
Correspondence
RESEARCH LETTER
Inpatient Native Kidney Biopsies and

Glomerular Disease: Utilization and

Diagnostic Trends in the United States,

2006-2015
To the Editor:
Kidney biopsy is necessary for definitive diagnosis of

many parenchymal kidney diseases, particularly glomer-
ular diseases. It can be performed in inpatient or outpatient
settings and by nephrologists or radiologists, and in recent
years, real-time image guidance has become standard.1

Many factors may affect inpatient native kidney biopsy
use related to glomerular disease, including changing
admission patterns and criteria, changing diagnostic
trends, and perhaps changing illness patterns.2 We inves-
tigated trends in inpatient native kidney biopsies related to
glomerular disease in US adults, 2006 to 2015.

We used National Inpatient Sample (NIS) data from
January 1, 2006, to September 30, 2015. The NIS is an
all-payer database of inpatient health care in the United
States, containing data from more than 7 million hospital
stays each year.3 It is a 20% stratified sample of dis-
charges from community hospitals and allows weighted
estimates on more than 35 million hospitalizations per
year.3 NIS is publicly available administrative data, use is
not considered human subjects research, and consent was
not required. We identified patients 18 years or older
who underwent kidney biopsy (identified from Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] procedure code 55.23) and categorized by
age. We excluded persons with a transplanted kidney or
kidney tumor.

Presence of glomerular disease and categorization into 4
glomerular disease categories was inferred from ICD-9-CM
discharge codes (Figs 1 and S1; Tables S1-S3). Patients
could be categorized into either or both nephritic/prolif-
erative and nephrotic categories. Diabetic glomerular dis-
ease was inferred from the presence of nephrotic and
diabetic kidney disease codes with absence of nephritic/
proliferative codes. Paraprotein kidney disease was inferred
from nephritic or nephrotic codes plus a paraproteinemia
code. Incidence rates were adjusted using census year
measures. We used appropriate survey methods and
trendweights.4,5 Linear trends were estimated using
weighted least-squares regression.6 For day of kidney bi-
opsy and lengths of stay, median and interquartile range
were plotted, and linear trends were tested using quantile
regression. Plots used smoothing.

Estimated inpatient kidney biopsies identifying
glomerular disease increased from 9,600 (95% CI, 8,648-
10,550) in 2006 to 15,920 (95% CI, 15,067-16,773) in
2015 (yearly increase of 732 [95% CI, 633-831]), cor-
responding to an increase from 4.3 (95% CI, 3.9-4.7) per
100,000 adults in 2006 to 6.4 (95% CI, 6.1-6.8) in 2015.
P for trends < 0.001.
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The proportion of inpatient biopsies with glomerular
disease increased from 53.8% (95% CI, 51.9%-55.8%) in
2006 to 64.7% (95% CI, 63.2%-66.3%) in 2015 (P for
trend < 0.001). Growth in the number of biopsies with
glomerular disease was noted in all age groups.
Population-indexed growth was highest in those older
than 70 years and lowest in those aged 18 to 39 years.
Growth in absolute numbers was highest among those
aged 40 to 69 years. By diagnostic category, growth was
largest in paraprotein-related kidney diseases among all age
groups (Fig 1).

Kidney biopsies identifying glomerular disease were
performed on day of hospitalization median 4 (inter-
quartile range, 2-7); there was no evidence of change over
time (Fig 2A). Of those with glomerular disease, an esti-
mated 2.9% (95% CI, 2.6%-3.1%) of patients died during
the biopsy hospitalization. There was an absolute decline
of 0.21% per year (95% CI, 0.06%-0.37%; P = 0.01) in
inpatient mortality. The decline was most pronounced
among those 70 years or older, in whom there was an
absolute decline of 0.71% per year (95% CI, 0.39%-
1.04%; P = 0.001; Fig 2B).

We found increasing inpatient native kidney biopsies
with glomerular disease in US adults, not explained by
demographic or hospitalization trends. Increasing total
inpatient native kidney biopsies has previously been re-
ported from an NIS analysis.7 We found that population-
indexed growth in biopsies with glomerular disease was
highest among the oldest patients, perhaps related to low
complication rates and improved therapies for many
glomerular diseases. It is also notable that kidney biopsies
in paraprotein-related kidney disease displayed the largest
growth. Despite increased use of inpatient kidney biopsies,
especially in older age groups, hospitalization mortality
rates are decreasing overall, a finding most pronounced in
the oldest group. Kidney biopsies are increasingly recog-
nized as essential and safe procedures to understand het-
erogeneous kidney diseases and move toward personalized
therapy in both the clinical and research domains.8,9 This
improved safety with the use of image guidance has been
demonstrated in a recent large meta-analysis.2 The
observed increasing paraprotein-related kidney disease
may be due to increasing recognition of this diverse
entity.10

Important limitations of our study were dependence on
ICD-9-CM discharge codes to try to glean kidney diagnoses
(in particular, there are no codes for paraprotein-related
kidney disease so we attempted to infer that diagnosis
from combinations of codes; uncertain diagnoses may be
coded; we are unable to differentiate changes in true di-
agnoses from changes in coding patterns) and use of
weights that were not derived for the subpopulation of
interest.

Inpatient kidney biopsy use in glomerular disease is
increasing in US adults, most rapidly in older patients,
perhaps related to increasing recognition of the
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Figure 1. (A-C)* Estimated trends in inpatient kidney biopsies with glomerular disease in the United States, 2006 to 2015. (D-F)y

Estimated trends in 4 glomerular disease diagnostic categories, 2006 to 2015, as proportions of kidney biopsies identifying glomer-
ular disease. *P values for trends: (A) P < 0.001 for 70 years and older and 40- to 69-year age group; P = 0.001 for 18- to 39-year
age group. (B) P < 0.001 for each age group. (C) P < 0.001 for 70 years and older and 40- to 69-year age group; P = 0.002 for 18-
to 39-year age group. yP values for trends. (D) Diabetes: P = 0.12; nephrotic: P = 0.03; nephritic/proliferative: P = 0.37; paraprotein-
related: P < 0.001. (E) Diabetes: P = 0.48; nephrotic: P < 0.001; nephritic/proliferative: P = 0.96; paraprotein-related: P < 0.001. (F)
Diabetes: P = 0.41; nephrotic: P = 0.005; nephritic/proliferative: P = 0.22; paraprotein-related: P = 0.01. Note: Numbers are
weighted estimates using the National Inpatient Sample. Presence of glomerular disease and subcategories thereof (nephritic/pro-
liferative, nephrotic, paraprotein-related, and diabetes) were inferred from International Classification of Diseases, Ninth Revision,
Clinical Modification discharge code patterns (Fig S1; Tables S1-S3). Patients could be categorized into both nephritic/proliferative
and nephrotic categories (resulting in the sum of proportions being slightly >1 for each year), but all other glomerular disease com-
binations were mutually exclusive (Fig S1). Abbreviations: hosp, hospitalization; pop, population.

Correspondence
relative safety of the procedure and the importance of
accurate kidney disease diagnosis and targeted
therapies.
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Figure S1. Algorithm for differentiating into 4 glomerular disease
kidney categories by ICD-9-CM diagnostic codes (nephritic/
proliferative, nephrotic, paraprotein-related, diabetic).

Table S1. Diagnostic codes for glomerular disease, diabetic kidney
disease, and paraproteinemia.

Table S2. Diagnostic codes for nephritic/proliferative glomerular
diseases.

Table S3. Diagnostic codes for nephrotic glomerular diseases.
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Figure 2. (A) Length of stay and hospitalization day of kidney bi-
opsy, for inpatient stays with glomerular disease diagnosed by
inpatient kidney biopsy.* (B) In-hospital mortality estimates for
hospitalizations in the United States in which kidney biopsy diag-
nosed glomerular disease, 2006 to 2015, by age group (18-39,
40-69, and ≥70 years). *Trend for median day of kidney biopsy
did not differ from 0 (change per year, 0.00 [95% CI, −0.02 to
0.02; P = 1.00]). Increasing trend for median length of stay
was significant (change per year, 0.14 [95% CI, 0.11 to 0.18];
P < 0.001). Note: Day of admission was taken as day 1 of hos-
pitalization. Abbreviation: IQR, interquartile range.
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