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ABSTRACT. Objective. Granulomatosis with polyangiitis (Wegener’s; GPA) and other antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitides (AAV) are rare in childhood and are sometimes difficult to
discriminate. We compared use of adult-derived classification schemes for GPA against validated pedi-
atric criteria in the ARChiVe (A Registry for Childhood Vasculitis e-entry) cohort, a Childhood Arthritis
and Rheumatology Research Alliance initiative.
Methods. Time-of-diagnosis data for children with physician (MD) diagnosis of AAV and unclassified
vasculitis (UCV) from 33 US/Canadian centers were analyzed. The European Medicines Agency
(EMA) classification algorithm and European League Against Rheumatism/Paediatric Rheumatology
International Trials Organisation/Paediatric Rheumatology European Society (EULAR/PRINTO/
PRES) and American College of Rheumatology (ACR) criteria for GPA were applied to all patients.
Sensitivity and specificity were calculated (MD-diagnosis as reference). 
Results. MD-diagnoses for 155 children were 100 GPA, 25 microscopic polyangiitis (MPA), 6
ANCA-positive pauciimmune glomerulonephritis, 3 Churg-Strauss syndrome, and 21 UCV. Of these,
114 had GPA as defined by EMA, 98 by EULAR/PRINTO/PRES, and 87 by ACR. Fourteen patients
were identified as GPA by EULAR/PRINTO/PRES but not by ACR; 3 were identified as GPA by ACR
but not EULAR/PRINTO/PRES. Using the EMA algorithm, 135 (87%) children were classifiable. The
sensitivity of the EMA algorithm, the EULAR/PRINTO/PRES, and ACR criteria for classifying GPA
was 90%, 77%, and 69%, respectively, with specificities of 56%, 62%, and 67%. The relatively poor
sensitivity of the 2 criteria related to their inability to discriminate patients with MPA.
Conclusion. EULAR/PRINTO/PRES was more sensitive than ACR criteria in classifying pediatric
GPA. Neither classification system has criteria for MPA; therefore usefulness in discriminating patients
in ARChiVe was limited. Even when using the most sensitive EMA algorithm, many children remained
unclassified. (First Release May 15 2012; J Rheumatol 2012;39:1687–97; doi:10.3899/jrheum.111352)
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Antineutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) is a group of primary systemic vasculitides pre-
dominantly affecting small to medium-size blood vessels.
Disease subtypes under the rubric of AAV include Wegener
granulomatosis (WG), microscopic polyangiitis (MPA),
Churg-Strauss syndrome (CSS), and renal-limited pauciim-
mune glomerulonephritis1. A recent consensus of the
American College of Rheumatology (ACR), the American
Society of Nephrology, and the European League Against
Rheumatism (EULAR) recommended a nomenclature change
such that WG now be described as granulomatosis with
polyangiitis (GPA)2; we will use that term in this report.

Although there is overlap in the clinical, laboratory, and
histopathologic features among the AAV entities, pathophysi-
ological differences underscore the need to distinguish
between them as a means to obtain accurate assessment of epi-
demiologic data, prognostic implications, and disease-specif-
ic therapeutic guidelines. In the evolution of classification
schemes for vasculitis, the ACR defined and tested criteria for
GPA and CSS, but MPA criteria were not defined3.
Subsequently the Chapel Hill Consensuses Conference

(CHCC) provided specific definitions for GPA, MPA, and
CSS but no classification criteria4. As a consequence of there
being no criteria for MPA, pediatric and adult cases classified
as GPA by ACR criteria may be concurrently described as
having MPA using the CHCC definition5. Recognizing these
limitations for adult patients, the European Medicines Agency
(EMA) endorsed a classification algorithm6 that incorporates
ACR criteria and CHCC definitions, and additionally the
Lanham criteria for CSS7 and the presence or absence of
ANCA. The system has been tested and validated in adults as
a means to classify patients with a mutually exclusive diagno-
sis [CSS, GPA, MPA, or polyarteritis nodosa (PAN)] and to
minimize the number of unclassified patients6. None of these
schemes was developed or tested in children. 

Many childhood vasculitides remain unclassifiable using
adult criteria8,9 and in 2005, the vasculitis working group of
the Paediatric Rheumatology European Society (PRES) with
the support of the EULAR adapted and modified the ACR cri-
teria in proposing new classification criteria for pediatric vas-
culitides10. Validated in 2008, the EULAR, Paediatric
Rheuma tology International Trials Organisation (PRINTO),
and PRES (EULAR/PRINTO/PRES) criteria reported
improved specificity and sensitivity of classification defini-
tions of childhood GPA over the original ACR criteria11.
Unfortunately, due to the limited number of cases of the less
frequent forms of AAV in their population (as with the ACR
criteria), classification criteria were not developed for MPA11;
this is one of the well-recognized limitations of the ACR cri-
teria12 that has been inherited by the adapted pediatric criteria.
To classify children with AAV into mutually exclusive cate-
gories therefore remains challenging, although it has been
suggested11 that the EMA algorithm6 could be applied to
 children.

Using a multicenter contemporary inception cohort called
ARChiVe (A Registry for Childhood Vasculitis e-entry)
involving members of the Childhood Arthritis and
Rheumatology Research Alliance (CARRA), we previously
reported on clinical manifestations of childhood GPA in
patients defined using the ACR criteria5. In that report, the
performance of EULAR-PRES pediatric classification criteria
for GPA, proposed in 2005, was tested in a cohort of children
with the diagnosis of any ANCA-associated or unclassified
vasculitis. Within this narrow spectrum of related diagnoses
the proposed criteria demonstrated minimally improved diag-
nostic sensitivity and specificity over those of the ACR crite-
ria5. In the current report, we examined the utility of the EMA
algorithm for classification of childhood GPA among a larger
cohort of patients with a similarly narrow spectrum of related
diagnoses. We examined the performance of the pediatric cri-
teria after they were subsequently modified and validated as
the EULAR/PRINTO/PRES criteria in 2008, in comparison to
the performance of the ACR criteria. Additionally, we ana-
lyzed the usefulness of these classification system schema in
discriminating children with GPA from those with MPA and
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assessed how these classification systems aligned with the
physicians’ diagnoses. 

MATERIALS AND METHODS 
The ARChiVe cohort.ARChiVe is a contemporary inception cohort of patients
that was established as a CARRA initiative involving its members. A list of
the ARChiVe network of collaborating centers and investigators is shown in
the Appendix. Since the launch of the ARChiVe registry in March 2007, pedi-
atric rheumatologists at 33 CARRA-associated geographically diverse insti-
tutions in the United States (n = 29) and Canada (n = 4) have contributed
patients. All enrolled patients were followed at participating centers and diag-
nosed after January 1, 2004, with GPA, MPA, CSS, ANCA-positive glomeru-
lonephritis (ANCA pos GN), and unclassified vasculitis (UCV). All patients
were younger than 18 years of age at the time of diagnosis. The diagnosis
entered into the database by the treating pediatric rheumatologist at each of
the ARChiVe network sites is described in this report as the MD-diagnosis.

Data were collected retrospectively by review of available medical
records for patients diagnosed between January 2004 and the launch of
ARChiVe in March 2007, and prospectively for patients diagnosed between
March 2007 and February 2010. In both instances, data were collected for the
period from clinical onset and presentation until 2 months after diagnosis. The
ARChiVe Web-based interface has been described elsewhere5 and incorpo-
rates categorical variables including family and medical history, present-
ing/diagnostic features, physical examination findings, MD-diagnosis, results
of testing including laboratory findings, histopathology, diagnostic imaging,
bronchoscopy and pulmonary function tests and other clinical investigations,
and details of initial therapy. Dataset items in the ARChiVe database includ-
ed specific items necessary to apply the CHCC definitions for GPA, CSS, and
MPA4, the ACR13 and EULAR/PRINTO/PRES criteria11 for GPA, and the
EMA classification algorithm6. In addition, other common pediatric present-
ing features considered by consensus to be useful diagnostic features for AAV
classification were incorporated into a standardized data collection form.

Data completeness and quality were reviewed at the main coordinating

center, ensuring there were no duplicate cases (some institutions collected
data on patients whose care was transferred from other medical institutions or
who were referred for a second opinion).
GPA (formerly WG) classification criteria. The ACR criteria for the vasculi-
tides13 were developed in 1990 from a large cohort of mostly adult patients
from Canada, Mexico, and the United States (Table 1). The reported sensitiv-
ity and specificity for the ACR GPA criteria were 88.2% and 92.0%, respec-
tively. The EULAR/PRINTO/PRES recently published a formal validation of
their proposed classification criteria for pediatric vasculitides11 (Table 1). The
sensitivity and specificity of the final 2008 EULAR/PRINTO/PRES classifi-
cation criteria for childhood GPA were reported as 93.3% and 99.2%,
 respectively.

The EMA classification algorithm was developed by consensus as a prac-
tical tool for use in epidemiologic studies of patients with AAV and PAN and
was recently validated in adults6. In a sequential manner, the algorithm
(Figure 1) applies different criteria, definitions, and surrogate markers, from
most specific to least specific, in a stepwise approach. After initially deter-
mining whether the patient does not have CSS using the ACR and Lanham
criteria7, it then determines whether the patient has GPA using the ACR cri-
teria, the CHCC definitions, clinical surrogate features of GPA, and presence
or absence of ANCA; subsequently, if the patient does not have CSS or GPA,
it is then determined whether they have MPA by the presence of CHCC his-
tological features, clinical surrogates for renal vasculitis, and ANCA; finally
it determines which patients have PAN by applying the CHCC PAN defini-
tion. Application of the EMA algorithm to primarily adult patients with sys-
temic vasculitis from southern Sweden and China has been reported14,15.
However, the sensitivity and specificity of this approach in recognizing GPA
are not known and have not been studied in pediatric populations with AAV.
Statistical analysis. Sociodemographic and clinical characterization of data
for pediatric patients with GPA were provided using means with SD and per-
centages where applicable. GPA classification according to the ACR and
EULAR/PRINTO/PRES criteria and the EMA algorithm was performed by
computation of data. 
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Table 1. Comparison of the American College of Rheumatology (ACR)13 and revised European League Against
Rheumatism (EULAR)/Paediatric Rheumatology International Trials Organisation (PRINTO)/Paediatric
Rheumatology European Society (PRES)11 classification criteria for granulomatosis with polyangiitis (GPA, for-
merly Wegener granulomatosis). Numbers describe patients in the ARChiVe cohort of 155 patients with
ANCA-associated vasculitis who fulfilled criteria for GPA according to ACR or EULAR/PRINTO/PRES and
patients meeting any individual criterion within these 2 subgroups.

n

1990 ACR classification criteria
A patient has GPA when 2 of the following 4 criteria are present: 87

Nasal or oral inflammation: Ulcers or purulent or bloody nasal discharge 56
Abnormal chest radiograph: Nodules, fixed infiltrates, or cavities 70
Abnormal urinary sediment: Microhematuria or red blood cell casts 68
Granulomatous inflammation on biopsy: Intra/peri/extravascular 17

2008 EULAR/PRINTO/PRES classification criteria
A patient has GPA when 3 of the following 6 criteria are present: 98

Upper airway involvement: Chronic purulent or bloody nasal discharge, or 80
recurrent epistaxis/crusts/granulomata; nasal septum perforation or saddle nose 
deformity; chronic or recurrent sinus inflammation
Pulmonary involvement: Abnormal chest radiograph or chest computed tomography scan 72
showing nodules, cavities, or fixed infiltrates
Renal involvement: Proteinuria, hematuria or red blood cell casts in the urinary sediment; 79
or necrotizing pauciimmune glomerulonephritis
Laryngo-tracheobronchial involvement: Subglottic, tracheal, or bronchial stenosis 20
Granulomatous inflammation on biopsy: Intra/peri/extravascular 17
ANCA positivity: MPO/p or PR3/c ANCA 94

ANCA: antineutrophil cytoplasmic antibody; MPO/p: myeloperoxidase and/or perinuclear; PR3/c: proteinase 3
and/or cytoplasmic.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


1690 The Journal of Rheumatology 2012; 39:8; doi:10.3899/jrheum.111352

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

Figure 1. The classification
assigned among the cohort of
155 patients in A Registry for
Children with Vasculitis e-entry
(ARChiVe), according to the
European Medicines Agency
(EMA) classification algo-
rithm6. AAV: antineutrophil
cytoplasmic antibody-associat-
ed vasculitides; ACR: American
College of Rheumatology; CSS:
Churg-Strauss syndrome; GPA:
Granulomatosis with polyangi-
itis; CHCC: Chapel Hill
Consensuses Conference; MPA:
microscopic polyangiitis; PR3:
proteinase 3; MPO: myeloper-
oxidase; PAN: polyarteritis
nodosa.   
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To compare the ACR and EULAR/PRINTO/PRES classification criteria
for GPA, all patients in the registry with any physician-assigned diagnosis
(GPA, MPA, CSS, ANCA-pos GN, or UCV) were analyzed. The MD-diag-
nosis of patients was used as the reference standard to assess the sensitivity,
specificity, and predictive values of the ACR, EULAR/PRINTO/PRES, and
EMA in diagnosing GPA. All data were processed using Stata v. 10.1 for
Windows (StataCorp LP, College Station, TX, USA).

The study protocol was approved by the local research ethics board at
each participating center. Informed consent for participation was obtained
from parents and informed consent or assent was obtained from patients for
both retrospective and prospective recruitment as applicable.

RESULTS 
During the study period, 155 pediatric patients (105 female;
67.7%) were recruited in the ARChiVe cohort. Data were col-
lected prospectively for over half these patients (89 children;
57%). MD-diagnoses of the patients in the cohort were 100
GPA, 25 MPA, 6 ANCA-pos GN, and 3 CSS. In the remain-
ing 21 patients (13.5%) the MD-diagnosis was UCV. 
Application of the EMA algorithm to the ARChiVe cohort.
After applying the EMA algorithm to the cohort of 155
patients, 2 children were classified as CSS (Figure 1). Of the
114 children considered to have GPA based on this algorithm,
87 fulfilled the ACR criteria for GPA; 1 patient showed
extravascular granulomatous inflammation on an upper-air-
way biopsy, meeting the CHCC GPA definition; 10 patients
met the CHCC definition of MPA but had GPA clinical surro-
gate markers; and finally, 16 patients without histological cri-
teria for GPA or MPA (or no biopsy done) had GPA clinical
surrogate markers plus positive ANCA serology. GPA clinical
surrogate markers among patients in the last 2 categories were
nasal involvement (n = 6), nasal septal ulceration or destruc-
tive disease (n = 3), chronic sinusitis/otitis/mastoiditis (n =
17), sinusitis with nasal septal ulceration or destructive dis-

ease (n = 1), subglottic stenosis (n = 6), pulmonary involve-
ment (n = 6), and retroorbital mass (n = 3); there were 10
patients with GPA as per the EMA algorithm with more than
1 GPA clinical surrogate marker. Eighteen patients were clas-
sified as having MPA and 1 as having PAN. Twenty patients
(12.9%) were unclassifiable after application of the EMA
algorithm (Figure 1), 13 of whom were also diagnosed with
UCV by MD-diagnosis. The remaining 8 out of 21 patients
with UCV by MD-diagnosis were assigned diagnoses of GPA
(n = 4), MPA (n = 3), and PAN (n = 1) by the EMA algorithm.
GPA classification using the ACR, EULAR/PRINTO/PRES,
and EMA classification schemes in the ARChiVe cohort.
Application of the ACR and EULAR/PRINTO/PRES criteria
(Table 1) and the EMA algorithm (Figure 1 and details above)
to the 155-patient cohort classified, respectively, 87, 98, and
114 patients as having GPA. Overall, the EMA classification
algorithm showed the highest sensitivity for classifying GPA
(90.0%), followed by EULAR/PRINTO/PRES criteria
(77.0%) and then ACR criteria (69.0%; Table 2). Specificities
for classifying GPA were slightly lower for the EMA algo-
rithm (56.4%) than for both the EULAR/PRINTO/PRES and
ACR criteria (61.8% and 67.3%, respectively; Table 2). Level
of kappa agreement (coefficient κ and CI) between MD-diag-
nosis and the different classification schema were for EMA
algorithm κ = 0.49 (95% CI 0.33–0.65), for EULAR/
PRINTO/PRES criteria κ = 0.39 (95% CI 0.22–0.55), and for
ACR criteria κ = 0.34 (95% CI 0.19–0.50; Table 2).

Figure 2 shows Venn diagrams comparing the EULAR/
PRINTO/PRES, ACR, and EMA algorithm with each other;
Figure 2d compares the EMA algorithm, the most sensitive of
these classification schemes, with the MD-diagnosis. There
were 17 patients classified as GPA by either EULAR/
PRINTO/PRES or ACR criteria but not both (Figure 2a). In
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Table 2. Discriminant validity of the American College of Rheumatology (ACR)13, the European League
Against Rheumatism (EULAR)/Paediatric Rheumatology International Trials Organisation (PRINTO)/
Paediatric Rheumatology European Society (PRES) classification criteria11, and European Medicines Agency
(EMA) classification algorithm6 for granulomatosis with polyangiitis (GPA, formerly Wegener granulomatosis)
as applied to children in the ARChiVe cohort compared to reported sensitivity and specificity of PRES cohort
(MD diagnosis or consensus classification as reference standard).

ARChiVe Cohort PRES Cohort
Discriminant EMA ACR EULAR/ EMA ACR EULAR/
Validity Algorithm Criteria PRINTO/ Algorithm Criteria PRINTO/

PRES Criteria PRES Criteria

Sensitivity, % 90.0 69.0 77.0 NR 83.0 93.3
Specificity, % 56.4 67.2 61.8 NR 98.0 99.2
Overall accuracy, % 73.2 68.1 69.4 NR 90.5 96.3
κ coefficient (95% CI) 0.49 0.34 0.38 NR 0.77 (NR) 0.90

(0.33–0.65) (0.19–0.50) (0.22–0.55) (0.84–0.97)
LR positive 2.1 2.1 2.0 NR NR NR
LR negative 0.2 0.5 0.4 NR NR NR
PPV, % 78.9 79.3 78.6 NR NR NR
NPV, % 75.6 54.4 59.6 NR NR NR

NR: not reported; LR: likelihood ratio for a positive/negative result; PPV: positive predictive value; NPV: neg-
ative predictive value.
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the 14 identified as GPA by EULAR/PRINTO/PRES but not
ACR criteria, features that enabled classification were the
presence of sinus involvement, ANCA positivity, subglot -
tic-tracheal-endobronchial stenosis, and significant protein-
uria. Conversely, of the 3 patients with GPA classified by ACR
but not EULAR/PRINTO/PRES, 2 patients presented with
nasal-sinus involvement and granulomatous vasculitis on
biopsy, and 1 patient had lung and renal involvement; all 3 had
negative ANCA serology (Figure 3). The EMA algorithm
classified as GPA all patients identified as GPA by ACR crite-
ria, plus an additional 27 patients (Figure 2b). The EMA algo-
rithm classified as GPA all but 1 patient identified by
EULAR/PRINTO/PRES criteria as GPA plus an additional 17
patients (Figure 2c).

The EMA algorithm was most sensitive at classifying GPA

patients, identifying all but 1 patient classified by the other 2
schemes; we therefore compared it against MD-diagnosis
(Figure 2d) and described the patients where diagnosis/classi-
fication differed for GPA. Of the 24 patients classified as hav-
ing GPA by the EMA algorithm and not by their treating
physician, 17 were given an MD-diagnosis of MPA. Twelve of
these 17 patients had positive results for both anti-myeloper-
oxidase (MPO) antibody and perinuclear ANCA (pANCA)
serology, while 1 patient had positive MPO antibody and 1
had positive pANCA only; 2 had proteinase 3 (PR3) antibody
[none was cytoplasmic ANCA (cANCA)-positive] and 1 had
negative ANCA serology. Three patients had MD-diagnosis of
ANCA pos GN, 1 of whom, in addition to an abnormal uri-
nalysis/urinary sediment and positive ANCA, had nasal/sinus
inflammation. All 4 who were assigned the MD-diagnosis of
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Figure 2. Venn diagrams show patients defined in different ways as having granulomatosis with polyangiitis (GPA) among the 155
patients in ARChiVe. Patients with an MD-diagnosis of GPA are shown in yellow (n = 100), those fulfilling criteria of the American
College of Rheumatology (ACR)13 in red (n = 87), those fulfilling criteria of the EULAR/PRINTO/PRES11 in blue (n = 98), and those
classified according to the European Medicines Agency (EMA) algorithm6 in green (n = 114). Panel (a): 84 patients were identified as
GPA by both EULAR/PRINTO/PRES and ACR criteria; 14 were identified as GPA only by EULAR/PRINTO/PRES and 3 only by
ACR. Panel (b): 87 patients were identified as GPA by both EMA algorithm and ACR criteria; 27 patients were classified as GPA only
by EMA algorithm. Panel (c): 97 patients were identified as GPA by both EMA algorithm and EULAR/PRINTO/PRES criteria; 17
were identified as GPA only by EMA algorithm and 1 only by EULAR/PRINTO/PRES criteria. Panel (d): 90 patients were identified
as GPA by both MD-diagnosis and the EMA algorithm; 24 were identified as GPA only by EMA algorithm and 10 only by MD-diag-
nosis. EULAR/PRINTO/PRES: European League Against Rheumatism/Paediatric Rheumatology International Trials
Organisation/Paediatric Rheumatology European Society.
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Figure 3. Seventeen patients from ARChiVe
fulfilled either ACR13 (shown in normal
typeface; n = 3) or EULAR/PRINTO/
PRES11 (italic typeface; n = 14) classifica-
tion criteria for granulomatosis with
polyangiitis (GPA), but not both criteria.
Columns represent individual patients, hori-
zontal lines show presence of the compo-
nents of the criteria set in each patient. A
complete description of both sets of criteria
is given in Table 1. •: indicates ACR crite-
ria. √: indicates EULAR/PRINTO/PRES
criteria. CXR: chest radiograph; CT: com-
puted tomography; ANCA: antineutrophil
cytoplasmic antibody; cA: cytoplasmic
ANCA; pA: perinuclear ANCA; m: positive
myeloperoxidase antibody; pr: positive pro-
teinase 3 antibody; –: negative ANCA;
EULAR/PRINTO/PRES: European League
Against Rheumatism/Paediatric
Rheumatology International Trials
Organisation/Paediatric Rheumatology
European Society; ACR: American College
of Rheumatology.
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UCV had abnormalities on pulmonary imaging, and 3 of them
had abnormal urinalysis/urinary sediment; of these 4 patients
1 had positive cANCA (PR3 antibody-positive), 1 had posi-
tive pANCA (PR3/MPO antibody-negative), and 2 had no
detectable ANCA.

Ten patients with MD-diagnosis of GPA were not classified
as GPA by the EMA algorithm (Figure 2d), although 1 of them
(Figure 2c) was classified by EULAR/PRINTO/PRES as
GPA. Five of the remaining 9 patients were classified as MPA
by EMA: 3 had histology compatible with CHCC MPA and
positive ANCA, without surrogate markers of GPA or renal
vasculitis, and 2 patients had surrogate markers for renal vas-
culitis and a positive ANCA. The 4 remaining patients were
diagnosed by EMA with UCV: 3 of these had GPA surrogate
markers but had no measured ANCA, and 1 had a positive
ANCA with no GPA surrogate markers. 

DISCUSSION 
Classification of childhood AAV remains a significant chal-
lenge. Overlapping clinical manifestations, the lack of appro-
priate “gold standard” definitions, the need for invasive test-
ing modalities for diagnosis, and the relative rarity of these ill-
nesses (particularly those other than GPA) have limited the
development of classification criteria with high sensitivity and
specificity. Not surprisingly, this has resulted in the generation
of several classification systems, none of which has been
entirely satisfactory, particularly in children12,16. In this work,
we used data from the largest cohort of childhood AAV assem-
bled to date to compare the performance of the EMA algo-
rithm, the recently validated EULAR/PRINTO/PRES, and the
ACR criteria for classification of childhood GPA among chil-
dren with AAV and UCV, and assessed how these different
classification schemes relate to the MD-diagnosis.

Using the diagnosis provided by the treating physician as
the reference standard, the EMA algorithm had the highest
sensitivity, followed by the EULAR/PRINTO/PRES and ACR
criteria, and the relative specificities were in the reverse order.
The positive predictive values for all schemes were very sim-
ilar, while the negative predictive value of the EMA algorithm
was highest and overall had the highest diagnostic accuracy
(Table 2). In this large cohort of patients with childhood AAV,
the EMA algorithm appeared to have superior performance.

The intent of the EULAR/PRINTO/PRES classification
criteria was to enable classification of more patients to GPA
by incorporating criteria that were more characteristic of
childhood disease. These new criteria for GPA were built upon
previous ACR criteria and therefore it is reassuring that when
tested in this cohort, overall, more patients were classifiable as
GPA. Notwithstanding, because of the more rigorous require-
ment for 3 criteria in EULAR/PRINTO/PRES criteria, 3
patients classified by ACR as having GPA (Figure 2a) did not
fulfill the new pediatric criteria.

One limitation of both the EULAR/PRINTO/PRES and
ACR classification schemes is the absence of criteria for

MPA11,13. Because lungs and kidneys are the major organs
involved in both GPA and MPA, differentiation may be diffi-
cult. The EMA algorithm, by explicitly including the CHCC
definitions4, permits assignment of a diagnosis of MPA. Our
cohort included 25 children (16%) with an MD-diagnosis of
MPA, and this may partially explain the superior performance
of the EMA algorithm. Because of the inclusion of
criteria/characteristics in addition to the ACR (i.e., surrogate
markers of GPA and renal vasculitis, and presence or absence
of ANCA), it was not surprising that more patients in our
cohort were identified as having GPA by EMA as compared to
the other 2 classification schemes.

Classification of a patient (ideally to a very specific cate-
gory) is not the same as diagnosis. Through the process of for-
mulating a diagnosis, a physician needs to consider a complex
set of clinical features, and by using information beyond the
limited traditional criteria required for classification it is more
sensitive. Classification, in its requirement for limited and
specific criteria, defines more phenotypically homogeneous
groups of patients that are generally more suitable for clinical
trials and basic research. However, for rare diseases such as
the AAV, even the most experienced physician specialists
might have seen only a few patients17 and so (and perhaps
inappropriately)18 they might place more reliance on classifi-
cation criteria in making a clinical diagnosis. Unfortunately, in
this regard, the classification criteria and definitions for the
individual AAV are limited, especially with respect to MPA.
The EMA algorithm attempts to address these limitations, and
in its systematic application of multiple criteria and diagnos-
tic characteristics to define a patient as having GPA, it is
arguably more akin to a physician making a diagnosis.

Although in this study the concordance with MD-diagnosis
of GPA is highest for the EMA algorithm compared with the
other classification schemes (see Table 2 and κ agreement)
there remains significant disparity. Of the 24 patients diag-
nosed with GPA by the EMA algorithm but not by the physi-
cian, the majority (77%) were given an MD-diagnosis of MPA.
Our results suggest that the type of ANCA (i.e., pANCA with
specificity for MPO vs cANCA with specificity for PR3) might
have been inappropriately used by physicians as the character-
istic distinguishing whether a patient has, respectively, MPA
versus GPA. The EMA algorithm, on the other hand, does not
use ANCA specificity to distinguish between GPA and MPA;
rather, the presence of ANCA (whatever specificity) helps
define GPA or MPA as distinct from PAN. Nine patients were
classified as GPA by MD-diagnosis but not by EMA (or any
other criteria); these patients did not have any unifying unique
feature that led to the MD-diagnosis.

This difference between MD-diagnosis and EMA classifi-
cation arguably relates to the consistent hierarchical and sys-
tematic application of criteria used in the EMA algorithm. In
contrast, in making a diagnosis, individual physicians might
systematically evaluate, include, and weigh different clinical
features dependent on their overall clinical experience and
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their knowledge of evolving classification systems, etc. The
consequent differing diagnostic pathways may lead to differ-
ent, albeit related, diagnoses compared to other physicians or
compared to the EMA algorithm.

We compared the performance of EULAR/PRINTO/PRES
and ACR criteria for GPA as described for patients in the
PRES cohort11 against their performance when applied to
patients in the ARChiVe cohort in this study. In both cohorts,
the sensitivity of the EULAR/PRINTO/PRES criteria was
clearly better than the ACR criteria, resulting in more patients
being classified with GPA; however, the overall sensitivity of
either set of criteria was relatively poor when tested against
MD-diagnosis in the ARChiVe cohort. The best explanation
for this disparity relates to the differences in the populations
tested. In the PRES cohort of 1183 patients, there were 60
with GPA who were included among patients with very dif-
ferent clinical types of the vasculitis; notably, 827 patients
(69% of cohort) had Henoch-Schönlein purpura (HSP) and
only 14 patients (1.2% of cohort) had MPA. On the other
hand, in the ARChiVe cohort of 155 patients, 100 had GPA
and were included among patients with clinically similar
types of vasculitis, and notably, 25 patients (16% of cohort)
had MPA. The limitations of classification systems that do not
incorporate specific criteria for MPA are thus evident. We note
the extraordinary but not surprising high κ agreement (κ =
0.9) in the PRES cohort achieved for classifying GPA by the
EULAR/PRINTO/PRES criteria11. In that study, the “agree-
ment” was between diagnosis (confirmed by a group of
experts) and classification (developed by the same group of
experts). We also note (as with ARChiVe) agreement was sim-
ilarly less (κ = 0.77) for the ACR criteria (Table 2).

Some may argue that there is little necessity to separate
GPA and MPA, given their current grouping in clinical trials,
for example19, and the increasing acceptance of the term AAV.
However, we believe that the distinction is an important one,
and that the current grouping of AAV is largely one of conven-
ience, related to our current inability to distinguish GPA and
MPA reliably and the need for patient numbers in clinical  trials.
It is likely that the pathogenesis of these forms of systemic vas-
culitis is different, demonstrated by the different antigenic tar-
gets for the ANCA predominating in each (PR3 vs MPO), dif-
ferent pathology (granulomas vs no granulomas), and different
lung disease (nodular or cavitating disease vs capillaritis). The
EMA algorithm and most recently the application of artificial
neural networks20 represent promising efforts to accurately
classify patients with vasculitis into nonoverlapping categories
(i.e., GPA or MPA). In the future, it is possible that a better
understanding of these differences will lead to better and more
specific therapies for these diseases.

The limitations of our study can be summarized as follows.
First, the lack of an appropriate gold standard for the diagno-
sis of GPA limits the evaluation of all classification criteria.
Our use of MD-diagnosis as a reference standard, as provided
by certified pediatric rheumatologists at 33 centers, was com-

parable to the reference standard used in the pediatric criteria
validation study11. In that validation trial patient diagnoses
were provided by physician members of PRES who have var-
ied formal specialty training in pediatric rheumatology; diag-
nosis by “expert consensus” was sought on a large minority of
the patients, especially when the submitted diagnosis was
questionable. Consensus was then based upon evaluation of a
limited set of sometimes incomplete categorical “registry”
data. The resulting set of diagnoses was used as the reference
standard in that study. Neither this reference standard nor the
MD-diagnosis reference standard used in the current study
qualifies as a “gold standard,” but each was the most practi-
cable reference for comparative studies. Second, the majority
of patients in our cohort have GPA, while the other patients in
the cohort against whom they were compared (apart from a
few with UCV) had related and clinically similar diseases
defined under the rubric of AAV. Although this has highlight-
ed the discriminatory difficulties of classification within the
AAV subset of vasculitides, it would be useful to replicate
these results in a cohort where the spectrum of vasculitis is
better represented. A similar criticism could be made of the
pediatric criteria validation study, where two-thirds of the
patients had HSP and only rare patients had MPA. Third, the
ARChiVe database currently includes only data entry at a sin-
gle timepoint. Longitudinal data would allow additional cer-
tainty about the diagnosis, and provide important information
about outcomes.

We evaluated 2 major classification systems (EULAR/
PRINTO/PRES and ACR criteria) and the EMA algorithm for
vasculitis in classifying childhood AAV, using the largest
cohort of patients with childhood AAV assembled to date.
When using physician diagnosis as the reference standard, the
EMA algorithm had the highest sensitivity and diagnostic
accuracy for GPA, although its specificity was lower than the
ACR criteria. While the EULAR/PRINTO/PRES classifica-
tion for vasculitis in children is an improvement on the ACR
criteria, it lacks discrimination when patients with MPA are
included among the cohort of patients to be studied. We have
shown that the EMA algorithm is a useful tool to study and
uniquely diagnose children with either GPA or MPA.
Arguably, in the absence of an alternative, the EMA classifi-
cation algorithm could also be used by physicians for diagno-
sis when their experience of patients with AAV is limited. The
remaining appreciable number of pediatric patients with vas-
culitis who continue to be unclassifiable should be a subject of
future research and a concern for all classification systems.
Understanding why some patients are classified differently by
their physicians will assist in the development of more accu-
rate classification systems. ARChiVe is well positioned to
continue collecting the prospective data that will contribute to
this effort.

ACKNOWLEDGMENT
The authors acknowledge all participating patients and their families, without
whom this study would not be possible, and Randy Cron, MD, and Natalie

1695Uribe, et al: Classifying pediatric GPA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


Shiff, MD, MSc, for their most helpful comments. We also thank the
ARChiVe site coordinators and research assistants for their dedicated work:
Ana Cabrera, Childrens Hospital LA, Los Angeles, CA, USA; Adlin Cedeno,
Children’s Memorial Hospital, Chicago, IL, USA; Anne Johnson, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA; Jennifer Stout,
Duke Children’s Hospital and Health Center, Duke University Medical
Center, Durham, NC, USA; Aleasha Warner, IWK Health Centre and
Dalhousie University, Halifax, NS, Canada; Mary Ellen Riordan, Joseph M.
Sanzari Children’s Hospital, Hackensack University Medical Center,
Hackensack, NJ, USA; Margaret Carson, Morgan Stanley Children’s Hospital
of New York-Presbyterian, New York, NY, USA; Jamie Smith, Phoenix
Children’s Hospital, Phoenix, AZ, USA; Andrea Hudgins, Riley Children’s
Hospital, Indianapolis, IN, USA; Gretchen Henstorf, Seattle Children’s
Hospital, Seattle, WA, USA; Debra Canter, Texas Children’s Hospital, Baylor
College of Medicine, Houston, TX, USA; Courtney Chun, The Children’s
Hospital at Legacy Emanuel, Portland, OR, USA; Michele Gibbon, The
Montreal Children’s Hospital, McGill University Health Centre, Montreal,
QC, Canada; Adrienne Michels, University of Louisville School of Medicine,
Louisville, KY, USA; Bernadette McNally, University of Utah’s Primary
Children’s Medical Center, Salt Lake City, UT, USA. The origins of this pro -
ject were in the Childhood Arthritis and Rheumatology Research Alliance
(CARRA); although the ARChiVe network now extends beyond this, we
gratefully acknowledge that it would not be sustainable without the endorse-
ment and ongoing support of CARRA and its membership.

APPENDIX
List of study collaborators. A Registry for Children with Vasculitis e-entry
(ARChiVe) Network: 
Coordinating Center: British Columbia Children’s Hospital, Vancouver, BC,
Canada: D.A. Cabral (Study Principal Investigator), A.G. Uribe (Study
Coordinator), V. Espinosa (IT Manager, Statistician), J. Guzman, K.
Houghton, K. Morishita, R. Petty, L. Tucker, S. Turvey (Site Investigators).
Participating Centers: Case Medical Center, and Rainbow Babies and
Children’s Hospital University Hospitals, Cleveland, OH, USA: K. Nanda
(Site Principal Investigator), E.B. Brooks, A. Robinson, N.G. Singer (Site
Investigators). Children’s Hospital at Montefiore, New York, NY, USA: N.T.
Ilowite (Site Principal Investigator), D.M. Wahezi (Site Investigator).
Children’s Hospital of Boston, Boston, MA, USA: S. Kim (Site Principal
Investigator), F. Dedeoglu, R. Fuhlbrigge, M. Hazen, M.B. Son, R. Sundel
(Site Investigators). Children’s Hospital LA, Los Angeles, CA, USA: A. Reiff
(Site Principal Investigator), D. Brown, B. Shaham (Site Investigators).
Children’s Hospital of Pittsburgh, Pittsburgh, PA, USA: M. Rosenkranz (Site
Principal Investigator), R. Hirsh, D. Kietz, P. Rosen, K. Torok (Site
Investigators). Children’s Memorial Hospital, Chicago, IL, USA: M.
Klein-Gitelman (Site Principal Investigator), L. Pachman (Site Investigator).
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, USA: D.J.
Lovell (Site Principal Investigator), H. Brunner, T. Griffin, A. Grom (Site
Investigators). Cleveland Clinic Foundation, Cleveland, OH, USA: S.
Spalding (Site Principal Investigator), A. Zeft (Site Investigator), P. Hashkes
(formerly Site Investigator). Cohen Children’s Medical Center of New York,
New Hyde Park, NY, USA: A. Eberhard (Site Principal Investigator).
Columbia University Medical Center, New York, NY, USA: L.F. Imundo (Site
Investigator), A. Eichenfield (Site Investigator). Creighton Medical Center at
University of Omaha, Omaha, NE, USA: L. Jung (Site Principal Investigator).
Duke Children’s Hospital and Health Center, Duke University Medical
Center, Durham, NC, USA: E. Rabinovich (Site Principal Investigator), S.
Ardoin, L. Schanberg (Site Investigators). Hospital for Sick Children,
Toronto, ON, Canada: S.M. Benseler (Site Principal Investigator), R. Laxer,
R. Schneider (Site Investigators). IWK Health Centre and Dalhousie
University, Halifax, NS, Canada: A.M. Huber (Site Principal Investigator),
B.A. Lang, S. Ramsey, E. Stringer (Site Investigators). Joseph M. Sanzari
Children’s Hospital, Hackensack University Medical Center, Hackensack,
NJ, USA: S.C. Li (Site Principal Investigator), K. Haines, Y. Kimura, J. Weiss
(Site Investigators). Lucile Packard Children’s Hospital, Stanford University
School of Medicine, Stanford, CA, USA: T. Lee (Site Principal Investigator),

I. Balboni, R. Bromberg, P. Chira, M. Cidon, J. Frankovich, D. Gerstbacher,
J.J. Hsu, J.L. Park, C. Sandborg, S. Song (Site Investigators). Mayo Eugenio
Litta Children’s Hospital, Mayo Clinic, Rochester, MN, USA: T. Mason (Site
Principal Investigator), A. Reed (Site Investigator). Nationwide Children’s
Hospital, Columbus, OH, USA: G.C. Higgins (Site Principal Investigator).
Phoenix Children’s Hospital, Phoenix, AZ, USA: K. Ede (Site Principal
Investigator), M. Magalnick, A. Ramirez, M. Shishov (Site Investigators).
Riley Children’s Hospital, Indianapolis, IN, USA: S.L. Bowyer (Site
Principal Investigator), S. Ballinger, T. Klausmeier (Site Investigators). Saint
Louis Children’s Hospital, Washington University School of Medicine, St.
Louis, MO, USA: A. White (Site Principal Investigator), K. Baszis (Site
Investigator). Seattle Children’s Hospital, Seattle, WA, USA: A.M. Stevens
(Site Principal Investigator), H. Emery, K. Hayward, S. Ringold, E. Shaw, J.
Turner, C. Wallace (Site Investigators). Texas Children’s Hospital, Baylor
College of Medicine, Houston, TX, USA: E. Muscal (Site Principal
Investigator), B.L. Myones (Site Investigator). The Children’s Hospital at
Legacy Emanuel, Portland, OR, USA: D.J. Kingsbury (Site Principal
Investigator), V. Cartwright (Site Investigator). The Montreal Children’s
Hospital, McGill University Health Centre, Montreal, QC, Canada: S.
Campillo (Site Principal Investigator), G. Chédeville, C. Duffy, K. Duffy, R.
Scuccimarri (Site Investigators). University of California at Los Angeles, Los
Angeles, CA, USA: D. McCurdy (Site Principal Investigator). University of
California at San Francisco, San Francisco, CA, USA: E. von Scheven (Site
Principal Investigator), E.F. Lawson (Site Investigator). University of
Oklahoma Health Sciences Center, Oklahoma City, OK, USA: K.M. O’Neil
(Site Principal Investigator), J. Jarvis (Site Investigator). University of
Louisville School of Medicine, Louisville, KY, USA: K.N. Schikler (Site
Principal Investigator). University of Texas Southwestern, Texas Scottish Rite
Hospital, Dallas, TX: M. Punaro (Site Principal Investigator), L. Nassi, V.
Pascual (Site Investigators). University of Utah’s Primary Children’s Medical
Center, Salt Lake City, UT, USA: A. Hersh (Site Principal Investigator), J.
Bonsack, S. Prahalad (Site Investigators). University of Vermont, Burlington,
VT, USA: L. Abramson (Site Principal Investigator).

REFERENCES
1. Bosch X, Guilabert A, Font J. Antineutrophil cytoplasmic 

antibodies. Lancet 2006;368:404-18.
2. Falk RJ, Gross WL, Guillevin L, Hoffman GS, Jayne DR, Jennette

JC, et al. Granulomatosis with polyangiitis (Wegener’s): An 
alternative name for Wegener’s granulomatosis. Arthritis Rheum
2011;63:863-4.

3. Fries JF, Hunder GG, Bloch DA, Michel BA, Arend WP, Calabrese
LH, et al. The American College of Rheumatology 1990 criteria for
the classification of vasculitis. Summary. Arthritis Rheum
1990;33:1135-6.

4. Jennette JC, Falk RJ, Andrassy K, Bacon PA, Churg J, Gross WL,
et al. Nomenclature of systemic vasculitides. Proposal of an 
international consensus conference. Arthritis Rheum 
1994;37:187-92.

5. Cabral DA, Uribe AG, Benseler S, O’Neil KM, Hashkes PJ,
Higgins G, et al. Classification, presentation, and initial treatment
of Wegener’s granulomatosis in childhood. Arthritis Rheum
2009;60:3413-24.

6. Watts R, Lane S, Hanslik T, Hauser T, Hellmich B, Koldingsnes W,
et al. Development and validation of a consensus methodology for
the classification of the ANCA-associated vasculitides and 
polyarteritis nodosa for epidemiological studies. Ann Rheum Dis
2007;66:222-7.

7. Lanham JG, Elkon KB, Pusey CD, Hughes GR. Systemic vasculitis
with asthma and eosinophilia: A clinical approach to the 
Churg-Strauss syndrome. Medicine 1984;63:65-81.

8. Bowyer S, Roettcher P. Pediatric rheumatology clinic populations
in the United States: Results of a 3 year survey. Pediatric
Rheumatology Database Research Group. J Rheumatol
1996;23:1968-74.

1696 The Journal of Rheumatology 2012; 39:8; doi:10.3899/jrheum.111352

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


9. Malleson PN, Fung MY, Rosenberg AM. The incidence of pediatric
rheumatic diseases: Results from the Canadian Pediatric
Rheumatology Association Disease Registry. J Rheumatol
1996;23:1981-7.

10. Ozen S, Ruperto N, Dillon MJ, Bagga A, Barron K, Davin JC, et al.
EULAR/PReS endorsed consensus criteria for the classification of
childhood vasculitides. Ann Rheum Dis 2006;65:936-41.

11. Ozen S, Pistorio A, Iusan SM, Bakkaloglu A, Herlin T, Brik R, et
al. EULAR/PRINTO/PRES criteria for Henoch-Schonlein purpura,
childhood polyarteritis nodosa, childhood Wegener granulomatosis
and childhood Takayasu arteritis: Ankara 2008. Part II: Final 
classification criteria. Ann Rheum Dis 2010;69:798-806.

12. Basu N, Watts R, Bajema I, Baslund B, Bley T, Boers M, et al.
EULAR points to consider in the development of classification and
diagnostic criteria in systemic vasculitis. Ann Rheum Dis
2010;69:1744-50.

13. Leavitt RY, Fauci AS, Bloch DA, Michel BA, Hunder GG, Arend
WP, et al. The American College of Rheumatology 1990 criteria for
the classification of Wegener’s granulomatosis. Arthritis Rheum
1990;33:1101-7.

14. Mohammad AJ, Jacobsson LT, Mahr AD, Sturfelt G, Segelmark M.
Prevalence of Wegener’s granulomatosis, microscopic polyangiitis,

polyarteritis nodosa and Churg-Strauss syndrome within a defined
population in southern Sweden. Rheumatology 2007;46:1329-37.

15. Liu LJ, Chen M, Yu F, Zhao MH, Wang HY. Evaluation of a new
algorithm in classification of systemic vasculitis. Rheumatology
2008;47:708-12.

16. Dedeoglu F, Sundel RP. Vasculitis in children. Pediatr Clin North
Am 2005;52:547-75, vii.

17. Wilkinson NM, Page J, Uribe AG, Espinosa V, Cabral DA.
Establishment of a pilot pediatric registry for chronic vasculitis is
both essential and feasible: A Childhood Arthritis and
Rheumatology Alliance (CARRA) survey. J Rheumatol
2007;34:224-6.

18. Hunder GG. The use and misuse of classification and diagnostic
criteria for complex diseases. Ann Intern Med 1998;129:417-8.

19. Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman GS,
et al. Rituximab versus cyclophosphamide for ANCA-associated
vasculitis. N Engl J Med 2010;363:221-32.

20. Linder R, Orth I, Hagen EC, van der Woude FJ, Schmitt WH.
Differentiation between Wegener’s granulomatosis and microscopic
polyangiitis by an artificial neural network and by traditional 
methods. J Rheumatol 2011;38:1039-47.

1697Uribe, et al: Classifying pediatric GPA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/

