Group or CCC will not, to the fullest extent permitted by law  alter or 

invalidate the denial. For the fullest extent permitted by law in no event will BMJ Group or CCC 

be responsible or liable for any costs, expenses or damage incurred by you as a result of a denial 

of your permission request, other than a refund of the amount(s) paid by you to BMJ Group 

and/or CCC for denied permissions. 

  

15. Restrictions to the license: 



Page | lxxiii  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

15.1 Promotion: BMJ Group will not give permission to reproduce in full or in part any Licensed 

Material for use in the promotion of the following: 

a) non-medical products that are harmful or potentially harmful to health: alcohol, baby milks 

and/or, sunbeds 

b) medical products that do not have a product license granted by the Medicines and Healthcare 

products Regulatory Agency (MHRA) or its international equivalents.  Marketing of the product 

may start only after data sheets have been released to members of the medical profession and 

must conform to the marketing authorization contained in the product license. 

16.       Translation: This permission is granted for non-exclusive world English language rights 

only unless explicitly stated in your licence. If translation rights are granted, a professional 

translator should be employed and the content should be reproduced word for word preserving 

the integrity of the content. 

17.        General: Neither party shall be liable for failure, default or delay in performing its 

obligations under this Licence, caused by a Force Majeure event which shall include any act of 

God, war, or threatened war, act or threatened act of terrorism, riot, strike, lockout, individual 

action, fire, flood, drought, tempest or other event beyond the reasonable control of either 

party. 

  

17.1      In the event that any provision of this Agreement is held to be invalid, the remainder of 

the provisions shall continue in full force and effect. 

  

17.2      There shall be no right whatsoever for any third party to enforce the terms and 

conditions of this Agreement. The Parties hereby expressly wish to exclude the operation of the 

Contracts (Rights of Third Parties) Act 1999 and any other legislation which has this effect and is 

binding on this agreement. 

  

17.3      To the fullest extent permitted by law, this Licence will be governed by the laws of 

England and shall be governed and construed in accordance with the laws of England. Any 

action arising out of or relating to this agreement shall be brought in courts situated in England 

save where it is necessary for BMJ Group for enforcement to bring proceedings to bring an 

action in an alternative jurisdiction. 
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Abbreviations 
 

AAV Anti-neutrophil cytoplasm antibody associated vasculitis 

ACR American College of Rheumatology 

ANCA Anti-neutrophil cytoplasm antibody 

ANOVA One way analysis of variance 

BVAS Birmingham Vasculitis Activity Score 

cANCA Cytoplasmic anti neutrophil cytoplasm antibody 

CDA Combined Damage Assessment Index 

CNS Central nervous system 

CSS Churg-Strauss syndrome 

CYCAZAREM 
Randomized Trial of Maintenance Therapy for Vasculitis Associated with Anti-

neutrophil Cytoplasmic Autoantibodies 

CYCLOPS 
Randomized Trial of Pulse Versus Daily Oral Cyclophosphamide for Induction of 

Remission in Anti-neutrophil Cytoplasmic Antibody–Associated Vasculitis 

DCVAS Diagnostic and Classification Criteria in Vasculitis Study 

eGPA Eosinophilic granulomatosis with polyangiitis 

ENT Ear nose and throat 

EULAR European League Against Rheumatism 

EUVAS European Vasculitis Study Group 

GCA Giant cell arteritis 

GPA Granulomatosis with polyangiitis 

HSP Henoch-Schonlein purpura 

ICC Intra-class correlation co-efficient 

IgAV IgA Vasculitis 
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LTFU Long-term follow-up 

MEPEX 
Randomized Trial of Plasma Exchange or High-Dosage Methyl-prednisolone as 

Adjunctive Therapy for Severe Renal Vasculitis 

MPA microscopic polyangiitis 

MPO Myeloperoxidase 

NORAM 

Randomized Trial of Cyclophosphamide Versus Methotrexate for Induction of 

Remission in Early Systemic Antineutrophil Cytoplasmic Antibody–Associated 

Vasculitis 

OMERACT Outcome Measures in Rheumatology Clinical Trials 

PAN polyarteritis nodosa 

pANCA Peri nuclear anti neutrophil cytoplasm antibody 

PN Peripheral neuropathy 

PR3 Proteinase 3 

SF-36 Short Form 36 

TAK Takayasu's arteritis 

VAI Vasculitis Activity Index 

VDI Vasculitis Damage Index 

VF Vasculitis Foundation 

WG Wegener's granulomatosis 
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Structure and scope of this thesis 

 

The core of this MD thesis is a collection of published work in the primary systemic 

vasculitides.   It includes an overview of the current classification system including its 

deficiencies, discussion about the difficulties of making a diagnosis of vasculitis and the need 

for new diagnostic criteria as well as a brief discussion about work in progress to develop new 

diagnostic and classification criteria.  The remainder of the thesis focuses more specifically on 

ANCA associated vasculitis looking at mortality, morbidity and outcome measures.  Most 

sections are prefaced with an introductory review paper that has been published followed by 

specific original work in that area (published) and followed with a discussion (if relevant) of 

the work and impact since publication.  The final chapter provides a brief overall discussion 

about the contents of the thesis. 



Page | 1  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

Chapter 1: Introduction 

 

1.1 Definition and overview of systemic vasculitis 
 

Vasculitis simply means inflammation of blood vessels.  Inflammation of blood vessels can be 

isolated to a single organ (e.g. the skin) or be widespread involving multiple organs of the 

body in which case it is considered a systemic vasculitis.  The systemic vasculitides can be 

primary, where the underlying aetiology is unknown, or secondary, where the vasculitis is 

secondary to another identified disease process such as rheumatoid arthritis or infection e.g. 

hepatitis C related cryoglobulinemia.  The primary systemic vasculitides are a group of rare 

diseases which have historically been classified based on the predominant size of blood vessel 

involved.  The nomenclature and classification of vasculitis and limitations of existing criteria 

are discussed in more detail in chapter two.   

 

Systemic vasculitis causes significant morbidity and mortality.  The basic mechanism is that 

when the blood vessel becomes inflamed, the wall becomes swollen and with inflammatory 

cells, the lumen of the blood vessel narrows, blood flow slows down and as a result, the blood 

can clot and completely occlude the vessel.  Any tissue downstream of the blockage will 

therefore lack blood supply and will become necrotic.  The clinical manifestations are based 

on the organ or organs affected.  For example, vasculitis of medium sized blood vessels that 

supply the brain can result in blindness or strokes.   Vasculitis of small vessels can cause 

neuropathy, pulmonary haemorrhage or renal failure. 
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1.2 Incidence and Prevalence of primary systemic vasculitis 
 

Most forms of primary systemic vasculitis are very rare.  In addition, there are considerable 

ethnic and geographic variation in the incidence and prevalence of the different forms of 

primary vasculitis.   

 

Large and medium vessel vasculitis 

Giant cell arteritis (GCA) is a large and medium vessel vasculitis with a predilection for the 

cranial arteries that can cause stroke and blindness.  GCA tends to occur most commonly in 

people of northern European descent over the age of 50 and is the most common form of 

systemic vasculitis in this age group.  The incidence of GCA in those over the age of 50 in 

Norway is approximately 33/100,000 compared to 1/100,000 in Asian populations (i.e. a 33 

fold difference in incidence).[1]  Similarly, the highest prevalence is approximately 

300/100,000 population in those of Northern European descent compared with the lowest 

prevalence in Japan of 1-2/100,000 population.[1]  In New Zealand, the incidence of biopsy 

proven GCA in a 10-year cohort of patients from the Otago province was 13/100,000 in those 

over the age of 50.[2] 

 

Takayasu's arteritis (TAK) is a large vessel vasculitis that affects the aorta and its primary 

branches and generally occurs in those under the age of 40.  The incidence of TAK appears to 

be similar throughout the world with a rate of between 1-3/million per year.[3, 4]  The third 

main form of vasculitis in this group is polyarteritis nodosa (PAN).  The definition of this 

disorder has changed over time and therefore so have the prevalence and incidence figures.  
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Based on the 1994 Chapel Hill definition which restricts it to a medium vessel vasculitis, the 

current prevalence of PAN is between 0-9/million population.[5, 6] 

 

Small vessel vasculitis 

The vasculitides associated with anti-neutrophil cytoplasm antibodies (ANCA) form the 

majority of systemic small vessel vasculitis (often called systemic necrotising vasculitis).  The 

ANCA associated vasculitides comprise 3 main forms: 1) granulomatosis with polyangiitis 

(GPA) (previously Wegener's granulomatosis), 2) microscopic polyangiitis (MPA), and 3) 

eosinophilic granulomatosis with polyangiitis (EGPA) (previously Churg-Strauss syndrome).  

Untreated ANCA associated vasculitides have a mortality rate of 80-90% over two years.[7, 8]  

Treatment usually involves the use of cytotoxic medications such as cyclophosphamide which 

confers significant risk of infection due to immunosuppression, infertility and long term risk 

of malignancy.  The diseases themselves are associated with frequent relapses and therefore 

despite major advances in treatment over the past 2 decades the outcome for this group of 

patients remains unsatisfactory.  Overall, the incidence of the ANCA associated vasculitides is 

between 8-18/million population per year, but there seem to be differences in the subtype 

and the clinical phenotype of each subtype based on geography and ethnicity.[9]  For 

example, the incidence of granulomatosis with polyangiitis is higher in northern vs. southern 

Europe but the converse is true for microscopic polyangiitis where the rates are higher in 

southern Europe.  In Japan, nearly all patients with ANCA associated vasculitis have 

microscopic polyangiitis, have no ear nose or throat involvement and all have an MPO-ANCA 

subtype.   The limited data from New Zealand mirrors that found in northern Europe with a 

higher prevalence of GPA compared with MPA with a ratio of close to 3:1 respectively, and a 
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latitudinal difference with a higher the prevalence of GPA the further away from the 

equator.[10, 11] 
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Chapter 2: Nomenclature, classification and diagnosis of vasculitis 
 

This chapter introduces systemic vasculitis in more detail using 2 published review papers.  

The first paper discusses the current nomenclature of systemic vasculitis and the current 

classification criteria including the main limitations.  The second review paper looks at how a 

current diagnosis of vasculitis is made and highlights the need for diagnostic criteria.  The final 

section of this chapter looks at recent updates to nomenclature and provides an overview of 

a large multinational study in progress to develop new diagnostic and classification criteria. 
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2.1 Nomenclature and Classification of primary systemic vasculitis 

(Suppiah R, Basu N, Watts R, Luqmani R.   Advances in the Classification 

of Primary Systemic Vasculitis. Int J Adv Rheum, 2009. 7(1): p. 10-18) 
 

The following section in this chapter is a reproduction of the paper "Advances in the 

classification of primary systemic vasculitis" published in the International Journal of 

Advances in Rheumatology in 2009 with permission from Remedica Medical Education and 

Publishing.  The text and the references used in the article have been formatted to be 

consistent with rest of the thesis.  The tables and figures are presented at the end of the text 

‘as published’ with the permission of the journal.   
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Advances in the classification of primary systemic vasculitis 

Ravi Suppiah1, Neil Basu2, Richard Watts3, Raashid Luqmani1 

 

1. Department of Rheumatology, Nuffield Orthopaedic Centre, Oxford, UK. 

2. Department of Rheumatology, Aberdeen Royal Infirmary, Aberdeen, UK 
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List of abbreviations: 

ANCA = antineutrophil cytoplasmic antibodies  

cANCA = cytoplasmic-staining antineutrophil cytoplasmic antibodies  

pANCA = perinuclear-staining antineutrophil cytoplasmic antibodies  

ACR = American College of Rheumatology 

EMEA = European Medicines Agency 

PR3 = proteinase 3 

MPO = myeloperoxidase 
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Abstract 

The primary systemic vasculitides are a heterogeneous group of diseases with inflammation 

of blood vessels being the defining common characteristic.  Classification criteria and disease 

definitions are important for clinical studies and therapeutic trials, but have a very limited role 

in clinical practice.  The purpose of classification criteria is to differentiate between different 

types of vasculitis once a diagnosis of vasculitis has been made.  Classification criteria in 

vasculitis are used to group together patients with similar or identical conditions.  The current 

classification schema for vasculitis takes into consideration clinical and histological features 

plus the dominant vessel size. This review takes a critical look at the current state of 

classification criteria for primary systemic vasculitis including the American College of 

Rheumatology 1990 criteria, the Chapel Hill Consensus Conference definitions and the 

European Medicines Agency Algorithm which has been a way of addressing the discrepancies 

between the two systems.  With the deficiencies in the current criteria, we advocate the need 

for improvement and validation of existing classification criteria, together with an attempt to 

formulate validated diagnostic criteria in this important but uncommon group of diseases. 

 

Introduction  

The vasculitides are a group of conditions characterized by a pathological change in blood 

vessels due to inflammation leading to occlusion and subsequent tissue damage.  The 

vasculitides share features such as systemic upset, weight loss and in some conditions, similar 

renal and lung manifestations.  For most forms of vasculitis, we do not know the aetiology.  

The exceptions are Hepatitis B related polyarteritis nodosa and Hepatitis C associated mixed 

cryoglobulinemia, which perhaps should be regarded as infectious diseases.  The remainder 



Page | 9  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

of the vasculitides appear to be idiopathic, but it is conceivable that in future, the 

aetiopathogenesis may be determined for some of these conditions.  Classification of 

vasculitis is primarily driven by the need to have homogenous groups of patients for the 

purpose of clinical studies and trials, not necessarily for the benefit of the practicing clinician.  

In fact, attempts to use classification criteria in day to day practice is fraught with inaccuracy.  

Misuse of classification criteria as surrogate diagnostic criteria for individual patient care is 

common and can lead to confusion [12-14]. In fact for the general physician, it would be more 

useful to have diagnostic criteria which allow the distinction between patients who have 

vasculitis from those who do not have vasculitis. The original classification criteria in vasculitis 

were largely based on pathological findings, often at post mortem.  Zeek [15] was the first to 

classify according to the pathological appearances of predominant vessel size, and this 

principal has been applied ever since then.  It does not apply to a number of conditions where 

there is no predominant vessel size, and is therefore by no means perfect but has allowed 

progress in terms of understanding disease pathogenesis, observing outcome and for clinical 

therapeutic studies. Lanham [16] described criteria to classify Churg Strauss syndrome. The 

main classification system for primary systemic vasculitis in current use was devised by the 

American College of Rheumatology, but this has a number of disadvantages, chiefly its failure 

to include an important form of vasculitis which affects renal and lung small blood vessels.  

Despite the fact that microscopic polyangiitis was described in the 1940’s [17], it was not 

included in the classification system by the ACR.  In 1994, a group of experts produced a series 

of definitions of different forms of vasculitis including microscopic polyangiitis [18].  There 

have been other classification systems for Behçet’s syndrome, and more recently for 

paediatric vasculitis [19], the latter based almost entirely on the ACR criteria for adult 

vasculitis.  We will focus on the ACR criteria and Chapel Hill consensus definitions for adult 
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vasculitis, and the more recent attempt to merge them, together with the Lanham criteria, in 

a new system [20]. 

 

History and overview of classification criteria and consensus definitions 

The first major classification system on systemic vasculitis was described by Pearl Zeek in 1952 

[15].  She described five distinct types of vasculitis:  (i) hypersensitivity angiitis, (ii) allergic 

granulomatous angiitis, (iii) rheumatic arteritis, (iv) periarteritis nodosa, and (v) temporal 

arteritis.  The modern classification systems including the American College of Rheumatology 

(ACR) 1990 criteria and the Chappell Hill Consensus Conference definitions have retained the 

concept of dominant vessel size, but also reflect clinical and histological features.  Relevant 

histological features include: the part of the vessel involved (intima, media, adventitia); 

whether the inflammation is focal or diffuse in each vessel;  evidence of tissue necrosis; the 

type of inflammatory cells present; the presence of certain specialized cells (e.g. giant cells) 

or granulomas; the presence or absence of specific antibodies on immunofluorescence (e.g. 

IgA in Henoch-Schonlein purpura) [18, 21].  An overview of our schema for vasculitis taking 

into consideration the clinical features, histopathological findings and dominant vessel size is 

presented in figure 1. 

This classification system also reflects the therapeutic approaches that are applied to these 

different groups. The small vessel group that is associated with immune complexes are 

generally limited to skin and only occasionally require treatment; usually low dose 

corticosteroids.  The other small vessel group which may also involve medium size vessels is 

associated with anti-neutrophil cytoplasmic antibodies (ANCA).  This category includes 
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Wegener’s granulomatosis, Churg Strauss syndrome, and microscopic polyangiitis. They are 

collectively termed the ANCA associated vasculitides and are often grouped together in 

clinical trials.  The ANCA associated vasculitides carry a high mortality if untreated [22].  The 

current European League Against Rheumatism (EULAR) recommendations for induction 

treatment in “severe” disease involves cyclophosphamide in combination with corticosteroids 

followed by maintenance therapy with methotrexate, leflunomide or azathioprine [23].  The 

large vessel group which includes Takayasu’s arteritis and giant cell arteritis require moderate 

to high dose corticosteroids.  The main clinical differentiator between these two diseases is 

age.    A meta-analysis of 3 small randomized control trials in giant cell arteritis has shown a 

modest benefit of using methotrexate as a steroid sparing agent [24]. 

 

American College of Rheumatology 1990 Criteria 

The American College of Rheumatology (ACR) proposed classification criteria for 7 forms of 

primary vasculitis that were considered clinically distinct syndromes: polyarteritis nodosa, 

Churg-Strauss syndrome, Wegener’s granulomatosis, hypersensitivity vasculitis, Henoch-

Schonlein purpura, giant cell arteritis and Takayasu’s arteritis [21, 25-34].  

 

The goal of the ACR was to establish criteria to distinguish individual types of vasculitis from 

the others for inclusion in clinical trials and studies[28].  To be sensitive and specific for this 

purpose,  they had to include manifestations that were either characteristic of the disease in 

question and occur with less frequency or be absent in the other forms of vasculitis.  By this 
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method, the criteria could not include the more generic manifestations of vasculitis which are 

shared by many types of vasculitis, and therefore would not be useful for diagnosis.   

 

Rheumatologists from 48 participating centres in the United States, Canada, and Mexico 

submitted data from 1020 consecutive patients who were stated to have a definite diagnosis 

of vasculitis between 1982 and 1987.  Over 500 hundred pieces of information were collected 

about each patient.  This included history, physical examination, laboratory tests, biopsy 

results, response to treatment, autopsy findings and features of other inflammatory 

conditions.  This information was collated on a central database.  The gold standard used was 

the diagnosis made by the submitting rheumatologist, a potential flaw in the whole system, 

since this was an assumption.  Not all patients had a biopsy performed.  Some patients who 

had negative biopsies were also included in the dataset if it was felt that they had definite 

vasculitis.  As part of the quality control, each diagnosis was reviewed by an ACR committee 

in an attempt to validate the gold standard.  Following this, 193 patients were excluded from 

the study:  20 subjects for the diagnosis of vasculitis being in doubt, 52 due to a diagnosis of 

Kawasaki disease, and 141 due to underlying connective tissue disease.  The remaining 807 

patients were used to generate the criteria [25]. 

 

For each of the classifications, the 807 patients were divided into 2 groups: those with the 

disease, and those without (the control group).  Univariate analysis was used to determine 

the most discriminating variables.  Some variables were combined to improve their 

discriminatory ability.  A short list of the most discriminating variables was chosen to generate 

the criteria into 2 different formats.  The first being the traditional format where the rule of 
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classifying was based on a minimum number of features from a fixed list (table 1).  The second 

method was the classification tree [25, 35].  In this method, the most discriminating variable 

(such as asthma in Churg-Strauss syndrome) is checked as being present or not, followed by 

a stepwise approach through a list of the next most discriminatory variables.  Sensitivity 

(71.0% - 95.3%) and specificity (78.7% - 99.7%) for each of the criteria was high [27] (table 2), 

but this was based on the dataset used to create the criteria and have not been validated in 

a subsequent, prospective cohort. 

 

The ACR criteria have several flaws.  The omission of microscopic polyangiitis as a separate 

entity from polyarteritis nodosa is the major criticism. The differentiation between these two 

conditions has been made since the 1940’s [17]. The criteria were also developed before the 

wide spread introduction of ANCA testing which now plays an important role in the diagnosis 

and classification of vasculitis.  These weakness have been highlighted by the fact that recent 

clinical trials in vasculitis have needed to use “modified” ACR criteria to try and overcome 

these problems [36].  A further concern is whether a single physician diagnosis was 

appropriate as the gold standard from which to derive such criteria. 

 

The other drawback is that these criteria are often used incorrectly as diagnostic criteria.  

Table 2 shows the sensitivity and specificity for 4 of the types of vasculitis according to ACR 

criteria [13].  On face value the sensitivity for Wegener’s granulomatosis and hypersensitivity 

vasculitis is excellent, but many patients fitted more than one diagnosis.  The specificity was 

low and therefore a large number of patients without vasculitis were misdiagnosed with 

vasculitis.  In this cohort of 198 patients with possible vasculitis, there was a prevalence of 3-
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4% for the 4 conditions evaluated, which resulted in positive predictive values ranging from 

17-29%.  These results confirmed that the classification criteria are not suitable for use as 

diagnostic criteria.    

 

 

Chapel Hill Consensus Conference Definitions (1994) 

Due to ongoing controversy in the classification of systemic vasculitis, a group of international 

experts in vasculitis met at Chapel Hill to clarify and standardise terms.  The goal was to 

produce a list of names and definitions for the most important vasculitic conditions.  To 

achieve this, the expert group undertook a modified nominal group process. As with previous 

attempts to define disease, vessel size was considered the basic discriminator.  The Chapel 

Hill Consensus conference definitions achieved (table 3) were supported unanimously [18] 

and have been invaluable in encouraging standardisation across specialty and between 

countries.   

 

The restriction of polyarteritis nodosa to a medium vessel disease with its consequent 

distinction from microscopic polyangiitis (a small vessel disease) has been valuable both 

clinically, where treatment strategies can differ, and academically, where more homogenous 

populations can be studied. The essential requirement of IgA in Henoch-Schonlein purpura 

was introduced.  This has since been supported by evidence [37] and appears to offer 

prognostic value in the context of purpura [38].  
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The Chapel Hill Consensus Conference definitions were not designed to be either diagnostic 

or classification criteria, although could certainly inform the development of such tools in the 

future.  In reality they have been used for both these purposes and as inclusion criteria for 

studies.  Their utility as potential diagnostic criteria has been studied and found to be 

inadequate [14]. 

 

The essential features of the Chapel Hill Consensus Conference definitions remains applicable 

to modern day practice and research. Ultimately the definitions, and possibly names, will alter 

to reflect the increasing understanding of their aetiopathogenesis.  For example, it is now 

recognised that many cases of cryoglobulinemic vasculitis are triggered by hepatitis C related 

immune complexes [39]; it would seem reasonable to incorporate this within the definition 

and to also drop ‘essential’ from its name.  Overall, there is recognition that the Chapel Hill 

Consensus Conference definitions have formed the basis for future validated criteria. 

 

Development of European Medicines Agency Algorithm for classification of ANCA 

associated vasculitis and polyarteritis nodosa 

The ACR criteria and the Chapel Hill definitions for ANCA associated vasculitis and polyarteritis 

nodosa are incompatible when used for classification of patients with systemic vasculitis. The 

absence of microscopic polyangiitis from the ACR criteria has led to attempts to use both the 

ACR criteria and the Chapel Hill definitions in parallel. However, this results in considerable 

overlap; especially between microscopic polyangiitis and polyarteritis nodosa [40]. To address 
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this issue a series of meetings were convened by the European Medicines Agency (EMEA) with 

the aim of developing a consensus method of applying the two systems [20]. 

 

By consensus it was agreed to apply the classification criteria for individual diagnoses in a 

stepwise manner and to develop an algorithm for the classification of the ANCA associated 

vasculitis and polyarteritis nodosa (Figure 2). Prior to entering the algorithm a patient must 

fulfil the entry criteria for a clinical diagnosis of ANCA associated vasculitis or polyarteritis 

nodosa. The key feature being that the patient must have a clinical condition compatible with 

ANCA associated vasculitis or polyarteritis nodosa and that no other condition was more 

likely. It was agreed to give priority to the ACR criteria for Churg-Strauss syndrome and 

Wegener’s granulomatosis and apply these first because they were specifically designed as 

classification criteria, and have been validated. In addition the Chapel Hill Consensus 

Conference considered microscopic polyangiitis to be a diagnosis of exclusion after Churg-

Strauss syndrome and Wegener’s granulomatosis. The ACR criteria for Churg-Strauss 

syndrome have the highest specificity and are applied first. A few patients with Churg-Strauss 

syndrome may only be classified using the Lanham criteria and therefore this is included in 

the first stage [16]. It was recognised by the group that some patients clinically diagnosed as 

other vasculitides might be classified, as having Churg-Strauss syndrome but the number of 

patients affected is small. 

 

To distinguish between Wegener’s granulomatosis and microscopic polyangiitis, surrogate 

markers for Wegener’s granulomatosis are included. A patient was classified as Wegener’s 

granulomatosis if there are surrogate markers for Wegener’s granulomatosis and histology 
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compatible with microscopic polyangiitis. If histology was not available but surrogate markers 

of Wegener’s granulomatosis are present and ANCA (either c/pANCA or PR3/MPO-ANCA) was 

detected then the patient was classified as having Wegener’s granulomatosis. 

 

The algorithm has been shown to have high face validity and to demonstrate good intra-

observer reproducibility. The algorithm has been tested in a cohort of 550 Chinese patients 

with primary systemic vasculitis of whom 493 were ANCA positive [41]. The algorithm was 

successfully used to classify most patients into one or other disease category with only 20 

(3.6%) patients unclassified. Using the algorithm, no patients were classified as having 

polyarteritis nodosa compared to 4 using the Chapel Hill definition; this is in accordance with 

our experience. Patients with a classification of microscopic polyangiitis by Chapel Hill 

definition (363) divided into Wegener’s granulomatosis (37), microscopic polyangiitis (324) 

and Churg-Strauss syndrome (2) again reflecting our experience. The number of unclassified 

patients was reduced from 56 to 20. 

 

The EMEA algorithm was developed and validated for epidemiological studies rather than for 

clinical trials. Its use in the later setting requires validation. 

 

Criteria for Behçet’s disease 

Behçet’s disease warrants special mention because it has given rise to a multitude of 

classification and diagnostic criteria since its first modern description in the 1930’s by Behçet. 

The disease is characterized by a triad of oral and genital ulcers plus inflammatory eye disease.   
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There are several sets of criteria developed: Curth 1946 [42], Hewitt 1969 [43], Mason and 

Barnes 1969 [44], O’Duffy 1974 [45], Haubault and Hamza 1974 [46],  Japanese 1972, revised 

1988 [47], Dilsen 1986 [48] revised 2000, International Study Group 1990 [49] and Iranian 

1993 in traditional and classification tree formats [50].  It is confusing when reviewing some 

of these criteria whether they were intended as diagnostic or classification criteria as they 

seem to be used for both purposes.  In countries where Behçet’s disease is rare the criteria 

are used to aid diagnosis whereas in countries were Behçet’s disease is more common, the 

criteria are used to classify patients for epidemiological studies [51]. 

 

The most widely accepted criteria are the International study group criteria proposed in 1990.  

The criteria were originally intended as diagnostic criteria but subsequently acknowledged to 

be more appropriate as classification criteria [51].  The criteria were derived from a cohort of 

914 patients in 7 countries who had a physician diagnosis of Behçet’s disease.  To derive the 

criteria, clinical features of 914 patients were compared to a control group with oral ulcers.  

Oral ulcers therefore is a mandatory component of the criteria [49].  In addition, 2 of the 

following are required to fulfil the criteria: recurrent genital ulcers, inflammatory eye disease, 

skin lesions consistent with Behçet’s, and a positive pathergy test.  The criteria have been 

evaluated against other cohorts with a physician diagnosis of Behçet’s with results varying 

from 80%-90% for sensitivity and 95-98% for specificity [50-52].  Typically the control groups 

used have been either patients with oral ulcers [52] or with one of the other typical features 

of Behçet’s disease [50].  
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Secondary Vasculitis 

Secondary vasculitis is defined as being due to an underlying cause.  There are no specific 

classification criteria for this, other than the association with the underlying disorder. 

Different vessel sizes can be affected depending on the cause.  It is beyond the scope of this 

review to look at every specific secondary cause of vasculitis, but in general: secondary 

vasculitis can occur in the context of connective tissue diseases, as a reaction to a drug or 

toxin, secondary to infection, or as a paraneoplastic process. [53-55].  A summary of 

secondary vasculitis and vasculitis mimics is presented in table 4.  

 

Summary 

Classification of vasculitis remains relevant to current clinical studies and trials in vasculitis, 

and will continue to be useful until we have a better understanding of the pathogenesis of 

these conditions.  None of the systems to classify or define different forms of vasculitis is 

entirely comprehensive or perfect.  A number of less common forms of vasculitis do not 

conform to the restriction of vessel size involved.  Perhaps as a result of this it has been easier 

to conduct studies and trials in patients who can be classified; by contrast there is little known 

about the best therapeutic approach to unclassified vasculitis.  We should strive to improve 

and retain a system to assist in identifying homogeneous groups of patients for future studies.  

Such criteria should be developed and validated, so that they are based on data rather than 

opinion. Ideally, we need new biomarkers to give a more precise description of disease.  

Ultimately new genetic, proteomic or RNA expression profile approaches may replace 

conventional descriptions based on histology and clinical presentation 



Page | 20  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 

Acknowledgments 

We thank Shehara Suppiah for the illustration of Figure 1. 

 



Page | 21  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 

 



Page | 22  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 

 



Page | 23  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 



Page | 24  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 



Page | 25  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 

 

  



Page | 26  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

2.2 The Need for Diagnostic Criteria in Systemic Vasculitis (Suppiah R,  

Robson R, Basu N, Luqmani R. The Need for Diagnostic Criteria in 

Systemic Vasculitis. Current Immunology Reviews, 2011. 7(4): p. 394-401) 
 

The following section in this chapter is a reproduction of the paper “The Need for Diagnostic 

Criteria in Systemic Vasculitis" published in the journal Current Immunology Reviews, Nov 

2011.  There are some minor updates to the content of the article.  The text, tables and the 

references used in the article have been formatted to be consistent with rest of the thesis.   

Permission to re-use the article in this thesis has been obtained from Bentham Science 

Publishers. 
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Abstract 

There are currently no diagnostic criteria for the systemic vasculitides. Due to the 

heterogeneous and non-specific manner that vasculitis can present there is often a delay in 

diagnosis which translates to increase morbidity and mortality.  The current disease 

definitions and classification criteria are often misapplied as diagnostic criteria, but evaluation 

of this has shown that they do not perform satisfactorily for this purpose.   We discuss the 

CHCC definitions, the ACR classification criteria and the EMEA algorithm which is needed to 

bridge the inconsistency between the two.  We also evaluate the FVSG proposal for 

polyarteritis nodosa, and attempts of the Behçet’s disease community to develop diagnostic 

criteria.  We provide a brief summary of how a diagnosis of vasculitis is currently made, 

describe how increased understanding of disease mechanisms has identified biomarkers 

which aid diagnosis, and describe how clinically applicable diagnostic criteria could be 

developed.  

 

Introduction 

Vasculitis is the collective term for a group of diseases where inflammation of blood vessels is 

the common problem.  If left untreated most of the systemic vasculitides can be fatal or cause 

severe organ dysfunction but the outcome has dramatically improved with modern 

therapy.[56, 57]  Unfortunately, there remain significant problems with delayed diagnosis, 

low grumbling disease, and scarring from the initial unrecognized disease activity which result 

in unacceptable levels of morbidity and mortality.[56-59]  Early and accurate diagnosis is 

therefore critical to optimise the long term outcome for patients. 
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Other than for hepatitis C related cryoglobulinemia [60-65] and Hepatitis B related 

polyarteritis nodosa,[66, 67] the underlying aetiology for the remainder of the primary 

vasculitides is currently unknown.  The vasculitides are currently and historically classified by 

the predominant size of blood vessel involved.[15, 68-70]  The Chapel Hill Consensus 

Conference (CHCC) provide definitions based on vessel size, but also incorporate organ 

involvement and the pathological process involved.[18]   

 

Most of the vasculitides include non-specific constitutional features as part of their presenting 

symptoms.[71, 72]   For example fever and weight loss in 41-79%, arthralgias in 28-65%, and 

myalgias in 25-51%.[73] These features are common among many inflammatory diseases 

including infection as well as connective tissue diseases.  The physician is then reliant on 

identifying other more specific features in the history, exam or blood tests before a suspicion 

of vasculitis is raised.  The presence of headache and jaw claudication in an elderly patient 

would be suggestive of giant cell arteritis; by contrast pulmonary haemorrhage and features 

of glomerulonephritis would be consistent with a small vessel vasculitis such as microscopic 

polyangiitis. However, other manifestations such as mild hearing loss or peripheral 

neuropathy may not be recognized as being part of the spectrum of vasculitis, especially if 

seen by physicians not experienced with vasculitis.  

 

With regard to nomenclature, the next version of the WHO International Classification of 

Diseases (ICD) will discontinue the use of honorific eponyms. Anticipating this change, a 
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consensus group of physicians working in the field of vasculitis have suggested an alternative 

name to Wegener’s granulomatosis, granulomatosis with polyangiitis (Wegener’s) (GPA). This 

term has now been accepted by the editors of three international journals in rheumatology 

and nephrology and will be used throughout this article. [74-76] 

 

Currently there are no diagnostic criteria that help a physician in making a diagnosis of 

vasculitis.  Physicians are dependent on experience and clinical judgment supported by 

appropriate pathology and serology, but these have their limitations.  The American College 

of Rheumatology (ACR) 1990 classification criteria[27]  were intended to group patients with 

similar types of vasculitis together for clinical trials after a diagnosis of vasculitis had been 

made.  They were not designed nor do they perform satisfactorily when used to diagnose 

vasculitis.[13]  These criteria were developed before the availability of modern diagnostic 

tests such as anti-neutrophil cytoplasm antibody (ANCA) and are inconsistent with the current 

CHCC definitions for polyarteritis nodosa and microscopic polyangiitis.  To reconcile some of 

these differences, the European Medicines Agency (EMEA) developed an algorithm to try and 

use both the CHCC definitions and ACR criteria in a stepwise manner when classifying patients 

with ANCA associated vasculitis (granulomatosis with polyangiitis (Wegener’s), microscopic 

polyangiitis, Churg-Strauss syndrome) or polyarteritis nodosa.[20]  Despite these advances in 

definition and classification we are deficient of diagnostic criteria that can aid the practicing 

clinician in making a timely diagnosis of vasculitis by distinguishing vasculitis from other 

conditions which have a similar or identical presentation. 
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Disease definitions 

The current disease definitions were developed at the Chapel Hill Consensus Conference in 

1994 (Table 1).[18]  This conference involved a group of international experts in vasculitis 

encompassing specialists from the disciplines of pathology, rheumatology, nephrology and 

immunology.  The group used a modified nominal group process to clarify and standardize 

terms, and to produce names and definitions for the different types of vasculitis.  This resulted 

in consolidated and refined definitions for vasculitis which have persisted till present day.  The 

main changes that were made to previous definitions were the discrimination between 

microscopic polyangiitis and polyarteritis nodosa. Polyarteritis nodosa was restricted to a 

medium vessel disease, which means it can involve small and medium calibre arteries where 

there are three defined layers in the vessel wall (adventitia, media and intima) but not 

arterioles.  Microscopic polyangiitis must involve small vessels by definition, but in addition 

can involve medium sized vessels.   The term microscopic polyangiitis was preferred to 

microscopic polyarteritis to allow the category to encompass vasculitis where only vessels 

smaller than arteries were involved.    Lack of immune deposits was also specified for 

microscopic polyangiitis to differentiate it from immune complex related small vessel 

vasculitis such as cryoglobulinemic vasculitis and Henoch-Schönlein purpura.  The importance 

of granulomatous inflammation in the definition of Wegener’s granulomatosis, since named 

granulomatosis with polyangiitis (Wegener’s), was highlighted.  The term ‘hypersensitivity 

vasculitis’ was removed from use and instead patients would fall into the category of the more 

serious systemic disease microscopic polyangiitis or the isolated skin manifestation now 

termed leukocytoclastic angiitis.   The definitions are provided in table 1. 
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Current ACR classification criteria  

The 1990 American College of Rheumatology (ACR) initiative has been the largest study to 

create validated classification criteria, prospectively collecting over 800 patients with 

vasculitis.[27]  Criteria were created following analysis of clinical characteristics which were 

categorized into 7 clinical syndromes. An individual criterion was validated by comparison 

with the remaining collective.  Although the resultant criteria remain widely accepted, 

significant deficiencies were evident. Distinction between Henoch-Schönlein purpura and 

hypersensitivity vasculitis was poor, indeed the criteria are effectively redundant since the 

very term ‘hypersensitivity vasculitis’ should no longer be used.[18]   

 

The ACR polyarteritis nodosa criteria include patients with what we now define as microscopic 

polyangiitis.[18] Testing ANCA have become more widely used and more reliable, supporting 

the clinical diagnosis of granulomatosis with polyangiitis (Wegener’s), microscopic polyangiitis 

and Churg-Strauss syndrome by their presence;[77] by contrast the absence of ANCA has been 

used to classify patients with suspected polyarteritis nodosa.[78]  The ACR criteria did not 

include ANCA for classification.  In addition, one of the other criticisms of the ACR criteria is 

that the submitting physicians’ diagnoses were considered gold standard and thus prone to 

inconsistency. 

 

The ACR criteria were not intended to distinguish between cases with vasculitis from cases 

that do not, i.e. they were not meant to be diagnostic criteria.  However, in the absence of 

satisfactory diagnostic criteria in this field, clinicians have understandably misapplied the ACR 
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criteria for this purpose. Rao et al prospectively evaluated 198 consecutive patients with 

suspected vasculitis using the ACR criteria for granulomatosis with polyangiitis (Wegener’s), 

polyarteritis nodosa, giant cell arteritis and hypersensitivity vasculitis.  Subsequent analysis 

revealed poor positive predictive values (17-29%); therefore, their use as diagnostic criteria is 

discouraged.[13] 

 

European Medicines Agency (EMEA) algorithm 

The inconsistency between the ACR criteria and CHCC definitions this has led to inconsistent 

use between centres. This has created particular problems for the interpretation of 

epidemiological studies where inter-centre comparison is core to overall understanding.  In 

order to address this problem, epidemiological researchers have produced, by consensus, an 

algorithm incorporating all commonly used criteria and definitions in addition to ANCA and 

previously proposed surrogate markers.[20] The ultimate purpose was to produce a practical 

method for classifying patients with ANCA associated vasculitis and polyarteritis nodosa for 

epidemiological research to ensure future consistency.  Although initially validated using 

paper cases, it has since performed well in a larger Chinese population.[41]  The algorithm 

was never intended for diagnostic purposes. 

 

French Vasculitis Study Group (FVSG) proposal for polyarteritis nodosa 

The main disadvantage of the ACR criteria is their inability to distinguish microscopic 

polyangiitis from polyarteritis nodosa. Recently, the FVSG proposed new polyarteritis nodosa 

criteria.[79] Prospective analysis of a large systemic vasculitis database identified 262 cases 
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of polyarteritis nodosa diagnosed by a combination of clinical, laboratory, histological and 

radiological assessments rather than pre-set criteria.  A logistic regression model identified 3 

positive predictive and 5 negative predictive parameters which were validated using statistical 

modelling.  The new model outperformed the original ACR criteria,[27] with 70.6% and 92.3% 

sensitivity and specificity respectively.  The superior yield may have related to this study’s 

incorporation of ANCA, identified as the strongest discriminative variable within the analysis.  

While clinically useful, particularly in distinguishing microscopic polyangiitis, the FVSG model 

should be considered classification and not diagnostic criteria. As with the ACR initiative, the 

control group constitutes other systemic vasculitides only and not mimics such as infection or 

SLE and, therefore, is not designed to help the clinician who needs to distinguish vasculitis 

from other possible conditions. 

 

Behçet’s diagnostic criteria 

The Behçet’s research community has been the most active with regard to attempting to 

develop diagnostic criteria in this field with several proposed and validated criteria dating 

back to 1969.[44] However, as a result of the numerous alternate criteria, international 

collaboration and trial interpretation has been impeded. A study group was convened to 

produce and validate harmonised criteria designed for international use. On first impressions, 

these would appear robust with high sensitivities and specificities of 95% and 98% 

respectively.[49]  Closer inspection reveals a relatively small control group with poor 

geographical representation and exclusion of cases without a history of mouth ulceration.  In 

addition, a number of important mimics: inflammatory bowel disease, familial Mediterranean 

fever, sarcoidosis and reactive arthritis, are absent from the original control group.  However, 
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as exemplified by Rao et al, in diseases of low prevalence, despite high sensitivities and 

specificities, the predictive values of such criteria in clinical practice are poor.[13]  These 

observations have been followed by the reassessment of the criteria; they have now been 

defined as classification rather than diagnostic criteria.[80] Other groups have presented 

alternative models for classification, resulting in lack of universally agreed criteria.[47, 50, 51, 

81-83] Disagreement in regards the criteria of choice continues within the international 

community.[50]  

 

How do we make a diagnosis currently? 

In the absence of diagnostic criteria, we present brief pragmatic descriptions of how a 

diagnosis of vasculitis is currently made.  Examples of clinical features, especially if present in 

combination that might suggest vasculitis are shown in table 2 (by predominant vessel size) 

and table 3 (by organ system).   

 

Large vessel vasculitis 

The diagnosis of giant cell arteritis is usually made clinically, with patients presenting with 

headache, temporal pain, jaw claudication and visual problems and a raised acute-phase 

reaction.[84] Histopathological confirmation through a temporal artery biopsy is the current 

gold standard for the diagnosis of giant cell arteritis, although more than 40% of patients with 

clinically suspected GCA have a negative biopsy.[85, 86]  Treatment with corticosteroids 

should not however be delayed to get a biopsy, because of the risk of visual loss in untreated 

cases which is as high as 26%.[84, 85, 87]  Biopsy specimens should be at least 1 cm in length 
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as skip lesions can be present,[88]  and the biopsy should ideally be performed within the first 

1-2 weeks, although may still be positive after 4 weeks of treatment.[85, 89]  A negative 

temporal artery biopsy should not preclude the diagnosis in patients who present with typical 

symptoms, because the risk of under treating is visual loss.[85, 89-91]   A positive biopsy is 

not always due to giant cell arteritis; in 4.5% it could be due to granulomatosis with 

polyangiitis (Wegener’s), microscopic polyangiitis, Churg Strauss syndrome or polyarteritis 

nodosa.[92]  

 

Ultrasound of the temporal arteries can identify vessel wall oedema, and in one meta-analysis 

of trials had a sensitivity of 88% and a specificity of 97% for the diagnosis of giant cell 

arteritis.[93] However, a subsequent study of 182 patients with suspected giant cell arteritis 

used clinical assessment and ultrasound to only accurately confirm or discount the diagnosis 

in two-thirds of patients.[94] Studies are awaited to assess this non-invasive technique 

further. A recent retrospective analysis of vascular imaging performed in 43 patients with GCA 

demonstrated that 73% had at least one extra-cranial arterial lesion identified, mainly in the 

aorta (65%), and the subclavian arteries (37%).[95] This potential overlap between GCA and 

Takayasu’s arteritis in terms of vessel involvement highlights the ongoing discussion about 

whether this represents a spectrum of the same disease or two different diseases, although 

the frequency of cranial involvement, with visual, jaw and constitutional symptoms is much 

higher in GCA than Takayasu’s and the age range is also distinct, as described in Table 1. At 

present radiological screening and follow up are not routinely performed in patients who 

present with GCA. 
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In contrast to giant cell arteritis, biopsy is not practical to diagnose cases of Takayasu’s 

arteritis.  The diagnosis is based on a combination of clinical assessment and imaging. Patients 

present with bruits, reduced or absent pulses, asymmetric blood pressure readings, or 

hypertension and can have no systemic symptoms and normal inflammatory markers.[96-98]  

Conventional angiography, magnetic resonance angiography or positron emission 

tomography can be used to aid the diagnosis. [96-99] 

 

Small and medium vessel vasculitis 

ANCA small vessel vasculitis carries the worst prognosis of all the vasculitides. Early diagnosis 

and treatment can prevent severe organ dysfunction (e.g. end stage renal failure, respiratory 

failure, gut ischaemia) or death.[8, 15, 22, 100-102]  The problem that we face is recognizing 

these diseases amongst patients with similar clinical features but who do not turn out to have 

vasculitis. Given the potential toxicity (e.g. cyclophosphamide which can cause severe 

infection, infertility or malignancy).[102-106] and potential invasive nature of therapy 

required for vasculitis (e.g. plasma exchange) it is vital to make the correct diagnosis.  

 

Glomerulonephritis is the usual presenting feature in granulomatosis with polyangiitis 

(Wegener’s) (GPA) and microscopic polyangiitis, in comparison with patients with Churg 

Strauss syndrome (CSS) who present more commonly with late onset asthma and 

eosinophilia. Both GPA and CSS can present with upper respiratory symptoms, with the 

former presenting more aggressively with destructive, granulomatous lesions. Raised 

inflammatory markers with no obvious cause can be a presenting feature in all the systemic 
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vasculitides, but are often absent in Takayasu’s arteritis.[107]  The differential diagnosis of 

the systemic vasculitides is very wide and is listed in table 4. It is also important to consider 

underlying conditions which can lead to a secondary vasculitis such as SLE or RA. [23, 108]  

 

Inflammatory markers, full blood count, liver function test, renal function, urinalysis, ECG and 

CXR are baseline investigations to aid diagnosis and assess severity. More organ specific 

investigations should then follow as appropriate. A tissue diagnosis remains the gold standard 

and should be actively sought from the organs involved, e.g. renal biopsy, or nerve and muscle 

biopsy.[23, 108]  Where there is a clinical suspicion of a small vessel vasculitis then testing for 

ANCA is recommended, although a positive test does not necessarily prove and a negative 

test does not necessarily exclude the diagnosis.[109, 110] Blanket testing of ANCA as a 

screening tool for vasculitis is not recommended due to its poor discriminatory power, but 

judicious use of ANCA testing by contrast in appropriate clinical settings can be extremely 

helpful.[111] The presence of both myeloperoxidase (MPO) or proteinase 3 (PR3) ANCA can 

be present in the serum of patients with all three AAVs, however the strongest association is 

between MPO ANCA and both microscopic polyangiitis and Churg Strauss syndrome, and 

between PR3 ANCA and granulomatosis with polyangiitis (Wegener’s) [68, 70, 71].    

 

Pathogenicity and the role of biomarkers in diagnosis 

ANCA is the most commonly used biomarker to aid in the diagnosis of the ANCA associated 

vasculitis (AAV). As mentioned above there are caveats to its use and as yet there is no proven 

association between level of titres, disease severity or prediction of relapse. Ongoing work 
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into more sensitive ANCA assays may help with these issues. The other controversy is whether 

ANCA is pathogenic in the AAVs or merely an epiphenomenon. At present there is more 

evidence for the pathogenicity of MPO ANCA than PR3 ANCA with several convincing murine 

models of MPO induced glomerulonephritis and pulmonary vasculitis [75-79]. There has been 

a lack of a murine model demonstrating a pathogenic role for PR3 ANCA, largely because of 

technical difficulties including different Fc receptor affinities between mice and humans and 

the lack of PR3 expression on the surface of murine neutrophils. This appears to have been 

overcome with the recent demonstration that human anti-PR3 can induce active vasculitis in 

mice with a humanized immune system.[112] There is in vitro evidence that when neutrophils 

are primed with pro-inflammatory cytokines such as tumour necrosis factor, they express PR3 

and MPO on their surface.  Addition of ANCA can then activate primed neutrophils to release 

lytic enzymes and reactive oxygen series.[113]  Neutrophils from patients with microscopic 

polyangiitis and granulomatosis with polyangiitis (Wegener’s) also constitutively express 

more PR3 on their membranes than controls,[114] and levels of expression have been shown 

to relate to activity.[115]  

 

Potential future biomarkers for use in the diagnosis of the AAVs include autoantibodies to 

lysosomal membrane protein-2 (LAMP-2), which are twice as prevalent in patients with pauci-

immune focal necrotizing glomerulonephritis (FNGN) as classical ANCAs to MPO or PR3.[116] 

In vitro these autoantibodies can activate neutrophils and damage human micro-vascular 

endothelium and when injected into rats produce a model with pauci-immune FNGN.[116] 

Interestingly these autoantibodies cross react with the bacterial adhesion molecule FimH, 

supporting a mechanism of molecular mimicry in the pathogenesis of the AAVs.[116] Further 
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confirmatory work is needed before LAMP-2 autoantibodies are used routinely in clinical 

practice for diagnosis. 

 

The level of endothelial cell components in blood can also act as a marker of vascular damage, 

specifically the endothelial micro-particles (EMPs) and circulating detached mature 

endothelial cells (CECs). Significantly higher numbers of circulating EMPs have been found in 

plasma from children with active vasculitis, compared with those in remission, healthy 

controls and children with febrile illnesses,[117] levels are also elevated in active adult 

AAV.[118] The level of EMPs correlates with disease activity as measured by the BVAS in 

patients with adult AAV,[117] but are also seen in other diseases with endothelial cell damage 

such as acute ischaemic stroke.[119]  CECs are damaged endothelial cells which are found in 

significantly higher numbers in patients with active AAV, compared with patients in remission, 

normal controls, and patients with infections, and as such are also potential biomarkers for 

the AAVs.[120]  

 

Summary and the future of diagnostic criteria 

Early and accurate diagnosis of vasculitis is required in order to achieve the best outcome for 

patients. This is especially relevant in the modern era where effective treatment is available.  

Unfortunately making a diagnosis can be difficult and often delayed due to the heterogeneous 

and often non-specific way patients with vasculitis present to medical attention.  Current 

classification criteria and disease definitions continue to be used for diagnosis in the absence 

of specific diagnostic criteria but do not perform satisfactorily for this purpose.  Experts in 
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vasculitis are aware of the shortcomings in the current system.  To address this issue, a 

multinational working group involving experts from Europe, USA, Mexico and Japan, covering 

all major disciplines was convened.  The working group has identified key points that should 

be considered when developing new criteria and have unanimously supported the view that 

new classification and diagnostic criteria are needed.[121] 

 

Diagnostic criteria should ideally be able to discriminate between patients with early vasculitis 

and patients with conditions that mimic vasculitis. The vasculitis community has embraced 

this challenge and a large collaborative study with > 3,500 patients worldwide to develop new 

diagnostic and classification criteria for the common primary systemic vasculitides is in 

process (DCVAS study).  This study is described in more detail later in this chapter. The 

diagnostic criteria component of the study will compare patients with newly diagnosed 

vasculitis to a control group without vasculitis who present in a similar way.  A unique 

constellation of clinical, biochemical, serological, radiological and pathological features in 

combination with specific biomarkers (such as ANCA), would allow for this discrimination.  By 

this process, a diagnostic algorithm will be developed to discriminate vasculitis from its 

mimics. In addition, incorporation of non-invasive tests such as the ‘halo’ sign on temporal 

artery ultrasound with other new biomarkers may supplant the need for more invasive and 

time consuming investigations such as temporal artery biopsy and therefore improve time to 

diagnosis.   
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Table 1:  Nomenclature and definitions proposed at the CHCC.  Modified from Jennette et al.[18] 

 

Large vessel 
 

 

 
Giant cell (temporal) arteritis 

 
Granulomatous arteritis of the aorta and its major branches, with a 
predilection for the extra cranial branches of the carotid artery. Often 
involves the temporal artery. Usually occurs in patients older than 50 and 
often is associated with polymyalgia rheumatica. 
 

Takayasu’s arteritis Granulomatous inflammation of the aorta and its major branches. Usually 
occurs in patients younger than 50. 
 

Medium vessel 
 

 

 
Polyarteritis nodosa 

 
Necrotizing inflammation of medium-sized or small arteries without 
glomerulonephritis or vasculitis in arterioles, capillaries, or venules. 
 

Kawasaki disease Arteritis involving large, medium-sized, and small arteries, and associated 
with muco-cutaneous lymph node syndrome. Coronary arteries are often 
involved. Aorta and veins may be involved. Usually occurs in children. 
 

Small vessel 
 

 

 
Wegener’s granulomatosis 

 
Granulomatous inflammation involving the respiratory tract, and necrotizing 
vasculitis affecting small to medium-sized 
Vessels (e.g., capillaries, venules, arterioles, and arteries).  Necrotizing 
glomerulonephritis is common. 
 

Henoch-Schonlein purpura 
 

Vasculitis, with IgA-dominant immune deposits, affecting small vessels (i.e., 
capillaries, venules, or arterioles). Typically 
Involves skin, gut, and glomeruli, and is associated with arthralgias or 
arthritis. 
 

Essential cryoglobulinemic 
vasculitis 
 

Vasculitis, with cryoglobulin immune deposits, affecting small vessels (i.e., 
capillaries, venules, or arterioles), and associated with cryoglobulins in 
serum. Skin and glomeruli are often involved. 
 

Churg-Strauss syndrome Eosinophil-rich and granulomatous inflammation involving the respiratory 
tract, and necrotizing vasculitis affecting small to medium-sized vessels, and 
associated with asthma and eosinophilia. 
 

Microscopic polyangiitis Necrotizing vasculitis, with few or no immune deposits, affecting small 
vessels (i.e., capillaries, venules, or arterioles). Necrotizing arteritis involving 
small and medium sized arteries may be present. Necrotizing 
glomerulonephritis is very common. Pulmonary capillaritis often occurs. 
  

Cutaneous leukocytoclastic 
vasculitis 

Isolated cutaneous leukocytoclastic angiitis without systemic vasculitis or 
glomerulonephritis 
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Table 2:  Presenting features in systemic vasculitis by size of vessel involved and investigations to 

consider. 

 

Predominant vessel size Common presenting features Key investigations to consider 

Large  
- Giant cell arteritis 
- Takayasu’s arteritis) 

New onset headache 
Scalp tenderness 
Sudden blindness 
Jaw claudication 
Tongue pain 
Limb claudication 
Absent pulses 
Stroke in young patient 

Temporal artery biopsy 
Temporal artery ultrasound 
PET scan 
MR angiogram 
Digital subtraction angiogram  
 

Medium 
- Polyarteritis nodosa 
- Kawasaki disease 

 

Abdominal pain 
New onset hypertension 
Cardiac ischaemic symptoms 
Mononeuritis multiplex (motor or 
sensory) 
Orchitis 
Rash 
lymphadenopathy 
 

MR angiogram (renal or mesenteric 
vessels) 
Digital subtraction angiogram (renal, 
mesenteric or cardiac vessels) 
Hepatitis B testing 
 

Small 
- Wegener’s 

granulomatosis 
- Microscopic 

polyangiitis 
- Churg-Strauss 

syndrome 
- Henoch-Schönlein 

purpura 
- Cryoglobulinemia 

Upper airways symptoms (cough, nasal 
crusting or nasal discharge) 
Haemoptysis / Pulmonary haemorrhage 
Hearing loss (sensorineural or 
conductive) 
New onset asthma or treatment 
resistant asthma 
Mononeuritis multiplex (motor or 
sensory) 
Haematuria/Proteinuria 
Oliguria 
Renal failure 
Purpura 
 
 

Organ biopsy (kidney, lung, nerve, ENT) 
Chest radiograph or CT 
ANCA testing 
Complete blood count (for high 
eosinophil count) 
Cryoglobulins 
Hepatitis C testing 
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Table 3: Clinical features by organ system which may suggest vasculitis (especially when seen in 

combination).  Modified from: The Birmingham Vasculitis Activity Score (version 3). 

 

Organ system Symptom / Sign 
 

General Fever 
Weight loss 
Myalgia 
Arthralgia or Arthritis 

Skin and mucous 
membranes 

Ulcers 
Rash 
Gangrene 
Purpura 
Infarcts 
Mouth ulcers 
Genital ulcers 

Eyes Sudden visual loss 
Blurred vision 
Conjunctivitis 
Scleritis 
Blepharitis 
Keratitis 
Uveitis 

ENT Nasal congestion, discharge or crusting 
Paranasal sinus pain or tenderness 
Hearing loss (conductive or sensorineural) 
Stridor  
Hoarse voice 

Respiratory Wheeze 
Shortness of breath or respiratory failure 
Haemoptysis 

Cardiovascular Loss of pulses 
Chest pain (ischaemic or percarditic) 
Congestive cardiac failure 

Gastrointestinal Abdominal pain / Peritonism 
Bloody diarrhoea 

Renal Hypertension 
Haematuria 
Renal failure 

Nervous system Headaches 
Confusion 
Stroke 
Seizures 
Neuropathy (motor or sensory) 
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Table 4: Differential diagnosis for primary systemic vasculitis.  This list includes mimics of vasculitis and secondary causes of vasculitis.  Modified from 

Suppiah et al[122] Jayne et al[123] and Fain et al.[55] 

 

Connective tissue diseases  Infection  Drugs & Environment  Paraneoplastic Other  

 
Rheumatoid arthritis 
 
Systemic lupus erythematosus 
 
Primary Sjogren’s syndrome 
 
Systemic sclerosis 
 
Mixed connective tissue disease 
 
Dermatomyositis 
 

 
Infective endocarditis 
 
Viral infections: 
 

Hepatitis B virus 
Hepatitis C virus 
Human immunodeficiency 

virus 
Human T cell lymphotropic 

virus type 1 
Parvovirus 
Herpes simplex and varicella 

zoster virus 
Cytomegalovirus 
Epstein–Barr virus 

 
Bacterial infections: 
 

Salmonella 
Streptococcus pneumoniae 
Clostridium septicum 
Chlamydia pneumoniae 
Mycobacterium tuberculosis 
Treponema pallidum 

 

 
All classes of pharmaceutical 
drugs have been implicated 
 
Cocaine and amphetamine 
abuse 
 
Dusts and Silica 
 
Drugs associated with ANCA 
positive vasculitis: 
 

Hydralazine 
Propylthiouracil  
Leukotriene inhibitors 
Sulfasalazine 
Minocycline 
D-Penicillamine 
Ciprofloxacin 
Phenytoin 
Clozapine 
Allopurinol 
 

Drug induced vasospasm 
 

Methysergide 
Ergot derivatives 

 

 
Myelodysplastic syndrome 
 
Lymphoid malignancies: 
 

Non-Hodgkin’s 
lymphoma 
Hodgkin’s disease 
Chronic lymphocytic       

leukaemia 
Multiple myeloma 
 

Solid tumours: 
 

Lung cancers 
Gynaecologic cancers 
Genitourinary cancers 
Breast cancers 
Nasopharyngeal  
Mesothelioma 

 
 
 

 
Atheroembolic disease 
 
Atheromatous vascular disease 
 
Genetic vascular disorders (e.g. 
Marfan’s) 
 
Auto inflammatory syndromes 
 
Hypersensitivity syndromes 
 
Thrombosis: 
 

Antiphospholipid syndrome 
Sickle cell disease 
Thrombotic  thrombocytopenic 

purpura 
 
Vessel wall pathology: 
 

Calciphylaxis 
Amyloidosis 
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2.3 Update on nomenclature and diagnostic and classification criteria 
 

The first review paper in this chapter discusses the nomenclature and disease definitions 

of primary systemic vasculitis as per the 1993 Chapel Hill Consensus conference (published 

in 1994) and current classification criteria.  The methodology used to develop the ACR 

classification criteria for vasculitis is described in the paper.  One of the potential flaws in 

the methodology was using the submitting physician diagnosis as the gold standard.  

Patients who did not have a biopsy or whom had normal biopsies were included in the 

cohort.   In developing the criteria, the assumption made was that the submitted diagnosis 

was correct. 

 

There was some missing detail about what the surrogate markers for Wegener’s 

granulomatosis were in the EMEA algorithm described in the first paper.  The Surrogate 

markers were: x-ray evidence of fixed pulmonary infiltrates, nodules or cavitations, 

bronchial stenosis, bloody nasal discharge and crusting, nasal ulceration, chronic sinusitis, 

otitis media, mastoiditis,  retro-orbital mass or inflammation, subglottic stenosis, saddle 

nose deformity or destructive sino-nasal disease.   Since publication of the review paper, 

there have been some name changes and updates to the definitions.  There has been a 

move away from eponymous pseudonyms to more descriptive names.  'Wegener's 

granulomatosis' was the first disease to be renamed, the new name being 

'Granulomatosis with polyangiitis'.  The reason this disease was chosen first was related 

to Freidrich Wegener (whom the disease was originally named after) being associated 

with the German Nazi party.[76]   A multi-specialty (rheumatology, nephrology, 

immunology, pathology and respiratory) group of experts in the field of vasculitis have 

subsequently met again at Chapel Hill in 2011 and have updated several other names and 
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definitions.[124]  The key changes to the names are (with accepted abbreviation in 

parentheses): 

Old name New name 

Wegener's granulomatosis (WG) Granulomatosis with polyangiitis (GPA) 

Churg-Strauss Syndrome (CSS) Eosinophilic granulomatosis with 

polyangiitis (eGPA) 

Henoch-Schonlein purpura (HSP) IgA Vasculitis (IgAV) 

 

In addition, more categories of vasculitis were included in the official nomenclature 

including: single organ vasculitis (e.g. primary CNS vasculitis), variable vessel vasculitis 

(e.g. Behçet’s disease), vasculitis associated with systemic disease (e.g. lupus vasculitis), 

and vasculitis associated with probable aetiology (e.g. hepatitis C related cryoglobulinemic 

vasculitis). 

 

Both review papers in this chapter highlight the need for new diagnostic and classification 

criteria.  A large international study: Diagnostic and Classification Criteria in Vasculitis 

Study (DCVAS) is now underway to address this issue (ClinicalTrials.gov identifier: 

NCT01066208).  The study is funded and endorsed by the American College of 

Rheumatology (ACR), the European League Against Rheumatism (EULAR) and the 

Vasculitis Foundation (VF).  The protocol for the study was developed by a core steering 

group (Professor Raashid Luqmani, Professor Peter Merkel, Dr Richard Watts, Dr Andrew 

Judge, Professor Loic Guillevin, Professor Maarten Boers, Dr Peter Grayson and myself - 

Dr Ravi Suppiah).  The basic design of the study is to recruit patient with vasculitis and a 

comparator cohort of patients with other diseases that mimic vasculitis and compare the 

clinical, serological, pathological and radiological variables used to make the final 
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diagnosis.  Comparing patients with one form of vasculitis with other forms of vasculitis 

will form the basis of new classification criteria, and comparing patients with one form of 

vasculitis with patients with other diseases that have a similar presentation to a specific 

type of vasculitis will form the basis of context-specific diagnostic criteria.[125, 126]  

Efforts have been made to avoid circularity by removing the physician diagnosis as the 

gold standard and instead using a combination of expert panel consensus and computer 

generated models of cluster analysis (e.g. K means clustering) and/or machine learning 

algorithms to make the final diagnosis.  It is estimated that 3500 patients (2000 patients 

with vasculitis and 1500 comparators) will need to be enrolled into the study.  As of 

September 2014, over 4000 patients have been recruited from 100 participating centres 

worldwide.  Recruitment is estimated to be completed by 2015, with new diagnostic and 

classification criteria available towards the end of 2016.  My current role for the DCVAS 

study is as a member of the global steering committee and as lead investigator for the 

New Zealand sites: Auckland District Health Board, Counties Manukau Health, Waikato 

District Health Board, Hutt Valley District Health Board, and Canterbury District Health 

Board.  
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Chapter 3:  Mortality and Morbidity in ANCA vasculitis 
 

Untreated, the mortality of most forms of ANCA associated vasculitis is over 80%.[127]  

The introduction of daily oral cyclophosphamide in conjunction with glucocorticoids in the 

1960s revolutionised the mortality from this group of diseases and improved 1 year 

survival rates to >80% and at the same time reduced relapses of disease.[22, 128] The 

main long-term follow up study using this combination of therapy was published by 

Hoffman et al in 1992.[129]  This study included 158 patients with a diagnosis of 

granulomatosis with polyangiitis (Wegener's) treated in the National Institutes of Health, 

USA.  Seventy five percent of patients achieved remission from disease, however only 44% 

had sustained remission for over 5 years;  86% had permanent damage from their disease 

(e.g. renal failure requiring dialysis, tracheal stenosis, hearing loss, blindness, etc.), and 

42% had treatment related complications.  Treatment related morbidity from 

cyclophosphamide comprised an increase incidence of cancer, especially bladder cancer 

(2.8%, which was a 33 fold increase on background rate of bladder cancer), chemical 

cystitis (43%), hair loss (17%), and from the glucocorticoids: fractures (11%), aseptic 

necrosis (3%) and cataracts (21%).  In the last 2 decades, recognition of cyclophosphamide 

related morbidity has led to clinical trial designs aiming to reduce cyclophosphamide dose 

or avoid cyclophosphamide completely without compromising treatment efficacy.  The 

recognition that glucocorticoids contribute significantly to morbidity and potentially 

mortality (i.e. death from infection) has led to study designs reducing steroid in the trial 

protocols e.g. PEXIVAS[130]   

 

The European Vasculitis Study Group (EUVAS) has conducted several therapeutic trials in 

ANCA vasculitis over the past 15 years which have focused on reducing exposure to 

cyclophosphamide.  The data collection and disease scoring was standardised across the 
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different trials so that they could be combined for long-term follow up studies.   Four of 

these trials (comprising a total of 535 patients) now have at least 5 years of follow up 

available.  The results on mortality and morbidity have now been published.[131-137]  

Two sections of this chapter are articles published based on the 5 year follow up of this 

cohort focusing on cardiovascular disease (section 3.1) and peripheral neuropathy 

(section 3.2).    A detailed description of these trials are given in both articles and therefore 

not repeated here.   

 

The overall mortality for patients with ANCA associated vasculitis enrolled in the 4 original 

EUVAS trials was 12% at 1 year.[138]  The majority of patients who died in the first year 

died from infection (48%) and active vasculitis (19%). Two and five year survival were 85% 

and 78% respectively.  Deaths after 1 year were predominantly due to cardiovascular 

disease (26%) or malignancy (22%), but a fifth (20%) still succumbing to infection.  

Standardised Incidence ratio was 1.58 (95% CI 1.2-2.1) for all cancers.[132]  There was a 

statistically non- significant trend for increased risk of bladder cancer, leukaemia and 

lymphoma although at a lower magnitude than previously reported - possibly reflecting 

the reduced exposure to cyclophosphamide.   

 

Two additional relevant papers worth mentioning of which I am a co-author (not first 

author) have also been published looking at long-term morbidity in the patients enrolled 

in the EUVAS group of trials.  The first of these papers is a descriptive paper looking at 

damage.[134]  The concept of damage and tools to measure damage are discussed in 

more detail in the next chapter on outcome measures, but in this context, “damage” 

essentially means the permanent or irreversible sequelae of vasculitis or its treatment.  

The study looked at both early and late damage.  In addition to the 4 original EUVAS trials 

which have long-term follow up (NORAM,[105] CYCAZAREM,[139] CYCLOPS,[103] and 
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MEPEX[102]) which are covered in detail in this chapter, 2 newer EUVAS randomised 

controlled trials without long-term follow-up were included in this study (a total of 735 

patients).  The definition of long-term follow up was a minimum of 5 years from trial entry.  

The 2 more recent trials are: 1) IMPROVE – which is a randomised trial comparing 

mycophenolate mofetil to azathioprine for the maintenance of remission in ANCA 

vasculitis [140] and 2) RITAZAREM – a randomised trial comparing rituximab to 

cyclophosphamide for the induction of remission in ANCA vasculitis.[141]  The VDI 

instrument was used to document damage in all trials.  In patients who had a VDI 

completed at baseline (n=629), approximately 1/3 of them already had documented 

permanent damage.  By 6 months the proportion with documented damage had risen to 

82%.   In those that survived to 5 years in the 4 original EUVAS trials – the proportion of 

documented damage was 91%.  The kidney (either proteinuria >0.5g/24 hr, GFR≤50% 

predicted or end stage renal failure) was the most common end organ with documented 

damage at all time-points.  Patients with MPA had greater renal damage than patients 

with GPA at all assessments.  New hypertension was found in 21.4% of MPA and 15.2% of 

GPA patients at 6 months; at long-term follow up this had risen to 46.7% and 34.1% 

respectively.  Nasal blockage/crusting and hearing loss were common in patients with GPA 

at 6 months and at long-term follow up but much less so in patients with MPA.  At long-

term follow-up, damage related to glucocorticoid therapy was not uncommon: 

osteoporosis in 14%, diabetes in 10%, cataracts in 9%, muscle atrophy or weakness in 7%. 

The second paper looked specifically at glucocorticoid therapy related damage in the 

same group of patients.[135]  There was a protocol for steroid dose in all the EUVAS trials.  

The long-term follow up questionnaire captured whether or not an individual was given a 

prescription for steroids at pre-defined time points from the end of the trial to 60 months 

following trial entry.  This allowed for estimation of total duration of steroid use for each 

patient.  The data on steroid use and damage assessments was only available for 296 of 

the 535 patients in the long-term follow-up study – a major limitation of the study.    The 
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main findings from this paper was that the duration of glucocorticoid use was strongly 

associated with the accumulation of damage.  After adjustment for other potentially 

confounding variables (age, gender, baseline disease activity, relapses) the only items of 

damage associated with a higher cumulative duration of steroid use were cataracts and 

hypertension.  There was no association with duration of steroid use and cardiovascular 

events or stroke. 

 

A further study relevant to this chapter on mortality and morbidity of which I am the main 

author (I have enclosed co-authorship forms to this effect, but not listed as first author, 

so not reproduced except in summary form below) looked at the excess mortality of 

patients with granulomatosis with polyangiitis (Wegener’s) compared with an age, gender 

and location matched cohort using the United Kingdom General Practice Research 

Database (GPRD).[142]    The GPRD has the records of over 6.5 million patients enrolled 

in participating primary care locations in the UK and is meant to be representative of the 

whole UK population.  The database contains basic patient demographics, consultation 

records, referrals to secondary care, prescription information and diagnosis codes (Oxford 

Medical Information System (OXMIS)[143] and Read codes[144] which are cross-

referenced to the International Classification of Diseases (ICD-9).  The main limitation of 

the database is that it does not have biopsy data, details about the disease phenotype or 

disease activity.  The big advantage however is the large numbers of comparator patients 

which serve as an excellent control group.  The method of identifying patients with a 

diagnosis of ‘Wegener’s granulomatosis’ has previously been validated.[145] 

 

In the study, 255 patients with an incident diagnosis of granulomatosis with polyangiitis 

(Wegener’s) were identified and compared with 2546 control patients who were matched 

for age, gender and postal code.  The mean age of the cohort was 58.1 years, 47% were 



Page | 54  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

women, and patients and controls were well matched for co-morbidities.  The mean 

duration of follow up was 6.4 years.  The study showed a much higher rate of death in the 

GPA group compared with controls: 53/255 (20.8%) vs. 187/2546 (7.8%) respectively, 

P<0.001.  The difference was most marked in the first year after diagnosis where the 

adjusted hazard ratio for death was 9-fold higher in the GPA group compared with 

controls.  This observed difference was even higher in patients younger than 65 years of 

age (Hazard ratio of 20) due to the background rate of death being low in the younger 

control group.  The 3 most common causes of death in the first year in patients with GPA 

were infection (32%), active vasculitis (18%) and renal failure (18%).   After the first year, 

the risk of death mirrored the background population rate, but after about 8 years the risk 

of death seemed to increase again.   The study duration was not long enough to capture 

enough events past this time point to accurately ascertain a definite cause of this apparent 

increase.[142]  It is postulated that the increase death rates are due to later cardiovascular 

mortality and/or malignancy.  The results of this paper are consistent with other studies 

showing the bimodal pattern of mortality in GPA.[146] Increased early mortality and the 

cause of early death are consistent between studies and well described.[147, 148]  The 

cause of later death is less well documented but there is increasing evidence for higher 

rates of cardiovascular death based on the Danish registry data[149] and long-term follow 

up of the EUVAS trials[138] in addition to the increased risk of late malignancy which has 

largely been attributed to the use of cyclophosphamide.[129, 150] 

 

The next two sections of this chapter are published articles which relate to morbidity in 

ANCA vasculitis.  The first article describes the cardiovascular events in the long-term 

follow-up of the 4 original EUVAS trials.  Using the baseline data from the 4 trials, a 

cardiovascular risk prediction equation was developed and then validated using an 

external dataset.  The second paper looks at peripheral neuropathy in the same cohort of 
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patients used in the cardiovascular publication.  The term ‘peripheral neuropathy’ is an 

umbrella term which includes mononeuritis multiplex affecting motor nerves, 

symmetrical ‘glove and stocking’ sensory neuropathy and non-dermatomal objective 

sensory loss (which could be considered mononeuritis multiplex of sensory nerves).  In 

other studies that have looked systematically for peripheral neuropathy by formal 

neurological evaluation, the rates of neuropathy is as high as 58%.[151]  The findings 

presented in our paper are quite discrepant showing much lower rates of symptomatic 

neuropathy, and likely represent under-recognition of this complication from vasculitis in 

the EUVAS trials.  However, the data does give a time course for when neuropathy is 

recognised and suggests that symptomatic neuropathy can occur late in the disease 

course.  Other studies which have used the VDI to capture damage from ANCA vasculitis 

consistently show that peripheral neuropathy is one of the most frequently scored area 

of damage and is an important morbidity to be aware of as it has significant implications 

for the patients’ quality of life.[152] 
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3.1 A Model to Predict Cardiovascular Events in Patients with Newly 

Diagnosed Wegener’s Granulomatosis and Microscopic Polyangiitis 

(Suppiah R,  Judge A, Batra R, Flossmann O, et al. A model to predict 

cardiovascular events in patients with newly diagnosed Wegener's 

granulomatosis and microscopic polyangiitis. Arthritis Care Res, 

2011. 63(4): p. 588-96) 
 

The following section in this chapter is a reproduction of the article: "A Model to Predict 

Cardiovascular Events in Patients with Newly Diagnosed Wegener’s Granulomatosis and 

Microscopic Polyangiitis" published in the journal Arthritis Care and Research, April 2011.  

This journal carried an impact factor of 4.851 in 2011.  The text, tables and the references 

used in the article have been formatted to be consistent with rest of the thesis.   The 

relevant permission to re-use this article in the thesis has been obtained from John Wiley 

and Sons. 
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Abstract 

Objectives: To create a prognostic tool to quantify the 5 year cardiovascular (CV) risk in 

patients with newly diagnosed Wegener’s granulomatosis (WG) and microscopic 

polyangiitis (MPA) without pre-morbid CV disease. 

Methods: We reviewed CV outcomes during the long term follow up of patients in the 

first 4 European Vasculitis Study Group (EUVAS) trials of WG and MPA.  CV events were 

defined as: CV-death, stroke, myocardial infarction, coronary artery bypass graft, or 

percutaneous coronary intervention.  Logistic regression was performed to create a model 

to predict the absolute risk of a CV event.  The model was tested using the Wegener’s 

Granulomatosis Etanercept Trial (WGET) cohort. 

Results: 74 / 535 (13.8%) of the patients with 5 years of follow up from the EUVAS trials 

had at least one CV event: 33/281 (11.7%) WG vs. 41/254 (16%) MPA. The independent 

determinants of CV outcomes were; older age [OR 1.45 (95%CI 1.11 - 1.90)]; diastolic 

hypertension [OR 1.97 (95%CI 0.98 - 3.95)], and positive PR3 ANCA status [OR 0.39 (95%CI 

0.20 - 0.74)].  The model was validated using the WGET cohort (Area under ROC curve = 

0.80).  

Conclusion: Within 5 years of diagnosis of WG or MPA, 14% of patients will have a 

cardiovascular event.  We have constructed and validated a tool to quantify the risk of a 

cardiovascular event based on age, diastolic hypertension and PR3 ANCA status in patients 

without prior CV disease.  In patients with vasculitis, PR3 ANCA is associated with reduced 

cardiovascular risk compared to MPO ANCA or negative ANCA status. 
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Introduction 

Wegener’s granulomatosis (WG) and microscopic polyangiitis (MPA) are the two most 

common types of small and medium vessel vasculitis with an estimated combined 

prevalence of 49-254 per million in Europe and North America.[153] Untreated these 

diseases are fatal, but modern therapy has dramatically improved survival.[8, 22, 102, 

103, 105, 139, 154] However, patients continue to experience long-term morbidity and 

mortality from persistent low grade activity and permanent damage caused by the acute 

phase of vasculitis or its treatment.[59] An important component of this increased long-

term morbidity and mortality is from cardiovascular (CV) disease which was highlighted in 

a retrospective review of the Danish National Hospital Register, where patients with WG 

showed an increased rate of a myocardial infarction within the 1st 5 years after a diagnosis 

of WG compared to the general population (hazard ratio 3.6).[149]   In addition, a 

retrospective study showed that patients with WG and MPA when matched for renal 

function and other traditional risk factors, had double the rate of CV events.[155] Theories 

for the increased CV events in vasculitis include systemic inflammation and endothelial 

dysfunction,[156, 157] factors associated with increased cardiovascular risk in other 

inflammatory diseases.[158-160]  

 

In 1995 the European Vasculitis Study Group (EUVAS) launched randomised controlled 

trials for the treatment of WG and MPA with unified trial protocols and data collection 

procedures; 4 of these trials have been published.[102, 103, 105, 139] Patient enrolment 

in the 4 trials was stratified by the degree of renal involvement.  Subsequent to the 

completion of these trials, EUVAS has performed a long-term follow-up study on patients 

enrolled in these original trials.  Together, this cohort represents the largest ever 

prospectively studied group of patients with WG and MPA. 
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The aims of this study were to 1) review the cardiovascular events in the first 5 years from 

the long-term follow-up of the 4 EUVAS trials; 2) use this data to create a prognostic tool 

aimed at predicting the 5 year risk of cardiovascular events in patients with newly 

diagnosed WG and MPA who have no cardiovascular disease at diagnosis; 3) validate the 

tool in a second separate cohort of vasculitis patients. 

 

Patients and Methods 

The patients and methods of the first 4 EUVAS randomised controlled trials included in 

the long-term follow-up (LTFU) study have previously been described.[102, 103, 105, 139] 

In summary, all patients had a new diagnosis of WG, MPA or renal limited vasculitis (RLV).  

Patients were stratified into the 4 studies by the severity of renal involvement, listed here 

in order:  1) MEPEX: Comparison of Plasma Exchange to Methyl prednisone in patients 

with severe renal disease (Cr >500mmol/L or requiring dialysis).[102]  2) CYCAZAREM: 

Maintenance therapy with azathioprine vs. cyclophosphamide in patients with a renal 

manifestation (Cr<500mmol/L) or with generalised life threatening disease.[139]  3) 

CYCLOPS: Induction therapy comparing daily oral cyclophosphamide with pulsed 

intravenous cyclophosphamide in patients with generalised disease (Creatinine 

<500mmol/L).[103]  4) NORAM: A comparison of methotrexate to cyclophosphamide for 

induction treatment in patients with a Cr<150mmol/L and without critical organ 

threatening disease.[105]  The study methods, data collection procedures and disease 

scoring were consistent between the 4 trials.   

 

For the validation set we used anonymised data from patients enrolled in the Wegener’s 

granulomatosis etanercept trial (WGET): 180 patients with active Wegener’s 

granulomatosis who were randomized to receive etanercept or placebo in addition to 
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standard maintenance therapy.[106]  Long-term follow-up of this cohort is now available 

including cardiovascular events. Data from 136 patients without pre-existing CV disease 

was available for testing our regression model.  16/136 patients in the WGET cohort had 

a CV event: 14 with a non-fatal cardiac event (myocardial infarction, coronary artery 

bypass graft, or percutaneous coronary intervention), 1 non-fatal stroke and 1 CV death.   

Baseline demographics for the EUVAS and WGET cohorts are shown in table 1. 

 

Ethics approval was obtained for each participating site as per local requirements.  A 

questionnaire on vital status and CV events was completed on all eligible patients by 

clinical investigators at each participating site. Information was collected at 5 years from 

entry into the original study, and also at the last available follow-up.  The databases 

containing baseline information for the 4 trials were merged with the long-term follow-

up results.  All patients with an entry diagnosis of RLV were considered to have MPA for 

this analysis. 

 

The primary outcome measure of interest in this sub-analysis was a CV event within 5 

years after enrolment into the original EUVAS trial.  We defined a CV event as death from 

any CV cause, non-fatal stroke, non-fatal myocardial infarction (MI), and coronary artery 

bypasses graft (CABG) or percutaneous coronary intervention (PCI).  The identification of 

cardiovascular death was based on the local investigator reporting death and cause of 

death.  The cause of death was adjudicated by an independent panel.  The observed CV 

death rate in the EUVAS trials was compared to the predicted CV death rate (adjusted for 

age and country of origin).  The relevant European and Mexican CV death rates for the 

year 2002 based on the World Health Organisation Statistical Information System 

(WHOSIS) database (http://www.who.int/whosis/en/) are provided in Appendix A. 

http://www.who.int/whosis/en/
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Determination of non-fatal MI required evidence of ECG changes or cardiac enzyme 

elevation.  Non-fatal stroke was defined as focal neurological deficit present for at least 3 

months (i.e. transient ischemic events were not included).  All items recorded at baseline 

from entry into each trial such as patient demographics, clinical features, blood results, 

disease activity scores (Birmingham Vasculitis Activity Score (BVAS 1&2))[161] and disease 

damage scores  (Vasculitis Damage Index (VDI))[162] including individual components of 

these instruments were available as predictor variables.  Hypertension in the 

development cohort (EUVAS trials) was defined as a diastolic blood pressure > 95 mmHg 

at the time of entry into the trial which was attributable to active vasculitis (irrespective 

of whether the patient had a previous history of hypertension or were on 

antihypertensive treatment).  This definition of hypertension was chosen because of how 

the data was captured in the original trials (based on a BVAS item).  For the validation 

sample (WGET cohort), hypertension was defined as a diastolic blood pressure >95mmHg 

at trial entry irrespective of previous history of hypertension or antihypertensive therapy.  

Attribution of the diastolic hypertension to vasculitis in the WGET cohort was not included 

in the definition because it was not captured in the original trial.  

 

A points based Cox Framingham cardiovascular risk prediction tool,[163] which uses body 

mass index instead of total and HDL cholesterol was used to test how well a general 

population risk model  performed in patients with vasculitis. We simplified Systolic Blood 

Pressure to < 140 mmHg (0 points on the scoring system) versus ≥140 mmHg (3 points 

women, 2 points men) because of the way in which hypertension was recorded in the 

dataset. 
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We used two methods to validate our new regression model: 1) Bootstrapping - an 

internal validation technique used to obtain a bias-corrected estimate in the development 

sample.[164]; and 2) Testing the model in the validation cohort using receiver operator 

characteristics.  

 

Data analysis 

Data was analysed using the statistical software package Stata, release 10.1 (College 

Station, Texas, USA). Univariate logistic regression modelling was used to examine the 

association between baseline variables and cardiovascular events.   Fractional polynomial 

regression modelling was used to model non-linear relationships for continuous variables. 

A multivariate logistic regression model was then fitted including all predictor variables, 

regardless whether or not they were statistically associated with a CV event in univariate 

analysis.  Having fitted the full multivariate model, a backwards selection process was 

used to exclude variables that did not improve model fit.  Likelihood ratio tests were used 

to compare model fit.  The results of complete case analyses can be biased because the 

cumulative effect of missing data in several variables often leads to exclusion of a 

substantial proportion of the original sample, causing a loss of precision and power. [165] 

This bias can be overcome by using multiple imputation methods which we did using the 

ICE procedure in Stata.[165-168]  For logistic regression, 10 times as many outcome events 

as predictor variables are required to avoid model over fit.  Using clinical judgment, we 

initially created a model using traditional risk factors (age, gender, body mass index, 

smoking status, hypertension and diabetes), and then a model with only disease specific 

items (Birmingham Vasculitis Activity Score (BVAS), proteinase 3 (PR3) and 

myeloperoxidase (MPO) anti neutrophil cytoplasm antibody (ANCA) status, baseline 

estimated glomerular filtration rate (eGFR), age and gender). Regression diagnostics were 

performed to identify outlying data that may overly influence the model. Cholesterol 
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measurements were not recorded at baseline therefore could not be included in the 

traditional risk factor model. 

 

Performance of the predictive model was assessed in terms of calibration and 

discrimination.  Calibration measures how closely predicted risk agrees with observed risk. 

This was assessed for each tenth of predicted risk ensuring 10 equally sized groups, and a 

Hosmer-Lemeshow goodness of fit test performed.[169] Discrimination is the ability of 

the model to differentiate between patients who experienced a CV event during the 5 

years of follow-up in this study and those who did not.  We tested discrimination by 

calculating the area under the receiver operating characteristic (AUROC) curve in a) the 

original dataset, b) by bootstrapping and c) testing in the WGET cohort.[106]  To assess 

the goodness of fit of a logistic model we used McKelvey-Zavoina pseudo R2.[170, 171] 

  

In addition, CART (Classification and Regression Tree) analysis, a binary recursive 

partitioning method was performed in the R statistical software package (R Foundation, 

Vienna, Austria), using the ‘party’ package.  In each node of the tree a significance test 

was made between any of the covariates and the response, and a split established when 

the p-value was < 0.05.   

 

Results: 

A total of 535 patients (281 WG, 254 MPA) including patients who died, had 5 years of 

follow-up; 74 / 535 (13.8%) of the patients had at least one CV event; 33/281 (11.7%) WG 

vs. 41/254 (16.1%) MPA.  There were 32 (6.0%) CV deaths, 25 (4.7%) non-fatal strokes and 

42 (7.9%) had a non-fatal myocardial infarction, coronary artery bypass graft or a 

percutaneous coronary intervention. The observed age standardised CV death rate for the 
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EUVAS cohort was 699 compared to the predicted rate of 190 per 100,000 population per 

annum.   

 

When developing the predictive model, 31 patients were excluded due to missing baseline 

values; 32 due to missing outcome records, and 45 due to CV disease prior to trial entry.  

The remaining 427 patients, 50 with a CV event (19/237 WG vs. 31/190 MPA, P<0.01) were 

used to develop the model.  A summary of the baseline variables analysed for the 427 

patients is provided in table 2.  Smoking status was available in 292/427 patients in the 

study: 7.3% were current smokers, 23.7% ex-smokers and 37.5% had never smoked.  For 

analysis we combined the current and ex-smokers as an ever smoked group.  Comparing 

those that had never smoked to ever smoked gave an OR 0.61 (95%CI 0.32 - 1.18), P = 

0.14.  Re-analysing the data comparing never smoked to current smokers gave OR 0.90 

(95%CI 0.24 - 3.36), P = 0.87. 

 

 

All of the traditional and disease-specific risk factors were considered for inclusion in the 

final model.  To avoid over-fitting we considered the effect of each predictor 

independently, and assessed the effect of confounding for that predictor with each risk 

factor.  Variables that were significantly associated with cardiovascular events in 

univariate analysis, or were important confounders were included in the full multivariable 

regression model.  Older age was associated with an increased risk of a CV event, however 

the effect was slightly attenuated due to confounding by eGFR.  Crude analyses suggested 

that increasing eGFR was associated with reduced CV risk, but this was attenuated after 

adjustment for age and PR3 ANCA.  As MPO ANCA and PR3 ANCA were strongly inversely 

associated with each other, only PR3 ANCA was considered for inclusion in the full model 
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because it was a statistically stronger predictor.  PR3 ANCA was associated with reduced 

CV risk and MPO with an increased CV risk, in both cases this was attenuated slightly after 

adjusting for age, eGFR and diastolic hypertension.  Patients with diastolic hypertension 

were at increased risk of CV events.  This effect was attenuated after adjusting for age, 

eGFR and PR3 ANCA, but strengthened if adjusting for gender and smoking status.  

Gender, BMI, smoking status, baseline BVAS score and diabetes were not associated with 

cardiovascular events.   

 

Age, gender, eGFR, PR3 ANCA status, smoking status, and diastolic hypertension at 

baseline, were included in creating the full multivariable regression model.  After 

backward selection: age, PR3 ANCA status and diastolic hypertension remained in the final 

model.   The final model is shown in Figure 1.  A cut off of <10% as low risk, 10-20% as 

moderate risk and >20% as high risk were chosen to provide memorable cut-offs.   In the 

EUVAS cohort: 245 (57.4%) of patients fell into the low risk, 106 (24.8%) into the moderate 

risk, and 76 (17.8%) into the high risk group using our new 5 year risk prediction model.  

Observed CV events were: 15/245 (6.1%) for the low risk group, 14/106 (13.2%) for the 

medium risk group and 21/76 (27.6%) for the high risk group. 

 

The Hosmer-Lemeshow goodness of fit test suggested that the model was well calibrated 

(P = 0.55).  The model demonstrated good discrimination with an AUROC of 0.73 for the 

original dataset; bootstrapped analysis gave a bias-corrected AUROC of 0.72; and 

validation with the WGET cohort demonstrated very good discrimination with an area 

under the ROC of 0.80; Figure 2.  The pseudo R2 (McKelvey-Zavonia) for the final model 

was 18.5%.  The model was better at predicting coronary events than strokes; AUROC 0.85 

(95%CI 0.77 - 0.92) with a pseudo R2 of 49.7% vs. AUROC 0.70 (95%CI 0.60 - 0.80) and a 
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pseudo R2 of 19.6% respectively for the EUVAS cohort.   In comparison, the AUROC for any 

cardiac event using the points based Cox Framingham model was 0.65 (95%CI 0.57 - 0.72). 

 

Figure 3 shows the conditional inference trees we created using CART analysis to predict 

CV events. In this tree, PR3 ANCA status was the most discriminative starting point.  

Thereafter, age, eGFR, and BVAS items were important predictors of the risk of a CV event.  

Using this inference tree, a patient that was PR3 ANCA positive, had eGFR > 32.3, and no 

items present on the Cardiovascular section of the BVAS, had the lowest risk (1.4%) of a 

CV event in the following 5 years.  In the EUVAS cohort, 146 individuals fitted these criteria 

and 2 of them (1.4%) had a CV event.  Conversely, 12 of 47 (44.4%) of patients that were 

PR3 ANCA negative and older than 72.4 years had a CV event.  

 

Discussion 

Within 5 years of diagnosis of WG or MPA, approximately 14% of patients will have a major 

cardiovascular event.  The age standardised annual CV mortality rate of 699 per 100,000 

in this cohort is 3.7 (95% CI 3.2-4.3) times higher than we would expect in the background 

population.  The result of our study adds further weight to the growing body of evidence 

that individuals with a diagnosis of WG or MPA are at significantly increased risk of 

cardiovascular morbidity and mortality.[149, 155]    

 

There are many potential reasons for the increased CV risk.  Endothelial dysfunction which 

is a recognised risk factor for CV disease [160, 172-174] has been shown to be present in 

ANCA associated vasculitis and is independent of disease activity or renal 

involvement.[175]    Renal dysfunction, which occurs frequently in patients with MPA and 
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WG, is an established contributor to cardiovascular disease by affecting metabolic, 

inflammatory and hemodynamic pathways.[176]  In addition, vasculitis represents a 

chronic inflammatory state, and other inflammatory diseases, such as rheumatoid 

arthritis and systemic lupus erythematosus have strong associations with CV disease.[177, 

178]  Animal models suggest that vessels following arteritis are more prone to 

atherosclerotic change.[179] Further, corticosteroids, which are a routine part of 

treatment for vasculitis, present an interesting conflict: they increase cardiovascular risk 

by accelerating the development of diabetes,[180] dyslipidemia[181] and 

hypertension,[182] but may also have a protective role in vasculitis by reducing systemic 

inflammation and improving endothelial dysfunction.[157, 159, 183] 

 

We have developed 2 complementary models (logistic regression and CART) to predict 

the 5-year cardiovascular risk at the time of first presentation with WG and MPA.  The 

regression model was validated in the WGET cohort and performed better than existing 

generic risk tools available for the general population.  Both models identified a positive 

PR3 ANCA status as an important determinant of lower risk among those with vasculitis.  

However, almost all patients in the EUVAS trials were either MPO or PR3 ANCA positive 

implying that those with a positive MPO ANCA are associated with an increased risk of CV 

disease.  Interestingly, neither model identified gender as a predictor of risk, suggesting 

that vasculitis may remove the CV risk benefit usually observed in women.  A potential 

explanation for this is that a large proportion of the women enrolled in the EUVAS trials 

were in the peri- or post-menopausal age group (mean age was 58, SD 14, i.e. 84% were 

over the age of 46 at baseline) and others may have been pushed into premature 

menopause by the use of cyclophosphamide.  In the regression model, a positive PR3 

ANCA status decreased the risk of a CV event, older age and the presence of diastolic 

hypertension at time of enrolment into the study increased the risk.  The discrimination 
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of this model compares very favourably with the QRISK score (area under ROC curve of 

0.76 and 0.79 for males and females respectively) and the 1991 Framingham equation 

(area under ROC curve 0.74 for male and 0.76 for females).[184-186]  Our second model 

used CART analysis to create an inference tree to determine the cardiovascular risk which 

provides insight into possible interactions between variables.   For example, the inference 

tree shows that patients who are PR3 ANCA positive and have good renal function are 

generally at low risk for cardiovascular events, however, if these patients have any 

cardiovascular system involvement at baseline then their risk of a major cardiovascular 

event is 9-fold higher.   

 

The main reason for developing risk algorithms is not just prognostication, but 

prognostication that allows clinicians to develop and test preventative strategies.  For 

vasculitis we do not yet know whether treating traditional risk factors such as smoking 

and dyslipidaemia would change the cardiovascular outcome or whether it is more 

important to treat the inflammation and renal disease.  Our model could be used to do 

the power calculation to determine how many patients would be needed in an 

interventional study to detect a 20% reduction in CV events.  For example, you would need 

X high risk patients vs. Y low risk patients or Z all patients. 

 

There are limitations to our study.   Lipid results, glycosylated haemoglobin levels and 

specific cardiovascular medications associated with prevention of CV disease (e.g. aspirin, 

statins, ACE inhibitors) were absent from the baseline dataset which may have omitted 

important predictor variables. The original EUVAS trials were not designed to evaluate 

cardiovascular risk and therefore a study designed to look specifically at this issue may 

have resulted in an even stronger model. This is something to aspire to for future studies.  

However, ours is the only disease specific model available for vasculitis currently.  When 
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interpreting our statistical model it is important to remember that we are trying to predict 

a specific outcome and the key objective is to predict the risk accurately.  There are 

potentially a large number of variables that have overlapping contributions to the 

cardiovascular risk but if a few variables are able to predict the risk with the same 

accuracy, then whether or not we include the other variables in the equation should not 

matter.  For example ‘hypertension’ in our model would very likely have an overlapping 

contribution to cardiovascular risk with renal impairment.  The patients included in our 

development dataset comprised a larger proportion of patients with mild WG (NORAM 

trial), and more patients with severe MPA (MEPEX trial), therefore patient selection bias 

may have unduly influenced the CV outcomes despite our best efforts to correct for renal 

function and disease severity in our statistical modelling.  In addition, there are some 

major differences between the development and validation groups; all patients had newly 

diagnosed WG or MPA in the EUVAS trials whereas the WGET cohort only included WG 

but comprised patients with new and existing disease.  We acknowledge that a large 

mixed cohort with both WG and MPA patients would have been the best cohort for testing 

and validation.  However, there are currently no other suitable cohorts available (i.e. with 

sufficient number of patients, long enough duration of follow-up and with accurate 

recording of cardiovascular events).   Therefore we have used the best alternative 

possible. Despite these potential biases and cohort differences our model still works very 

well in both groups, confirming the strength of our model and reinforcing that age, 

diastolic hypertension and PR3 ANCA status are strong predictors of cardiovascular 

outcomes in patients with ANCA associated vasculitis.   A further consideration is that 

renal function my change dramatically from baseline to later in the disease, therefore its 

use as a predictive variable may depend on when it is measured.  The effect of disease 

flares, cumulative dose of steroids and changes in renal function will need to be taken into 

account when evaluating cardiovascular risk at different time points in the disease course.  
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In conclusion, we have shown that the risk of a cardiovascular event in the first 5 years 

after the diagnosis of WG or MPA is raised.  To quantify this risk for an individual patient 

we have created and validated a statistical model using baseline clinical features.    

Identifying those at highest risk may help target those who require closer monitoring and 

further intervention.    
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Table 1. Baseline demographics in the EUVAS long-term follow-up and WGET cohorts 

 
EUVAS LTFU  

(n=535) 
WGET (n=180) P* 

Age in years, mean (SD) 58 (14) 47 (16) <0.001 

Male gender, n (%) 288 (54) 108 (60) 0.17 

Wegener’s granulomatosis, n (%) 281 (53) 180 (100) <0.001 

Microscopic polyangiitis, n (%) 254 (47) 0 (0) <0.001 

New diagnosis of vasculitis, n (%) 535 (100) 80 (44) <0.001 

Existing diagnoses of vasculitis, n (%) 0 (0) 100 (56) <0.001 

Serum creatinine  µmol/L , mean(SD) 341 (321) 153 (177) <0.001 

BVAS v2 (new/worse) score, mean 

(SD) 
16.9 (9.2) Not available - 

BVAS/WG score, mean (SD) Not available 6.9 (3.4) - 

MPO ANCA positive, n (%) 190 (35.5) 21 (12) <0.001 

PR3 ANCA positive, n (%) 302 (56.5) 131 (73) <0.001 

ESR, mean (SD) 76 (36) Not available - 

CRP, mean (SD) 88 (139) Not available - 

* P-values calculated using chi-squared test of association for categorical variables and 2-sample t-test for 

continuous variables. 

EUVAS LTFU = Long-term follow-up study of the European Vasculitis Study Group trials, WGET = Wegener’s 

granulomatosis etanercept trial; BVAS v2 = Birmingham Vasculitis Activity Score version 2;  BVAS/WG = 

Birmingham Vasculitis Activity Score for Wegener’s granulomatosis;  MPO ANCA = anti neutrophil cytoplasm 

antibody with specificity for myeloperoxidase;  PR3 ANCA = anti neutrophil cytoplasm antibody with 

specificity for proteinase 3;   ESR = erythrocyte sedimentation rate, CRP = C reactive protein. 
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Table 2: Baseline variables for patients included in the development of the 

cardiovascular risk prediction model. (N=427) 

 

Total number 

of patients  

Number of patients  

with at least one  

cardiovascular event 

(%) 

Multiple Imputation 

[n=427] 

Crude  

OR (95%CI) P-value 

Trial name:     

    CYCAZAREM 131 14 (10.7%) 1.00  

    CYCLOPS 107 14 (13.1%) 1.26 (0.57 - 2.77) 0.57 

    MEPEX 99 18 (18.2%) 1.86 (0.87 - 3.95) 0.11 

    NORAM 90 4 (4.4%) 0.39 (0.12 - 1.22) 0.11 

Diagnosis:     

    MPA 190 31 (16.3%) 1.00  

    WG 237 19 (8.0%) 0.45 (0.24 - 0.82) 0.009 

ANCA PR3:     

    No 168 33 (19.6%) 1.00  

    Yes 257 17 (6.6%) 0.29 (0.16 - 0.54) <0.001 

ANCA MPO:     

    No 279 22 (7.9%) 1.00  

    Yes 146 28 (19.2%) 2.78 (1.52 - 5.06) 0.001 

Age*:   1.58 (1.22 - 2.06) 0.001 

Sex:     

    Female 207 23 (11.1%) 1.00  

    Male 220 27 (12.3%) 1.12 (0.62 -  2.02) 0.71 

BMI:   1.03 (0.93 - 1.14) 0.57 

Ever smoked:     

    No 160 15 (9.4%) 0.61 (0.32 - 1.18) 0.14 

    Yes 132 20 (15.2%) 1.00  

Diabetes:     

    No 339 40 (11.8%) 1.00  

    Yes 14 3 (21.4%) 2.06 (0.57 - 7.40) 0.27 

New hypertension:     

    No 350 33 (9.4%) 1.00  

    Yes 72 16 (22.2%) 2.74 (1.41 - 5.30) 0.003 

Haemoglobin: 426  0.86 (0.75 - 1.00) 0.051 

log WBC*: 427  1.20 (0.56 - 2.59) 0.63 

Platelets**: 427  0.97 (0.95 - 0.99) 0.011 

eGFR* (MDRD): 426  0.83 (0.74 - 0.93) 0.001 

BVAS score: 422  1.02 (0.99 - 1.05) 0.23 

VDI 6-month score: 238  1.38 (1.09 – 1.74) 0.007 
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 MPA = microscopic polyangiitis, WG = Wegener’s granulomatosis, ANCA = Antineutrophil cytoplasm 

antibody, PR3 = Proteinase 3, MPO = myeloperoxidase, BMI = Body Mass Index, WBC = White blood cell, 

eGFR = estimated glomerular filtration rate, MDRD = Modification of Diet in Renal Disease study equation, 

BVAS = Birmingham Vasculitis Activity Score (new/worse)  

* A log transformation was performed on the WBC count to achieve a normal distribution  

** This is for a 10-unit increase in platelet count. 
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Table 3:  Predictor variables included in developing the final regression model. 

 Complete case Multiple Imputation [n=427] Multiple Imputation [n=427] 

Multiple Imputation 

[n=427] 

 Univariable Univariable Pseudo Multivariable Reduced model 

 OR (95%CI) OR (95%CI) R2 OR (95%CI) OR (95%CI) 

    R2 = 22.1% R2 = 18.5% 

Age [n=427]* 1.58 (1.22, 2.06) 1.58 (1.22, 2.06) 11.7% 1.35 (1.02, 1.79) 1.45 (1.11, 1.90) 

Gender [n=427]:      

    Female 1.00 1.00  1.00 - 

    Male 1.12 (0.62, 2.02) 1.12 (0.62, 2.02) 0.1% 1.10 (0.56, 2.15) - 

BMI [n=196] 1.03 (0.93, 1.14) 1.03 (0.93, 1.14) 1.3% - - 

BVAS1 [n=422] 1.02 (0.99, 1.05) 1.02 (0.99, 1.05) 1.0% - - 

eGFR [n=426]* 0.83 (0.74, 0.93) 0.83 (0.74, 0.93) 11.3% 0.93 (0.82, 1.06) - 

ANCA MPO [n=425]      

    No 1.00 1.00  - - 

    Yes 2.77 (1.52, 5.05) 2.78 (1.52, 5.06) 6.7% - - 

ANCA PR3 [n=425]      

    No 1.00 1.00  1.00 1.00 

    Yes 0.29 (0.16, 0.54) 0.29 (0.16, 0.54) 10.0% 0.41 (0.21, 0.80) 0.39 (0.20, 0.74) 

Ever smoked [n=427]:      

    Yes 1.00 1.00  1.00 - 

    No 0.58 (0.28, 1.18) 0.61 (0.32, 1.18) 2.3% 0.62 (0.29, 1.31) - 

New Hypertension 

[n=422]:      

    No 1.00 1.00  1.00 1.00 

    Yes 2.74 (1.42, 5.32) 2.74 (1.41, 5.30) 4.0% 1.92 (0.93, 3.95) 1.97 (0.98, 3.95) 

Previous diabetes 

[n=353]:      
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    No 1.00 1.00  - - 

    Yes 2.04 (0.55, 7.62) 2.06 (0.57, 7.40) 0.9% - - 

* This is for a 10-unit increase 
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Figure 1: Final model to predict the risk of a cardiovascular event in the first 5 years from diagnosis with microscopic polyangiitis or Wegener’s 

granulomatosis. 

 

 Age in years. 

 HTN = Diastolic blood pressure > 95 mmHg at time of diagnosis.  Score 1 if present, 0 if absent. 

 PR3 ANCA = 1 if present, 0 if absent.  

Five year CV risk is shown as: green = low risk (<10%), orange = moderate risk (10-20%), Red = high risk (>20%).   
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Figure 2:  Validation of the final model - ROC curves for the EUVAS and WGET cohorts 
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Figure 3: Conditional inference tree showing approximate risk of a cardiovascular event within 5 years based on baseline clinical features  

 

% shown is the risk of a cardiovascular event within 5 years of diagnosis of Wegener’s granulomatosis or microscopic polyangiitis.N=Cardiovascular 

events/number of individuals in Group 
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APPENDIX A:  A comparison of this EUVAS cohort’s age standardised cardiovascular 

mortality rate with selected European countries and Mexico 

Country 

Age-standardized 
mortality rate for 

cardiovascular diseases 

(per 100 000 
population)* 

Country of origin of patients in 
EUVAS cohort as percentage of 

whole group (n=535) 

Belgium 162 3.9 

Czech Republic 315 7.5 

Denmark 182 1.7 

Finland 201 2.6 

France 118 4.7 

Germany 211 10.7 

Ireland 214 3.4 

Italy 174 7.7 

Lithuania 391 1.1 

Mexico 163 0.9 

Netherlands 171 8.2 

Spain 137 6.2 

Sweden 176 9.7 

United Kingdom 182 31.6 

   

Predicted CV mortality rate for 
EUVAS cohort adjusted for 
country of origin 190  

 

Observed CV mortality rate 
for EUVAS cohort 699  

* All comparison rates are from the year 2002 and are age standardised to the world standard population.   

The countries listed represent the origin of patients in the EUVAS cohort.  Predicted EUVAS cardiovascular 

mortality rate was calculated by multiplying the proportion of patients from each country by the age 

standardised rate for that country. 

Source: World Health Organization. (http://www.who.int/whosis/en/)  
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APPENDIX B:  The physicians involved in the EUVAS trials 

Abramowicz D, Abuzakouk M, Adu D, Andrassy K, Bacon, P, Ballarin J, Bataille P, 

Blockmans D, Bruchfeld A, Burns A, Calero F, Chabova V, Chizzolini C, Cohen Tervaert JW, 

Confalonieri R, Dadoniene J, de Groot K, de Lind van Wijngaarden R, de Souza R, Dhaene 

M, Ekstrand A, Eriksson P, Esnault VL, Feehally J, Feighery C, Ferrario F, Flores Suarez L, 

Garibotto G, Gaskin G, Germanis G, Gibson J, Gregorini G, Grönhagen C, Gross WL, 

Guillevin L, Hagen EC, Harper L, Haubitz M, Heigl Z, Heimburger M, Hergesell O, Jayne 

DR, Kallenberg CGM, Kieley P, Leblau J, Lesavre P, Lundberg I, Luqmani R, Madhoun P, 

Mason P, Mathieson P, Mirapeix E, Natusch A, Nowack R, Olveira D, Oudejans I, 

Pettersson E, Poisetti G, Poveda R, Puechal X, Pusey C, Rasmussen N, Reinhold- Keller E, 

Riska, Rupprecht H, Rychlik I, Santostefano M, Savage C, Schmitt W, Schneider M, 

Segelmark M, Selga D, Sennesael J, Serra A, Siegert C, Sinico A, Specker C, Stahl-

Hallengren C, Stegeman CM, Sterner G, Stevens J, Stolear J, Svenungsson E, Tesar V, 

Theander E, Tidman M, Tomson C, Turner N, Valles M, Valles M, van der Woude F, van 

Gurp E, Vanhille P, Verburgh  C, Vischedyck M, Watts R, Weber P, Weidner S, Westman 

K, Wiik A, Williams A, Wissing M. 
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Appendix C: The WGET research group 

WGET Chairman: Stone J (The Johns Hopkins Vasculitis Center), WGET Co-Chairman: 

Hoffman G (The Cleveland Clinic Foundation Center for Vasculitis Research and Care).  The 

Johns Hopkins University Center for Clinical Trials (co-ordinating center): Holbrook JT,  

Meiner CL, Doge J, Donithan J, Min N,  Murrow L, Smith J,  Tibbs A, Van Natta M. The Beth 

Israel Medical Center, New York: Spiera R, Berman R, Enuha S.  Boston University: Merkel 

PA, Gelbard R, Nuite M, Schiller A. The Cleveland Clinic Foundation: Hoffman G, 

Blumenthal D, Bork D, Clark T, Crook S, Calabrese L, Farkas S, Sridharan S, Strom K, Wilke.  

Duke University: St.Clair EW, Allen N, Rodin K, Scarlett E. Johns Hopkins University: Stone 

J, Hellman D, Moore A, Pinachos L, Regan M, Uhlfelder M.  The Mayo Clinic: Specks U, 

Bradt K, Carlson K, Fisher S, Hammel B, Mieras K, Ytterberg S.  University of California, San 

Francisco: Davis JC, Fitzpatrick M, Fye K, Lund S.  University of Michigan: McCune J, 

Coomer B, Gilson B, Haftel H, Morrel-Samuels A, Neckel S.  The Johns Hopkins University 

Immune Diseases Laboratory: Rose N, Burek CL, Barin J, Talor M.  Data and Safety 

Monitoring Board: Canner P (Maryland Medical Research Institute), Conn DL (Emory 

University), Klippel JH (Arthritis Foundation), Landis JR (University of Pennsylvania). 
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3.2 Peripheral neuropathy in ANCA-associated vasculitis: outcomes 

from the European Vasculitis Study Group trials (Suppiah R, Hadden 

R, Batra R, Arden N, et al. Peripheral neuropathy in ANCA-associated 

vasculitis: outcomes from the European Vasculitis Study Group trials. 

Rheumatology, 2011. 50(12): p. 2214-22) 
 

The following section in this chapter is a reproduction of the paper "Peripheral neuropathy 

in ANCA-associated vasculitis: outcomes from the European Vasculitis Study Group trials" 

published in the journal Rheumatology in 2011.  This journal carried an impact factor 4.058 

in 2011.  The text, tables and the references used in the article have been formatted to be 

consistent with rest of the thesis.   Relevant permission to re-use this article in this thesis 

has been obtained from Oxford University Press. 

 

 The BVAS version 3 which is referred to in the paper is available as an appendix at the end 

of the thesis. 
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Peripheral neuropathy in ANCA-associated vasculitis: Outcomes from the European 

Vasculitis Study Group trials 

Ravi  Suppiah1,2, Robert  D M Hadden3,  Rajbir Batra2 , Nigel K Arden2, Michael P Collins4, Loic 

Guillevin5 ,  David Jayne6 , and Raashid A Luqmani1,2 on behalf of the European Vasculitis 

Study Group  
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Abstract 

Objectives: 1) Describe the incidence and prevalence of peripheral neuropathy in ANCA-

associated vasculitis (AAV); 2) Evaluate the correlation of neuropathy with other clinical 

manifestations; and 3) Review the long-term outcome of treated neuropathy. 

Methods:  Presence of neuropathy was determined using items from the Birmingham 

Vasculitis Activity Score (BVAS) and Vasculitis Damage Index (VDI) during 5 years from 

enrolment into clinical trials conducted by the European Vasculitis Study Group (EUVAS). 

Results: Forty (8%) of 506 patients had vasculitic neuropathy at baseline. Incidence of 

vasculitic motor-involving neuropathy was identical between MPA [16/237 (7%)] and WG 

[19/269 (7%)], P=0.94.  Pure sensory neuropathy was reported in 5/269 (2%) patients with 

WG but not in patients with MPA, P=0.065.  Vasculitic neuropathy at baseline was 

associated with systemic (OR 1.81), cutaneous (OR 1.29), mucous membranes (OR 1.21), 

and ear nose and throat (OR 1.14) manifestations of vasculitis, P<0.05 for all.  There was 

no association between neuropathy and renal, chest, cardiovascular or abdominal 

vasculitis or with overall mortality. Of the 40 patients with vasculitic neuropathy at 

baseline, 35% had complete resolution within 6 months. The cumulative prevalence of 

chronic neuropathy at any time up to 5 years was 15% (75 of 506). Chronic neuropathy 

was associated with older age (HR 1.03), higher BVAS (HR 1.07), and lower baseline 

creatinine (HR 0.82), P<0.01 for all.   

Conclusion: Peripheral neuropathy is an occasional accompaniment of AAV that typically 

remits in concert with non-neuropathic manifestations, usually involves motor nerves, 

often produces long-lasting symptoms, and is not associated with life-threatening organ 

involvement.   
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Introduction 

Wegener’s granulomatosis (WG) and microscopic polyangiitis (MPA) are both necrotising 

systemic vasculitides which affect small blood vessels (arterioles, capillaries and venules) 

and have a strong association with anti-neutrophil cytoplasm antibodies (ANCA).[18]  

Granulomatous inflammation of the respiratory tract with a cytoplasmic pattern of ANCA 

staining on immunoflorescence (cANCA) which has an affinity to proteinase 3 (PR3) are 

the hallmarks of WG.[187]  In contrast, MPA is not associated with granulomatous 

inflammation, but is a necrotising vasculitis with little or no immune deposit.[18]  The 

finding of a peri nuclear pattern of ANCA staining (pANCA) which is specific to 

myeloperoxidase (MPO) is a feature of MPA.[188]   Glomerulonephritis and pulmonary 

capillaritis are well studied manifestations of both these disease.[102, 103, 189-191] 

Peripheral neuropathy is reported to be a feature in up to 58 % of patients with WG and 

MPA [151, 192-194] and is commonly present at the onset of disease.[151, 195]  The 

aetiology of the neuropathy in this setting is ischaemic occlusion of the vasa nervorum 

(i.e. occlusion of the small blood vessels that supply the nerves).  Large myelinated sensory 

and motor fibres are typically affected as they are more prone to ischaemic damage.  The 

insult is axonal rather than demyelinating.  Patients often experience pain and may have 

an acute or sub-acute presentation.[192] Current treatment strategies for vasculitis-

associated neuropathy depend largely on extrapolation from trials of treatment for other 

organ manifestations because few studies have directly addressed the effect of 

immunosuppression on vasculitic neuropathy itself.[196] Furthermore, there is very 

limited evidence comparing the incidence and prevalence of neuropathy with other 

features of systemic vasculitis and the correlation of treatment responses of these other 

manifestations with improvement in peripheral neuropathy.   
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The European Vasculitis Study Group (EUVAS) has completed several trials on the 

treatment of ANCA associated vasculitis (AAV).[102, 103, 105, 139]  More than 5 years of 

follow up data is now available for four of the trials encompassing 535 patients with WG 

or MPA, stratified by degree of renal involvement.  Detailed clinical evaluation, including 

peripheral neuropathy was systematically captured during the studies.  The aim of this 

study is to 1) Describe the incidence and prevalence of neuropathy in newly diagnosed 

AAV over a follow up period of 5 years; 2) Evaluate the correlation of neuropathy with 

other clinical features of systemic vasculitis; and 3) Review the long term outcome of 

peripheral neuropathy in patients with treated ANCA vasculitis. 

 

Patients and Methods 

The four EUVAS trials of patients with newly diagnosed WG or MPA (which included renal-

limited vasculitis) with long-term follow up have previously been described (MEPEX,[102] 

CYCLOPS,[103] CYCAZAREM[139] and NORAM[105] All four trials were designed to have 

standardised data collection and disease scoring.[197]  The trials excluded patients with 

Churg Strauss Syndrome.  Vasculitis disease activity was measured using the Birmingham 

Vasculitis Activity Score version 2 (BVAS),[198, 199] and damage using the Vasculitis 

Damage Index (VDI).[162]  Patients were stratified into the four trials by the severity of 

renal involvement. A summary of the trials including the drug regimens used and is 

provided in Table 1.  Disease activity (BVAS) was measured at 0, 1.5, 3, 6, 9, 12, 15, 18 

months and disease damage (VDI) at 0, 6, 12 and 18 months, except in the MEPEX trial 

where the study duration was 12 months. Long-term follow up (5 years) was conducted 

as a separate study which consisted of a questionnaire on patient survival, cardiovascular 

events, skeletal fractures, severe infection and immunosuppressive therapy, as well as 



 

Page | 88  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

completion of the VDI at 5 years from entry into the original trial by the original trial 

investigators.  Relevant ethical approval was obtained by all participating centres. 

We determined the presence or absence of symptomatic peripheral neuropathy by 

looking at the individual BVAS and VDI items scored during the original trials at all available 

time points and the VDI completed at 5 years in the long-term follow up study.  BVAS is a 

clinical checklist of items organised into 9 categories: general, cutaneous, mucous 

membranes/eyes, ENT, chest, cardiovascular, abdominal, renal, and nervous system. 

These categories are usually referred to as ‘organ systems’.[200] Individual items are only 

scored on the BVAS if are directly attributed to active vasculitis. Each item on BVAS is 

recorded based on the investigator making a clinical judgement at the time of assessment 

and not necessarily correlated with direct laboratory, radiology or electrophysiology 

evidence. BVAS captures sensory neuropathy and motor mononeuritis multiplex as two 

separate items within the nervous system category.  Sensory neuropathy is defined in 

BVAS version 2 (the version used in the EUVAS trials) as an objective sensory deficit in a 

glove or stocking distribution.  Therefore, patients who only had tingling, neuropathic pain 

or radicular symptoms were not considered to have a sensory neuropathy.  Mononeuritis 

multiplex is defined as objective motor weakness in multiple peripheral nerve 

distributions (i.e., more than one motor nerve had to be affected for this to be scored).  In 

practice, the treating physicians used the sensory neuropathy category to mean pure 

sensory without weakness and the motor mononeuritis multiplex category to mean any 

neuropathy with motor weakness with or without sensory loss.  A single patient could 

theoretically have had both sensory neuropathy and motor mononeuritis multiplex scored 

on BVAS if they met the relevant definitions for each category, but this did not happen. In 

general, patients were examined for neuropathy only if they were symptomatic.  In 

addition, neuropathy was only scored on BVAS (i.e. given attribution to active vasculitis) 
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once other causes of neuropathy were excluded.  Each item on BVAS version 2 has a 

separate score for new/worse disease and for persistent disease.  For the purposes of this 

analysis, BVAS version 2 results were mapped to the new version of BVAS (version 3).   

BVAS version 3 retains the majority of individual items, but the box for new/worse and 

persistent disease is removed for each item and replaced with a single box at the end of 

the form which is ticked if all items scored on BVAS are due to persistent disease only.  In 

the older version of BVAS, there is a separate total score for new/worse disease and for 

persistent disease whereas BVAS version 3 only has a single score which is essentially a 

composite of the 2 separate scores derived from the earlier version.   Any sensory or 

motor neuropathy scored on BVAS version 3 (which includes new/worse or persistent 

disease) was considered an ‘active vasculitic neuropathy’ in the present study.   

In contrast, VDI is a checklist of items organised into 11 categories (musculoskeletal, 

skin/mucous membranes, ocular, ENT, pulmonary, cardiovascular, peripheral vascular 

disease, gastrointestinal, renal, neuropsychiatric, and other) which documents ‘damage’ 

(irreversible scarring) that has occurred after the onset of vasculitis irrespective of 

aetiology.  By definition, the damage must be present for at least 3 months before it is 

recorded.  In the VDI, symptomatic neuropathy is captured as a single item within the 

neuropsychiatric category with no discrimination between sensory and motor 

neuropathies.  Once an item is recorded on the VDI, it is carried forward to all future 

assessments:  i.e. once peripheral neuropathy is ticked (which can happen after 3 months 

of persistent symptoms) it will always be carried forward irrespective of whether or not 

symptoms and signs resolve at a later time point. The term ‘chronic neuropathy’ is used 

in this paper to describe neuropathy as recorded on the VDI. 

The determination of symptomatic neuropathy was made at the discretion of the trial 

physician (which may have involved nerve conduction studies or assessment by a 
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neurologist but this was not mandatory).  We described the prevalence of cranial nerve 

palsy at trial onset but did not consider cranial nerve palsy to be a peripheral neuropathy 

for this study.  Relapse was defined by the recurrence or first appearance of at least 1 of 

the 24 items on the BVAS that are indicative of threatened function of a vital organ or by 

the recurrence or first appearance of at least three other BVAS items.  Neuropathy was 

not considered a vital organ in the definition of relapse. 

 

Statistical analysis 

Data was analysed using the following statistical software packages: R version 2.9.1 (R 

Foundation, Vienna, Austria), Stata version 10.1 (College Station, Texas, USA) and PASW 

version 18.0 (SPSS Inc, Chicago, USA).  Univariate and multivariate odds ratios were 

calculated for predictor variables against the outcome of interest.   Students’ t tests were 

used to compare the difference in means for normally distributed variables and Mann 

Whitney U tests for non-parametric variables.  Chi squared was used to compare the 

difference of proportions.  A two-tailed p value of ≤ 0.05 was considered statistically 

significant.   

 

Results 

Of 535 patients included in the long-term follow up study, 31 were excluded due to 

insufficient baseline or follow up data.  The remaining 506 (237 MPA and 269 WG) patients 

were used for this analysis and baseline characteristics are provided in Table 2.  The 

presence of motor (or motor-sensory) neuropathy at baseline was identical between MPA 

[16/237 (7%)] and WG [19/269 (7%)], P=0.94.  Pure sensory neuropathy was reported in 



 

Page | 91  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

5/269 (2%) patients with WG but not in any of the patients with MPA, P=0.065.  In total, 

there were 40 patients (8%) with active vasculitic neuropathy (sensory and/or motor) at 

baseline and a further 8 patients developed active vasculitic neuropathy at a later time 

point. Cranial nerve palsy was more common in WG [45/269 (17%)] compared with MPA 

[18/237 (8%)], p=0.002.   

At baseline, patients with active vasculitic neuropathy were more likely to have general 

systemic features (including arthralgia, arthritis, myalgia, fever and weight loss) compared 

to those without neuropathy; odds ratio (OR) adjusted for age and sex was 1.81 [95% 

confidence interval (CI) 1.19-2.75], P=0.005.  There was a trend for the association with 

general systemic features to be stronger in patients with WG compared with MPA, but 

this was not statistically significant.  Patients with active vasculitic neuropathy were also 

more likely to have non-life-threatening manifestations of disease at trial onset such as 

cutaneous, mucous membrane and ENT involvement. There was no relationship between 

the presence or absence of neuropathy compared with the occurrence of life-threatening 

organ involvement (chest, renal, cardiovascular and abdominal.) The full list of BVAS 

categories and likelihood of involvement in patients with vasculitic neuropathy stratified 

by diagnosis is listed in Table 3.  There were no statistically significant differences between 

WG and MPA.  

Patients with active vasculitic neuropathy at baseline had a median of 5 organ systems 

involved (range 3-8) compared with 4 (range 0-8) for those without neuropathy, mean 4.9 

(95% CI 4.5-5.4) versus 4.1 (95% CI 3.9-4.2) respectively (P<0.001).  Baseline disease 

activity in patients with vasculitic neuropathy (combined sensory and/or motor) was 

higher (mean BVAS v.3 score 29.7) compared to those without peripheral neuropathy 

(mean BVAS v3. score 19.5), P<0.001.  The mean time to achieve a BVAS v.3 score of 0 was 

the same for those with and without neuropathy at baseline (5.9 months).  Of the 40 
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patients with vasculitic neuropathy at baseline, all 40 achieved remission from active 

neuropathy within 9 months (as recorded in the BVAS), 14 (35%) without long-term 

damage (i.e. no neuropathy recorded on the VDI).  The remaining 26 patients (65%) 

developed what we termed ‘chronic neuropathy’ (i.e., damage lasting longer than three 

months as recorded on the VDI) despite remission from active vasculitic neuropathy.  

Figure 1 shows the time course for resolution of active neuropathy in the 40 patients 

affected at onset.  Of the patients with active vasculitic neuropathy at baseline, 10/40 

(25%) died within 5 years compared with 80/450 (18%) without neuropathy, P =0.26.  The 

hazard ratio (HR) for death adjusted for age, sex and renal function for patients with 

vasculitic neuropathy at baseline was 1.64 (95% CI 0.85-3.19), P=0.142. 

Chronic neuropathy which developed after disease onset and had lasted at least three 

months was documented by VDI in 14 patients (3%) at trial entry (indicating these patients 

had already suffered neuropathy for at least 3 months), 52 patients (11%) by 12 months 

and 75 patients (15%) by 60 months, Figure 2.  These figures are probably an overestimate 

because the VDI does not detect any improvement in neuropathy once it has been present 

for over three months. Figure 3 shows the overall cumulative prevalence of neuropathy 

as documented by BVAS and VDI.  In total there were 94 (18.6%) patients with neuropathy 

documented on BVAS or VDI by 5 years.  Of the 75 patients with chronic neuropathy by 5 

years, only 29 had an active vasculitic process affecting their peripheral nerves during the 

original study period. The underlying aetiology for the chronic neuropathy in the 

remaining 46 patients is unknown.  The contribution of vasculitis relapse to the incidence 

of chronic neuropathy was assessed in the 357 patients in whom relapse data was 

available.  Although 22/46 (48%) patients without a definite underlying cause for chronic 

neuropathy at 5 years had at least 1 relapse of active vasculitis during this time, this figure 

was not significantly different from the relapse rate in patients without chronic 
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neuropathy by 5 years (116/311 or 37%, P = 0.17).   However, amongst the 75 patients 

with chronic neuropathy by 5 years, the mean number of vasculitis relapses per person 

was 0.93 (SD 1.19) compared with 0.70 (SD 1.12) for those without neuropathy, P=0.03.  

On multivariable analysis (adjusting for age, gender, baseline renal function, baseline 

BVAS, and PR3 and MPO ANCA status), patients with chronic neuropathy occurring within 

5 years were more likely to be older [HR 1.03 for every 1 year increase in age (95% CI 1.01-

1.05), P=0.009], have a higher BVAS at baseline [HR 1.07 for a 1 point increase in BVAS 

(95% CI 1.04-1.11), P<0.001], and have a lower serum creatinine (HR 0.82 for every 100 

µmol increase in creatinine (95% CI 0.72-0.93), P=0.002].  Gender and PR3 and MPO ANCA 

status were not associated with chronic neuropathy occurring within 5 years.  Diabetes at 

baseline was not included in the analysis because of missing data on 105 (21%) patients. 

 

Discussion 

The availability of long-term outcome data on over 500 incident patients with ANCA 

vasculitis has permitted the investigation into the frequency and outcome of vasculitic 

neuropathy in ANCA vasculitis patients. Symptomatic vasculitic neuropathy occurred in 

approximately 8% of patients with WG and MPA at time of first presentation.  With 

aggressive immunosuppressive therapy, all patients with active vasculitic neuropathy at 

baseline achieved remission from their neuropathy within 9 months (as defined by the 

BVAS), 35% of whom had no long-term peripheral nervous system sequelae (as defined 

by the VDI).  On the other hand, by 5 years, 15% of patients with WG and MPA had 

accumulated symptomatic chronic peripheral nerve damage. Once the immediate life-

threatening aspects of vasculitis have been managed, the most important outcome for 
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patients is their quality of life which has been shown to be associated with peripheral 

neuropathy.[201, 202]  

Of the patients who developed chronic neuropathy by 5 years, about 1/3 had active 

vasculitic neuropathy during the original study period, representing the likely cause of the 

chronic damage.  However, in the remaining 2/3 of patients, the aetiology is unclear.  A 

proportion of these patients may have developed a vasculitic neuropathy that was 

sufficiently insidious as to have escaped capture during the original studies or that 

emerged with disease relapse after the end of the trials, but neuropathy from diabetes, 

uraemia, vitamin B12 deficiency, medications, or other incidental factors are alternative 

explanations. Interestingly, a lower serum creatinine at baseline was associated with the 

development of a chronic neuropathy by 5 years.  Patients with lower creatinine would 

have received less aggressive immunosuppressive therapy, which may be a contributing 

factor, but alternatively, patients with high serum creatinine are more likely to die early, 

and therefore, peripheral neuropathy may not have been recognised in this group of 

patients. 

In comparison to the 18.6% of patients with documented neuropathy at any time point in 

our cohort, a retrospective review of 85 patients with MPA enrolled in various clinical 

trials by the French Vasculitis Study Group (FVSG) showed that 58% of patients had 

neuropathy during an average of 70 months of follow up,[194] while 44% of 128 WG 

patients in a prospective German cohort developed neuropathy during  mean follow-up 

of 19 months.[151] The FVSG figure included patients with cranial neuropathy 

(approximately 7%), but after excluding these patients, the proportion of patients with 

neuropathy was still much higher than in the EUVAS cohort. All patients in the German 

cohort underwent regular assessment by a consultant neurologist and nerve conduction 

testing, which may explain the larger proportion of patients with documented neuropathy 
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in this study.[151] In contrast, only 0.5% of patients in the Wegener’s Granulomatosis 

Etanercept Trial (WGET) were identified as developing chronic peripheral neuropathy 

from a vasculitic cause (medium follow-up of 25 months).[59] The WGET trial used a 

similar method of identifying neuropathy to that employed in this study.  Therefore, there 

were probably a large number of patients in the EUVAS and WGET cohorts with 

asymptomatic peripheral neuropathy. 

There are limitations to this study.  The data analysed here is a retrospective extrapolation 

from four studies with long-term follow up whose primary endpoints were focused on 

renal function, overall disease activity, death and cardiovascular outcomes, not peripheral 

neuropathy. The study investigators were mainly nephrologists and rheumatologists who 

may not have assessed peripheral neuropathy accurately. We do not know how many of 

the patients had electrophysiological confirmation of neuropathy or how many patients 

with neuropathy were missed because the study investigators did not ask the right 

question or do a thorough neurological examination. The VDI definition of chronic 

neuropathy includes all patients in whom there was clinical evidence of neuropathy 

lasting at least 3 months, which means that some of the patients included in this group 

probably had partial or complete recovery of their neuropathy. The BVAS and VDI were 

not designed by neuropathy experts and are a crude way of assessing neuropathy. Both 

are clinical checklists, and individual items may not have been investigated or scored if 

patients did not complain of neuropathic symptoms. For these reasons,  it is very likely 

that the overall prevalence of active vasculitic neuropathy was under-estimated in this 

study, while the prevalence of chronic neuropathic symptoms at 5 years may be an over-

estimate because recovery of chronic neuropathy lasting over three months was not be 

assessed. The distribution of nerves affected, presence or absence of neuropathic pain, 

and neuropathy severity were not recorded. Moreover, the number of patients with 
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neuropathy in each trial was small, making it difficult to identify specific trends between 

the different treatment strategies and neuropathy outcomes.   

In summary, during the first 5 years after diagnosis of WG and MPA, 15% of patients 

developed chronic peripheral neuropathy lasting over three months.  It is unclear how 

many of these chronic neuropathies were caused by vasculitic nerve injury directly as 

opposed to other factors such as uraemia, drug toxicity and diabetes.   With the strong 

move towards patient reported outcomes and damage as the benchmark for assessing 

success of treatment,[203] recognising complications such as peripheral neuropathy and 

devising appropriate preventative and treatment strategies is increasingly important 

when managing patients with systemic vasculitis. 

 

Key messages: 

1. Symptomatic peripheral neuropathy is an occasional feature of ANCA associated 

vasculitis. 

2. Neuropathy is not associated with life threatening manifestations of vasculitis. 

3. The neuropathy usually affects motor nerves and is long lasting. 
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Table 1: Summary of the EUVAS trials with long-term follow up 

Trial name and description Renal function 
(serum 

creatinine) 

Induction therapy Maintenance therapy Primary endpoint Duration of 
trial 

MEPEX 
Induction therapy -  comparison of plasma 
exchange to methylprednisolone in 
patients with severe renal disease 

>500mmol/L or 
requiring dialysis 

Arm 1: Daily oral cyclophosphamide 2.5 mg/kg/day 
reduced to 1.5 mg/kg/day at 3 months and stopped at 6 
months 
+ 
intravenous methylprednisolone  
1000 mg/day for three consecutive days at trial onset 

Azathioprine 2mg/Kg/day from 6 months till trial 
end Renal recovery at 3 

months 
12 months Arm 2: Daily oral cyclophosphamide 2.5 mg/kg/day 

reduced to 1.5 mg/kg/day at 3 months and stopped at 6 
months 
+  
7 plasma exchanges within 14 days of study entry. 

Both: Prednisolone 1 mg/kg per day at entry  tapered to 0.25 mg/kg/day by 10 weeks, 15 mg/day at 3 months 
and 10 mg/day from 5 to 12months 

CYCLOPS 
Induction therapy – comparison of daily 
oral cyclophosphamide with pulsed 
intravenous cyclophosphamide in patients 
with generalised disease 

150-500mmol/L 

Arm 1: Daily oral cyclophosphamide (2mg/kg/day) until 
remission + 3 months.  Min 6 months, Max 12 months. 

Azathioprine 2mg/Kg/day from when 
cyclophosphamide stopped to trial end. Time to remission 18 months 

Arm 2: Intravenous cyclophosphamide (15mg/Kg) 2 
weekly for first month, then 3 weekly until remission + 3 
months.  Min 6 months, max 12 months 

Both: Prednisolone  1 mg/kg orally, tapered to 12.5 mg at the end of month 3 and to 5 mg by 18 months 

CYCAZAREM 
Maintenance therapy comparing 
azathioprine with cyclophosphamide in 
patients with a renal manifestation or with 
generalised life threatening disease 

<500mmol/L 

Daily oral cyclophosphamide (2mg/kg/day) until 
remission.  Min 3 months, max 6 months. 
+ 
 Oral prednisolone 1mg/kg/day initially, tapered to 
0.25mg/kg/day by week 12. 

Arm 1: Azathioprine 2mg/Kg/day from induction of 
remission until trial end 

Relapse 18 months 
Arm 2: Cyclophosphamide 1.5mg/Kg/day from 
remission until 12 months and then azathioprine 
2mg/Kg/day until trial end 

Both: Prednisolone 10mg/day until 12 months and 
then 7.5mg/day  

NORAM 
Induction therapy comparing 
methotrexate to cyclophosphamide for 
induction treatment in patients with 
normal renal function and without organ 
threatening disease 

<150mmol/L 

Arm 1: Daily oral cyclophosphamide (2mg/kg/day) until 
remission.  Minimum of 3 and a maximum of 6 months. 

Cyclophosphamide 1.5 mg/kg/day until month 10, 
then tapered and discontinued by month 12. 

Remission within 6 
months 

18 months 
Arm 2: Oral methotrexate 15 mg/week escalating to a maximum of 20–25 mg/week by 12 weeks, which was 
then maintained until month 10 and then tapered and discontinued by month 12. 

Both: Prednisolone 1 mg/kg/day, tapered to 15 mg/day by 12 weeks and 7.5 mg/day by 6 months, and 
discontinued by 12 months 
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Table 2: Baseline characteristics of EUVAS long- term follow up cohort 

 

Variable 
MPA (n=237) 

 
WG (n=269) 

 
P 

 
 

Missing 
n (%)  

Missing 
n (%)  

Age mean (SD) 60.67 
(13.29) 0 (0%) 

54.40 
(14.61) 0 (0%) 0.000 

Gender  0 (0%)  0 (0%) 0.616 

Female, n(%) 111 (47%)  120 (45%)   

Male, n (%) 126 (53%)  149 (55%)   
Trial  0 (0%)  0 (0%) 0.000 
 MEPEX, n (%) 83 (35%)  36 (13%)   
 CYCAZAREM, n (%) 56 (24%)  88 (33%)   
 CYCLOPS, n (%) 92 (39%)  56 (21%)   
 NORAM, n (%) 6 (3%)  89 (33%)   
Mean BVAS v.3 score (SD) 17.97 (7.72) 10 (4%) 22.34 (8.50) 6 (2%) 0.000 
Creatinine µmol/L, mean (SD) 371 (160) 18 (8%) 215 (130) 3 (1%) 0.000 

PR3 ANCA positive, n(%) 65 (28%) 5 (2%) 226 (84%) 0 (0%) 0.000 

MPO ANCA positive, n(%) 142 (61%) 5 (2%) 37 (14%) 0 (0%) 0.000 
Diabetes, n (%) 14 (8%) 59 (25%) 10 (4%) 46 (17%) 0.156 
Ever smoked, n (%) 70 (46%) 84 (47%) 84 (35%) 90 (33%) 0.830 

Cranial nerve palsy*, n (%) 18 (8%) 10 (4%) 45 (17%) 6 (2%) 0.002 
Pure sensory neuropathy*, n 
(%) 0 (0%) 10 (4%) 5 (2%) 6 (2%) 0.065 

Motor neuropathy*, n (%) 16 (7%) 10 (4%) 19 (7%) 6 (2%) 0.940 

 

*Based on BVAS item at baseline.  By definition, these items are only scored if directly 

attributed to active vasculitis when all other causes have been excluded. 
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Table 3: Association between patients with vasculitic neuropathy (sensory or motor) and 

the presence of other vasculitis manifestations as per Birmingham Vasculitis Activity Score 

v.3 categories at baseline compared with those without neuropathy, adjusted for age and 

gender. 

BVAS v.3 

category 

All patients 

n=506  

OR  (95% CI) 

P Wegener's 

granulomatosis 

n=269 

OR  (95% CI) 

P Microscopic 

polyangiitis  

N=237 

OR  (95% CI) 

P 

General 1.81 (1.19,2.75) 0.005 2.02 (1.06,3.85) 0.032 1.64 (0.94,2.87) 0.079 

Cutaneous 1.29 (1.08,1.53) 0.005 1.19 (0.97,1.47) 0.092 1.68 (1.11,2.54) 0.014 

Mucous 

membranes/Eye

s 

1.21 (1.03,1.44) 0.024 1.20 (0.97,1.50) 0.095 1.23 (0.92,1.64) 0.170 

ENT 1.14 (1.01,1.28) 0.030 1.12 (0.91,1.38) 0.280 1.21 (0.99,1.48) 0.059 

Chest 1.10 (0.97,1.24) 0.126 1.05 (0.90,1.23) 0.549 1.16 (0.96,1.39) 0.118 

Cardiovascular 0.81 (0.47,1.41) 0.462 0.93 (0.53,1.64) 0.808 No patient with 

PN had CV 

involvement 

 

Gastrointestinal 0.90 (0.68,1.21) 0.496 0.93 (0.70,1.25) 0.637 No patient with 

PN had GI 

involvement 

 

Renal 1.00 (0.92,1.08) 0.948 1.01 (0.92,1.11) 0.806 1.00 (0.84,1.19) 0.997 

Nervous system 

* 

1.26 (1.13,1.40) <0.001 1.20 (1.05,1.38) 0.007 1.37 (1.14,1.64) 0.001 

Other 

correlations 

      

Cranial nerve 

palsy 

1.27 (1.13,1.44) <0.001 1.24 (1.06,1.44) 0.006 1.33 (1.07,1.65) 0.010 

CNS** 1.16 (0.95, 1.40) 0.138 1.06 (0.82, 1.38) 0.653 1.33 (0.97, 1.82) 0.074 

BVAS v.3 score  1.16 (1.11,1.22) <0.001 1.17 (1.09,1.24) 0.000 1.17 (1.10,1.25) <0.001 

*Nervous system excluding sensory and motor peripheral neuropathy. ** Includes: meningitis, organic 

confusion, seizures, stroke and spinal cord lesion 

Abbreviations: CNS = Central Nervous System; CV = Cardiovascular; ENT = Ear Nose and Throat; GI = 

Gastrointestinal; PN = Peripheral Neuropathy 
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Table 4: Details of the 40 patients with active neuropathy at baseline 

 MEPEX 
(n=117) 

CYCAZARE
M (n=131) 

CYCLOPS 
(n=147) 

NORAM 
(n=95) 

Patients with vasculitic neuropathy at 
baseline*, n(%) 

7 (6%) 15 (11%) 7 (5%) 11 (12%) 

BVAS v.3 score  at baseline, mean (SD) 
35.43 
(6.16) 

30.67 
(7.75) 

28.86 
(5.11) 

25.09 
(8.79) 

Number of patients whose vasculitic 
component of neuropathy resolved*, n 
(%) 

7 (100%) 15 (100%) 7 (100%) 11 (100%) 

Time in months for active vasculitic 
component of neuropathy to resolve*, 
mean (SD) 

2.83 (1.60) 3.21 (1.58) 2.00 (0.00) 3.55 (2.77) 

BVAS v.3 score at time vasculitic 
component of neuropathy resolved, 
mean (SD) 

7.17 (5.04) 3.64 (4.91) 6.40 (7.60) 3.82 (5.79) 

Patients who achieved complete 
remission of neuropathy**, n (%) 

3(43%) 4(27%) 2(29%) 5(45%) 

Relapse of vasculitic neuropathy in 
patients who had baseline vasculitic 
neuropathy which subsequently 
resolved*, n (%) 

0 (0%) 2 (14%) 0 (0%) 0 (0%) 

Time in months to first vasculitic 
neuropathy relapse, mean (SD) 

- 5.00 (1.41) - - 

BVAS v.3 score in patients during 
vasculitic neuropathy relapse, mean 
(SD) 

- 
10.00 
(1.41) 

- - 

*Based on being scored or not on the BVAS 

** Based on no longer having a sensory or  motor neuropathy scored on BVAS v.3 AND 

not having a VDI item for neuropathy scored at any later time point.   All patients who 

achieved complete remission of neuropathy did so by 6 months which was the first time 

VDI was scored after baseline. 
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Figure 1.  Proportion of the 40 patients with active vasculitic neuropathy at baseline 

who continue to have active vasculitic neuropathy documented on the Birmingham 

Vasculitis Activity Score (BVAS) over time.   
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Figure 2.  Cumulative damage in the first 5 years of follow up.  Damage is based on an 

item being scored on the Vasculitis Damage Index (VDI). For chronic neuropathy to be 

documented by the VDI, it must have developed after the onset of vasculitis and present 

for at least 3 months, but may be of any aetiology. 
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Figure 3.  Prevalence of peripheral neuropathy during the EUVAS trials.   For chronic 

neuropathy to be documented by VDI it must have developed after the onset of 

vasculitis and be present for at least 3 months, but may be of any aetiology. The VDI 

assesses cumulative prevalence: once neuropathy is present, it remains at all future 

time points. 
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 3.3 Summary and Update on Morbidity and Mortality 
 

There is significantly increased mortality and morbidity in patients with ANCA associated 

vasculitis.  Untreated, the risk of death is >90% within 2 years.  With treatment, this figure 

is much lower, but mortality is still high compared with the background population.  There 

is increased mortality soon after the onset of vasculitis due to active vasculitis causing end 

organ damage such as renal failure or respiratory failure.  Initially there is also a higher 

rate of death due to infection related to the immunosuppressive therapy that is required 

to control disease.  Even after the vasculitis has been effectively treated, there appears to 

be disease- and treatment-related late mortality from cardiovascular disease and 

malignancy.  This chapter has summarised the evidence for these findings based on 

historical published data, a recent study which I was involved in looking at the United 

Kingdom General Practice Research Database, and from the EUVAS group of trials.   

 

The first original paper included in this chapter used the long-term follow up data from 

535 patients enrolled in the 4 original EUVAS trials to quantify the cardiovascular risk in 

patients presenting with a new diagnosis of ANCA vasculitis.  Patients were only included 

in the long-term follow-up study if they had a minimum of 5 years of follow-up data 

available or if they had died prior to this date.   The main findings were that the observed 

cardiovascular event rate was 3.7 times higher than the background population in the first 

5 years following a diagnosis of ANCA vasculitis.  Using the baseline data for patients 

enrolled in the trial we were able to create a prognostic tool to quantify the absolute risk 

of having a cardiovascular event within 5 years of diagnosis.  The final prognostic model 

showed that the patient’s age, presence of diastolic hypertension and the ANCA subtype 
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was able to accurately predict the 5-year risk of a cardiovascular event.  The model was 

validated on an external dataset based on the long-term follow up of the WGET trial.  This 

model is the only validated cardiovascular risk prediction tool for patients with ANCA 

vasculitis and predicts cardiovascular events in this group of patients much more 

accurately than using a traditional risk factor model.    

 

The second original paper presented in this chapter looked at peripheral neuropathy in 

patients enrolled in the EUVAS group of trials.  The identification of neuropathy was based 

on a disease activity measure (BVAS) and damage assessment tool (VDI), both of which 

are discussed in more detail in the next chapter on outcome measures.  The BVAS version 

used in the trials (version 2) had separate scores for new disease activity and for persistent 

disease activity.  To simplify analysis, the scores were transformed to the BVAS version 3 

which combines both new and persistent into a single score.  The sub-scores 

(new/persistent) of BVAS version 2 have previously been shown to correlate well with 

BVAS version 3.[204]  Neuropathy was found in 15% of patients with ANCA vasculitis 

during the long-term follow-up of the 4 original EUVAS trials.  Baseline neuropathy 

attributable to active vasculitis was found in 8% of those enrolled in the trials and was not 

related to life- or organ-threating features of ANCA vasculitis.  The acute vasculitic 

neuropathy typically affected motor nerves and appeared to improve over 6-9 months, 

however the VDI did identify a sizeable proportion (15% of trial entrants by 5 years) with 

chronic neuropathy.  This paper highlighted that even when people survive from a 

diagnosis of ANCA vasculitis, or even if they have relatively mild disease, they can have 

disabling morbidity which may affect their quality of life over a prolonged period.      
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Chapter 4:  Outcome Measures in vasculitis 
 

This introductory and summary sections of this chapter are based on the following publication: 

Suppiah R. Outcome measures in primary systemic vasculitis. Indian Journal of Rheumatology. 

8: p. S61-S67.   

 

The content has been modified to fit the purpose for which it is used in this thesis.  The final 

version of the introduction and summary sections of this chapter have been seen by the editor 

of the Indian Journal of Rheumatology and copyright manager for Elsevier and permission has 

been granted to use their copyright content in this way.   
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Introduction  

Treatment of primary systemic vasculitis depends on the underlying diagnosis and the 

severity of the clinical manifestations.  To date, the mainstay of treatment for large vessel 

vasculitis is glucocorticoids.  For AAV, the mortality has dramatically improved since the 

use of cyclophosphamide.[22]  Despite improvement in mortality, the outcome for most 

severe forms of vasculitis remains less than ideal – either due to sequelae from the 

vasculitis itself, or due to the complications of treatment.  For example, the mortality of 

patients with granulomatosis with polyangiitis (GPA) is still 8-fold higher than an age, 

gender and geographically matched control group in the first year after diagnosis,[142] 

with mortality mainly attributable to active vasculitis and infection.[138] Patients with 

AAV have increased cardiovascular morbidity,[205] and the use of cyclophosphamide is 

linked to infertility, bladder cancer and haematological malignancy.[129]   In GCA and 

Takayasu’s arteritis (TAK) the treatment with long-term glucocorticoids results in 

significant morbidity from steroid side effects.  Therefore it is necessary to differentiate 

between disease activity (which may be improved with immunosuppressive therapy) and 

permanent disease damage (where more immunosuppression may be detrimental).  

These concepts are important when trying to develop and interpret outcomes in clinical 

trials but also inform clinical decisions when treating individual patients.   

 

There is no individual biomarker that enables universal assessment of disease activity or 

disease damage in systemic vasculitis, and therefore composite tools have been created 

to try and achieve this purpose. Most of these tools have been developed and validated 

for use in trials of AAV, but are often used in other forms of vasculitis with limited 

validation.  The vasculitis community has only recently joined OMERACT, but is now 

participating in the OMERACT process of developing, validating and endorsing outcome 
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measures in vasculitis.[206] I am a member of the OMERACT vasculitis study group and a 

co-author on the papers to be discussed in the next section. 

 

OMERACT stands for ‘Outcome Measures in Rheumatology’.  It is an independent 

organisation that operates to improve and validate outcome measures for rheumatic 

disorders.  It uses a data-driven iterative process with input from relevant groups such as 

clinicians, patients, pharmaceutical companies and regulatory agencies.   OMERACT uses 

a unique ‘filter’ in the process of achieving consensus and validating outcome measures.  

The filter consists of three components: truth, discrimination and feasibility.[207]   

 

Truth:  does the tool measure what it intends to measure?  For example does a disease 

activity tool, measure disease activity and not some other aspect of disease.  It includes 

the concepts of relevance, non-bias, content, construct, and criterion validity.  

Discrimination:  Does the instrument identify different situations of interest.  For 

example, when measuring disease activity, is the instrument able to differentiate between 

high disease activity, moderate disease activity and remission.  It needs to be able to 

discriminate between patients as well as longitudinally capture different disease states in 

a single patient.   Are the results reliable, reproducible and sensitive to change?  

Feasibility: Can the instrument be applied easily within the relevant time and resource 

constraints?   

 

Outcome measures in AAV 
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OMERACT has now endorsed a ‘core set’ of domains for outcome measures in AAV.[206]  

The domains are:  disease activity, disease damage, patient reported outcomes and 

mortality.  There is at least one instrument validated to measure each domain.[206]    The 

concept of mortality is self-explanatory and easy to measure so not discussed further.  The 

validation of the instruments to measure the other endorsed domains is derived from 

clinical trials as well as cross sectional and longitudinal cohort studies.  A published review 

paper of outcome measures in AAV is presented unaltered in chapter 4.1, but further 

relevant descriptions of the concepts of disease activity and disease damage are 

presented in this introductory section. 

 

Disease Activity in AAV 

The term ‘disease activity’ incorporates the severity of inflammation and the extent of 

inflammation of blood vessels at a specific time point.   A grossly simplified description of 

the pathophysiological process which occurs in AAV is: ANCA activates cytokine primed 

neutrophils resulting in local release of inflammatory cytokines which in turn up-regulates 

adhesion molecules.  This results in activated neutrophils attaching to activated 

endothelial cells, causing apoptosis, necrosis, and neutrophil migration across the 

endothelial barrier which in turn results in amplification of the inflammatory cascade and 

further destruction of the blood vessel wall.[208]   Determining disease activity in AAV is 

complex due to the fact that small blood vessels in almost any organ can be affected.  The 

problem lies in how do we capture the degree of inflammation present in each artery and 

combine that with the extent of the arterial tree involved.  Numerous markers such as 

haemoglobin, ESR, C-reactive protein, von Willebrand factor, ANCA titre, cytokines (e.g. 

TNF, IL-6) and soluble adhesion molecules have been studied, but none of them are able 
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to provide a suitable measure of overall disease activity.[209]   In addition, a disease 

activity measure needs to be able to quantify activity with a linear measure but also be 

able to differentiate between disease states (i.e. low, medium and high disease activity 

states).  The best objective guide to disease activity remains clinical assessment using 

composite tools which incorporate a checklist of clinical signs and symptoms and relevant 

biochemical and radiographic results.   Remission at 6 months, sustained remission or 

relapse rates have been used as the primary outcome measures in most clinical trials in 

AAV to date.  Therefore the ability to measure disease activity accurately and consistently 

when assessments are repeated by the same observer or performed by 2 different 

observers, is necessary.    

 

The BVAS and its revisions are by far the most commonly used tools to measure disease 

activity in AAV clinical trials.[102, 105, 161, 210]  The BVAS was developed by consensus 

expert opinion.  It is based on 59 individual items in 9 categories.  Most of the items are 

based on history or examination findings but include some laboratory and radiology data.  

Positive items must be attributable to active vasculitis (e.g. if haemoptysis is scored, it 

must be from vasculitis and not from a chest infection).    Individual items have been 

weighted by expert consensus based on the perceived importance and severity of that 

item (e.g. mouth ulcers are given a score of 2, whereas alveolar haemorrhage is weighted 

6).  Each of the 9 categories is limited to a maximum score (less than the sum of all the 

individual items in that category) which can contribute to the overall BVAS score.  The 

original BVAS was validated in a group of 213 patients with vasculitis.[161]  The BVAS was 

later modified to version 2 for use in The European Vasculitis Society (EUVAS) therapeutic 

trials, and this version has now been validated longitudinally in several trials.[102, 103, 

105, 139]  The main difference between the original BVAS and version 2 was that the later 
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version had two scores that could be generated: 1) A score for new/worse disease, and 2) 

a score for persistent disease.   For each item that was marked, a choice had to be made 

for new/worse or persistent disease.  In the EUVAS trials, the BVAS scores were used to 

measure remission when assessing induction therapy and also to determine relapse when 

assessing maintenance therapy.   

 

The latest iteration of the BVAS is version 3.  BVAS version 3 has been validated in 2 cross 

sectional cohorts [200, 211] including the original paper presented in chapter 4.2; and in 

the recent EUVAS therapeutic trials.[140, 141]  The main difference between version 2 

and version 3, was a reduction in the total number of items by omission or merging 

(although retaining the same overall maximum score), and combining new/worse vs. 

persistent for all items rather than for each individual item.  The persistent box in version 

3 is only ticked if ALL the items are due to persistent disease. 

 

The BVAS for Wegener's Granulomatosis (BVAS/WG) is a modification of the BVAS for use 

in trials specifically for granulomatosis with polyangiitis (Wegener's) but has also been 

used and validated in patients with microscopic polyangiitis in the RAVE trial.[210, 212]  

The main difference between this version of the BVAS and the others is that it has a 

significantly reduced number of total items: 34 compared with 56 in BVAS version 3.   This 

was achieved by omitting items thought to be less relevant to patients with GPA.  

Removed variables include general items such as myalgia and weight loss, as well as organ 

specific items such as loss of pulses, ischemic cardiac pain, cardiomyopathy, valvular heart 

disease, and loss of vision.  There was the addition of 2 items not found in the other 

versions of BVAS - retro orbital mass and swollen salivary glands.  BVAS version 2, BVAS 
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version 3 including the glossary of terms and the BVAS/WG are included as an appendix 

at the end of the thesis.  

 

Disease Damage in AAV 

The concept of ‘damage’ is permanent or irreversible sequelae from previous active 

vasculitis or its treatment.  Renal failure requiring long-term dialysis is an example of 

damage from previous vasculitis.    The development of cataracts or osteoporosis and 

vertebral fractures from chronic steroid use are examples of damage related to treatment.  

The development of urological malignancy 7 years post-treatment is likely related to 

previous cyclophosphamide therapy.  These scenarios do not merit an increase in 

immunosuppression.  It is important to identify damage from active vasculitis to prevent 

overtreatment and also to prevent further damage. 

 

Measurement of damage is becoming increasingly important as modern therapy gets 

better at treating active vasculitis.  A recent example of where measuring damage will be 

crucial is in the long-term follow up of the RAVE trial.[210]  The RAVE trial is a non-

inferiority trial of oral cyclophosphamide versus rituximab for induction therapy in ANCA 

vasculitis.  The 18 month outcome from the trial was that rituximab was non-inferior to 

cyclophosphamide, but not superior except in patients undergoing a relapse.[213]  

Therefore why should we use a new treatment that is vastly more expensive compared to 

the traditional gold standard therapy?  The perceived benefit of rituximab is that it will 

have less long-term damage (e.g. malignancy and infertility) than cyclophosphamide; 

however this remains to be proven. 
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OMERACT has endorsed ‘damage’ as part of the “Core set” of outcome measures trials in 

AAV.  To measure this concept of damage, several tools have been developed.  By far, the 

most widely used and validated instrument is the vasculitis damage index (VDI).   The VDI 

was developed by consensus of international expert opinion and consists of 64 items 

grouped into 11 categories.[162]    The key principle of the VDI is that if a clinical item has 

been present for >3 months since the onset of vasculitis it is scored on the VDI.  There is 

no attribution of causality, but it is assumed that this item is irreversible and continues to 

be scored on the VDI at every subsequent assessment.  It includes items such as 

myocardial infarction – which is a discrete event; but the resulting scar tissue on the heart 

is permanent.  Section 4.3 of this chapter is a published article comparing the VDI to a 

newer tool to measure damage called the combined damage assessment Index (CDA) in a 

cross sectional cohort of patients with multiple different forms of vasculitis.  The CDA is a 

more comprehensive instrument but due to this virtue may have other limitations such as 

reduced feasibility due to the increased length of time required to complete the 

assessment.  Copies of the VDI and CDA are included as an appendix at the end of the 

thesis.  

 

Outcome measures in large vessel vasculitis 

Giant Cell arteritis (GCA) and Takayasu’s arteritis (TAK) comprise the 2 main forms for 

large vessel vasculitis.  The lack of validated outcome measures in large vessel vasculitis 

has been a major roadblock to therapeutic clinical trials in these 2 disorders.  To-date 

there is no published randomised controlled trial in TAK, and very few therapeutic studies 

in GCA.  Historically, both these conditions are treated with glucocorticoids with variable 
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use of a steroid-sparing agent such as methotrexate or azathioprine.   The evidence on 

how these conditions should be treated is very limited.    The chronic nature of both these 

conditions and the long-term toxicity of glucocorticoids continue to stimulate interest in 

alternative treatment strategies.   

 

The same concepts of disease activity and disease damage apply to large vessel vasculitis, 

however the process by which these concepts can be measured seems more difficult.    

The OMERACT vasculitis working group has only just begun work in this area.  A more 

detailed discussion about the current state of play of outcome measures in large vessel 

vasculitis is provided in the summary section of this chapter but this thesis does not 

include any original work on outcome measures in large vessel vasculitis.   
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4.1 Outcome measures in ANCA associated Vasculitis (Suppiah R, 

Robson J, Luqmani R.  Outcome measures in ANCA-associated 

vasculitis. Rheum Dis Clin North Am, 2010. 36(3): p. 587-607) 
 

This section is a reproduction of a review article "Outcome measures in ANCA associated 

Vasculitis" published in the journal Rheumatic Disease Clinics of North America in 2010.   

The text, tables and the references used in the article have been formatted to be 

consistent with rest of the thesis.   Relevant permissions to re-use the artcile in this thesis 

have been obtained from Elsevier.   
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 Introduction 

The anti-neutrophil cytoplasm antibody (ANCA) associated group of vasculitides encompasses 

Wegener’s granulomatosis, microscopic polyangiitis and Churg Strauss syndrome but also 

includes some patients who do not neatly fit into these disease categories.   The ANCA 

associated vasculitides are multisystem diseases that predominantly affect small vessels 

(including the renal glomeruli and lung capillaries) and if left untreated have a uniformly high 

mortality.[7, 8, 17, 22]  Modern therapy has improved outcome,[129] but early death and 

chronic morbidity (e.g. dialysis dependence) remains a feature of these diseases.[102, 103, 

105, 139, 147, 214, 215]       

 

With advances in acute therapy of vasculitis, other long term consequences such as 

cardiovascular events, thromboembolic events and malignancy become increasingly 

important.  End stage organ failure such as kidney failure or respiratory failure can make life 

very difficult for survivors and this morbidity coupled with the effects of drug toxicity can 

significantly reduce the quality of life which is a crucial endpoint for patients.[216, 217]  In 

addition, relapse, and low grade persistent disease manifestations are common and require 

ongoing immunosuppression which results in poor quality long term outcome.[218-221]  

Clinical trials over the past decade have attempted to determine the optimal therapeutic 

strategy for induction and maintenance therapy.[102, 105, 139, 222-224]  It is straightforward 

to judge outcome in terms of life and death and for defined organ failure, but for the more 

chronic low-grade morbidity it is useful to quantify this in a systematic way for clinical trials 

but also for practical use when evaluating the spread of morbidity in daily practice.  In order 

to accurately quantify disease morbidity, make appropriate treatment decisions (i.e. only use 

immunosuppression for active disease rather than chronic scarring) and to serve as 

appropriate outcome measures in clinical trials, several clinical tools have been developed to 

specifically measure disease activity and disease damage.  In addition to reporting the 
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incidence of death and renal failure, these tools can be used to define the main outcome being 

measured in trials of ANCA vasculitis. 

 

This article provide an overview of the outcomes measured in clinical trials of ANCA associated 

vasculitis and describe the main clinical tools which are used to quantify these concepts.  Table 

1 provides a summary of definitions and outcome measures, some of which are more 

comprehensively validated than others.  The current focus has been on disease activity and 

damage but future attention will be on patient reported outcome measures and functional 

status (e.g. ability to work or participate in normal activities).  

 

Mortality 

Death is an important and valid outcome measure when assessing the balance of efficacy and 

safety of treatment regimens.  Most early deaths in ANCA vasculitis are attributable to 

infection or active vasculitis [147, 148] whereas late deaths may relate to increased 

cardiovascular disease and malignancy.[55, 149, 150] Severity and distribution of organ 

involvement are currently the best predictors of short and medium term survival.[219, 225, 

226]  Predictors of mortality in ANCA vasculitis are shown in table 1.[147, 226-228] However, 

as a result of routine treatment with immunosuppressive therapy, mortality rates have fallen 

dramatically for patients with ANCA associated vasculitis (Table 2).[229] Mortality is now too 

insensitive to use as a primary endpoint in clinical trials and as a consequence has driven the 

development and adoption of clinical tools which can better differentiate between treatments 

in terms of disease activity and organ damage.  

 

Disease Activity 

Disease activity is a well-recognized concept for most chronic inflammatory diseases, and 

there has been a move away from subjective physician assessments to objective measures of 
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activity.    In the context of vasculitis, determining disease activity is complex because of the 

heterogenous and multisystem nature of disease.   There is no single clinical, serological or 

radiological marker that informs us about disease activity.  Inflammatory markers such as CRP 

and ESR may give us some information about disease activity but are not specific because they 

can be high due to infection, other disease processes and low as a result of recent 

glucocorticoid therapy.  In addition, they do not correlate well with our current best clinical 

measures of disease activity.[200]  Rising ANCA titres using new capture and anchor ELISA 

techniques have been proposed as a potential method of predicting an imminent relapse (i.e. 

a rise in disease activity), but are currently not able to adequately perform this role.[230]   

Therefore in the absence of any single measure, a comprehensive clinical tool that 

incorporates the multi organ nature of vasculitis has been required to adequately measure 

disease activity.  

 

ANCA titers to measure disease activity and relapse 

From the first descriptions of ANCA directed against proteinase-3 (PR3) and myeloperoxidase 

(MPO) in the small vessel vasculitides, measurement of ANCA has been proposed as a tool to 

measure disease activity.[231, 232]  The measurement of rising MPO- and PR3-ANCA titers 

has been shown to predict clinical relapse in patients with Wegener’s granulomatosis, Churg 

Strauss and microscopic polyangiitis.[233-238] A meta-analysis of 8 studies evaluating the rise 

of ANCA titer showed a positive likelihood ratio of 3.39 (95% CI: 1.69-6.82) for a future flare 

with the absence of a rise in ANCA having a negative likelihood ratio of 0.45 (95% CI: 0.23-

0.87).[239] In addition, patients in clinical remission but with rising titers of ANCA who are 

then randomized to increased immunosuppression have a lower rate of clinical relapse than 

those with positive titers who are randomized to no increase.[240, 241]  There is however still 

controversy about the use of ANCA as a sole marker of disease activity because discordance 

between ANCA levels and relapse has also been well demonstrated.[230, 242-244]  In clinical 
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practice, rising ANCA titers must be used in conjunction with evidence of other clinical disease 

activity when determining the presence of relapse, especially before an increase in 

immunosuppression is considered.  

 

Early clinical tools 

Early measures of disease activity include the Groningen Index for Wegener’s 

granulomatosis.[245]  This tool used a combination of clinical features and laboratory results 

but required biopsy evidence of active vasculitis for each time disease activity was measured.  

Biopsy findings are appropriate at diagnosis, but are not practical for follow up of patients.  An 

alternative called the Vasculitis Activity index (VAI) was developed by the Baltimore 

group.[246]  The VAI consists of 9 organ systems which are graded 0-4 depending on the 

impression of physician, with respect to overall activity in that organ system.  The main 

problem with this scale is the observer bias, and hence it is not widely used.[247] 

 

Birmingham Vasculitis Activity Score 

The current standard, and the tool recommended by the European League Against 

Rheumatism (EULAR) for assessing disease activity in clinical trials is the Birmingham Vasculitis 

Activity Score (BVAS).[248]   The original version of the BVAS was developed and validated in 

1994.[161]  It was constructed by consensus of physicians interested in vasculitis and 

comprised 59 individual items, organized into 9 organ systems (systemic; cutaneous; mucous 

membranes/eyes; ear, nose and throat; chest; cardiovascular; abdominal; renal and 

neurological).  The majority of the symptoms and signs were easily ascertainable by history 

and clinical examination but a few items such as hematuria and serum creatinine required 

additional investigations.  Positive findings were only recorded if directly attributed to active 

vasculitis and other potential etiology had been excluded; the distinction was made because 

several features in this tool such as fever or hematuria could easily relate to infection, 
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malignancy, drug toxicity or some other cause.  The symptoms and signs were recorded if 

present at time of assessment or during the preceding 4 weeks.  The individual items were 

given a weight (between 1 and 9) based on the relative importance placed on them by the 

consensus group (objective items, and items involving the renal, gastrointestinal and 

neurological systems were rated the highest), with a maximum score applied to each organ 

system.  The overall range of possible scores for the BVAS is 0-63, with the higher the score 

the more active the disease.  The original BVAS was validated in a sample of 213 patients with 

mixed primary and secondary vasculitis and evaluated against a physician global assessment, 

VAI, Groningen index and assessed for feasibility, sensitivity to change, and inter-observer 

reliability.  In addition, the expert observers agreed that BVAS made biological sense 

(construct validity).[161]   

 

The BVAS was adopted by the European Vasculitis Study Group (EUVAS) for its clinical trials in 

ANCA associated vasculitis, and as a result underwent further refinement.[102, 103, 105, 139]  

Adjustments were made to the items including the addition of ”smoldering” disease, i.e. not 

new or worse but grumbling activity was recorded in a separate column which could have a 

maximum score of 36.  Four of the original items that were thought to occur very rarely were 

removed and seven new items including features available after specialist opinion were added 

(total of 64 items), however the overall range of scores for the BVAS remained the same.  This 

tool in now called BVAS version 2, but is scored as two separate components BVAS1 

(new/worse disease) and BVAS2 (persistent disease).  For the EUVAS trials the BVAS scores 

were used to determine remission when assessing induction therapy, and define relapse when 

assessing maintenance therapy.  Remission was defined as the absence of new or worse 

clinical disease activity (BVAS 1 = 0) but allowed persistent activity (BVAS 2) in 1 item scoring 

< 2 points.  Major relapse was defined by the recurrence or first appearance of at least 1 items 

on the BVAS1 involving a vital organ (kidney, lung, brain, eye, motor nerve, or gut) and minor 
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relapse by the recurrence or first appearance of at least three other items on the BVAS1.[102, 

103, 105, 139]   In the last decade the BVAS has been used in numerous clinical trials in ANCA 

associated vasculitis,[102, 103, 105, 106, 139, 212, 249, 250] with some trials incorporating 

the BVAS score as part of the primary endpoint (see Table 1).[105, 106, 139, 191] 

 

The latest iteration of the BVAS is version 3 which was published and validated in 2009 (Table 

3).[200]  The changes were made by consensus expert opinion and include reduction in the 

total number of items to 56 by either omission or merging of items.  The ‘‘persistent’’ boxes 

for each variable was replaced by a single ‘‘persistent’’ box for the whole form which is only 

ticked if all the items scored are considered persistent disease.  The weighting of items was 

unchanged. The main reason for the changes were to simply the form and scoring. The new 

version was validated in 313 patients with primary and secondary vasculitis (majority had 

ANCA associated vasculitis) for convergent validity against the previous BVAS versions, 

treatment decisions, physician global assessment, CRP, VAI and was shown to be reliable, 

reproducible and sensitive to change.[200]   

 

A modified version of the BVAS called the BVAS/WG has been adapted by North American 

investigators for trials involving patients with Wegener’s granulomatosis.[212]  Features 

unlikely to occur in Wegener’s granulomatosis (such as loss of pulses) were omitted and new 

items specific for Wegener’s granulomatosis such as endo-bronchial lesions were introduced.  

The weighting of the BVAS was changed assigning 1 point to any item judged to be of minor 

importance and 3 points to major items (which typically require aggressive therapy with 

cyclophosphamide).  A physician global assessment (as a 10cm horizontal line) is incorporated 

into the BVAS/WG and also allows for the assignment of remission, minor flare or major 

flare.[212]  The BVAS/WG has only been validated in patients with Wegener’s granulomatosis 

but shown to correlate with the BVAS (old and new) in paper cases of Wegener’s 
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granulomatosis and microscopic polyangiitis.[251]  However, it has not been validated in 

actual patients with microscopic polyangiitis, other ANCA vasculitis, or any other types of 

vasculitis; caution is therefore advised if considering the use of BVAS/WG for assessment in 

diseases other than Wegener’s granulomatosis. 

 

As with any biological tool, the BVAS will benefit from continual review and improvement, 

ideally through a data driven process.  We anticipate that and this will be facilitated in the 

future through the OMERACT initiative.[252]  The main target for future improvements should 

be to rationalize the weighting system (which is currently based on expert opinion) to one that 

is based on hard outcomes from prospective studies.   

 

Other disease assessment tools 

The Disease Extent Index (DEI) measures the number of organ systems (out of a possible 10) 

involved, each given a score of 2, and the presence of constitutional symptoms are given a 

score of 1 (maximum score = 21).  The DEI can be calculated from the individual components 

of the BVAS, and therefore also correlates with the BVAS score.[191, 204, 251]   It can 

complement the BVAS by showing whether a high BVAS score is due to multi-organ 

involvement or severe involvement of one organ.     

 

The French Vasculitis Study Group (FVSG) developed a prognostic tool called the Five Factor 

Score (FFS).[219]  The original version was created from a cohort of patients with polyarteritis 

nodosa (PAN) and Churg-Strauss syndrome (CSS).  Renal failure, proteinuria, cardiomyopathy, 

GI tract involvement and CNS signs are scored as being present or absent with a higher total 

score being predictive of higher 5 year mortality (Table 4).[219]  This score has been revised 

to include patients with Wegener’s granulomatosis and microscopic polyangiitis and 

incorporates ENT involvement which is associated with a reduced risk of death (Table 4).[225]  



 

Page | 125  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

 

Disease Damage  

Chronic scarring from vasculitis or its treatment is termed disease damage and is distinct from 

active inflammation, with further immunosuppression given only to patients with the latter.  

Current immunosuppressive therapy for acute ANCA vasculitis achieves remission in over 90% 

of cases but long term sequelae from vasculitis or treatment are a problem for most 

patients.[59, 218, 253]  Therefore, accurate quantification of this damage is now an important 

long term measure of outcome in ANCA vasculitis. 

 

Impairment of renal function is probably the most important feature of organ specific damage 

in ANCA vasculitis however other outcomes such as respiratory failure and peripheral 

neuropathy are other examples of important end organ damage.  In the MEPEX trial (Table 5), 

the primary end point was renal survival as measured by dialysis independence at 3 

months.[102] It was easy to demonstrate that plasma exchange significantly improved this 

endpoint as compared to standard therapy.  Improvements in renal function by measuring 

creatinine clearance or achievement of target creatinine are also recognized endpoints for 

trials in ANCA vasculitis; changes in estimated GFR as well as end stage renal disease or 

requirement for temporary dialysis were secondary endpoints in the CYCLOPS and 

CYCAZAREM studies (see Table 5).[103, 105]  This approach however does not encompass all 

the damage that can occur in these multisystem diseases; nevertheless, renal function is an 

important and easy-to-measure endpoint and should be considered for all studies where the 

kidney is likely to be involved.   

 

Vasculitis Damage Index 

The Vasculitis Damage Index (VDI) has been used as the formal assessment tool of damage in 

most of the major clinical trials of the ANCA associated vasculitides over the last decade.[102, 
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103, 105, 106, 139]   The VDI was first developed by the Birmingham Vasculitis group in the 

UK.[162] They identified that a tool was needed to separate damage, as an irreversible process 

or scarring, from active inflammation or grumbling disease.[162]  The decision was made to 

exclude any damage accrued before the onset of vasculitis and to have an arbitrary cut-off 3 

months before disease manifestations can be scored as damage rather than ongoing 

activity.[162]  The VDI records damage as either present or absent with no weighting attached 

to specific items. The score is cumulative and all previously scored items should be carried 

over to the next assessment. Items of damage are scored irrespective of whether they are 

later attributed to effect of treatment or other co-morbidities as long as they occur after the 

onset of vasculitis.[162]  Items to be scored were reached by consensus between physicians 

from different specialties in the Birmingham Vasculitis Group, and further refined through 

discussion with the EUVAS group.[198]  There are 64 items grouped into eleven systems: 

musculoskeletal; skin/mucous membranes; ocular; ENT; pulmonary; cardiovascular; 

peripheral vascular disease; gastrointestinal; renal; neuropsychiatric; and other (including 

malignancy and gonadal failure).  The VDI has been validated for use in patients with a range 

of systemic vasculitides and is a sensitive and comprehensive tool to assess damage, with good 

inter- and intra-observer repeatability.[162]  The VDI correlates well with the only other index 

of activity specific for vasculitis, the Systemic Necrotizing Vasculitis (SNV) Damage Index which 

had been used previously to assess damage in a cohort of patients with polyarteritis nodosa 

and Churg-Strauss syndrome.[162, 254]   The SNV is detailed in Table 6 but is not discussed 

further as it has now been superseded by the VDI.  In addition to acting as a tool to assess 

damage in individual patients and as an outcome measure in clinical trials, the VDI has also 

been used to study the natural history of the ANCA associated vasculitides. An example is the 

use of the VDI in outcome studies. Most damage has been shown to occur in the first six 

months, which gives weight to the use of early aggressive immunosuppressive therapy in 

organ-threatening disease.[226, 255]  The VDI can also be used as a prognostic score; at 
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baseline VDI≥1 predicts decreased survival by 42 months [(HR 6.10 (95%CI 1.7-22.1)],[226]and 

later at 6 months a VDI ≥5 predicts decreased survival by 2 years [HR 12.3 (95%CI 4.2-

36.9)].[255] 

 

Combined Damage Assessment index 

Through the experience of using the VDI in many clinical trials there has been a realization in 

Europe and North America that certain aspects could be optimized further in regard to item 

selection and weighting. The ANCA-associated Vasculitis Instrument of Damage (AVID) is an 

American tool which is yet to be validated but is currently being compared with the VDI in the 

RAVE trial (Rituximab for ANCA associated Vasculitis Trial).  A more collaborative approach 

through the OMERACT initiative is a joint project between the Vasculitis Clinical Research 

Consortium (VCRC; www.RareDiseasesNetwork.org/vcrc) and the European Vasculitis Study 

Group (EUVAS; www. Vasculitis.org), supported by grants from the US National Institutes of 

Health and the European League against Rheumatism. The agenda for this international 

project was published in 2007 and details the development of a new tool: the Combined 

Damage Assessment Index (CDA).[256]  Information recorded in the “other” category of the 

VDI on patients in the WGET (Wegener’s Granulomatosis Etanercept Trial) has been used as 

the basis for expanding the items included in the CDA.[59] The CDA now includes 17 categories 

with a total of 135 items with a gradation of severity for 8 items.[256]  In contrast to the VDI, 

it has been suggested that all items should be attributed to vasculitis or treatment and that 

there should be a change in the time cut-off from three to six months.[256]  An exercise to 

reach a consensus between experts in vasculitis about weighting of individual items, suggests 

that renal failure, cardiovascular and respiratory failure, blindness and malignancy are 

deemed the most important, whilst features such as mouth ulcers, bruising and striae and 

alopecia are less so.[257]  However, this is still an expert opinion based approach to weighting 

which needs validation in prospective long term studies. A comparison between the use of the 

http://www.rarediseasesnetwork.org/vcrc
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VDI and the CDA (although with a three month cut-off and items attributed to any cause), in 

a cohort of patients with primary and secondary vasculitis, found the CDA to be more sensitive 

at detecting damage but also more complex to complete leading to decreased inter- and intra-

observer reliability.[152]  

 

An unresolved issue is the concept of damage as a finite measurement, namely if damage has 

occurred at a specific time-point, even if investigations later demonstrate that the damage 

has resolved, for example corticosteroid induced diabetes, should the damage score still 

include this item. At present the VDI and CDA measure damage as a cumulative score but 

adaptations may be made in the future to capture the changing clinical picture. 

 

Adverse events 

Although the term adverse event encompasses all outcomes during the course of a clinical 

trial or study, the focus is usually on drug toxicity, commonly seen with the use of 

immunosuppression and glucocorticoids.  Adverse events range from acute allergic reactions, 

leukopenia, and infection to long term problems such as diabetes, osteoporosis and 

malignancy. In fact, infection which is likely related to aggressive immunosuppressive therapy 

is the most common cause of death early in the disease course.[148, 214] In therapeutic trials 

where non inferiority of a new medication is being tested, the advantage of the new drug is 

usually a reduction in adverse events.  For example when methotrexate was evaluated for 

induction therapy in non-renal ANCA vasculitis against cyclophosphamide in the NORAM trial, 

one of the main outcomes was the difference in adverse events.[105]  In this example 

methotrexate was equally effective at inducing remission, but had much lower rates of 

leukopenia although major adverse events were similar between the groups.[105]  Similarly 

in the RAVE trial which is a non-inferiority trial of rituximab versus cyclophosphamide for 

induction therapy in ANCA vasculitis (in progress), the perceived benefit of rituximab over 
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cyclophosphamide is fewer therapy related adverse events (such as infection in the acute 

setting, and malignancy in the long term) highlighting that safety and reducing adverse events 

are an important outcome when assessing new therapies.  One of the main findings of the 

etanercept versus placebo study in Wegener’s granulomatosis (WGET) was the increased risk 

of solid organ malignancy in those patients treated with etanercept.[106]  As a result of this 

study it is likely that etanercept will never be used in ANCA vasculitis even though patients 

who were treated had also been exposed to previous cyclophosphamide.  In a Danish cohort 

of 293 patients with Wegener’s granulomatosis, cyclophosphamide at cumulative doses >36g 

was associated with markedly increased rates of acute myeloid leukemia [SIR 59.0 (95%CI 12-

172)] and bladder cancer [SIR 9.5, (95%CI 2.6-24)].[150]  In this cohort, leukemia and bladder 

cancer were diagnosed many years after receiving therapy (6.9-18.5 years after first dose of 

cyclophosphamide).[150] In addition, the risk of non-melanoma skin cancers was also raised 

[SIR 4.7 (95% CI 2.8-7.3)] with any exposure to cyclophosphamide.[150]   Therefore, the long 

term risk of developing a serious adverse event (e.g. malignancy) needs to be considered in 

the context of potential short term benefit of controlling current disease activity with greater 

immunosuppression.  It will ultimately be up to patients and their treating physician whether 

or not they are willing to take higher risk in the short term (e.g. avoiding cyclophosphamide in 

induction therapy) to prevent long term harm or whether the acute benefits of treatment 

outweigh future risk of serious adverse events. 

 

Patient reported outcomes  

Patients with ANCA associated vasculitis are now living for longer, but the impact of the 

diagnosis on ability to function at home and work, on quality of life and interpersonal 

relationships is significant.[216, 258]  In patients with Wegener’s granulomatosis aged less 

than 40, over a quarter of those employed at diagnosis were unemployed by 39 months.[259]  

Unemployed patients with WG have significantly lower levels of physical and social 
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functioning and patient perceived health status than patients who are employed.[259]  The 

generic Medical Outcomes Survey Short-form 36 questionnaire (SF-36),[260]  Health 

Assessment Questionnaire (HAQ)[261] and the Hospital Anxiety and Depression Score 

(HADS)[262] have been utilized to demonstrate significantly reduced quality of life and 

functioning, and increased levels of disability and symptoms of depression and anxiety in 

patients with systemic vasculitides.[217, 254]  

 

The OMERACT Vasculitis Working Group is a collaboration between international investigators 

working towards optimal outcome measures for use in clinical trials.  The report from 

OMERACT 9 highlights the need to develop vasculitis-specific patient-reported outcome 

measures (PROMs), because of concern than generic questionnaires developed for use in 

other chronic disease may be less responsive in this group of patients with multisystem 

disease.[252]  One possibility is the development of specific tools for symptoms or organ-

systems involved.[252]  Hoffman et al designed a tool to assess the social, health and 

economic impact of WG, which was refined through discussion with a focus group of patients, 

their spouses and clinicians.[216]  The majority of questions were multiple choice and divided 

into categories of health, function, income and interpersonal relationships with a separate 

questionnaire to capture responses from spouses or life-partners.[216] With minor 

adjustments this questionnaire has also been applied to patients with systemic lupus 

erythematosus, demonstrating a broadly similar impact on patients’ lives as that found in 

Wegener’s granulomatosis.[258] The current tools for measuring patient reported outcomes 

are detailed in Table 7; efforts to refine these measures are ongoing. 
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Conclusion  

The goal for treatment of ANCA vasculitis has changed from preventing death, to improving 

the quality of survival.  Unfortunately, survival in ANCA vasculitis is characterized by disease 

activity, drug toxicity and permanent long term damage. Furthermore, patient wellbeing 

remains unsatisfactory, with poor function and quality of life.  The use of outcome measures 

to define and quantify these problems is the basis for improvement, both in terms of clinical 

studies and therapeutic trials, but also in everyday practice.  Currently, their main use is in 

scientific research, but with the advent of expensive potentially very useful biologic 

interventions, it will be increasingly necessary to quantify response to therapy in a way that 

can be readily compared between patients.  This may be driven primarily through a need to 

justify costly therapy, as has occurred following the introduction of biologic therapy in the 

treatment of inflammatory arthritis and spondyloarthropathy.[263-266]  Current outcome 

measures in ANCA vasculitis were designed for clinical studies but are practical and effective 

and are recommended for use in clinical practice.  More widespread use of these instruments 

will drive improvement in them whilst the search continues for more effective, reliable 

biomarkers. 

  



 

Page | 132  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

Table 1:  Important outcome measures and definitions 

Term or outcome 

measure 

Definition How is it measured and / or 

expressed? 

Comment about use as 

an outcome measure 

Recognised predictors of 

outcome 

References 

Mortality Death Straight forward to measure.  

Patients who died or survived 

can be expressed as a 

proportion of the overall group 

over a specific timeframe. 

Mortality depends on 

the type and severity 

of ANCA vasculitis and 

can range from 0-

27.4% in one year.  It 

can be a useful 

endpoint for clinical 

studies of very severe 

vasculitis, but in milder 

forms where mortality 

is low it is not a very 

useful endpoint.  It is 

an important outcome 

for long term studies. 

Older age 

Dialysis dependence at baseline 

Renal involvement 

Five Factor Score >0 increased 

risk, > 1 highest risk. 

Higher BVAS score 

VDI score  ≥1 

Albumin ≤ 30g/l at baseline 

Lung involvement 

 

Upper respiratory tract 

involvement reduces risk of 

mortality 

Koldingsnes and 

Nossent 2002[226] 

Reinhold-Keller et 

al 2002[259] 

Aasarod et al 

2000[227] 

Bligny et al 

2004[147] 

Guillevin et al 

1996[219] and 

2008[225] 
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Remission The complete absence of 

disease activity 

attributable to vasculitis.  

This includes other 

inflammatory features 

like granulomatous 

inflammation in WG or 

tissue eosinophilia in CSS. 

The minimum duration of 

remission should be 

stated. 

Proposed that remission 

should only be defined as 

occurring if patient is on 

prednisolone / 

prednisone ≤7.5mg/day 

for a defined period. 

Usually measured by the BVAS 

(BVAS1=0 and BVAS2≤1). 

Remission should be qualified 

by type, duration and 

maximum dosage of 

immunosuppressive therapy. 

 

The rates of remission 

achieved by modern 

therapy are typically 

≥90%.  Therefore 

remission is a realistic 

primary endpoint for 

studies of induction 

therapy. 

Type of induction therapy used 

will determine time to 

remission. 

Maintenance therapy will 

determine whether or not a 

patient stays in remission. 

Severe disease (defined as 

BVAS >23) was predictive of 

higher rate of remission. 

A higher VDI at baseline 

predicts lower rate of 

remission. 

 

Aasarod et al 

2000[227] 

De Groot et al 

2005[105] and 

2009[103] 

Koldingsnes and 

Nossent 2003[223] 

Stegeman et al 

1996[224] 

Jayne et al 

2003[139] and 

2007[102] 
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Response A quantifiable measure of 

improvement from 

baseline disease activity. 

A percentage improvement in a 

measurable disease activity 

score.  A reduction in the BVAS 

of ≥ 50% is the recommended 

measure 

In patients refractory 

to conventional 

induction therapy, 

remission is only 

achieved in 35-83% of 

those given second 

line treatment.  In this 

difficult to treat group, 

detecting partial 

improvement may be 

clinically important. 

Each 1 point increase in the VDI 

increases treatment resistance 

(OR 1.53) 

Hellmich et al 

2007[248] 

Koldingsnes and 

Nossent 2003[223] 
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Relapse Re-occurrence or new 

onset of disease activity 

attributable 

to active inflammation 

Major relapse is defined as the 

re-occurrence or new onset of 

potentially organ- or life-

threatening disease activity 

that cannot be treated with 

increased glucocorticoids alone 

(i.e. requires 

cyclophosphamide). 

All other relapses are 

considered minor. 

Rate of relapse is used 

as an endpoint in 

studies comparing 

strategies for 

maintenance therapy. 

Predictors of higher rate of 

relapse include: Positive ANCA 

at baseline, 4 fold rise in ANCA 

titre, chronic nasal carriage of 

staph aureus,  cardiac 

involvement at baseline, CrCl 

>60ml/min, cumulative 

cyclophosphamide dose  <10g 

in 6 months and Prednisone 

dose ≥20mg for < 2.75 months. 

Adjunctive co-trimoxazole to 

normal maintenance therapy 

reduces rate of relapse. 

 

Boomsma et al 

2000[233] 

Stegman et al 

1994[221] and 

1996[224] 

Koldingsnes and 

Nossent 2003[223] 

Refractory disease Patients who fail to 

achieve remission 

following induction with 

standard therapy are 

termed refractory.  (i.e. 

do not achieve remission 

Unchanged or increased 

disease activity in acute AAV 

after 4 weeks of standard 

therapy 

Can be used as the 

entry criteria for 

studies evaluating new 

or second line 

induction treatments. 

Each 1 point increase in the VDI 

increases treatment resistance 

(OR 1.53) 

Hellmich et al 

2007[248] 

Koldingsnes and 

Nossent 2003[223] 
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following. 

Cyclophosphamide and 

glucocorticoids for 

generalised / severe 

AAV). 

 or 

 lack of response (≤50% 

reduction in BVAS) after 6 

weeks 

or 

 1 major or 3 minor items 

present on BVAS after 12 

weeks of treatment. 

Grumbling disease Arthralgia, fatigue or low-

grade nasal crusting may 

continue in patients who 

are otherwise considered 

to be in remission. 

BVAS versions 2 or 3 can be 

used to score persistent 

disease. 

This low grade disease state 

does not usually require 

change in immunosuppressive 

treatment.  

Not currently used as 

an outcome measure 

in clinical trials but 

may become relevant 

in long term follow up 

studies. 

 Hellmich et al 

2007[248] 

Damage or organ 

specific damage 

Irreversible end organ 

damage as a result of 

previously active 

vasculitis. 

Damage can be recorded 

globally using an instrument 

such as the VDI or CDA or can 

be focused on a single organ 

system such as renal failure.   

End-stage renal failure 

is clinically important 

for AAV and used as 

the primary end in 

trials involving patients 

Higher baseline BVAS and DEI 

scores are predictive of a 

higher VDI score at 6 months. 

Seo et al 2007[256] 

Hellmich et al 

2007[248] 
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Reporting of proportion of 

patients who are dialysis 

independent is recommended. 

with severe renal 

presentations. 

Global damage 

assessment is 

important in long term 

follow up studies but 

to date this has not 

been used as the 

primary endpoint in 

therapeutic trials. 

Koldingsnes and 

Nossent 2002[226] 

Adverse events Adverse change in health 

status or a side effect that 

occurs in a person during 

or after receiving specific 

therapy. This can be a 

medication, or procedure 

(e.g. plasma exchange in 

the context of ANCA 

vasculitis).   

Usually reported as the 

cumulative frequency of each 

event.  Normally grouped into 

serious (resulting in death, life 

threatening adverse event or 

requiring hospital admission) 

and mild/moderate severity. 

In ANCA vasculitis the common 

serious adverse events are 

infection and malignancy. 

Potential endpoint for 

non-inferiority studies.  

This is when a new 

therapy is assumed to 

be as effective as 

conventional therapy 

and the perceived 

benefit is a reduction 

in side effects. 

Type and intensity of 

immunosuppressive therapy. 

De Groot et al 

2005[105] and 

2009[103] 

Jayne et al 

2003[139] and 

2007[102] 
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Patient reported 

outcomes 

Outcomes that patients 

regard as important.  This 

usually encompasses the 

ability to function at 

home and work, and 

quality of life. 

There are currently no 

vasculitis-specific patient-

reported outcome measures.  

Generic tools such Short form 

36 questionnaire (SF-36),  

Health Assessment 

Questionnaire (HAQ), and the 

Hospital Anxiety and 

Depression Score (HADS) are 

currently used. 

Vasculitis-specific 

patient-reported 

outcome measures are 

needed. 

We are not sure what factors 

will ultimately predict patient 

reported outcomes but we 

suspect they will be different 

from physician based 

assessments. 

McHorney et al 

1992[260] 

Fries et al 

1982[261] 

Zigmond et al 

1983[262] 
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Table 2. Five year survival in the ANCA vasculitides (adapted from Phillip and Luqmani, 

2008)              

Diagnosis Five year survival (%) 

Wegener’s granulomatosis 75 

Microscopic polyangiitis 45-75 

Churg Strauss syndrome 68-100 
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Table 3: Comparison of the range of Birmingham Vasculitis Activity Sores (BVAS) observed 

in 2 different cohorts of mixed primary and secondary vasculitis.   

 Original BVAS (Luqmani et al.)[161] 

N=213 

BVAS v3 (Suppiah et al.)[211] 

N=285 

Churg Strauss syndrome Not available 0-24 

Microscopic polyangiitis Not available 0-25 

Wegener's granulomatosis 11-25 0-37 

Non renal Wegener's 1-19 0-25 

Behcet’s disease 4-19 0-19 

Giant cell arteritis 1-9 Not available 

Polyarteritis nodosa 10-29 0-6 

Rheumatoid vasculitis 1-16 0-12 

Takayasu's arteritis 7-14 0-5 

 

Online BVAS v3 calculator: http://www.epsnetwork.co.uk/BVAS/bvas_flow.html 

Downloadable BVAS v3 Microsoft Excel calculator: 

http://www.ndorms.ox.ac.uk/profiles.php?profile=rluqmani 

 

http://www.epsnetwork.co.uk/BVAS/bvas_flow.html
http://www.ndorms.ox.ac.uk/profiles.php?profile=rluqmani
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Table 4: A comparison of the original and revised Five Factor Score as a prognostic tool for 

mortality  

 Original FFS (Guillevin et al 

1996)[219] 

Includes PAN, MPA, CSS 

Revised FFS (Guillevin et al 

2008)[225] 

Includes PAN, MPA, CSS and 

WG 

 

Criteria and how to score Each of the following have a 

score of +1: 

Proteinuria >1g/24 hours 

Serum creatinine >1.58mg/dl 

GI involvement 

Cardiomyopathy 

CNS signs 

Each of the following have a 

score of +1: 

Age >65 years 

Cardiac symptoms 

GI involvement  

Renal insufficiency (creatinine 

>1.7mg/dL) 

 

 

The following has a score of -1: 

ENT involvement 

 

5 year mortality risk FFS of 0 = 11.9% 

FFS of 1 = 26% 

FFS of ≥ 2 = 46% 

FFS of 0 = 7.5% 

FFS of 1 = 20% 

FFS of ≥2 = 47% 
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Table 5: Major therapeutic trials in ANCA associated vasculitis which used the Birmingham 

Vasculitis Activity Score (BVAS) to determine the primary endpoint. 

Trial  name / 

author 

Trial description Primary outcome Version of 

BVAS 

CYCAZAREM trial 

Jayne et 2003[139] 

Comparison of azathioprine to 

cyclophosphamide for 

maintenance therapy in 155 

patients with newly diagnosed 

ANCA associated vasculitis and a 

renal manifestation 

(Cr<500mmol/L) or with 

generalised life threatening 

disease. 

Relapse rate 

( Major relapse defined 

as ≥ 1/24 items on the 

BVAS1 that are indicative 

of threatened function of 

a vital organ (kidney, 

lung, brain, eye, motor 

nerve, or gut) and  Minor 

relapse = appearance ≥3 

other items in the BVAS1) 

BVAS 

version 2 

Wegener’s 

Granulomatosis 

Etanercept Trial 

(WGET) 

WGET research 

group 2005[267] 

180 Patients with Wegener’s 

granulomatosis randomised to 

receive etanercept or placebo as 

an adjunct to standard 

maintenance therapy. 

Sustained remission 

(BVAS=0 for at least 6 

months) 

BVAS/WG 

NORAM trial 

De Groot et al 

2005[105] 

A comparison of methotrexate to 

cyclophosphamide for induction 

therapy in 100 patients with 

newly diagnosed ANCA vasculitis 

and a Cr<150mmol/L and without 

critical organ threatening disease. 

Remission rate at 6 

months (Remission 

defined as BVAS1 =0 and 

BVAS2 ≤1) 

BVAS 

version 2 

CYCLOPS trial 

De Groot et al 

2009[103] 

149 patients who had newly 

diagnosed generalized ANCA-

associated vasculitis with renal 

involvement but not immediately 

life-threatening disease.  

Randomised to continuous oral 

vs. pulsed intravenous 

cyclophosphamide for induction 

therapy. 

Time to remission  

(Remission defined as 

BVAS1=0 and BVAS2≤1) 

BVAS 

version 2 

RITUXVAS 

Jones et al 

2009[268] 

44 patients with ANCA associated 

vasculitis and renal involvement 

randomised 3:1 to induction 

therapy with a Rituximab based 

regimen vs. Standard intravenous 

pulse cyclophosphamide. 

Sustained remission  

(BVAS = 0 at 6 months 

and sustained for 6 

months) 

BVAS 

version 3 
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Table 6: Summary of the damage assessment tools 

Assessment tool Description Comments 

Systemic Necrotizing  

Vasculitis (SNV) Damage 

Index 

Abu-Shakra et al (1994)[254] 

34 items, some items have 

double weighting, no ENT 

damage items included. 

Replaced by VDI 

Vasculitis Damage Index (VDI) 

Exley et al (1997)[162] 

64 items in 11 systems. No 

weighting in current version. For 

use in all types of vasculitis 

Validated and widely used 

ANCA Vasculitis Index of 

Damage (AVID) 

Seo et al (2007)[256] 

Left and right sides scored 

separately for damage for eyes 

and ears. Specific for AAVs 

Awaiting validation through use 

in RAVE trial 

Combined Damage 

Assessment Index (CDA) 

Seo et al (2007)[256] 

135 items in 17 systems, left and 

right both scored for damage to 

eyes and ears.  

Specific for AAVs 

Collaborative development, 

weighting of items planned for 

future, awaiting validation 

 

The VDI form, glossary and training sheets are available online at the EUVAS website 

(http://www.vasculitis.org/) 

 

http://www.vasculitis.org/
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 Table 7. Current tools available to assess function 

 

 

  

Assessment tool Description 

Medical Outcomes Survey Short-Form 36 (SF-36) 

 

Generic measure of health status and quality of 
life widely used for chronic diseases. Dimensions 
include physical function, role limitation due to 
physical or emotional difficulties, social 
functioning, mental health, energy levels, pain 
and perceptions of general health 

Health Assessment Questionnaire (HAQ) Widely used in clinical trials to measures 
physical function and disability 

Hospital Anxiety and Depression Scale (HADS) Developed to determine levels of anxiety and 
depression in patients with chronic physical 
disease 

Hoffman et al developed questionnaire specific 
for WG 

 

Developed with focus group comprising patients 
and their partners, separate questionnaire for 
partners. 
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4.2 A cross-sectional study of the Birmingham Vasculitis Activity Score 

version 3 in systemic vasculitis (Suppiah R, Mukhtyar C, Flossmann O, 

Alberici F, et al. A cross-sectional study of the Birmingham Vasculitis 

Activity Score version 3 in systemic vasculitis. Rheumatology, 2011. 

50(5): p. 899-905) 
 

This section is a reproduction of the article "A cross-sectional study of the Birmingham 

Vasculitis Activity Score version 3 in systemic vasculitis" published in Rheumatology in 

2011.  This journal carried an impact factor 4.058 in 2011.  The text, tables and the 

references used in the article have been formatted to be consistent with rest of the thesis.   

Relevant permission to re-use this publication has been obtained from Oxford University 

Press. 
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ABSTRACT 

Objectives: Assessment of disease activity in vasculitis can be achieved using the 

Birmingham Vasculitis Activity Score (BVAS), a clinical checklist of relevant symptoms, 

signs and features of active disease.  The aim of this study was to re-validate the BVAS 

(version 3) in a cohort of patients with systemic vasculitis. 

Methods: 238 patients with vasculitis from 7 countries in Europe were evaluated at a 

single time point.  Spearman’s correlation co-efficients were calculated between BVAS v.3 

scores, Vasculitis Activity Index (VAI), Physician’s Global Assessment (PGA), the Physician’s 

Treatment Decision, CRP and the Vasculitis Damage Index (VDI) to demonstrate that the 

BVAS v.3 measures disease activity.   

Results: Wegener’s Granulomatosis (63%), Churg-Strauss Syndrome (9%) and Microscopic 

Polyangiitis (9%) were the most common diagnoses. The BVAS v.3 showed convergent 

validity with the VAI [ρ = 0.82 (95% CI 0.77 to 0.85)], PGA [ρ = 0.85 (95% CI 0.81 to 0.88)], 

and the Physician’s Treatment Decision [ρ = 0.54 (95% CI 0.44 to 0.62)].  There was little 

or no correlation between BVAS v.3 and the CRP level [ρ= 0.18 (95% CI 0.05 to 0.30)] or 

with the VDI [ρ= -0.10 (95% CI -0.22 to 0.03)].  The inter-observer reliability was very high 

with an ICC of 0.996 (95%CI 0.990 to 0.998) for the total BVAS v.3 score. 

Conclusions:  The BVAS v.3 has been evaluated in a large cohort of patients with vasculitis 

and the important properties of the tool re-validated.  This study increases the utility of 

the BVAS v.3 in different populations of patients with systemic vasculitis. 
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INTRODUCTION 

The vasculitides are a group of complex heterogeneous disorders where multiple organ 

systems can be involved.  The common feature between these diseases is inflammation 

of blood vessels; usually categorised by the predominant calibre of the vessels involved.  

Most of the vasculitides can be fatal or organ threatening and require therapy with 

corticosteroids alone or in combination with more potent immunosuppression. 

 

Disease activity is a well-recognised concept for inflammatory diseases where high disease 

activity suggests the need to escalate treatment and low disease states indicate that the 

disease is under control with current therapy.  This differs from the concept of ‘damage’ 

in vasculitis which represents chronic scarring that is not responsive to further 

therapy.[162]  Unfortunately, in systemic vasculitis there is no single biomarker that can 

reliably inform us about disease activity.  Inflammatory markers such as CRP are non-

specific and may be raised for multiple other reasons or may be low due to recent steroid 

treatment. Other assessments such as rising ANCA titres,[230] PET scanning[269-271] and 

MRI imaging have all been proposed as methods of measuring activity but none have yet 

proven to satisfactorily perform this function.[272, 273]  Instead, the current best method 

of determining disease activity is to use a comprehensive clinical tool that can capture the 

multi organ nature of vasculitis.[161] 

 

The importance of accurately quantifying disease activity is to allow physicians to make 

informed decisions about how to manage potentially toxic therapies. The current most 

widely used generic tool to quantify disease activity in systemic vasculitis is the 

Birmingham Vasculitis Activity Score (BVAS).[161, 199, 200]  The original version was 
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developed by consensus expert opinion in 1994 and consisted of 59 items grouped into 9 

organ systems.[161]  The BVAS was subsequently modified for use in the European 

Vasculitis Study Group (EUVAS) trials (version 2),[199] and more recently to the current 

version: BVAS version 3.[200]  The main difference between BVAS version 3 and version 2 

is that the “persistent” boxes for each variable was replaced by a single box for the whole 

form which is only ticked if all the items are due to persistent disease.  There was a 

reduction in the number of items from 64 to 56 by merging or omission, but the overall 

maximum score was maintained.  The weighting of items which was decided by expert 

consensus in the original version has remained relatively unchanged between the 3 

versions.   

 

The BVAS v.3 has undergone initial validation in a cohort of 313 patients with mixed 

primary and secondary vasculitis from the United Kingdom.[200]  The objective of this 

study was to revalidate the BVAS v.3 in a different cohort of patients from Europe. 

 

PATIENTS AND METHODS 

Two hundred and thirty eight consecutive patients (both inpatient and outpatients) with 

new or existing diagnoses of vasculitis were recruited from 11 centres in 7 European 

countries: United Kingdom (55), Netherlands (51), Denmark (49), Germany (47), Italy (25), 

Czech Republic (6) and Sweden (5).  Local medical ethics requirements were met by each 

participating site.  Participants gave their written informed consent before participating 

in the study.  Basic demographics, type of vasculitis and duration of disease were recorded 

(Table 1).  All patients were assessed for disease activity and disease damage.   
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Disease activity was measured using the BVAS v.3, Vasculitis Activity Index (VAI),[246] 

Physician Global Assessment on a 100mm visual analogue scale (PGA), Treatment Decision 

(description given in Table 2) and CRP.  The VAI is an alternative validated measure of 

disease activity which incorporates a subjective score for 9 organ systems based on 

perceived severity of involvement (each organ score 0-4), and then the overall score 

divided by the number of organ systems scored.[246] The BVAS v.3 was tested against the 

alternative measures of disease activity to assess convergent validity.  Convergent validity 

tests the extent to which assessments which should theoretically be related to each other 

are in fact related.   To demonstrate that BVAS v.3 does not measure ‘damage’, we tested 

it against the Vasculitis Damage Index (VDI) which is a validated measure of damage in 

systemic vasculitis. 

 

Inter-observer reliability (Reproducibility) of BVAS v3 was examined in patients 

independently assessed by two observers on the same day (n=20).   

 

Statistical analysis 

R version 2.9.1 (2009-06-26) USA was used for the statistical analysis. The distributions of 

the BVAS v.3 scores were not normally distributed so we used a non-parametric approach 

based on ranks to measure its correlation with the VAI, treatment decision, CRP and PGA. 

In instances where more than one observation was available in a single patient, 

measurements from the patient’s first visit were used for correlation. 
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Spearman’s rank correlation coefficient (ρ) was calculated by independently ranking the 

2 scores, then calculating the Pearson correlation between the ranks rather than the 

original measurements.  The Confidence Intervals for ρ were calculated using Fischer’s 

Transformation. 

 

We used the intra-class correlation co-efficient (ICC) to calculate inter-observer reliability 

for the overall BVAS v.3 score.  This method estimates the average correlation between 

all possible orderings of pairs, and was calculated using a one-way analysis of variance 

(ANOVA).  To assess reliability between observers for each of the categories in the BVAS 

v.3 score, a linear-weighted kappa statistic was calculated, in which observed and 

expected proportions of agreement are modified to include partial agreements by 

assigning a weight between 0 (complete disagreement) and 1 (complete agreement) to 

each category.  

 

RESULTS 

The demographics of the cohort are shown in Table 1. Wegener’s Granulomatosis (63%), 

Churg-Strauss Syndrome (9%) and Microscopic Polyangiitis (9%) were the most common 

diagnoses.  The remaining patients suffered from a mixture of other primary and 

secondary vasculitides. The BVAS v.3 score ranged from 0-39 (maximum possible score 

63) with the largest range seen in patients with Wegener’s granulomatosis. There were 

115 patients who were in remission (BVAS v.3 score of 0) and 123 patients with active 

disease (BVAS v.3 score ≥1). Table 2 compares the range scores for each diagnosis 

between this cohort and the original validation cohort. 
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Convergent Validity 

234 of 238 patients (98%) had a Treatment Decision recorded. There was moderate 

correlation between BVAS v.3 and Treatment Decision [ρ = 0.54 (95% CI 0.44 to 0.62)], 

Figure 1.  The correlation remained the same when patients in remission (BVAS v.3 = 0) 

were excluded from the analysis [ρ = 0.54, (95% CI 0.40 to 0.65)]. Definitions for the 

treatment decisions are given in table 3.  Sub-group analysis of the 147 patients 

Wegener’s Granulomatosis revealed a similar correlation [ρ= 0.58 (95% CI 0.46, 0.68)].  

217 patients (91%) had CRP levels recorded on the day the same day that the BVAS v3 

Score was measured. There was a low correlation between BVAS v3 and CRP levels [ρ= 

0.18 (95% CI 0.05 to 0.30)], [Figure 1].  BVAS v.3 correlated strongly with the PGA [ρ = 0.85 

(95% CI 0.81 to 0.88)] and the VAI (ρ = 0.82, 95% CI 0.77 to 0.85); n=188 for both; Figure 

1.  The correlation remained strong when patients in remission (BVAS v.3 = 0) were 

excluded from the analysis; BVAS v.3 with PGA [ρ = 0.79 (95% CI 0.71 to 0.85)] and the 

BVAS v.3 with VAI (ρ = 0.75, 95% CI 0.66 to 0.82). 

 

Divergent validity 

There was no correlation between BVAS v.3 with a concurrent measure of disease damage 

(the VDI) [ρ= -0.10 (95% CI -0.22 to 0.03)], Figure 2.    

 

Reliability 

The inter-observer reliability (n=20) was very high with an ICC of 0.996 (95%CI 0.990 to 

0.998), for the total BVAS v.3 Score.  The kappa statistics for the individual organ systems 
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of BVAS v.3 for inter-observer reliability demonstrated perfect agreement [κ= 1.0 (95% CI 

1.0-1.0)] for Cutaneous, Mucous, ENT, Chest, Cardio, Abdominal, Renal, and Nervous 

systems.  There was good agreement for General [κ=0.71 (95%CI 0.29-0.94)] and Mucous 

membranes [κ=0.88 (95%CI 0.00-1.0)], although confidence intervals were wide due to 

the small numbers. The κ Statistics for the cardiovascular and abdominal systems were 

not defined because all items were recorded as absent by both observers in all 20 patients. 

 

DISCUSSION 

Quantifying vasculitis disease activity and extent of organ involvement assists clinical 

decision-making.  In the absence of a suitable biomarker which can quantify disease 

activity,   a structured clinical tool like the BVAS v.3 is necessary.   The BVAS provides a 

standardized measure of disease activity in clinical trials, and provides a structured 

approach for these heterogeneous, multisystem disorders on which treatment decisions 

in clinical practice can be based.   

 

This study reinforces the validity of the BVAS v.3 and increases the generalizability of the 

tool.  The original validation study included patients from the UK only,[200] whereas this 

study includes patients from 6 other countries across Europe.  The BVAS is a generic tool 

intended for all types of vasculitis but has been used primarily in assessment of disease 

activity in ANCA associated vasculitis in clinical trial settings.[247]   

 

There is no gold standard for measuring disease activity in vasculitis, hence our decision 

to compare multiple alternative methods.  The BVAS v.3 correlated well with the VAI and 
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an informed PGA (physician global assessment performed after completing the BVAS v.3 

form) which both measured disease activity at the same time point.   In addition, there 

was only a moderate correlation between BVAS v.3 and treatment decision which was 

expected.  Treatment decision is dependent on what has happed to patient’s disease 

activity recently (i.e. serial BVAS scores) rather than at a single time point.  For example, 

at disease onset, if a patient has haemoptysis and renal failure their disease would be 

considered to be very active and the BVAS score would be high.  The treatment decision 

would be to start immunotherapy.  If we then determined the patients’ disease activity 4 

weeks later, the haemoptysis and renal failure may have resolved and therefore BVAS 

score would be low.  The treatment decision at that point would likely be to continue 

therapy at a major level because of the recent high disease activity and the knowledge 

that if treatment is reduced too soon the disease may flare.  However, if the BVAS was 

repeated 6 months later and the score was still 0, the treatment decision would likely be 

to reduce therapy.  Due to the cross-sectional nature of this study, we are unable to 

directly infer from our results that the BVAS v.3 influences treatment decisions.  

The feasibility of the tool has already been confirmed by earlier versions of the BVAS by 

their use in clinical trials involving over a thousand patients (the BVAS v3 is a condensed 

version of the previous versions).[102, 103, 105, 106, 139, 200, 274]  All versions of the 

BVAS have high investigator acceptance.  The BVAS v.3 form takes less than 3 minutes to 

complete and requires minimal training, although training is important to achieve 

optimum reliability and reproducibility.  A training manual, complete with practise cases 

and an on line calculator are available on the European Vasculitis Study Group (EUVAS) 

website: http://www.vasculitis.org/ 

 

http://www.vasculitis.org/
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Achieving remission (the total absence of disease), maintaining remission and reducing 

the frequency of flares have been the primary outcome measures in most therapeutic 

trials in vasculitis in the last decade.[102, 103, 105, 106, 139, 200, 274]  These endpoints 

have almost always been defined in terms of the BVAS score, where ‘remission’ is a BVAS 

score of 0 and a ‘flare’ is a rise in the BVAS score from 0.  Experts in vasculitis, trial 

investigators and regulatory agencies have accepted the BVAS as the best available 

measure of disease activity, which reinforces the content and construct validity of the 

tool.[248]  In addition, the BVAS score at baseline has been shown to predict disease 

damage that occurs within the first 6 months,[226] which in turn predicts mortality.[226, 

255]  

 

This study has limitations.  It is a cross sectional study with few longitudinal data. The 

study design was not conducive to adequately assessing sensitivity to change. In the 

original validation study,[200] this exercise was carried out in 39 patients for whom data 

was available at 0 and 3 months after introduction of treatment classified as ‘major 

escalation’. The treatment was expected to reduce disease activity in a majority of 

patients. The BVAS v.3 met that expectation in a clinically meaningful and a statistically 

significant way. This aspect of the BVAS v.3 can be reassessed in future controlled clinical 

trials.[274]  A further limitation of the study is the small number of patients with large 

vessel vasculitis and non ANCA associated medium and small vessel vasculitides that were 

evaluated.    We think that it is important to continue to evaluate patients with these other 

forms of vasculitis to add to the utility of the tool for those conditions and allow for cross 

comparison between diseases. There is potential circularity in using the PGA as one of the 

reference standards to evaluate the BVAS v.3.  Investigators in this study had both 

expertise in vasculitis care and are involved with research in this area.  As a consequence, 
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it is probable that the PGA was influenced by completion of the BVAS v.3 form.  We 

included the PGA in this study because it is a well-recognised comparator when 

developing or validating disease activity scores in other rheumatologic diseases.[275-277]  

In order to reduce this potential bias when validating the BVAS v.3, we used several 

alternative methods of assessing disease activity such as the VAI, CRP and treatment 

decision. 

 

In summary, this study adds support to the validity of the BVAS v.3 and provides data that 

can be combined with other studies to continue to refine the tool.  The current weighting 

of BVAS items is based on expert opinion.[161, 200]  The next evolution of the BVAS is 

likely to be in the form of improving the weighting of individual items based on available 

datasets (e.g. cross sectional studies such as this and the previous validation study,[200] 

as well as data from the long term follow up of the EUVAS trials,[102, 103, 105, 139] and 

the WGET trial.[106]  Mahr et al have attempted to improve the scoring of an alternative 

version of the BVAS designed specifically for Wegener’s granulomatosis (BVAS/WG) using 

the PGA as the reference standard.[278]  This method does not improve on expert opinion 

because it uses a subjective physician score as the reference to re-weight items.  We 

would advocate that objective endpoints are used as the external anchors to determine 

new weighting.  For example, variables known to influence rates of remission and relapse, 

renal survival, cardiovascular survival and mortality, or these events themselves could be 

used.  We have previously published a systematic review exploring these factors.[279]  
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Table 1. Baseline demographics of the revalidation cohort  

DIAGNOSIS NO. (%) F M 
Median age 

in years 
(range) 

Median 
disease 

duration in 
months 
(range) 

Wegener's granulomatosis (renal) 98 (41.2%) 39 (40%) 59 (60%) 56 (17,85) 38 (1,362) 

Wegener's granulomatosis (non renal)* 51 (21.4%) 26 (51%) 24 (47%) 53 (19,75) 68 (1,269) 

Churg-Strauss Syndrome* 23 (9.7%) 12 (52%) 10 (43%) 68 (45,82) 20 (2,252) 

Microscopic Polyangiitis 22 (9.2%) 10 (45%) 12 (55%) 56 (17,81) 38 (2,219) 

Other† 13 (5.5%) 10 (77%) 3 (23%) 62 (29,84) 34 (0,228) 

Mixed essential cryoglobulinemia* 9 (3.8%) 7 (78%) 1 (11%) 56 (27,77) 49 (8,420) 

Henoch Schonlein Purpura 7 (2.9%) 4 (57%) 3 (43%) 23 (19,78) 18 (2,336) 

Takayasu arteritis 6 (2.5%) 6 (100%) 0 (0%) 32 (21,62) 98.5 (36,145) 

Behcet's disease 5 (2.1%) 3 (60%) 2 (40%) 39 (21,66) 120 (24,480) 

Leukocytoclastic skin vasculitis 2 (0.8%) 1 (50%) 1 (50%) 55 (25,84) 41.5 (5,78) 

Polyarteritis Nodosa (Hep B -ve) 2 (0.8%) 1 (50%) 1 (50%) 57 (37,78) 
160 

(114,206) 

* Gender was missing for 1 patient 
† Other vasculitis comprised of: ANCA positive vasculitis not fitting any specific diagnosis;  CNS vasculitis;   Drug-

induced vasculitis;  Goodpasture’s disease; Systemic Rheumatoid Vasculitis;  Not further specified;  SLE vasculitis;  

Giant cell arteritis; Hypocomplementaemic urticarial vasculitis. 
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Table 2: Comparison of the range of diagnosis and BVAS (v.3) scores between the current study and 

the original validation cohort. 

 

DIAGNOSIS 

Current study, patients from 
EUROPE (n=238) 

Original validation cohort, 
patients from the UK (n=313), 

Mukhtyar et al.[200] 

NO. (%) 

BVAS v.3 
median score 
(range)  NO. (%) 

BVAS v.3 
median score 
(range)  

Wegener's granulomatosis (general) 98 (41.18%) 1 (0,36) 101 (32.27%) 1 (0,37) 

Wegener's granulomatosis (non renal)* 51 (21.43%) 0 (0,39) 54 (17.25%) 0.5 (0,25) 

Churg-Strauss Syndrome 23 (9.66%) 0 (0,14) 28 (8.95%) 0 (0,24) 

Microscopic Polyangiitis 22 (9.24%) 2 (0,22) 15 (4.79%) 2 (0,25) 

Other† 13 (5.46%) 0 (0,15) 46 (14.70%) 4 (0,34) 

Mixed essential cryoglobulinemia 9 (3.78%) 5 (0,26) 6 (1.92%) 6.5 (0,24) 

Henoch Schonlein Purpura 7 (2.94%) 1 (0,13) 10 (3.19%) 3.5 (0,21) 

Takayasu’s arteritis 6 (2.52%) 0 (0,4) 9 (2.88%) 0 (0,2) 

Behçet’s disease 5 (2.10%) 6 (0,18) 25 (7.99%) 2 (0,19) 

Leukocytoclastic skin vasculitis 2 (0.84%) 2.5 (2,3) 9 (2.88%) 2 (0,6) 

Polyarteritis Nodosa (Hep B -ve) 2 (0.84%) 0.5 (0,1) 10 (3.19%) 0 (0,6) 

 
† Other vasculitis comprised of: ANCA positive vasculitis not fitting any specific diagnosis; CNS vasculitis;   Drug-

induced vasculitis; Goodpasture’s syndrome; Systemic Rheumatoid Vasculitis; Not further specified; SLE 

vasculitis; Giant cell arteritis; Hypocomplementaemic urticarial vasculitis, Granulomatous Nephritis; Polymyositis; 

Sjogren’s syndrome related vasculitis. 
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Table 3: Treatment decision categories and definitions 

6 Major escalation 

Commencing any immunosuppressive agent, glucocorticoid 
or plasmapheresis, without stopping or reducing the dose of 
any other treatment    
       OR 
Increasing the dose of glucocorticoid and 
immunosuppressive agent 

5 Continue at Major level No change to a therapeutic regimen which includes 
cyclophosphamide or biologic therapy 

4 Minor Escalation Increasing the dose of immunosuppressive agent or 
glucocorticoid 

3 Continue at Minor Level No change to a therapeutic regimen which excludes 
cyclophosphamide and biologic therapy 

2 
Reduction at Major 
Level Start at Minor 
Level 

Reduction or stopping of one or more drugs which includes 
cyclophosphamide or biologic therapy     
    AND  
Commencing the dose of another drug 

1 Reduction of Therapy Reduction or stopping of one or more drugs without 
increasing or commencing any other drug 

0 No Therapy 
No Therapy 
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Figure 1.  Comparison between potential measures of disease activity and the BVAS v.3. 

 

BVAS v.3 against (A) Treatment Decision, (B) CRP, (C) Physician’s Global, (D) Vasculitis 

Activity Index 
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Figure 2. Comparison of disease activity (BVAS v.3) with disease damage (VDI), n=238 

 

BVAS v.3 = Birmingham Vasculitis Activity Score version 3; VDI = Vasculitis Damage Index 
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4.3 Measurement of damage in systemic vasculitis: a comparison of the 

Vasculitis Damage Index with the Combined Damage Assessment 

Index (Suppiah R, Flossman O, Mukhtyar C, Alberici F, et al.  

Measurement of damage in systemic vasculitis: a comparison of the 

Vasculitis Damage Index with the Combined Damage Assessment 

Index. Ann Rheum Dis, 2011. 70(1): p. 80-5) 
 

This section is a reproduction of the paper "Measurement of damage in systemic 

vasculitis: a comparison of the Vasculitis Damage Index with the Combined Damage 

Assessment Index" published in the Annals or Rheumatic Disease in 2011.  This journal 

had an impact factor 9.082 in 2011 (the highest ranked journal in the field of 

rheumatology).  The text, tables and the references used in the article have been 

formatted to be consistent with rest of the thesis.   Permission to re-use the article in this 

thesis have been obtained from BMJ Publishing Group Ltd.  
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ABSTRACT 

 

Objectives:  To compare the Vasculitis Damage Index (VDI) with the Combined Damage 

Assessment Index (CDA) as measures of damage from vasculitis. 

Methods:  283 patients with vasculitis from 11 European centres were evaluated in a 

cross-sectional study using the VDI and CDA.   

Results:  Wegener’s granulomatosis (58.4%) and microscopic polyangiitis (11.0%) were 

the most common diagnoses.  Agreement between VDI and CDA scores (Spearman’s 

correlation) was 0.90 (95%CI 0.87 - 0.92).  There was good correlation between individual 

comparably evaluated organ systems (Spearman’s correlation 0.70-0.94).  Inter-observer 

reliability (ICC) was 0.94 (95% CI 0.89-0.98) for VDI, and 0.78 (95%CI 0.63-0.93) for CDA.  

Intra-observer reliability was 0.92 (95% CI 0.83-1.00) for VDI and 0.87 (95%CI 0.75-1.00) 

for CDA.  Thirteen items were not used in the VDI compared to 23 in the CDA.  Observers 

agreed that the CDA covered the full spectrum of damage attributable to vasculitis but 

was more time-consuming and thus possibly less feasible for clinical and research 

purposes.  

Conclusion:  Both the VDI and CDA capture reliable data on damage among patients with 

vasculitis.  The CDA captures more detail but is more complex and less practical than the 

VDI.  Further evolution of damage assessment in vasculitis is likely to include key elements 

from both instruments. 



 

Page | 167  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

INTRODUCTION 

The prognosis for a patient with systemic vasculitis has improved with therapy.[8, 15, 102, 

279-281] However, the long-term outlook is characterised by morbidity from recurrent 

flares, low-grade grumbling disease and/or accumulation of damage from previous 

disease activity or therapy.[59, 218, 253, 279]  Systematic recording and quantification of 

damage allows recording of the natural history of the disease, provides distinction from 

disease activity and can be used as an outcome measure for clinical trials.[256]   

 

The Vasculitis Damage Index (VDI) is a validated[162] method for measuring damage 

sustained from vasculitis or its treatment.  It was developed by consensus by a group of 

vasculitis experts and is widely used in clinical trials.[102, 106, 139, 154]  The VDI may not 

adequately capture all damage caused by small and medium vessel vasculitis or 

treatment.[256]. A group of international experts in vasculitis from Europe and the US 

constructed a new tool to measure damage called the Combined Damage Assessment 

Index (CDA).  It is based on the VDI, [256] and includes additional items of damage that 

were recorded in the Wegener’s Granulomatosis Etanercept Trial (WGET) but not 

captured by individual items on the VDI.[59, 256]  

 

The VDI comprises 64 items grouped into 11 categories.  The CDA has 135 individual items 

in 17 categories, and includes some bilaterality for items involving the eyes and ears; eight 

items assign gradation.  The VDI and the CDA both measure damage that has occurred 

since the onset of vasculitis; pre-existing co-morbidity is not counted.   

   

The Outcome Measures in Rheumatology (OMERACT) filter consists of: 1.Truth - does it 

measure what it intends to measure?  2. Discrimination - does it discriminate from 
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situations of interest?  3. Feasibility - Can the measure be easily applied given the 

constraints of time, money and interpretability? [207]  

 

The objective of this study was to: 1) Compare the performance of the CDA to the VDI in 

a cross-sectional study of patients with vasculitis. 2) Begin to evaluate the CDA with 

respect to the OMERACT filter 3) Review the use of individual items in VDI and CDA.  

 

METHODS 

Consecutive patients (both inpatient and outpatients) with new or existing diagnoses of 

vasculitis were recruited from 11 European centres.  Local medical ethics requirements 

were met by each participating site.  Participants gave their written informed consent 

before participating in the study.   

 

Basic demographics, type of vasculitis, duration of disease, CRP and ANCA results were 

obtained on each patient.  Patients were assessed for disease activity using the 

Birmingham Vasculitis Activity Score version 3 (BVAS v3) [247] and disease damage using 

the VDI and CDA by an observer at each site (total of 11 observers).  All forms were 

completed in English.  For the purpose of this study any damage scored had to be present 

following the onset of vasculitis and be present for at least 3 months. The total VDI score 

and the total CDA score are each represented by the cumulative number of items that are 

recorded, respectively.  Both the VDI and CDA scores can stay the same or worsen over 

time, but cannot improve.  Each item in CDA or VDI contributes 1 point to the total 

score.[252]  

Convergent validity measures the extent to which assessments which are theoretically 

related to each other are actually related.  In this case VDI and CDA should be closely 
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correlated. Convergent validity was assessed by comparing overall VDI and CDA scores as 

well as individual organ scores.  To evaluate discrimination we assessed the relationship 

between the damage assessment tools with the BVAS v3, CRP and ANCA result.  In 

addition, inter- and intra-observer reliability was investigated.  Twenty eight (9.9%) 

patients were scored by 2 different observers at the same time point and 14(4.9%) by the 

same observer at 2 different time points within 3-months of each other.  This was the total 

number achieved during the study and not specifically chosen, but our expectation was 

that using trained observers would demonstrate good agreement based on previous 

experience with the VDI.[162] 

In addition to real patients, a VDI and CDA were completed on up to 20 different paper 

cases by an independent group of specialist physicians, fellows, and research nurses with 

an interest in vasculitis.  The paper cases were used to assess feasibility only.  The paper 

cases were designed on real cases seen by RL and CM but modified in order to encompass 

the range of items recorded in the VDI and CDA.  The observers were provided with 

written instructions on how to complete the assessment.  All observers who completed a 

CDA and a VDI on patients or paper cases were invited to complete a feasibility 

questionnaire for each of the damage assessment tools.  The feasibility questionnaire was 

a series of 10 statements or questions that the respondents had to rate or answer on a 4 

point Likert scale.  

 

We identified unused items in VDI from the current study and combined data published 

on damage assessment in the WGET trial[59] and from unpublished 5 year follow-up 

results from the European Vasculitis Study Group (EUVAS) cohorts[102, 103, 105, 139] to 

provide a large sample of patients to determine the potential redundancy of VDI items. 
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Statistical analysis 

Stata version 10, StataCorp LP, College Station Texas, USA was used for analysis.  The 

distributions of the BVAS v3, VDI, and CDA scores were not normally distributed so we 

used a non-parametric approach based on ranks to measure their correlation.  Spearman’s 

rank correlation coefficient was calculated by independently ranking the VDI and CDA 

scores, then calculating the Pearson correlation between the ranks rather than the 

original measurements.  We used the intraclass correlation co-efficient (ICC) to calculate 

inter and intra-observer reliability for overall VDI and CDA scores.  This method estimates 

the average correlation between all possible orderings of pairs, and was calculated using 

a one-way analysis of variance (ANOVA).  To assess inter-observer reliability between 

observers for each of the categories in the VDA and CDA a linear-weighted kappa statistic 

was calculated, in which observed and expected proportions of agreement are modified 

to include partial agreements by assigning a weight between 0 (complete disagreement) 

and 1 (complete agreement) to each category.  The 17 subcategories of the CDA were 

collapsed into the same 11 categories of the VDI for this analysis.   

 

RESULTS 

283 patients (51% female, 49% male) with vasculitis were evaluated.   Disease duration 

ranged from 0-480 months.  A summary of the range of diagnosis, VDI and CDA scores, 

and disease duration is shown in Table 1.  Wegener’s granulomatosis (58.4%) and 

microscopic polyangiitis (11.0%) were the most common diagnoses.  The remaining 

patients were a mixture of other primary and secondary vasculitides.  The scores ranged 

from 0-12 for the VDI and 0-26 for the CDA, with the largest range seen in Wegener’s 

granulomatosis patients with renal involvement.  Table 2 shows organ system 

involvement as recorded by each of the damage tools.  Of the 192 patients with a disease 

duration of at least 12 months, 170 (89%) had some damage recorded on the VDI 
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compared to 176 (92%) on the CDA (as determined by a score >0 on each tool 

respectively). 

 

 

Convergent validity 

Measurements taken in an individual patient on the same date for VDI and CDA scores 

were paired together.  In instances where more than one paired observation was available 

in a single patient (i.e. patients assessed twice to calculate inter or intra-observer 

reliability), one of the paired observations was randomly chosen.  For the total VDI and 

CDA scores there was a high positive correlation (ρ = 0.90, P < 0.001); a graphical 

representation of this is shown in Figure 1.  There was a high positive correlation between 

the organ system scores, except for ‘skin / mucous membrane’ where there was a 

moderate correlation (ρ = 0.47, P < 0.001).  When the two skin-related items found in CDA 

but not VDI, “easy bruising” (15.8% of patients) and “cutaneous scarring” (9.0%) in the 

CDA, were removed from the analysis, the correlation was 0.70 (P < 0.001).  A complete 

list of the correlations between the organ systems between the VDI and CDA is provided 

in Table 2. 

 

Discrimination 

The correlation (Spearman’s rho) with BVAS 2003 was -0.17 (95% CI -0.28 to -0.05) and -

0.19 (95% CI -0.30 to -0.07); CRP -0.09 (95% CI -0.21 to 0.04) and -0.12 (95% CI -0.24 to 

0.01); ANCA -0.26 (95% CI -0.45 to -0.06) and -0.32 (95% CI -0.49 to -0.12), for VDI and 

CDA respectively.  This shows that there was no correlation between the two measures of 

disease damage with measures of disease activity or items considered unrelated to 

disease damage.    
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Reliability 

The inter-observer reliability using the ICC was 0.94 (95%CI 0.89-0.98) for the VDI and 0.78 

(95% CI 0.63-0.93) for the CDA.  The inter-observer reliability was better for patients with 

short compared with long disease duration: ICC was 0.99 (95% CI 0.97-1.00) and 0.87 (95% 

CI 0.74-0.99) for disease duration ≤ 3 years vs. 0.90 (95% CI 0.79-1.0) and 0.67 (95%CI 

0.33-1.0) for disease duration >3 years on the VDI and CDA respectively. Observations for 

intra-observer reliability were restricted to patients who were reassessed by the same 

observer within 3 months (14 patients for the VDI, 15 patients the CDA).  The intra-

observer reliability was 0.92 (95% CI 0.83-1.00) for the VDI, and 0.87 (95% CI 0.75-1.00) 

for the CDA.  There were not enough patients to determine intra-observer reliability 

stratified by disease duration. The kappa statistics for the individual systems for inter- and 

intra-observer reliability (Table 3) demonstrated fair to good agreement, although 

confidence intervals were wide due to small numbers (only 3/28 patients had any items 

recorded in the musculoskeletal system). No individual musculoskeletal item could 

account for the wide confidence intervals. 

 

 

The use of individual items 

Table 4 shows the 10 most commonly used items for each of the damage assessment 

tools.  The items mainly comprised upper respiratory tract, renal, auditory features and 

peripheral neuropathy (in keeping with Wegener’s granulomatosis being the most 

common diagnosis).   Items frequently used in the CDA, but not captured by the VDI were 

easy skin bruising (15.8%), weight gain >10 lbs / 4.4 kg (14.8%) and cutaneous scarring 

(9.0%). Due to the increase number of options for recording damage on the CDA this has 

resulted in discrepancy in scoring items on the CDA compared to the VDI. For example the 
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proportion of patients with GFR<50% is different between the two assessment tools, 

primarily because there are other options on the CDA for recording renal impairment. 

 

 

Thirteen items of damage were not used in the VDI; 11 additional items were used less 

than 1% of the time.  In comparison, the CDA had 23 items of damage, 4 gradations of 

severity, and 2 items attributing causality that were not used.  There were an additional 

45 items that were used less than 1% of the time.  Table 5 shows a list of the least used 

items in both damage tools. 

 

 

Redundant items on the VDI  

Combining our study population with the WGET trial, and patients with 5 years of follow 

up in the EUVAS cohorts represent a total of 804 patients.  The following seven items of 

damage were not utilised in the VDI in this combined population:  2nd episode of fresh loss 

of pulses in one limb, chronic peritonitis, major psychosis, oesophageal stricture/ upper 

GI surgery, pericarditis ≥3 months / pericardectomy, subsequent major tissue loss and 

subsequent myocardial infarction.   

 

Feasibility 

Twelve observers completed the feasibility questionnaire (including 7/11 observers who 

scored the VDI and CDA in real patients and 5 who completed paper cases only).  The 5 

observers who completed the paper cases only were new users to both tools.  Completion 

time was 5-10 minutes (range: < 5 to 10) for VDI compared to 10-15 minutes (<5 to 20) 

for CDA.  Experienced users completed both assessments in < 5 minutes.  Ten observers 

(83%) reported that both the VDI and CDA were useful to record the natural history of 
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vasculitis.  All observers stated that the CDA covered the full spectrum of damage 

attributable to vasculitis compared to 7/12 (58%) for the VDI.  Eight (67%) observers said 

that the VDI was a practical tool for clinical use compared to 5/12 (42%) for the CDA, 

however only 7/12 (58%) and 3/12 (25%) respectively would use it in clinical practice.  

Nine (75%) observers found the VDI easy to complete compared to 5 (42%) for the CDA.  

All observers stated that the VDI was a useful tool to measure outcomes in clinical trials 

whereas 2 disagreed with this statement for the CDA.  Overall preference for the tools 

was mixed; 8/12 (67%) favoured the VDI.  The CDA was preferred by some experienced 

observers, especially by those individuals who could complete both tools in a similar 

timeframe.  

 

DISCUSSION 

Damage assessment represents the permanent cumulative burden of disease morbidity 

from vasculitis or its treatment. It records the disease course, identifies the manifestations 

that do not warrant further immunosuppressive therapy, and serves as an outcome 

measure in clinical trials.[252]  Both tools evaluated in this study serve this function well 

but have contrasting benefits and drawbacks.   

 

The level of damage detected is consistent with previous reports; 89% of patients with at 

least 12 months of disease duration had ≥1 item of damage captured by VDI and 92% by 

CDA.  This compares to 89% in the WGET trial.[59]  A Norwegian study of Wegener’s 

granulomatosis showed 100% of patients having damage by the end of follow up (mean 

4.7 years); [226] and a UK series with systemic vasculitis demonstrated 96% with a VDI 

score of ≥1 by the end of follow up (mean 6.1 years).[255]    The median disease duration 

of 39 months in this study may have been too short to detect some items of damage such 



 

Page | 175  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

as malignancy which was recorded in only 1.4% of patients. However, the relationship 

between vasculitis and malignancy is complex.[150, 218, 282-284] 

 

The advantages of the VDI are that it is simple to complete, has very good reliability, and 

is a widely accepted outcome measure in clinical trials,[59, 102, 139] with proven 

prognostic value. A score ≥1 at diagnosis predicts increased mortality and future organ 

damage.[226]  The VDI was preferred by the majority of observers in this study, mainly 

due to its relative simplicity, especially by less experienced users which is of key 

importance if it is to be used infrequently in clinical practice.  However, the main 

application of the VDI is in clinical trials, where it functions as a generic damage 

assessment tool for all types of vasculitis, thereby enabling widespread use, which 

facilitates familiarity, accuracy and completion speed.  

 

The CDA is intended for use in clinical trials of ANCA associated vasculitis.  The CDA is more 

comprehensive than the VDI, and may be more sensitive in detecting damage. In addition, 

the ranges of scores are larger, and may be better at detecting change, although this was 

not tested in the current study. The CDA takes longer to complete than the VDI in less 

experienced observers, but the difference was minimal amongst experienced 

investigators.  In a clinical trial setting where more investment in training is available and 

there is less time pressure, the increased level of data capture by the CDA may be more 

desirable.  There is disagreement among experts as to whether or not we should move 

towards disease specific assessment tools in vasculitis clinical trials (i.e. whether specific 

forms should be used for specific types of vasculitis, or if VDI could apply to types of 

vasculitis).[256, 285]  The benefit of increased sensitivity of a disease specific tool like the 

CDA has to be balanced against more limited application (i.e. confined to use only in ANCA 

vasculitis).  In addition, if multiple tools are developed for different forms of vasculitis, it 
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reduces the ability for comparison between broadly similar conditions. Ultimately it may 

be useful to discuss a damage form that has a generic component and a specific 

component. 

 

Gradations of severity and weighting of items are not adequately captured by existing 

damage tools.  Intuitively, some forms of damage or gradations of severity may have more 

impact on a patient’s quality of life or prognosis than others.    The future weights applied 

to individual items on the CDA or VDI should improve the correlation between mortality 

and quality of life.[252]  Efforts are underway to address this.[257]  In addition, there are 

redundant items in both tools; the 7 unused items on the VDI (from WGET, and EUVAS 

studies) could be omitted from any future damage tools that are specific for ANCA 

associated vasculitis in order to simplify the forms. Even if these items are removed from 

the main form, they will be retained in the glossary under ‘other items’ so these less 

common items can be recorded and contribute to the index.  However, unused items such 

as cardiomyopathy or loss of pulses may be important for some diseases (e.g. Takayasu’s 

disease) therefore should be retained in generic damage assessment tools. 

 

There are limitations in this study.  Study observers were already familiar with the VDI 

from previous clinical or trial experience whereas for most investigators, this study was 

the first time they used the CDA.  This may explain the lower inter- and intra-observer 

reliability of the CDA.  Further training and more experience with the CDA could improve 

its reliability and acceptability.  The current study is cross-sectional, and therefore cannot 

demonstrate changes to the CDA over time.  Grading severity of individual items and 

allowing resolution of items may influence its correlation with quality of life indices and 

mortality.  The classification of patients with less well defined forms of disease is difficult 

and there may be overlap between the categories listed in Table 1. This is the real-life 
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setting and therefore inclusion of these heterogenous patients allows for the 

generalizability of our results.   

 

In summary, this is the first study to test the CDA as a measure of damage in vasculitis.  

We have started evaluating the CDA with respect to the OMERACT filter, but more 

experience, especially in a longitudinal setting is required.    The VDI remains the standard 

for damage assessment in vasculitis, and this study further validates its use. If there is 

move toward disease specific damage assessment, then future revisions including a 

weighting system are likely to serve as outcome measures for trials in ANCA associated 

vasculitis. 
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Table 1:  Diagnoses, disease duration, disease damage and disease activity scores in 

patients with vasculitis 

Diagnosis n (%) 

Median 
disease 

duration in 
months 
(range) 

VDI 
median 

score 
(range) 

CDA 
median 

score 
(range) 

BVAS v3 
median 

score 
(range) 

Wegener's granulomatosis 

(with renal involvement) 

104 (36.8) 36 (0-396) 2 (0-12) 4 (0-26) 1 (0-36) 

Wegener's granulomatosis 

(without renal involvement) 

61 (21.6) 60 (1-300) 3 (0-8) 4 (0-21) 1 (0-39) 

Microscopic polyangiitis 31 (11.0) 18.5 (0-252) 2 (0-7) 3 (0-12) 0 (0-25) 

Churg-Strauss syndrome 24 (8.5) 38 (2-240) 3 (0-12) 3 (0-15) 2 (0-22) 

Other vasculitis* 17 (6.0) 20.5 (0-228) 1 (0-9) 2 (0-16) 2 (0-17) 

Henoch Schönlein purpura 11 (3.9) 39 (2-360) 1 (0-5) 1 (0-11) 2 (0-15) 

Mixed essential cryoglobulinaemia 11 (3.9) 49 (3-420) 2 (0-6) 4.5 (0-10) 6.5 (0-26) 

Behçet's disease 9 (3.2) 60 (7-480) 3 (0-7) 5 (1-8) 4 (0-18) 

Takayasu’s arteritis 7 (2.5) 109 (36-264) 3 (0-4) 4 (0-7) 0 (0-4) 

Isolated skin vasculitis 4 (1.4) 20.5 (4-78) 0 (0-4) 0.5 (0-9) 3.5 (2-5) 

Polyarteritis nodosa  
(not HBV-associated) 

2 (0.7) 
160 (114-

206) 
0.5 (0-1) 1 (0-2) 0.5 (0-1) 

Systemic rheumatoid vasculitis 2 (0.7) 40 (32-48) 1.5 (1-2) 2 (2-2) 1 (1-1) 

* Other vasculitis comprised of: ANCA positive vasculitis not fitting any specific diagnosis (4 patients); Unspecified 

small vessel vasculitis (3); CNS vasculitis (3 patients); Not further specified (2 patients); SLE vasculitis (1 patient); 

Giant cell arteritis (1 patient); Hypocomplementemic urticarial vasculitis (1 patient),  Drug-induced vasculitis (1 

patient), Goodpasture’s syndrome (1 patient).   
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Table 2: Frequency of organ system damage as determined by VDI and CDA and the 

correlation between the total score for each organ system between the two disease damage 

tools in patients with vasculitis 

 

Frequency 
of organ 

damage as 
determine
d by VDI, n 

(%) 

Median 
VDI 

score 
(range)  
for each 

organ 

Frequency 
of organ 

damage as 
determined 
by CDA, n 

(%) 

Median 
CDA score 
(range) for 
each organ 

Spearman’s rank 
correlation coefficient 
for total score in each 
organ system (95% CI) 

Total score 213 (76.6) 2 (0-12) 212 (76.3) 3 (0-26) 0.90 (0.87, 0.92) 

Musculoskeletal 46 (16.6) 0 (0-3) 45 (16.2) 0 (0-4) 0.86 (0.83, 0.89) 

Skin/Mucous membranes* 20 (7.2) 0 (0-3) 76 (27.3) 0 (0-4) 0.47 (0.38, 0.56) 

Ocular 46 (16.6) 0 (0-3) 52 (18.7) 0 (0-6) 0.94 (0.93, 0.96) 

ENT** 110 (39.6) 0 (0-5) 108 (38.9) 0 (0-13) 0.89 (0.86, 0.91) 

Pulmonary 42 (15.1) 0 (0-3) 43 (15.5) 0 (0-3) 0.94 (0.92, 0.95) 

Cardiovascular 50 (18.0) 0 (0-3) 67 (24.1) 0 (0-5) 0.77 (0.72, 0.82) 

Peripheral vascular 
disease 13 (4.7) 0 (0-3) 20 (7.2) 0 (0-4) 0.81 (0.77, 0.85) 

Gastrointestinal 1 (0.4) 0 (0-1) 2 (0.7) 0 (0-1) 0.71 (0.64, 0.76) 

Renal 61 (21.9) 0 (0-3) 67 (24.1) 0 (0-7) 0.89 (0.86, 0.91) 

Neuropsychiatric*** 74 (26.6) 0 (0-2) 92 (33.1) 0 (0-4) 0.75 (0.70, 0.80) 

Endocrine n/a n/a 30 (10.8) 0 (0-2)  

Haematology  /  
Oncology**** n/a n/a 4 (1.4) 0 (0-1)  

Other***** 59 (21.2) 0 (0-2) 69 (24.8) 0 (0-2)  

 The p value for all spearman’s correlations is less than 0.001. 

* The main reason for discrepancy is the inclusion of skin bruising and scaring on the CDA; items not 

present on the VDI.  When these 2 items were removed from the analysis the Spearman’s rho was 0.70 

(95% CI: 0.64 to 0.76) 

** ENT is composed of 4 separate categories on the CDA: Ears, Nose, Sinuses, and Subglottic stenosis. 

*** More than 80% of this organ system involvement was accounted for by peripheral neuropathy  

****  Haematology and oncology items are captured under ‘Other’ in the VDI.   

***** Weight gain >10lbs / 4.4 kg was the main item captured under ‘Other’ on the CDA (14.8%).  Weight gain 

is not present as an individual item on the VDI. 
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Table 3:  Inter and intra observer reliability of measurement of damage in vasculitis for 

each organ system 

 

Organ system Inter observer reliability, Kappa (95% 

CI) 

Intra observer reliability, Kappa (95% 

CI) 

 
VDI 

(n = 28 paired 

observations) 

CDA 

(n = 28 paired 

observations) 

VDI 

(n = 14 paired 

observations) 

CDA 

(n = 15 paired 

observations) 

Musculoskeletal 0.65 (0.02, 1.00) 0.65 (0.02, 1.00) - - 

Skin / mucous 

membrane 

0.78 (0.59, 1.00) 0.59 (0.32, 0.83) 1.00 (1.00, 1.00) 0.41 (0.00, 0.65) 

Ocular 1.00 1.00 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

ENT 0.77 (0.46, 1.00) 0.59 (0.23, 0.84) 0.79 (0.46, 1.00) 0.78 (0.50, 0.96) 

Pulmonary 1.00 0.78 (0.37, 1.00) 1.00 (1.00, 1.00) 0.76 (0.32, 1.00) 

Cardiovascular 0.83 (0.60, 1.00) 0.63 (0.42, 0.84) 1.00 (1.00, 1.00) 0.77 (-0.07, 1.00) 

Peripheral vascular 1.00 0.31 (-0.82, 1.00) - - 

Gastrointestinal - - - - 

Renal 0.80 (0.19, 1.00) 0.70 (0.40, 0.88) 0.82 (0.45, 1.00) 0.45 (0.00, 0.88) 

Neuropsychiatric 0.52 (0.11, 0.92) 0.46 (0.00, 0.92) 0.76 (0.32, 1.00) 0.58 (0.07, 1.00) 

‘-‘ no patients had damage in this organ system. 

‘1.00’ complete agreement. 
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Table 4: The 10 most commonly used individual items of damage in vasculitis 

VDI % CDA % 

Nasal blockage/crusting 22.3 Chronic rhinitis / crusting 26.6 

Peripheral neuropathy 21.9 Hypertension* 21.6 

Hearing loss 19.1 Sensory neuropathy** 21.6 

Hypertension 16.6 Proteinuria < 3g / 24h 17.6 

Proteinuria 16.6 Easy bruising 15.8 

GFR<50% 15.1 Weight gain > 10 lbs / 4 kg  14.8 

Osteoporosis 11.9 Conductive hearing loss 13.7 

Chronic sinusitis 11.5 GFR  < 50% 13.3 

Nasal bridge collapse 9.7 Chronic kidney disease  12.6 

Cataract 9.0 Osteoporosis 12.6 

 

* This includes patients with Pre, stage 1 or stage 2 hypertension 

** Includes patients with mild, moderate or severe sensory neuropathy 
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Table 5: Least used items in the VDI and CDA in patients with vasculitis 

VDI items not used VDI items used <1% 

2nd episode  fresh loss of pulses in one limb*Ф Deforming/erosive arthritis* 

2nd cerebrovascular accident* Cardiomyopathy 

Blindness other eye Claudication 

Chronic peritonitis*Ф Gut infarction/resection 

Major psychosis*Ф Major tissue lossФ 

Mesenteric insufficiency/pancreatitis* Marrow failure 

Minor tissue loss Myocardial infarction* 

Oesophageal stricture/ upper GI surgery*Ф Pleural fibrosis 

OsteomyelitisФ Pulmonary infarction 

Pericarditis ≥3 months / pericardectomy*Ф Seizures*Ф 

Pulmonary hypertensionФ Transverse myelitis* 

Subsequent major tissue loss*Ф  

Subsequent myocardial infarction*Ф  

CDA items not used CDA items used <0.05% 

Auricular cartilage deformity left Auricular cartilage deformity right 

Cervical cancer Bladder cancer 

Cholesteatoma left Continuous oxygen dependency 

Cholesteatoma right Gangrene with permanent tissue loss 

Chronic peritonitis Gut infarction / resection 

Haematopoetic malignancy Hepatic fibrosis 

Mesenteric insufficiency / Pancreatitis Impaired fasting glucose 

Myelodysplastic syndrome Optic nerve oedema left 

Oesophageal stricture / surgery Pericarditis or pericardiectomy 

Optic nerve oedema right Pleural fibrosis 

Osteomyelitis Pseudotumour left eye 

Percutaneous coronary intervention Pseudotumour right eye 

Pulmonary hypertension Pulmonary infarction 

Refractory cytopenia Retinal artery occlusion left 

Retinal artery occlusion right Retinal changes left 

Retinal vein occlusion right Retinal vein occlusion left 

Scleral perforation left Scleral thinning left 

Scleral perforation right Scleral thinning right 

Second cerebrovascular accident Second episode of absent pulses in 1 limb 

Subsequent major tissue loss Tissue loss (includes major and minor) 

Third degree AV block  

Transverse myelitis  

Vena caval filter  

* Items not used in the WGET trial cohort, n=180 patients.[59]  Ф Items not used in the long term follow up (5 year 

VDI) of the EUVAS cohorts, n=339 patients (Unpublished).  
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4.4 The prognostic value of the Birmingham Vasculitis Activity Score 

and the Vasculitis Damage Index in ANCA-associated Vasculitis 
 

The following section of this chapter is based on original unpublished work looking at the 

prognostic value of the Birmingham Vasculitis Activity Score (BVAS) and the Vasculitis Damage 

Index (VDI).   Some of the material has been presented in abstract form as a poster at the 15th 

International Vasculitis and ANCA workshop in Chapel Hill, USA in 2011. 
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Abstract 

Background: The Birmingham Vasculitis Activity Score (BVAS) is a clinical checklist of items 

that is used to quantify disease activity in systemic vasculitis. The Vasculitis Damage Index 

(VDI) records irreversible scarring that has resulted after the onset of vasculitis. Patients 

enrolled in the European Vasculitis Study Group (EUVAS) therapeutic trials for newly 

diagnosed ANCA-associated vasculitis had BVAS and VDI prospectively scored at regular 

time intervals during the trials. The long-term follow-up of these patients has been 

performed. The aim of this study are to: 1) To determine the prognostic value of BVAS v.3 

in predicting early mortality (<6 months); 2) To determine the prognostic value of BVAS 

v.3 and BVAS v.3 area under the curve for the first 6 months (BVAS-AUC) to predict 

mortality after 6 months and 3) To determine the prognostic value of VDI at 12 months to 

predict mortality after this period. 

Methods: BVAS v.2 scores new/worse and persistent disease separately (version 

collected during the trials). We transformed BVAS v.2 to BVAS v.3 (new version) which is 

essentially a composite of new/worse and persistent disease scores. Serial BVAS v.3 

measurements were used to calculate the area under the curve for the 1st 6 months 

(BVAS-AUC). Age, gender, baseline renal function and ANCA status were chosen as a-priori 

confounders for all multivariable analysis. 

Results: 506 patients (269 Wegener’s granulomatosis and 237 microscopic polyangiitis) 

were included in the analysis. There were 41 early deaths, and 79 medium-late deaths in 

the follow up period (mean 61 months). Early death (<6 months) was associated with age 

and renal function but not BVAS. Baseline BVAS predicted death after 6 months in those 

who survived to this time-point.  We created a statistical model to predict death after 6 

months using these variables which has an R2 of 0.58. Using the BVAS-AUC instead of BVAS 
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resulted in a stronger model with an R2 of 0.66. The adjusted VDI measured at 6 months 

after study entry was a strong predictor of subsequent death [HR 1.23 for every 1 increase 

in the VDI]. 

Conclusions: The risk of death following a diagnosis of ANCA-associated vasculitis is high. 

The BVAS v.3 which was used to measure disease activity at baseline did not add to 

predicting early mortality, but did have some prognostic value for death after 6 months.  

Serial BVAS measurements and calculation of a time-averaged disease activity score by 

measuring the area under the curve did not improve on the predictive ability of the BVAS.  

The VDI at 6 months on the other hand was a very strong predictor of late death even 

after adjusting for all other predictor variables   
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Introduction 

The BVAS is a vasculitis disease activity measure that consists of a checklist of clinical, 

laboratory and radiological features that are scored based on their presence or absence.  

Items scored on the BVAS must be attributable to active vasculitis.  The original version 

was created in 1994,[161] but has undergone 2 revisions;[199, 200] the current version is 

BVAS version 3.[200]  In all versions, individual item are weighted (based on expert opinion 

from 1994) with a maximum score for each organ system.  The weighting of items has not 

changed between the updates.  In version 2 of the BVAS all items could be scored as 

new/worse or persistent, and a separate score was calculated for new/worse disease and 

persistent diseases.  In comparison, in BVAS v.3, the new/worse and persistent boxes are 

removed from each item and instead there is a single tick box at the end which is ticked 

only if all the items scored on the BVAS form are considered to be persistent.  The BVAS 

v.3 produces a single score to quantify disease activity and is a composite of the 2 

individual scores from the previous version.  There is existing evidence that the 

new/worse component of the BVAS version 2 score at baseline predicts early 

damage.[226] 

 

The VDI is a measure of disease damage in vasculitis and is a checklist of 64 items divided 

into 11 categories.[162]  For an item of damage to be recorded on the VDI it must have 

occurred after the onset of vasculitis and be considered permanent (defined as present 

for ≥ 3months), but there is no attribution to cause.  There is currently no weighting of 

items on the VDI.  The VDI has previously been shown to have prognostic value; a VDI 

score VDI ≥5 at 6 months from disease onset predicts decreased survival by 2 years [HR 

12.3 (95%CI 4.2-36.9)].[255] 
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BVAS and VDI scores were prospectively recorded for all patients enrolled in the European 

Vasculitis Study Group (EUVAS) therapeutic trials for newly diagnosed ANCA-associated 

vasculitis.  The purpose of this study was to evaluate the prognostic value of the BVAS v.3 

and the VDI in patients newly diagnosed ANCA-associated vasculitis. 

 

Patients and methods 

EUVAS have completed long term follow up (≥ 5 years) on 4 of their original therapeutic 

clinical trials in patients with a new diagnosis of ANCA-associated vasculitis.  Patients were 

excluded from the original trials if they had a co-existent multi-system autoimmune 

condition, concurrent malignancy, active infection, life-threatening pulmonary 

haemorrhage within 24 hours of presentation, pregnant or outside the 18-80 year age 

range.  The trials were conducted in 15 countries between 1995 and 2002 and patients 

stratified into the 4 trials by severity of renal involvement.   The 4 trials in order of renal 

severity include:  1) MEPEX: Comparison of Plasma Exchange to Methyl prednisone in 

patients with severe renal disease (Cr >500mmol/L or requiring dialysis).[102]  2) 

CYCAZAREM: Maintenance therapy with azathioprine vs. cyclophosphamide in patients 

with a renal manifestation (Cr<500mmol/L) or with generalised life threatening 

disease.[139]  3) CYCLOPS: Induction therapy comparing daily oral cyclophosphamide with 

pulsed intravenous cyclophosphamide in patients with generalised disease (creatinine 

<500mmol/L).[103]  4) NORAM: A comparison of methotrexate to cyclophosphamide for 

induction treatment in patients with a Cr<150mmol/L and without critical organ 

threatening disease.[105] All four trials were based on the ECSYSVASTRIAL project which 

was designed to standardise data collection and disease scoring, including the BVAS 

version 2 and VDI at regular time points.[197]  
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The long term follow up study consisted of a questionnaire on patient survival, 

cardiovascular events, skeletal fractures, severe infection, immunosuppressive therapy, 

as well completion of the VDI at 5 years from entry into the original study by the original 

study investigators.  The original studies and the long term follow up study were approved 

by all relevant local ethics committees and all patients gave their written informed 

consent.  

 

The primary outcome of interest in this current study was death. Since we wanted to look 

at the prognostic value of the current version of the BVAS (version 3), the BVAS v.2 scores 

were converted to the BVAS v.3 score by mapping each individual item on the original 

score sheet to the new version.  The sub-scores of BVAS v.2 have previously been shown 

to correlate well with BVAS v.3.[204]  The additional benefit of transforming BVAS v.2 to 

BVAS v.3 was that it reduced the number of predictor variables from 2 to 1, and therefore 

simplified analysis.  Figure 1 shows the serial mean BVAS v.2 and BVAS v.3 scores over 

time and figure 2 shows the mean VDI score over time in the trials. 

 

Baseline BVAS v.3 was tested to see whether it predicted early death (<6 months).  The 

prognostic value of baseline BVAS, area under the curve (AUC) of serial BVAS v.3 scores 

for the first 6 months from trial entry (BVAS-AUC), and VDI at 6 months were evaluated 

in an exploratory way.    To calculate the BVAS-AUC, a minimum of 3 BVAS assessments 

were required (0, 3 and 6 months). 
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Data was analysed using; R version 2.9.1, Stata version 10.1 and Predictive Analytics 

Software (PASW) version 18.0. Cox proportional hazard ratios were calculated for all 

predictor variables against all binary endpoints. Linear regression was used when 

continuous variables were correlated with other continuous variables.  All multivariable 

models included the following variables: age, gender, baseline creatinine, PR3- and MPO-

ANCA status unless stated otherwise.    Linearity of continuous predictors with the 

outcome was assessed using fractional polynomial regression.  To keep the predictor 

variables linear in each model, the best transformation was applied (e.g. using the square 

root of the variable).  This is a well excepted method of improving non-linear predictor 

models.[286]  Initially a complete case analysis was used.  Having fitted the full 

multivariable model, a backwards selection process was used to exclude variables that did 

not improve model fit.  Likelihood ratio tests were used to compare model fit, and a 

nominal significance level of 10% was pre-specified.  The performance of the predictive 

models were then assessed in terms of the R2 statistic.  The Adjusted R2 statistic takes into 

account the number of covariates.  Once the final predictive model was chosen, 

Schoenfeld residuals were used to check that the proportional hazards underlying the 

model were not violated.  Kaplan- Meier survival curves were used to illustrate stratified 

mortality rates. A two-tailed p value of ≤ 0.05 was considered statistically significant. 

Multiple imputation was performed for missing data except for BVAS, VDI and death. 

 

Results 

Out of the 535 patients enrolled in the long-term follow up study, 29 were excluded due 

to insufficient baseline or follow up data.  The remaining 506 (269 WG and 237 MPA) 

patients were included in the analysis. The mean follow-up period was 61 months (range 
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0 – 138 months).  Baseline demographics of the cohort are shown in table 1.  Out of the 

506 patients, there were 41 early deaths (i.e. death <6 months from trial entry) and 79 

medium term deaths (i.e. ≥6 months after trial entry and within follow-up period).  A 

description of the causes of death in this cohort has previously been reported,[138] but in 

summary, early deaths were predominantly due to active vasculitis and infection whereas 

later deaths were more heterogeneous in aetiology and included infection, active 

vasculitis, malignancy, cardiovascular events and a variety of other causes.  

 

On multivariable analysis there was an association between early death (death within 6 

months of trial entry) and age [HR 1.04 (95% CI 1.00-1.07) p= 0.03], the square root of 

the baseline creatinine [P<0.01] and MPO-ANCA positivity [HR 2.14 (95%CI 1.07-4.28), 

p=0.03], but not the BVAS v.3 score or other baseline variables. The square root of the 

baseline creatinine was used in the model after fractional polynomial regression showed 

the relationship between creatinine and the other variables in the model was most 

linear when transformed in this manner (figure 3A).   The final model using the HR for 

age, square root of creatinine and MPO ANCA positivity had and adjusted R2 of 0.6 (95% 

CI 0.38-0.81) to predict early death. 

In patients who survived to six months, there was a significant association between BVAS 

v.3 at baseline and death after this time point [HR 1.04 per 5 point increase on the BVAS 

(95%CI 1.01- 1.07) p<0.01]. Other important predictors were age [HR 1.07 for every 1 year 

increase in age (95% CI 1.04-1.10) p<0.01], baseline creatinine [HR 1.002 for every 

100µmol increase in creatinine cubed (95%CI 1.0015-1.003) p<0.01] and a positive MPO 

ANCA status [HR 1.96 (95% CI 0.1.20-3.22), p<0.01].  Figure 3B shows the fractional 
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polynomial for serum creatinine when adjusted for the other predictor variables and 

explains why creatinine was transformed to the creatinine cubed in the final model.  The 

final model using these 3 variables had an R2 of 0.58 (95%CI 0.42-0.75) for predicting death 

after 6 months. 

The analysis was repeated using the BVAS-AUC for the first 6 months.  Due to insufficient 

number of BVAS assessments at the correct time points, the number of patients included 

in this analysis dropped to 319 (which included 59 who died after 6 months).  The mean 

BVAS-AUC was 42.5 units (SD 26.9). On multivariable analysis, BVAS-AUC for the first 6 

months was associated with mortality after this time point [HR 1.01 for every 1 unit 

increase in BVAS-AUC (95%CI 1.00-1.02), P=0.05].  Age [HR 1.08 for every 1 year increase 

(95%CI 1.05-1.11), P<0.01], creatinine cubed [HR 1.003 (95%CI 1.002-1.004), P <0.01] and 

MPO ANCA positivity [HR 2.17 (95%CI 1.24-3.80), P<0.01] were important predictors.  

Figure 3C shows the fractional polynomial for serum creatinine and explains why 

creatinine cubed was used in the final model. The R2 for predicting death using this 

combination of variables was 0.66 (95%CI 0.45-0.82). Assessment of the AUC for individual 

categories of BVAS yielded no significant correlations with death.   

The VDI score at 6 months, adjusted for baseline BVAS, age, gender, PR3 and MPO-ANCA 

positivity, smoking status, pre-existing cardiovascular disease and hypertension was 

strongly associated with mortality after this time point [HR 1.23 for every 1 unit increase 

in the VDI (95%CI 1.05-1.46), p=0.013]. Stratification by VDI score at 6 months 

demonstrates a range of survival estimates as shown in fig 4. 

 

Discussion 
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The risk of death following a diagnosis of ANCA-associated vasculitis is high.  The majority 

of the deaths in the first year are due to active vasculitis, infection and renal failure.  This 

study found no association with the BVAS v.3 at baseline and early deaths, but confirmed 

the importance of MPO-ANCA positivity, age and baseline creatinine. The relationship 

between creatinine and death when adjusting for confounders was not linear, and was 

best explained when the results for creatinine were transformed to the square root. 

Severe renal dysfunction represents the worst spectrum of ANCA-vasculitis and in this 

case mainly represents patients enrolled in the MEPEX trial who received the most 

aggressive therapy and therefore also most prone to infection.   

 

For deaths after six months, there was an association between BVAS v.3 at baseline and 

BVAS-AUC for the first 6 months. It appears that the BVAS, which measures the spread of 

clinical items affected rather than the severity, may be better at predicting later deaths 

rather than during the early period which can be characterized by severe vasculitis activity 

in one or two key organs such as the kidneys. 

 

Overall, in those surviving to 6 months, the best predictor of increased risk of future death 

was the VDI score at 6 months.   In those that survived the first 6 months, the chance of 

surviving to 5 years following trial entry was >90% if the VDI score was 0 at 6 months, 

compared to only 50% if the VDI score was 5 at the same time point.     

 

Limitations to this study include the accuracy of BVAS AUC.  The accuracy of the BVAS AUC 

score was affected by the number of BVAS assessments in the 6 month time period.  To 
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minimize this inaccuracy, a minimum of 3 assessments was required for inclusion in the 

analysis, but this resulted in the exclusion of a large proportion of participants.   There was 

some missing data for important variables such as smoking, diabetes and pre –existing 

cardiovascular disease which may have influenced the results.  We also used the serum 

creatinine as the marker for renal function in this analysis rather than the estimated 

glomerular filtration rate (eGFR).  It can be criticised that serum creatinine is a poor 

indicator of renal function.   Age and gender are the main variables used in the 

Modification of Diet in Renal Disease (MDRD) equation to estimate eGFR using serum 

creatinine, with an adjustment if the patient is African American.   All the multivariable 

predictor models we developed to predict death included age and gender.  The EUVAS 

database lacked ethnicity data, but all patients were recruited from European centres and 

the number of African participants is estimated to be very small.  Therefore the predictive 

value of serum creatinine after we adjusted for age and gender, should be similar to if we 

had transformed the data to eGFR.  In addition, the MDRD equation and other equations 

that estimate GFR perform poorly in sick hospitalised patients. [287] Sick hospitalised 

patients with acute renal failure accounted for a significant proportion of patients 

included in this study. 

 

In summary, the mortality of patients presenting with ANCA associated vasculitis can be 

split into 2 groups – early (<6 months) and late (>6 months).  The causes of death vary 

depending on the timing of death.   After adjusting for age, serum creatinine, MPO and 

PR3 ANCA positivity, the BVAS v.3 which was used to measure disease activity at baseline 

did not add to predicting early mortality, but did have some prognostic value for death 

after 6 months.  Serial BVAS measurements and calculation of a time-averaged disease 

activity score by measuring the area under the curve did not improve on the predictive 
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ability of the BVAS.  The VDI at 6 months on the other hand was a very strong predictor of 

late death even after adjusting for all other predictor variables.  The findings in this study 

are in keeping with other studies which have looked at the predictive value of the VDI.  

The clinical relevance of these findings is that damage as captured by the VDI can provide 

prognostic information on individual patients in clinical practice but should also be a major 

endpoint in clinical therapeutic studies in ANCA vasculitis since reducing damage may 

reduce long-term risk of death.   
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Table 1: Baseline demographics for the EUVAS cohort (n=506) 

 
  

 Missing 

Age, mean (SD) 60.67 (13.29) 0 (0%) 
Gender   0 (0%) 
    Female 111 (47%)   
    Male 126 (53%)   
Trial   0 (0%) 
    MEPEX, n (%) 83 (35%)   
    CYCAZAREM, n (%) 56 (24%)   
    CYCLOPS, n (%) 92 (39%)   
    NORAM, n (%) 6 (3%)   
Diagnosis   0 (0%) 

    MPA 237 (47%)   

    WG 269 (53%)   

PR3 ANCA positive, n (%) 291 (58%) 5 (1%) 

MPO ANCA positive, n (%) 179 (36%) 5 (1%) 

Creatinine µmol/L, mean (SD) 285 (242) 21 (4%) 
BVAS v3 score, mean (SD) 20.31 (8.42) 16 (3%) 
Diabetes, n (%) 24 (6%) 105 (21%) 
Ever smoked, n (%) 154 (46%) 174 (34%) 
Pre-existing cardiovascular disease, n (%) 30 (8%) 107 (21%) 
Pre-existing hypertension, n (%) 88 (18%) 15 (3%) 
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Table 2: Summary of BVAS and VDI prognostic value 

Variable*  Outcome  

Hazard ratio of 

death  P value  

BVAS v.3 at baseline  

(5 point change)  

Early death 

(Death within 6 months of trial 

entry) 1.04 (0.83-1.30) 0.750 

BVAS v.3 at baseline  

(1 point change)  

Medium term death 

(Death after 6 months of trial 

entry to last follow up available) 1.20 (1.04-1.38) 0.01 

AUC BVAS v3 

(1 point change)  

Medium term death  
(Death after 6 months of trial 

entry to last follow up available) 

1.01 (1.00, 

1.02) 0.014 

VDI at 6 months  

Medium term death  
(Death after 6 months of trial 

entry to last follow up available) 

1.23 (1.05, 

1.46) 0.013 

 

*Adjusted for: age, gender, baseline creatinine, PR3 and MPO-ANCA positivity, smoking 
status, pre-existing cardiovascular disease and hypertension. 
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Figure 1: Mean BVAS version 2 and 3 scores over time 
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Figure 2:  Mean VDI scores over time in the Long-term follow-up of the EUVAS trials 
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Figure 3A: Fractional Polynomial of serum creatinine adjusted for baseline BVAS and other 

covariates when predicting early death (<6 months) 

 

Figure 3B:  Fractional polynomial of serum creatinine adjusted for baseline BVAS and other 

covariates when predicting death after 6 months 

  

 

Figure 3C.  Fractional polynomial of serum creatinine adjusted for BVAS-AUC and other 

covariates when predicting death after 6 months 
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Figure 4: Survival stratified by VDI score at 6 months 
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4.5 Summary and update on outcome measures in vasculitis 
 

Validated outcome measures are crucial when designing and interpreting therapeutic 

clinical trials.  OMERACT is an organisation that has led the way forward in developing and 

validating outcome measures in rheumatic diseases including vasculitis.  Regulatory 

agencies such as the Food and Drug Administration (FDA), funding agencies and 

pharmaceutical companies use the measures that are endorsed by OMERACT when 

evaluating therapeutic options.  AAV is now at the point where a core set of domains are 

endorsed by OMERACT with a validated instruments to measure each domain.  Two of the 

published papers included in this section of the thesis have been used as part of the 

validation and endorsement of specific instruments to measure disease activity and 

disease damage in AAV by OMERACT.   

 

Outcome measures in AAV 

The BVAS and its variations are endorsed by OMERACT to measure disease activity in trials 

of AAV.  The BVAS fulfils the OMERACT filter in the following ways - Truth:  The BVAS was 

constructed and modified based on expert opinion hence has construct and content 

validity.[161]  It has been shown to correlate with other measures of disease activity such 

as CRP, physician global assessment (PGA) and older measures of disease activity such as 

the vasculitis assessment index (VAI) as well as treatment decisions.[204, 211]  There is 

convergent validity between the different versions of BVAS.[204, 211] .   Discrimination:  

The BVAS has been tested longitudinally and cross sectionally and shown to have good 

inter and intra observer reliability (although appropriate training in the use of the tool is 

a must).[200, 211]  All forms of the BVAS have been shown to be sensitive to change over 
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time and are able to discriminate disease states.[139, 161, 200, 210, 211]  Feasibility:  

Completion of all forms of the BVAS takes less than 3 minutes.  Training manuals for BVAS 

with paper cases are available online on the EUVAS website: www.vasculitis.org and on 

the Vasculitis Clinical Research Consortium (VCRC) website: 

http://rarediseasesnetwork.epi.usf.edu/vcrc/investigators/outcomes/index.htm. 

 

The endorsed tool to measure damage in AAV is the VDI.  The VDI fulfils the components 

of the OMERACT filter in the following regard:  Truth: The VDI has construct and content 

validity based on the fact that it was developed by expert opinion.[162]  The original 

validation exercise compared the VDI to an older measure of disease damage called the 

Systemic Necrotising Vasculitis (SNV) Damage index.  This showed that both assessment 

tools correlated well with each other r=0.67, P<0.01.  Studies have also compared the VDI 

to CRP and other potential measures of disease activity such as the BVAS and shown weak 

or no correlation.[288]  Discrimination:   Inter and intra observer variability is excellent in 

most recent studies.[288]  The original validation cohort for the tool however only showed 

64% complete agreement between novice and expert observers.[162]  What is evident is 

that with more widespread clinical use and routine training in using the tool before clinical 

trials has improved reproducibility and reliability compared to when it was first 

implemented.    Several observational studies and clinical trials with long term follow up 

have confirmed that it is sensitive to change i.e. showing an increase in the VDI score over 

time.[136, 226]  The VDI score at one year has shown to correlate with the number of 

previous disease flares suggesting that it captures cumulative burden of disease and can 

be used as a prognostic tool to stratify the risk of death and further damage.[200, 226]   

Feasibility:   The VDI is a single A4 sheet with a series of items organised into easily 

recognisable group headings.  It is very easy to score.  The training required is minimal and 

http://rarediseasesnetwork.epi.usf.edu/vcrc/investigators/outcomes/index.htm
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once the user is familiar with the form it takes less than two minutes to complete.  It has 

been used in the majority of recent clinical trials in AAV. 

 

There have been some concerns that the VDI may not be sensitive enough in capturing 

elements of damage in ANCA vasculitis especially in the context of damage becoming a 

more important outcome measure in trials of ANCA vasculitis.  In response to this, a new 

tool called the Combined Damage Assessment index (CDA) has been developed by expert 

consensus.[288]  The CDA incorporates all items found on the VDI but also incorporates 

items found on the AVID (an alternative damage tool developed by North American 

investigators).  The CDA comprises 135 items divided into 17 categories and includes 

laterality for items involving the eyes and ears.  The CDA has been directly compared with 

the VDI in a cross sectional study (chapter 4.3 of this thesis) and found to have convergent 

validity with VDI.  Due to the increased number of items, it is more sensitive in detecting 

damage.  In the original validation cohort, the CDA detected damage in 92% of patients 

compared with 89% by the VDI, with a larger range of scores (ranging from 0-26 on the 

CDA vs. 0-12 on the VDI).  However the main perceived drawback with the CDA is 

feasibility – it has twice as many items and therefore takes longer to complete.  In the 

validation cohort – there was less inter and intra-observer reliability, but some of this was 

partially explained by the lack of familiarity of the tool by the investigators compared with 

the VDI.  In the context of a clinical trial where thorough training to complete the CDA 

may be available and time constraints may not be so important and the sensitivity in 

detecting damage is of paramount importance, the CDA may have a place.   Some new 

EUVAS/VCRC multicentre studies are using the CDA to assess damage such as the PEXIVAS 

and RITAZAREM trials.  However, both these trials, as is the case with most vasculitis trials 

to date - are investigator initiated with little or no funding therefore the previous 
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statement about feasibility and time for training and time to complete the assessment are 

relevant.  The performance of the CDA in longitudinal trials will need to be evaluated 

before the CDA can be endorsed by OMERACT. 

 

The one area of AAV outcome measure that requires more work is patient reported 

outcomes.  Doctors and patients differ on their perception of what health outcome is most 

important to a patient’s health and quality of life.  For example, in AAV, physicians are 

more concerned about renal failure compared with pain or fatigue which are often rated 

as the most important aspects of disease by the patient.  Incorporating patients’ 

perceptions of disease is becoming increasingly important to regulatory and funding 

bodies.  There are currently no vasculitis specific patient reported outcome measures, but 

the Medical Outcome Study Short Form 36 (SF-36) has been used in clinical trials of 

AAV.[105]  The SF-36 is used extensively in rheumatic diseases including AAV therefore 

not covered in detail here.   Essentially, it fulfils all aspects of the OMERACT filter and is 

validated as a tool to measure patient reported outcomes in AAV.  Development of a more 

disease specific patient reported outcome tools is underway but still needs to undergo 

formal validation.   

 

The availability of validated outcome measures has enabled good quality therapeutic trials 

in AAV over the last decade which in turn has strongly informed clinical practice. 

 

Outcome measures in large vessel vasculitis 
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As mentioned in the introductory part of this chapter, outcome measures in large vessel 

vasculitis have been almost non-existent to-date and this has been a major limitation in 

therapeutic trials in this area.  An initiative to develop Outcome measures in large vessel 

vasculitis was endorsed at an OMERACT meeting in Borneo in 2010.[289]  There are some 

basic important unanswered questions.  Should we be using one outcome measure for 

both TAK and GCA or two separate measures?  What is the role of biomarkers and 

imaging?  How do we incorporate patient reported outcomes and patient preferences into 

outcome measures for large vessel vasculitis? 

 

Measuring disease activity in GCA and TAK is exceptionally difficult.  Biopsy at time of 

diagnosis in GCA is usually possible and will show active arteritis if temporal arteries are 

affected.  However, there is a large subset of patients with GCA where the temporal 

arteries are not affected, and in Takayasu’s it is generally only the aorta and major 

branches that are affected making biopsy difficult.  Serial biopsy in GCA to assess activity 

is not feasible.   Inflammatory markers and a variety of other serological markers have 

shown no correlation with disease activity in Takayasu’s and therefore probably not 

particularly useful on their own in assessing disease activity.[290]  Kerr et al defined active 

disease in their cohort of patients if they fulfilled 2 of the following: a) systemic features 

such as fever, b) elevated ESR, c)Features of vascular inflammation such as claudication, 

diminished or absent pulse, bruit, vascular pain (e.g. carotidynia) or asymmetric blood 

pressure in upper or lower limbs, d) typical angiographic features.[291]   These features 

can be easily applied, and have shown reasonable correlation with a Physician Global 

Assessment (PGA),[292] but are generally thought to lack sensitivity and to be of limited 

scope. 
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Serial imaging may be considered such as ultrasound in GCA.   Digital subtraction 

angiogram, CT, MRI/MRA or FDG-PET scans have been used in cohort studies in both TAK 

and GCA.   These methods are still research areas as there is no agreed or validated way 

of measuring disease activity or damage using imaging alone.  However, imaging is likely 

to play an important part in the future assessment of large vessel vasculitis both in clinical 

and trial settings.   

 

The BVAS has been used in some observational and cohort studies of GCA and TAK.[272, 

293]   However, there is a considerable redundancy of items on the BVAS, as it is rare to 

have pulmonary, renal, ENT, and peripheral neurological involvement with these 

disorders.  The items that are included in the BVAS with regard to large vessel disease are 

limited.  Due to these limitations it is not thought to be a particularly useful tool for 

determining disease activity in large vessel vasculitis. 

 

The Disease Extent Index for Takayasu’s arteritis (DEI.Tak) was developed by the vasculitis 

special interest group of the Indian Rheumatology Association Vasculitis (IRAVAS) in 

conjunction with British experts in the field.  The DEI.Tak was based on the BVAS template 

and included items which were thought to be involved in TAK.  It includes only clinical 

items and captures the 'extent' of organ involvement attributable to TAK.  The tool 

includes a much more detailed assessment of bruits, pulse loss and claudication in the 

cardiovascular section than the BVAS.  It has been tested as a tool to measure disease 

activity by a Turkish group and shown to not correlate well with physician assessment of 

disease activity and disease states,[292] but may be useful in describing the vascular 

distribution of TAK involvement. 
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The development and initial validation of the Indian Takayasu's Arteritis Activity Score 

(ITAS2010) has recently been published and probably represents the best validated 

disease activity measure in TAK to date.[294]  The ITAS2010 was developed by using 

features that had newly occurred in a 3 month period in 143 patients that had been 

evaluated using the DEI.Tak.   It contains a total of 43 items in 6 organ systems (33 items 

are from the cardiovascular system with emphasis on bruits, carotidynia and loss of 

pulses).  Items are only scored if they have newly happened or worsened in the last 3 

months.  The ITAS2010 appears to fulfil the OMERACT filter, but certainly requires more 

longitudinal validation in a clinical trial setting before it will be endorsed.  Truth: Face and 

content validity of the items was assessed by specialists involved in the care of patients 

with TAK.  It has convergent validity with BVAS and PGA.  Discrimination: The ITAS2010 

has good inter observer reliability - ICC 0.97 (much better than the PGA which was 0.82).  

It appears reasonable at discriminating disease states.  Sensitivity to change was only 

assessed by a single observer in one centre so needs more validation in this setting, but 

included 177 patients and appeared to work well.  Feasibility: It is a simple checklist of 

items that is easy to complete.  

 

OMERACT has previously asked the question whether the same disease activity measure 

should be used in GCA and TAK. However on review of the ITAS2010 it is very focused on 

pulses and bruits which are relatively uncommon findings in GCA, so it is looking more 

likely that a different disease activity tool will be required for GCA.  The DEI.Tak may have 

a supporting role in TAK by determining the extent of vascular involvement and therefore 

have some prognostic implication but this is not yet proven.  There is huge interest in the 

role of imaging such as ultrasound, MRI, FDG-PET, and other forms of PET imaging which 
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may help determine disease activity.  Just how this will all fit into a outcome measure is 

unclear.   

 

A large part of future outcome measure development in vasculitis will need to focus on 

large vessel vasculitis as there is a huge unmet need in this area. 

 

 

  



 

Page | 211  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

5. Summary and conclusions 
 

The primary systemic vasculitides are a collection of rare disorders where the common 

endpoint is inflammation of blood vessels.  The clinical presentation can vary dramatically 

based on the size of the blood vessels involved and subsequent end organ damaged.  The 

aetiology for most types of primary vasculitis remains unknown but a combination of 

genetic predisposition and environmental factors are thought to play a role.   The best 

example of genetic predisposition in this setting is in giant cell arteritis where people of 

Caucasian ethnicity, especially if they are of Scandinavian origin have a much higher risk 

of developing the disease than other ethnicities irrespective of where they live, and there 

is proven familial clustering.[295]  Genetic studies on giant cell arteritis about two decades 

ago revealed an association with the HLA class II region.[296] With the ANCA associated 

vasculitides -  geographic and ethnic variations in the presentation of disease has been 

observed, but there has been a relative lack of familial clustering making the genetic 

argument for developing the disease somewhat more difficult.  However, recent genome-

wide association studies have shown susceptibility loci in both HLA and non-HLA regions 

of the genome.[297, 298]  Several studies have shown seasonal peaks and an even higher 

peak every 5-7 years suggesting an environmental trigger for giant cell arteritis.[2, 299]  

With ANCA associated vasculitis, multiple different environmental variables such as 

occupational exposure to silica and farming have been associated with developing 

granulomatosis with polyangiitis (GPA or Wegener’s granulomatosis).[300]  One of the 

more interesting environmental risk factors is the distance from the equator (i.e. latitude).  

The further away from the equator (i.e. less exposure to ambient ultraviolet radiation), 

seems to increase the risk of developing GPA.[11, 301, 302] 
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Improving the long-term outcomes for patients with these conditions needs a 

multifaceted approach that encompasses early diagnosis, a better knowledge of the 

underlying aetiology, understanding the disease course and associated morbidity, and 

finding safer long-term treatment strategies.  This thesis has a very clinical focus and 

brings together work that addresses many of these areas.  The publications that form the 

core of this thesis cover current classification criteria for systemic vasculitis, how to make 

a diagnosis of vasculitis, the need for diagnostic criteria, morbidity and mortality in ANCA 

associated vasculitis with a focus on cardiovascular disease and neuropathy, and 

validation of outcome measures in primary systemic vasculitides, now in use in trials of 

ANCA vasculitis. 

 

The current classification criteria for primary systemic vasculitides were published 25 

years ago, using knowledge and diagnostic tests that were available prior to that time.  

Since then, multiple new diagnostic tools including ANCA testing and superior imaging 

modalities have evolved.  The modern definitions of some of the disease (e.g. microscopic 

polyangiitis) are no longer consistent with the current American College of Rheumatology 

(ACR) classification criteria.  A further key consideration is understanding the purpose of 

classification criteria – they are to group patients with homogenous conditions for study 

in clinical trials.  They are not designed to make a diagnosis in an undifferentiated patient 

presenting with symptoms which may be due vasculitis. The patient data used to develop 

the ACR 1990 classification criteria all had a physician submitted diagnosis of some form 

of vasculitis.  In order to develop the criteria, patients with a specific subtype of vasculitis 

were compared with patients with the other forms of vasculitis.  The purpose of 

classification criteria continues to be misunderstood and these criteria are frequently 

used in clinical practice to try and aid in the diagnosis of vasculitis - despite studies 
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consistently showing that the ACR 1990 classification criteria do not perform well as 

diagnostic criteria.[13]   Patients are currently dependent on physician experience, 

availability of good pathologists, the availability of appropriate imaging and experience in 

interpreting the imaging to make the correct diagnosis.  For example, making a diagnosis 

is not difficult in the context of having an experienced rheumatologist working in a tertiary 

level hospital with the best available imaging modalities, ready access to interventional 

procedures such as renal and lung biopsy and a good pathologist.  However, in the case 

of a general physician working in a rural hospital without ready access to pathologists or 

high tech imaging such as computer tomography (CT), making a diagnosis is more difficult.  

This is really the setting where diagnostic criteria would help differentiate a patient with 

vasculitis from a patient presenting with symptoms that may mimic vasculitis.   

 

The next step in the process is to go ahead and develop new diagnostic and classification 

criteria – a process which in fact is now well underway.    The DCVAS study is recruiting 

patients with all forms of vasculitis and comparator patients with symptoms mimicking 

vasculitis to update the classification criteria for systemic vasculitis and to develop 

diagnostic criteria – which don’t currently exist.  As of Sept 2014, over 3000 patients with 

vasculitis and 1000 comparator patients had been recruited making this the largest study 

ever in vasculitis.  The study is expected to complete recruitment by the end of 2015, with 

publication of new diagnostic criteria and classification criteria expected within the 

following 12 months.  A novel aspect of the DCVAS study is how the gold standard 

diagnosis will be defined.  Historically, the submitted physician diagnosis has been used 

as the gold standard upon what subsequent criteria are based on.  However, using the 

submitting physician’s diagnosis as the gold standard introduces bias and circularity – as 

the submitted diagnosis is likely to be heavily influenced by the existing criteria.  To try 
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and circumvent some of this circularity, work is ongoing using a combination of expert 

panel consensus and data-driven methods to try and improve the gold standard.  My role 

in the DCVAS study was to help draft the original study design and write all the grant 

applications.  The study is being funded by the American College of Rheumatology, the 

European League Against Rheumatism and the Vasculitis Foundation.  I am currently on 

the global steering committee for this study and the lead investigator for New Zealand.  

There are a total of 5 sites recruiting patients in New Zealand: Auckland District Health 

Board, Counties Manukau Health, Waikato District Health Board, Hutt Valley District 

Health Board and Canterbury District Health Board.  The wealth of data that is being 

capture in DCVAS will enable a multitude of other research projects from this very 

thoroughly characterised cohort.  Some examples of research that could be derived from 

using the database include the geo epidemiology of vasculitis with better phenotyping of 

disease by region or race and the identification of novel risk factors for various forms of 

vasculitis.  Biological samples (including biopsy tissue, blood and urine) are being stored 

on a sub-group of patients.  Once patients are formally classified into a specific form of 

vasculitis as part of the main DCVAS study, then genomic analysis to try and predict 

disease or response to therapy can be done.  Studies to discover novel biomarkers for 

diagnosis and/or prognosis will be possible.  

 

The original work in this thesis has contributed to our understanding of mortality and 

morbidity in ANCA associated vasculitis (chapter 3).   One of the reasons to clearly describe 

mortality and morbidity is to help determine what level of toxicity from treatment a 

patient and their treating physician would be willing to consider acceptable when deciding 

on treatment.  For example when treating a mild illness that is self-resolving it would not 

be appropriate to use toxic therapies that may cause other serious morbidity of their own.  
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In ANCA associated vasculitis, the natural history of the disease without treatment is 

either death or severe organ failure in a relatively short timeframe.  As a consequence, 

patients and doctors are willing to use potentially toxic therapy to improve survival and 

reduce permanent organ damage.  Another important reason to describe morbidity and 

mortality is to be aware of potential sequelae of disease or therapy so that strategies can 

employed to reduce or negate the expected effects.  For example, the mainstay of therapy 

in the past few decades has been cyclophosphamide which has dramatically improved 

survival and has reduced relapse, but mortality from ANCA vasculitis is still high in the first 

year after diagnosis.  A large component of the early risk of death is due to infection, 

related to immunosuppressive therapy.  By recognising this risk of therapy, strategies to 

reduce infection by using prophylactic antibiotics (e.g. the use of co-trimoxazole to reduce 

the risk of pneumocystis jirovecii infection) can be used.    Another example of where 

understanding the morbidity of therapy can improve outcome is recognising the risk of 

infertility, so strategies to sperm bank, or preserve oocytes can be used pre-therapy.   It is 

now well recognised that there is an increased risk of malignancy and cardiovascular 

disease in patients who survive the initial insult from systemic vasculitis.  Studies in the 

last couple of decades have guided us on how to optimally use cyclophosphamide for 

shorter duration with similar outcomes but with less toxicity, but we are still a long way 

from finding the ideal treatment that cures the disease with no mortality and no 

morbidity.   With the improvement in short term mortality, long-term mortality and 

morbidity is becoming the focus of current therapeutic trials.  Rituximab is being tested 

as an alternative to cyclophosphamide to see whether it will reduce long term mortality 

from malignancy.[210]  To date the follow up is too short to make any definitive comment 

on this. 
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In the study described in chapter 3.1, the finding of a 3-fold increase in cardiovascular 

events in the 5-years following the diagnosis of ANCA vasculitis in comparison to the 

background population was consistent with other recent publications.[149, 155]  A new 

contribution from this study was that the risk of cardiovascular events is different 

between subgroups of patients; the risk was much greater in patients who were MPO-

ANCA positive compared with PR3-ANCA positive.  As part of this study, we developed and 

validated a statistical cardiovascular event risk prediction model for patients newly 

diagnosed with ANCA vasculitis.  The final model only required 3 variables to calculate the 

5 year cardiovascular event risk: age, presence of diastolic hypertension and ANCA 

specificity.  We tested the validity of the model on an independent cohort of patients with 

ANCA vasculitis from the WGET study.  The new cardiovascular risk model for patients 

with ANCA vasculitis performed at least as well as models based on the Framingham 

cohort for the general population.  We do not yet know how to mitigate this increased 

cardiovascular risk in patients with ANCA vasculitis, and whether or not addressing the 

traditional risk factors will have any impact in this group of patients.  The other 

unexplained issue is how steroids influence cardiovascular risk in ANCA vasculitis.  In our 

study, the majority of patients received steroid as per protocol in the underlying 

therapeutic trial so we were not able to use baseline steroid dose as a predictor variable 

for cardiovascular events.  In the separate analysis of cumulative steroid duration and 

‘damage’ from the same cohort of patients, there did not appear an association between 

longer steroid use and cardiovascular events after adjusting for confounders.[135]  This 

lack of association in ANCA vasculitis between steroids and cardiovascular risk may be 

explained by steroids reducing systemic inflammation and endothelial dysfunction 

counterbalanced by the increase risk of diabetes and hypertension.  This question on 

steroids and cardiovascular risk in ANCA vasculitis may be answered in the long-term 

follow up of the PEXIVAS trial.   The PEXIVAS trial has a two by two factorial design 
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comparing adjunctive plasma exchange with no plasma exchange, and normal steroid 

dosing with reduced steroid dosing in patients with severe ANCA associated 

vasculitis.[130]  The trial is still recruiting, so a potential answer is still several years away.  

Nevertheless, having a validated risk prediction model specific for patients with ANCA 

vasculitis allows for these patients to be more closely monitored if they are determined 

to have a high cardiac risk or stratified into therapeutic trials to test if there are different 

responses to therapy in different strata of risk.  The benefits of this strategy have been 

shown in the BARI 2D trial where cardiac interventions were more effective in patients at 

high risk (based on Framingham score) compared to those with low risk.[303]  Therefore, 

the next step in this process is to design a therapeutic trial for cardiovascular risk reduction 

in patients with newly diagnosed with ANCA vasculitis.  An example would be to test 

whether treatment with a statin would alter cardiovascular events in patients with ANCA 

vasculitis.  You could either select only patients with a high cardiovascular risk to be 

enrolled in the trial to reduce the total number of patients required to power the trial as 

the predicted event rate would be higher, or use the risk calculator to help stratify patients 

equally in each therapeutic arm and to help determine whether the benefit or risk of 

intervention changed based on calculated risk. 

 

In contrast to death and other critical organ failure, the milder and less life threatening 

sequelae of ANCA vasculitis has not historically been well characterised.    The involvement 

of peripheral nerves in vasculitis does not necessarily correlate with mortality but it does 

impact significantly on a patient’s quality of life.  Therefore, it may be viewed as more 

important from the patient’s perspective than other life threatening complications such 

as renal failure which may be of more concern to the treating physician.   These less 'fatal' 

complications are useful parameters to consider when developing patient reported 
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outcome measures especially in the context of these measures becoming important to 

health funders and regulatory agencies.[304]   In the case of ANCA vasculitis, neuropathy 

can be the direct result of the vasculitis itself by affecting the vasa nervorum (small blood 

vessels that supply the nerves) and causing ischemic damage to the nerves, or as a 

complication of therapy. The original research on peripheral neuropathy presented in this 

thesis is based on the same EUVAS dataset used to develop the cardiovascular risk model.  

It was a post-hoc analysis of data collected during the 4 original EUVAS trials, and data 

from the long-term follow-up study.  The presence of neuropathy was captured during 

the trials on the Birmingham Vasculitis Activity Score (BVAS) version 2 and on the 

Vasculitis Damage Index (VDI) -the measure of permanent ‘damage’ used in the trials and 

long-term follow-up study.  The BVAS captured neuropathy (both ‘glove and stocking’ 

sensory neuropathy and mononeuritis multiplex) that was attributable to active vasculitis, 

whereas the VDI captured neuropathy irrespective of the cause which had been present 

for >3 months.  At time of enrolment in the EUVAS trials, approximately 8% of patients 

had neuropathy attributable to active vasculitis, the majority was motor neuropathy (i.e. 

mononeuritis multiplex affecting motor nerves) and the incidence was similar between 

the GPA and MPA subtypes of ANCA vasculitis.  Sixty five percent of these patients went 

on to have permanent neuropathy scored on the VDI.  It was difficult to determine how 

many of these patients truly had permanent neuropathy because the VDI captured all 

neuropathy that had been present for at least 3 months, with the score being carried 

forward irrespective of whether the neuropathy ever fully recovered or not.  At the 5 year 

follow-up mark, 75 patients (15%) had documented neuropathy on the VDI.  Interestingly, 

only 29 of these 75 patients (39%) ever had neuropathy documented on the BVAS during 

the clinical trials.  It was unclear whether patients were having relapses involving the 

peripheral nerves after completion of the trial, the therapy used to treat the vasculitis was 

causing symptomatic neuropathy or other co-morbid medical conditions were causing 
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neuropathy (e.g. diabetes) or a whether a combination of these variables was the 

explanation for the findings at 5 years.    The proportion of patients with documented 

vasculitic neuropathy in the trials was less than anticipated based on other published 

literature (especially compared with studies where neuropathy has been systematically 

looked for by formal neurologist assessment or by nerve conduction / EMG) and likely 

reflects the fact that only symptomatic neuropathy was captured by the trial investigators.  

The investigators in the EUVAS trials were predominantly nephrologists and 

rheumatologists.  Peripheral neuropathy was also less likely to be captured in patients 

who died early in the trials and may reflect that those patients were extremely sick at 

presentation and neuropathy was not accurately assessed at the time rather than 

neuropathy not being present.     Overall, this study looked at a neuropathy in a large 

group of patients with ANCA vasculitis who had at least 5 years of follow-up. Some 

important trends were identified, but the quality and depth of data on neuropathy was 

lacking. Thus, it was difficult to make any significant recommendations other than to say 

it is probably under-recognised and more robust methods of assessing neuropathy need 

to be included in future therapeutic trials.  It is pertinent to note that neuropathy was the 

second most frequently scored item of damage on the VDI in a large cross- sectional study 

of vasculitis also presented in this thesis, and therefore it should be recognised as a 

common and important variable to consider as an endpoint to measure in therapeutic 

trials. It is also important to ensure that future outcome measures are able to capture this 

item more accurately and allow recording of recovery of neuropathy more clearly. 

 

The final section of this thesis has looked at outcome measures used in vasculitis in depth.  

Having an objective and reproducible method to quantify differences across treatment 

trials and epidemiologic studies is crucial to determine differences in treatment strategies.  
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The outcome measures (BVAS and VDI) described and validated as part of this thesis are 

now recommended for use in therapeutic trials in ANCA vasculitis and are used routinely 

in most specialist centres who care for patients with systemic vasculitis.  In the field of 

rheumatology, most outcome measure development, validation and final acceptance for 

use in clinical trials is done through an organisation called OMERACT.  OMERACT stands 

for ‘Outcome Measures in Rheumatology Clinical Trials’ and brings together researchers, 

patients, the pharmaceutical industry and regulatory agencies such as the Food and Drug 

Administration (FDA).  OMERACT uses a data-driven consensus process to endorse 

outcome measures.  Chapter 4.1 of this thesis includes a published review paper on the 

topic of outcome measures in ANCA associated vasculitis.  The chapter also discusses new 

outcome measures being developed and validated for large vessel vasculitis.  The first 

piece of original research in this chapter was validation of the BVAS version 3 in a cross 

sectional cohort of patients with several different forms of primary systemic vasculitis; the 

majority had ANCA associated vasculitis.  The next paper compared the VDI with a newer 

more comprehensive measure of damage called the CDA in a cross sectional study of 

systemic vasculitis. The majority of patients had either GPA or MPA in this study.  The 

main difference between the two damage assessment tools was that the CDA was a more 

comprehensive measure of damage which has the advantage of being more sensitive to 

capture damage, but it took longer to complete the assessment. Due to its length and 

increased complexity, inter observer difference and/or error in scoring was greater than 

for the VDI.   These deficiencies may improve with more training and experience in using 

the instrument.  Both the original pieces of research formed part of the validation and 

endorsement process for the core-set of outcome measures in ANCA vasculitis at an 

OMERACT consensus conference in Borneo in 2010.[206]  The BVAS version 3 is now an 

OMERACT endorsed outcome measure to capture ‘disease activity’ in clinical trials of 

ANCA vasculitis.  The other disease activity measure also endorsed at this meeting was 
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the BVAS/WG.  The BVAS/WG is a measure derived from earlier versions of the BVAS, and 

modified by omitting items not frequently found in patients with GPA (Wegener’s 

granulomatosis).  The BVAS/WG has been successfully used in trials involving patients with 

GPA and MPA and is now endorsed for use in trials involving patients with ANCA vasculitis.  

Similarly, the VDI is now OMERACT-endorsed as an outcome measure to capture ‘disease 

damage’ in clinical trials of ANCA associated vasculitis.   

 

At present, the BVAS has items weighted by consensus expert opinion.  The BVAS is 

currently widely used in clinical trials in ANCA vasculitis and therefore, as long-term follow 

up of these studies become available, it will hopefully be possible to refine the weighting 

of items using hard outcomes such as death or permanent organ failure.  The items scored 

on the VDI and CDA currently have no weighting but as more data becomes available on 

the long-term follow up of patients where these measures were used systematically - it is 

very possible that we will be able to achieve data-driven weighting of items.  The 

exploratory work on using the BVAS and VDI as prognostic tools presented in chapter 4 

provides a rationale for how weighting of items could be achieved.   Patient input has also 

been lacking in these disease activity and damage measures.  This is particularly important 

when defining or weighting items of permanent damage.  Although these are rare 

diseases, there continues to be good quality clinical trials in this field where any new 

modification of a tool can be tested.   

 

The relative lack of validated tools to measure disease activity and disease damage in large 

vessel vasculitis (Takayasu’s arteritis and giant cell arteritis) has severely hindered clinical 

therapeutic trials in this area.  This deficiency is well recognised and there are now efforts 
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to develop and validate appropriate measures through the OMERACT process.  So far 

there has been a 3 round modified Delphi exercise on experts in the field to determine 

the main domains which should be included in an outcome measure for disease activity 

(e.g. constitutional symptoms, major organ involvement, etc.), and different imaging 

modalities to study (e.g. the use of ultrasound or FDG-PET).  The results of this Delphi 

exercise are currently unpublished.  The next step is to engage with patients and use the 

data from the Delphi exercise to construct a draft instrument which could be tested in a 

clinical trial.   

 

Another major area of unmet need is in vasculitis specific patient reported outcomes 

(PRO).  Work is presently underway to develop a PRO for ANCA vasculitis and for large 

vessel vasculitis.[305, 306]  Both are being done under the auspices of OMERACT.  To date, 

in ANCA vasculitis, there has been review of the literature and analysis of presently 

available generic tools such as the SF-36, patient surveys, patient focus groups and 

qualitative analysis with a view that an instrument will be drafted, tested, modified and 

retested.  For large vessel vasculitis the process is slightly behind and the next step is to 

engage with patients to determine the key domains of importance for them.   

 

 We are also lacking clearly defined response criteria for all our outcome measures.   For 

example most trials have had a dichotomous outcome for disease activity and remission 

– but what about partial remission, how is that defined? How about moving from high to 

low disease state?  How long should someone be in ‘remission’ before being labelled as 

in complete remission, and is this on or off therapy? Overall, there is still plenty of work 

to be done on outcome measures, and there is certainly a strong argument for ongoing 
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development and/or refinement and validation of instruments to measure disease 

activity, disease damage, health related quality of life and disability, both for use in clinical 

trials and in clinical practice.  This will require the input of committed researchers, 

statisticians, industry partners, but most importantly the input of patients to move this 

forward. 

 

It is also important to recognise that we are now in the era of ‘biologics’ and other 

expensive therapies for the treatment of systemic vasculitis.  Rituximab is a prime example 

of a biologic used in ANCA associated vasculitis where the cost of therapy is many times 

higher than the cost of cyclophosphamide, the previous gold standard of treatment.  On 

face value, patient survival is similar in the first years, but there are differences in the rates 

of relapse and long-term toxicity.  These differences need to be captured systematically 

to justify the added cost of therapy to funders and regulatory agencies.   Funders and 

regulatory agencies need to be confident in the methods of assessing disease activity and 

the other long term consequences of disease.   

 

In summary, this thesis brings together a series of published and unpublished work on 

systemic vasculitis.  The overarching goal of all the work presented is to improve outcomes 

for patients diagnosed with systemic vasculitis.  The original work in this thesis has 

advanced the knowledge in assessing cardiovascular risk in patients with ANCA vasculitis.  

The risk prediction tool developed has potential application for monitoring and 

intervening differently based on calculated risk as well as providing a method by which 

patients could be stratified into therapeutic trials.    The current deficiencies of measuring 

non-life threatening disease manifestations such as peripheral neuropathy have been 
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identified and work on better approaches to quantify these variables is now needed – part 

of which will be born from disease specific patient report outcome measures which are in 

the process of development.  Current outcome measures to assess disease activity and 

disease damage have been tested and validated for use in clinical trials as part of this 

thesis.  However, they do require ongoing revision and improvement to meet the need 

for increased sensitivity demanded by the relatively minor differences being compared in 

modern therapeutic trials in ANCA vasculitis.  The outcome measures also need more 

robust weighting and scoring based on hard outcomes and patient input, rather than the 

expert derived values currently in use.    The knowledge gained from this collection of 

work will contribute to optimising care and will also provide necessary tools required to 

assess and monitor disease. This in turn will enable physicians, funders and regulatory 

agencies to provide better assessment, access to appropriate therapy and improved 

outcomes for patients with vasculitis 
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Appendix 
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Birmingham Vasculitis Activity Score (BVAS-original) 
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Birmingham Vasculitis Activity Score version 2 (BVAS v2) 
 

 

 

# Also known as BVAS for EUVAS  
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Birmingham Vasculitis Activity Score version 3 (BVAS v3) 
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Glossary and scoring of BVAS v3 
 

Rules for scoring BVAS 
1. Disease manifestations are scored only when they are attributable to active vasculitis. The 
manifestation should not be scored if there is reasonable evidence of another aetiology for 
the symptoms e.g. infection, drug reaction, other co-morbidity. 
2. Tick "Persistent Disease" box if all the abnormalities are due to active (but not new or 
worse) vasculitis. 
3. Specialist opinion, or the results of laboratory or imaging investigations will be required for 
some items.  Excepting those circumstances, the whole form should be completed at the time 
of the consultation. 
4. The bands of serum creatinine should be scored only on the first visit. 
5. Items marked with an asterisk (*) are not compatible with ‘persistent’ disease. These 
manifestations always suggest new or worse disease when due to active vasculitis. 
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Page | 231  
Ravi Suppiah 2009017 – MD Thesis: Improving patient outcomes in systemic vasculitis 

 
 

BVAS for Wegener’s Granulomatosis (BVAS/WG) 
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Vasculitis Damage Index (VDI) 
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Combined Damage Assessment Index (CDA) 
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