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G
lomerular diseases comprise 7% to 16% of
chronic kidney disease (CKD) in the United States,

affecting between 2.6 and 6 million Americans.1 In-
dividuals with glomerular disease have unique risk
factors for infectious complications, including pro-
longed exposure to immunosuppressive medications,
systemic inflammation, altered immune cell function,
and urinary loss of immunoglobulin and complement
factors.2 As a result, individuals with glomerular dis-
ease experience rates of infection that are approxi-
mately 30 times higher than those of the general US
population.3 Interventional studies typically collect
and report data on adverse infectious events, which is
critical to understanding patient well-being and the
relative safety of therapeutic options. However, infec-
tious events occurring in real-world clinical settings are
less well studied. Accurate identification of infectious
events occurring in clinical practice can be an arduous
task, as recording of these events is embedded in
electronic medical records (EMRs) or healthcare claims
data. Diagnosis codes assigned by clinicians and coders
are easily searchable but are often flawed because of
time barriers, human error, and the complexities of
diagnostic coding. Adjudication involving manual re-
view of medical records is the gold standard approach
but is labor and time intensive. Herein, we have
developed a diagnosis code�based algorithm and then
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tested its internal validity to identify infection-related
acute care events within a large cohort of children
and adults with glomerular disease in the CureGN
study.

CureGN is a prospective, multicenter, observational
cohort study of patients with biopsy-proven glomer-
ular disease, including minimal change disease, focal
segmental glomerulosclerosis, membranous nephropa-
thy, or IgA nephropathy/vasculitis. Participants are
enrolled from 72 clinical sites in the United States,
Canada, Italy, and Poland. Using in-person or remote
visits, clinical data are collected and updated every 6
months, including details of any interval emergency
room visits or hospitalizations. Detailed methods for
the CureGN study have been previously published.4

Data from CureGN visits were analyzed in 2 phases
(Figure 1). In the development phase, a gold standard
set of infectious and noninfectious events were iden-
tified and manually curated using information derived
from CureGN study visit forms and communication
with study coordinators. A random subset of events
was then manually adjudicated by physician chart re-
view. The test characteristics of multiple infection-
related International Classification of Diseases, Tenth
Revision (ICD-10) code lists, studied in other patient
populations, were then evaluated using the manually
curated events as the gold standard. In the validation
3079
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Figure 1. Study design for developmental and validation datasets assessing the predictive ability to detect infectious versus noninfectious
events. EMR, electronic medical record; ICD-10, International Classification of Diseases, Tenth Revision.
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phase, the test characteristics of the code list with the
best test characteristics in the development phase were
evaluated using more contemporary CureGN data. In
the validation phase, infectious and noninfectious
events adjudicated by direct chart review were
considered the gold standard.

The development phase included all acute care
events for which participants experienced an emer-
gency room visit or hospitalization occurring between
December 2014 and December 2017. As we previously
reported,3 infections during the development phase
were identified using information collected by clinical
site study personnel, with verification by local clinical
investigators as needed. Two study investigators (DG
and CH) manually reviewed all reported acute care
events and classified events as infection related based
3080
on discharge ICD-10 codes, Current Procedural Ter-
minology (CPT) codes, and data from CureGN hospi-
talization and study visit forms, which included
information regarding antibiotic use. When these
sources of data were incongruent (e.g., the visit was
associated with an ICD-10 code suggesting infection,
but the hospitalization form did not report an
infection-related emergency department visit or hos-
pitalization), local study site coordinators were queried
to clarify the nature of the event, according to CureGN
data quality protocols.5 A random sample of infectious
and noninfectious events was adjudicated by physi-
cians at 5 high-enrolling study sites using their local
electronic medical record and a standardized adjudi-
cation protocol. Adjudicators were unaware of an
event’s prior classification by study personnel as
Kidney International Reports (2021) 6, 3079–3082



Table 1. Test characteristics of ICD-10�based code lists for
infection in the development and validation phases

ICD-10 code list
Sensitivity
(95% CI)a

Specificity
(95% CI)a

PPV (95%
CI)a

NPV (95%
CI)a

Development phase

CureGN3 87 (83–91) 96 (94–97) 85 (81–90) 96 (95–98)

Sahli et al.8 71 (69–80) 95 (94–97) 81 (76–87) 92 (90–94)

Baker et al.7 82 (77–87) 87 (85–90) 64 (58–69) 95 (93–96)

USRDS6 74 (69–80) 91 (89–93) 69 (63–76) 93 (91–94)

CureGN þ Sahli et al. 89 (85–93) 93 (91–95) 78 (73–83) 97 (96–98)

CureGN þ USRDS 91 (87–95) 88 (86–90) 68 (63–74) 97 (96–98)

CureGN þ Sahli et al. þ Baker
et al.

93 (90–96) 83 (80–85) 60 (55–65) 98 (97–99)

CureGN þ Sahli et al. þ Baker
et al. þ USRDS

94 (90–97) 79 (76–82) 56 (51–61) 98 (97–99)

Validation phase

CureGN þ Sahli et al. 75 (61–89) 91 (84–99) 87 (75–99) 83 (72–93)

CI, confidence interval; ICD-10, International Classification of Diseases, Tenth Revision;
NPV, negative predictive value; PPV, positive predictive value; USRDS, United States
Renal Data System.
aThe 95% confidence intervals were calculated using the Wald method.
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infectious or noninfectious. Events occurring outside of
a CureGN study site were excluded from adjudication.
A total of 20 events were manually adjudicated,
demonstrating a high level of agreement (k ¼ 1.0,
sensitivity ¼ 100%, specificity ¼ 100%) between
event classification using study coordinator�derived
data versus manual chart review.3

The sensitivity, specificity, positive predictive value,
and negative predictive value of 4 separate ICD-10 code
lists designating infection (Supplementary Table S1)6–8

were then measured using the 227 infectious and 817
noninfectious acute care events occurring in the CureGN
development cohort as the gold standard. The combi-
nation of ICD-10 codes assigned by CureGN co-
ordinators with additions from Sahli et al. was deemed
to have the best overall test characteristics (preference
given to higher specificity yielding more conservative
effect estimates) (Table 1). To identify infectious events
in the validation phase, the combined code set
(CureGN þ Sahil) was applied to acute care events
occurring between January 2018 and March 2021 (n ¼
1496). A random sample of infectious (n ¼ 49) and
noninfectious (n¼ 75) events were again adjudicated by
chart review at 4 sites, representing the gold standard.
Of these, 41 events were excluded because of the
absence of medical record data for validation (i.e., events
occurring at outside institutions), leaving 83 events
available for adjudication. The positive and negative
predictive values for the selected code list were 87%
(95% confidence interval [CI] ¼ 75%�99%) and 83%
(95% CI ¼ 72%�93%), respectively (Table 1).

Algorithms using EMRdata to identify infections have
previously shown variable accuracy depending on
infection type, data source, study population, and algo-
rithm used.9 In this era of limited funding for research,
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EMR-based algorithms to identify outcomes of interest
using routinely collected data represent increasingly
important tools for identifying adverse events in obser-
vational and pharmacoepidemiologic surveillance
studies. Our data demonstrate that ICD-10 diagnosis
codes can be used to efficiently identify infection-related
acute care events among patientswith glomerular disease.
There are few studies in the literature investigating the
positive predictive value of infection related ICD-10
codes. Two notable validation studies using Danish pa-
tient registries yielded similar results to those of our study
(positive predictive value ¼ 72%–98%). Lower positive
predictive values were found for infections occurring in
the emergency departmentS1 compared to the inpatient
setting,S2 likely due to challenges in diagnostic accuracy
in the emergency room setting when microbiological test
results might not be immediately available. Our analysis
was not powered to stratify infections by clinical setting;
however, we suspect that some variability in our findings
might be explained by this factor.

Strengths of our study include its multicenter design,
large size, diverse patient population, and standardized
data collection procedure. We recognize several limita-
tions. First, our approach to determining a “gold stan-
dard” differed somewhat between the development and
validation cohorts (i.e., rigorous curation of events vs.
manual electronic medical record adjudication, respec-
tively). Nonetheless, we have confidence in both ap-
proaches, given high levels of agreement in a subset of
adjudicated events occurring in the development phase.
Second, the development and validation cohorts were
derived fromthe sameoverall cohort ofpatients, albeit at a
later stage in their disease course. In addition, the CureGN
infection diagnosis code list was derived from, and sub-
sequently tested within, the same population, potentially
resulting in overestimation of its test characteristics. To
improve the external validity of our final code list for
future studies, we selected the combination of CureGN-
derived ICD-10 codes and diagnosis codes from a vali-
dated external cohort (Sahli et al.8) for final validation
testing. Finally, our study did not aim to validate specific
types of infections, but rather the presence or absence of
an infection. Previous studies have shown variability in
the accuracy of medical billing codes by infection type.9

Future studies should validate our findings within other
cohorts of patients with glomerular disease and for spe-
cific infection types of high severity or burden. Incor-
porating microbiological or radiographic data in future
validation studies might further enhance the validity and
test characteristics of ICD-10�based diagnostic algo-
rithms. In summary, these data demonstrate that ICD-10
diagnosis codes can be used to efficiently identify
infection-related acute care events among patients with
glomerular disease.
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