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Antibody–Associated Vasculitis as the Cause of
End-Stage Renal Disease in the US Renal Data System
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Objective. The objective of this study was to validate the diagnosis of antineutrophil cytoplasmic antibody
(ANCA)–associated vasculitis (AAV) as the primary cause of end-stage renal disease (ESRD) in the US Renal Data
System (USRDS).

Methods. We identified patients with ESRD in the Mass General Brigham (MGB) health care system who
were enrolled in the USRDS. The health records of those with AAV listed as the primary cause of ESRD in the USRDS
were reviewed to confirm the diagnosis and estimate positive predictive value (PPV). Sensitivity was estimated by eval-
uating the primary cause of ESRD listed in the USRDS for patients with ESRD due to AAV in the MGB AAV cohort.

Results. We identified 89MGB patients with ESRD due to AAV in the USRDS. Of these, 85 cases were confirmed to
be true cases of AAV (PPV = 94%). Among the patients classified as having AAV, 84 (99%) had an ANCA test, which
was predominantly myeloperoxidase/P-ANCA (47 [55%]); 36 (42%) had a renal biopsy, and all biopsies were support-
ive of the diagnosis. The majority (81 [90%]) was identified as AAV by International Classification of Diseases Ninth Revi-
sion or International Classification of Diseases 10th Revision codes for granulomatosis with polyangiitis (446.4 or
M313.1). Of the 77 MGB AAV cohort patients with ESRD who were linked to the USRDS, 41 (53%) had AAV listed as
the cause of ESRD; in the remainder, ESRD was attributed to nonspecific nephritis.

Conclusion. The diagnosis of AAV as the cause of ESRD in the USRDS has a high PPV; sensitivity was moderate.
These findings support the continued use of the USRDS to study ESRD due to AAV.

INTRODUCTION

Glomerulonephritis and other renal manifestations are com-
mon in antineutrophil cytoplasmic antibody (ANCA)–associated
vasculitis (AAV). Renal involvement in AAV is associated with
adverse outcomes, including end-stage renal disease (ESRD), in
up to 25% of patients (1). Patients with ESRD due to AAV
represent a unique population of patients with AAV whose man-
agement (eg, transplantation), comorbidity burden (eg, cardiovas-
cular disease), and survival differs from that of patients with AAV
without ESRD (2,3). Although observational cohort studies and
clinical trials have expanded our understanding of AAV outcomes,

relatively small proportions of patients with ESRD are often
included in such studies, limiting our ability to conduct health
outcomes research in patients with ESRD attributable to AAV.

The US Renal Data System (USRDS), a national registry of
patients with ESRD linked to the United Network for Organ Shar-
ing, Medicare claims data, and other data sources, represents a
unique nationwide data source for studying patients with AAV
and ESRD. Indeed, the USRDS has been previously used to
study patients with ESRD attributable to AAV, but the validity of
AAV as the cause of ESRD in the USRDS is unknown (4,5). To
enable future studies of patients with AAV and ESRD using the
USRDS, we sought to determine the positive predictive value
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(PPV) and sensitivity of AAV as the cause of ESRD in the USRDS

using patient electronic health record data from the Mass General

Brigham (MGB) health care system linked to the USRDS.

PATIENTS AND METHODS

Data source and study population. The USRDS is a
national registry of patients with ESRD representing an estimated
94% of patients who receive dialysis or kidney transplantation.
Patients who refuse replacement therapy, die prior to enrollment, or
receive transient dialysis for acute renal failure may not be enrolled.
Nephrologists are required by law to submit a Medical Evidence
Report, which includes the cause of ESRD according to International
Classification of Diseases Ninth Revision (ICD-9) or International Clas-
sification of Diseases 10th Revision (ICD-10) codes, within 45 days of
a patient starting a new ESRD treatment. Further information may be
found in the USRDS Annual Data Report (6).

We identified all patients in the MGB health care system, a
large multicenter health care system in the greater Boston, MA,
area, with an ICD-9 or ICD-10 code for either advanced chronic
kidney disease or ESRD or a procedure code for dialysis or renal
transplantation (Supplementary Table 1). We then linked all MGB
patients fulfilling these criteria to their records in the USRDS, if
possible, by name, sex, date of birth, and Social Security number.
From this cohort of patients, we identified those with AAV or
related diagnoses listed as the primary disease causing ESRD in
the USRDS (ICD-9: 446.0, 446.4; ICD-10: M31.3X, M31.7). We
included the ICD-9 code for polyarteritis nodosa (446.0) because
there is no specific ICD-9 code for microscopic polyangiitis, and
the polyarteritis nodosa code might have been used by some pro-
viders. Additionally, we linked patients with ESRD attributable to
AAV in the MGB AAV cohort, a consecutive inception cohort of
confirmed AAV cases in the MGB system (7–9), to their USRDS
records, if possible, using the same methods.

Analysis. Two authors reviewed medical records to confirm
whether a patient with ESRD attributable to AAV as the primary
cause had a physician-confirmed diagnosis of AAV. For each
confirmed case, we extracted details of the patient’s AAV history,
including initial AAV manifestations and diagnosis date, renal and
nonrenal biopsy results, and ANCA test results. Discrepancies
were resolved through consensus between the two reviewers
(this includes the expert reviewer). Details regarding initial ESRD
onset date and initial ESRD treatment were obtained from the
USRDS. Each AAV case was classified as granulomatosis with
polyangiitis (GPA) or as microscopic polyangiitis (MPA) according
to the methodology developed by Watts et al (10).

SIGNIFICANCE & INNOVATIONS
• The US Renal Data System (USRDS) is a valuable

data source for evaluating end-stage renal disease
(ESRD) outcomes, but the validity of antineutrophil
cytoplasmic antibody–associated vasculitis (AAV) as
the cause of ESRD is unknown.

• AAV as the primary cause of ESRD in the USRDS has
a high positive predictive value (94%) and moderate
sensitivity (53%).

• The use of the USRDS to study ESRD attributable to
AAV is valid for past and future research.

   Cohort used to calculate PPV           Cohort used to calculate Sensitivity 

8167 Linked between USRDS and MGB

90

85

AAV
patients classified as

89

patients linked to MGB system and
USRDS with ESRD due to AAV USRDS

patients linked to MGB AAV cohort and

41

patients with ICD-9 or
ICD-10 code for AAV

36

patients with ICD-9 or
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nonspecific to AAV

12 patients excluded or
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Figure 1. Validation of ESRD due to AAV in the USRDS inclusion and exclusion chart. AAV, antineutrophil cytoplasmic antibody–associated
vasculitis; ESRD, end-stage renal disease; ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Classification of
Diseases, 10th Revision; MGB, Mass General Brigham; PPV, positive predictive value; USRDS, US Renal Data System.
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To estimate the PPV for AAV as the primary cause of ESRD,
a physician diagnosis of AAV in the medical record by a nephrolo-
gist or rheumatologist, along with agreement by an author who
was a board-certified rheumatologist and vasculitis expert
(ZSW), was used as the gold standard. Additionally, all patients
fulfilled the criteria previously established by Watts et al (10) for
use in epidemiologic studies of AAV. To confirm the diagnosis of
AAV, the medical history, ANCA test results, and biopsy findings
(as available) were reviewed. To estimate sensitivity, we identified
patients with ESRD attributable to AAV in the MGB AAV cohort
and evaluated the proportion in the USRDS who had ESRD attrib-
utable to AAV. A diagnosis code of AAV as the cause of ESRD
was considered a true-positive, and a diagnosis code for any
other type of nephritis was considered a false-negative. We
excluded patients with AAV who had ESRD attributable to other
causes (eg, diabetes mellitus, hypertension) from determination
of sensitivity.

The USRDS does not permit reporting of any cell sizes with
less than 11 individuals to maintain privacy and confidentiality.
Owing to this limitation and the small number of non-AAV cases
identified, we do not report the results of the medical record
review for cases not classified as AAV.

Data use. The data reported here have been supplied by
the USRDS. The interpretation and reporting of these data is the
responsibility of the authors and in no way should be seen as offi-
cial policy or interpretation of the US Government.

RESULTS

Of 8167 MGB patients identified in the USRDS, 90 had AAV
listed as the primary cause of ESRD (Figure 1). Of these, 85 cases
were confirmed to be true cases of AAV causing ESRD after med-
ical record review (PPV: 94%, 95% confidence interval [CI]: 84%-
96%) (Table 1). The majority of cases (81 [90.0%]) were identified
as AAV by ICD-9 or ICD-10 codes for GPA (446.4 or M313.1,
respectively). Most cases were classified as GPA, as opposed to
MPA (68.2% and 30.6%, respectively). The median (IQR) time to
ESRD onset after AAV diagnosis was 1 (0-6) year. In 42 (49.4%)
patients, ESRD onset was greater than 1 year after the first AAV
treatment initiation. A clinical course was available for review in
35 patients with ESRD onset more than 1 year after treatment,
and 22 (63%) were found to have reached ESRD in the absence
of active AAV but without an alternative etiology identified.

Among the patients classified as having AAV, 84 (99%) had
an ANCA test; the majority of results were myeloperoxidase
(MPO)/P-ANCA+ (47 [55%]). In 18 (21.2%) cases, glomerulone-
phritis was the only manifestation of AAV, but the clinical presen-
tation and biopsy results, when obtained, supported the
diagnosis of AAV. A minority (36 [42%]) of the 89 identified
patients had a renal biopsy, but all biopsies were supportive of
the diagnosis and did not suggest an alternative cause of renal

disease. Pauci-immune glomerulonephritis was reported in
18 (50%) cases in which a renal biopsy report was available for
review. The remainder of the reports described crescentic or nec-
rotizing glomerulonephritis, globally sclerotic glomeruli, and inter-
stitial nephritis. Some reports were unavailable, but clinician
notes reported that the findings were associated with AAV. Biop-
sies of nonrenal tissue (eg, pulmonary, skin), when available, sup-
ported a diagnosis of AAV and did not suggest an alternative
explanation for the patient’s presentation. Of the 85 patients with
ESRD attributable to AAV, 22 (25.9%) ultimately underwent a
renal transplant.

From the MGB AAV cohort (N= 692 at time of linkage) linked
to the USRDS, 89 patients were identified in the USRDS. Among
the 77 patients with ESRD attributable to AAV in the cohort, 41
(sensitivity = 53%, 95% CI = 41%-65%) had an ICD-9 or ICD-
10 code for AAV listed as the cause of ESRD; in the remainder,
ESRD was attributed to nonspecific nephritis codes, or a code
was missing. Non-AAV causes of ESRD observed in the MGB
AAV cohort linked to the USRDS included diabetes with renal
manifestations and hypertensive chronic kidney disease.

DISCUSSION

The diagnosis of AAV as the primary cause of ESRD in the
USRDS has a high PPV (94%), suggesting accurate classification
of ESRD due to AAV in the USRDS. Additionally, we foundmoder-
ate sensitivity (53%). These findings support the past and future

Table 1. Cases of ESRD attributable to AAV identified in the
USRDS

Physician-diagnosed
AAV (n = 85)

Age, mean (SD), y 61.3 (17.3)
Male sex, n (%) 47 (55.3)
Race, n (%)
White 81 (95.3)

ANCA type, n (%) 84 (98.8)
MPO/P-ANCA+ 47 (55.3)
PR3/C-ANCA+ 33 (38.8)

Clinical phenotype, n (%)
MPA 26 (30.6)
GPA 58 (68.2)
Renal limited 18 (21.2)

Renal biopsy, n (%) 36 (42.4)
Pauci-immune glomerulonephritis 16 (44)

Years from AAV diagnosis to ESRD,
median (IQR)

1 (0-6)

Principal diagnosis code (ICD-9/ICD-10),
n (%)

GPA (446.4 or M31.31) 81 (95.3)

Abbreviations: AAV, antineutrophil cytoplasmic antibody–associated
vasculitis; ANCA, antineutrophil cytoplasmic antibody; C-ANCA, dif-
fuse cytoplasmic ANCA; ESRD, end-stage renal disease; GPA, granulo-
matosis with polyangiitis; ICD-9, International Classification of Diseases,
Ninth Revision; ICD-10, International Classification of Diseases, 10th Revi-
sion; IQR, interquartile range; MPA, microscopic polyangiitis; MPO,
myeloperoxidase; P-ANCA, perinuclear ANCA; PR3, peroxidase 3;
USRDS, US Renal Data System.
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use of the USRDS for studying outcomes among patients with
ESRD attributable to AAV.

Practically, the vast majority of cases were identified by
ICD-9 and ICD-10 codes specific for GPA (ie, 446.4, M313.1).
There were a minimal number of cases identified by the ICD-9
code for polyarteritis nodosa (446.0) or the ICD-10 code for
MPA (M311), limiting our ability to estimate the PPV associated
with these codes. Because of restrictions related to the reporting
of small cell counts by the USRDS, we are unable to report the
exact number of cases identified by these codes. However, we
expect that M311 would perform well because it is a code specif-
ically associated with MPA, and the codes associated with GPA
had excellent PPV.

Although the majority of patients were identified by codes
specific for GPA, which is most often associated with proteinase
3 (PR3)-ANCA positivity, it is notable that nearly half of the iden-
tified patients clinically had MPA, and 55% of patients were
MPO-ANCA+. Therefore, the ICD-9 and ICD-10 codes for GPA
are commonly used by providers to classify patients as having
AAV regardless of their clinical phenotype; this likely reflects that
prior to the implementation of the ICD-10 in the United States in
2015, there was no specific ICD code for MPA. There is increas-
ing recognition that ANCA type (ie, PR3-ANCA vs MPO-ANCA)
rather than clinical phenotype better categorizes AAV into clini-
cally meaningful groups, suggesting that the significance of the
specific ICD code used to identify patients with AAV in the
USRDS has less relevance (11). Unfortunately, ANCA type is
not collected in the USRDS.

Prior research has evaluated the validity of a diagnosis of sys-
temic lupus erythematosus (SLE) in the USRDS (12). In that study,
Broder et al (12) found similarly excellent PPV (93%) and good
sensitivity (79%) for the diagnosis of SLE using USRDS data
linked to their institution’s electronic medical record system. Addi-
tionally, a prior study by Layton et al (13) evaluated the PPV of a
diagnostic code for biopsy-proven glomerulonephritis among
patients with ESRD attributable to various causes of glomerulone-
phritis, including AAV. The investigators found that the diagnosis
of AAV in the USRDS had a PPV of 38% and sensitivity of 30%
for biopsy-proven AAV (13). Indeed, in our study, we found that
only 36 (42%) patients even had a renal biopsy. Notably, the esti-
mates reported by Layton et al (13) were derived from a limited
number of cases (eight to estimate PPV and 10 to estimate sensi-
tivity). These observations speak to the fact that in the proper clin-
ical context, renal biopsies are often not pursued in patients with
AAV. With contemporary practice in mind, the present study did
not consider a renal biopsy as the sole criteria for an AAV diagno-
sis, relying instead on a definitive physician diagnosis of AAV, con-
firmed by two chart reviews and an epidemiologic definition
previously developed (10), as the gold standard.

In addition to confirming the validity of the diagnosis of AAV
in the USRDS, we also observed that a large portion of patients
who developed ESRD after their initial AAV presentation did so

in the absence of clinically appreciable AAV activity. This is sim-
ilar to a previous report by Lionaki et al (14) that approximately
43% of patients develop ESRD in the absence of active vasculi-
tis. Although active vasculitis is not thought to play a role, it is
challenging to determine specific factors driving progressive
renal disease in patients with AAV with established renal injury
from AAV. It is likely that a number of factors contribute, includ-
ing comorbid conditions such as hypertension and diabetes,
but also a potential smoldering AAV disease process that is dif-
ficult to detect clinically. Additional studies are needed to under-
stand factors driving progressive renal disease in these
patients.

There are several strengths to the current study, including
the unique linkage of USRDS records to those of the MGB system
to estimate PPV and to the MGB AAV cohort to estimate sensitiv-
ity. By linking these data sources, we were able to complement
the data routinely collected in the USRDS with provider notes,
biopsy reports, and ANCA test results available in the electronic
health record. Despite these strengths, there are also certain limi-
tations. First, because we did not limit our study to certain time
periods, some older cases identified in the USRDS had to be
excluded because the electronic medical record lacked sufficient
detail to evaluate the accuracy of an AAV diagnosis. Second,
there are no well-developed classification criteria for a diagnosis
of AAV that do not require or place high weight on biopsies. The
forthcoming American College of Rheumatology/European
League Against Rheumatism AAV classification criteria will be a
significant advancement in the field, but in the absence of pub-
lished criteria, we have used a previously developed algorithm,
as well as physician-confirmed diagnosis, as the gold standard
for classifying true cases of AAV. Third, although ICD-9 and ICD-
10 codes can be used to identify patients with AAV in the USRDS
with a high PPV, this approach is likely unable to distinguish AAV
phenotypes, such as GPA or MPA. Fourth, we validated the diag-
nosis of AAV using data linked to the MGB system, which
includes a vasculitis and glomerulonephritis referral center. The
PPV may differ when evaluated in other systems, although we
think that is unlikely because the etiology of ESRD in the USRDS
is assigned by the patient’s attending nephrologist.

In summary, we linked USRDS and electronic health record
data to validate the diagnosis of ESRD attributable to AAV in the
USRDS. The USRDS may be leveraged as a valid tool for further
epidemiologic research in ESRD due to AAV.
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