
Accuracy of Administrative Billing Codes to Detect
Urinary Tract Infection Hospitalizations

WHAT’S KNOWN ON THIS SUBJECT: Hospital billing data are
frequently used for quality measures and research, but the
accuracy of identification of urinary tract infections on the basis
of International Classification of Diseases, 9th revision, discharge
codes is unknown.

WHAT THIS STUDY ADDS: The accuracy of the International
Classification of Diseases, 9th revision, discharge codes as a
basis for identification of children hospitalized with a urinary
tract infections was assessed. The results can be used by
investigators to identify study patients and monitor their
outcomes.

abstract
BACKGROUND: Hospital billing data are frequently used for quality
measures and research, but the accuracy of the use of discharge
codes to identify urinary tract infections (UTIs) is unknown.

OBJECTIVE: To determine the accuracy of International Classification
of Diseases, 9th revision (ICD-9) discharge codes to identify children
hospitalized with UTIs.

METHODS: This multicenter study conducted in 5 children’s hospitals
included children aged 3 days to 18 yearswho had been admitted to the
hospital, undergone a urinalysis or urine culture, and discharged from
the hospital. Data were obtained from the pediatric health information
system database and medical record review. With the use of 2 gold-
standard methods, the positive predictive value (PPV) was calculated
for individual and combined UTI codes and for common UTI identifica-
tion strategies. PPV was measured for all groupings for which the UTI
code was the principal discharge diagnosis.

RESULTS: Therewere 833 patients in the study. The PPVwas 50.3%with
the use of the gold standard of laboratory-confirmed UTIs but in-
creased to 85% with provider confirmation. Restriction of the study
cohort to patients with a principle diagnosis of UTI improved the PPV
for laboratory-confirmed UTI (61.2%) and provider-confirmed UTI
(93.2%), as well as the ability to benchmark performance. Other com-
mon identification strategies did not markedly affect the PPV.

CONCLUSIONS: ICD-9 codes can be used to identify patients with UTIs
but are most accurate when UTI is the principal discharge diagnosis.
The identification strategies reported in this study can be used to
improve the accuracy and applicability of benchmarking measures.
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Urinary tract infections (UTIs) are
among the most common reasons for
hospitalization of children.1 Unwar-
ranted variability in the management,
treatment, and outcomes of children
hospitalized with UTI (eg, hospitaliza-
tion rates, hospital-acquired UTIs, use
of imaging) contributes to unneces-
sary risks for patients and costs for
the health care system.2–6 Validated
health care measures that identify
hospital or provider factors that con-
tribute to variability or underperfor-
mance can improve the quality of care
for hospitalized children.

Many organizations such as the
Agency for Healthcare Research and
Quality (AHRQ) have programs to de-
velop meaningful, reliable, and action-
able metrics.3,4 To drive quality improve-
ment efforts through benchmarking
hospital performance, however, these
metrics must accurately identify the pa-
tient population (eg, case ascertain-
ment) in which the care improvement
efforts are to be implemented. Defini-
tion of a patient population for com-
parison can be especially challenging
for hospitals that provide care for pop-
ulations with disparate levels of co-
morbidities and medical complexity.

Researchers, hospitals, federal agen-
cies, and payers frequently use the
International Classification of Dis-
eases, Ninth Revision (ICD-9) coding
system for benchmarking physician
and hospital performance, although
this system was designed to capture
billing information.5,6 In many studies
of common inpatient conditions, in-
vestigators have revealed variability
across hospital systems, which has
raised concern for quality of care, but
these conclusions were based on ICD-9
case definitions.1,6,7,8 One of the major
controversies in medical outcomes re-
search is whether the codes accu-
rately represent the clinical condition
from the provider or laboratory per-
spective or if observed variability is at-

tributable to inconsistent coding prac-
tices. In fact, several ICD-9 codes have
been shown to be highly accurate,
whereas others fail to reliably capture
the disease, differences that demon-
strate the need to assess the accuracy
of ICD-9 codes for a specific illness be-
fore embarkation on any project that
relies on these codes to identify a co-
hort of patients.9–12

The objectives of this study were to de-
termine: (1) the accuracy of individual
and combined ICD-9 discharge diagnosis
codes for children with UTI confirmed by
laboratory tests results; (2) whether
previously reported identification strate-
gies do indeed improve the identification
of patients with UTI3,6; (3) how hospital
performance (based on length of stay
[LOS]) variedwithdifferentUTI identifica-
tion strategies; and (4) howhospital per-
formance rank may change depending
on which UTI codes were used for case
ascertainment.

METHODS

Design and Setting

For this multicenter, retrospective
study we used the pediatric hospital
information system (PHIS) to identify
patients from 5 freestanding pediatric
hospitals (Seattle Children’s Hospital,
Seattle, WA; Children’s Hospital at Van-
derbilt, Nashville, TN; Cincinnati Chil-
dren’s Hospital Medical Center, Chil-
dren’sMercy Hospital, Kansas City, MO;
Children’s Hospital of Philadelphia,
Philadelphia, PA). The institutional re-
view board of each hospital approved
the study with a waiver of informed
consent.

Subjects

Patients identified from the PHIS data-
base were aged 3 days to 18 years, dis-
charged from 1 of the participating hos-
pitals from July 1, 2008, to June 30, 2009,
and had a charge for a urinalysis (UA) or
urine culture. We based our sample size
on inference regarding the positive pre-

dictive value for the principal discharge
diagnosis of UTI.13 If we assumed the sen-
sitivity and specificity of the code is 95%,
and desire to achieve a lower 99% confi-
dence boundary for positive predictive
value that exceeds a limit of 95% with
95% power, we needed 834 patients
with a 2:1 allocation. Therefore, of 2729
patients with a charge for a UA and
urine culture, we initially included 864
patients; 544 randomly sampled pa-
tients with an ICD-9 discharge diagnosis
code of UTI or pyelonephritis (590.1,
590.2, 590.8, 599.0, and 771.82) and 320
matched patients with a code for UA or
urine culture but nodischargediagnosis
code for UTI. The patients were matched
on age, gender, LOS, and hospital to en-
sure a robust sensitivity estimate. Pa-
tients were excluded if they were ad-
mitted to an inpatient psychiatric or re-
habilitation unit (n � 31; 18 with a UTI
code and 13 without a UTI code).

To determine the discharge ICD-9 codes
for UTI, we searched for the terms “uri-
nary tract infection” and “pyelonephri-
tis” as indexed in the ICD-9-CM, 5th Edi-
tion.7 These codes were compared with
theAHRQPDI 18definitionanda report of
a study by Conway et al.3 Codes for cysti-
tis (595.0 and 595.9; included in the AHRQ
PDI but not in Conway et al) were evalu-
ated and excluded because they were
not frequently used as a principal diag-
nosis (n� 16).

Data Sources

There were 2 data sources, the PHIS
database and medical record review.
The PHIS database contained clinical
and billing data from 42 freestanding
children’s hospitals. Data quality and
coding reliability are assured through
a joint effort between the Child Health
Corporation of America (Shawnee Mis-
sion, KS) and participating hospitals,
as described previously.14,15 The PHIS
database was used to identify all par-
ticipants, patient demographics, and
utilization of hospital resources.
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Data from medical records, reviewed
by investigators blinded to the as-
signed ICD-9 codes, were entered into
a Web-based data collection system. To
ensure consistency, all investigators
responsible for chart abstraction un-
derwent training. In addition, we per-
formed 2 pilot medical record reviews
and held group discussions of results
to ensure a common understanding of
questions, preselected answers, and
interpretation of chart data. Data col-
lected included age, gender, present-
ing symptoms, reason for admission,
prophylactic antibiotic treatment, fe-
ver pattern, presence of emesis during
the first 14 days of admission, and his-
tory of previous UTI or anatomic abnor-
mality. Results for laboratory studies
(eg, UA and complete blood count),
blood and urine culture, antibiotic sen-
sitivity, and renal ultrasoundwere also
abstracted.

Data Analysis

We defined 2 gold standards for UTI,
laboratory confirmed and provider
confirmed. A laboratory-confirmed UTI
was defined as either a positive urine
culture result of �100 000 colony
forming units (CFUs) or a urine culture
with �50 000 CFUs and an abnormal
UA.18 A provider-confirmed UTI was
defined as provider documentation
(progress note, discharge summary,
discharge orders) and treatment plan
for a UTI at the time of discharge with
and without laboratory confirmation
of UTI. Both gold standards were used
to determine the sensitivity, specificity,
negative predictive value (NPV), and
positive predictive value (PPV) for all
ICD-9 codes, combined with associated
exact 95% confidence intervals (CIs).
Because PPV is the proportion of pa-
tients correctly identified, it was used
for both gold standards to compare
accuracy of individual ICD-9 discharge
codes, combined ICD-9 codes, and for
the following commonly used UTI iden-
tification strategies: (1) timing of UA or

urine culture within 48 hours of admis-
sion; (2) exclusion of comorbid com-
plex medical conditions (eg, immuno-
suppression, cancer, paralysis, renal
transplantation, trauma, cardiac and
respiratory disease); (3) restriction of
population to ages with the highest
likelihood of admission for a UTI (�59
days and�12 years); (4) AHRQ quality
indicator for UTI; and (5) a previously
published case definition from a study
in which administrative data were
used.3,7 The denominator in each in-
stance was the number of patients
identified by a specific set of ICD-9
codes, and the numerator was the
number of patients from that denomi-
nator with UTI. The PPV was then mea-
sured for all groupings for which the
UTI ICD-9 code was listed as the princi-
pal discharge diagnosis, rather than
any of the secondary diagnoses.

To illustrate the impact of different UTI
identification strategies on quality
benchmarking measures, we com-
puted each PHIS hospital’s average
LOS (ALOS) with 95% CIs for cases iden-
tified. Hospitals with CIs above the
overall mean were considered statisti-
cally high outliers, and those with CIs
below the overall mean were consid-
ered statistically low outliers. Hospi-
tals were considered inliers if their
95% CI included the overall mean.
Across 2 identification strategies, we
compared the hospitals’ ALOS by using
a signed-rank test and the hospital-to-
hospital variation in the ALOS by using
Bartlett’s test. To illustrate the impact
of coding accuracy on benchmarking
for individual and combined ICD-9
codes, we reported the change in hos-
pital rank based on median LOS after
adjusting for race, gender, and insur-
ance. The LOSwas risk adjustedby using
linearmixed-effectsmodelsaccording to
demographic characteristics (age, gen-
der, race, and payer) and the APR-DRG
(All-Patient Refined–Diagnosis-Related
Group) severity of illness index.

Comparisons were made across hos-
pitals by using the �2 test for categor-
ical variables and the Kruskal-Wallis
tests for continuous variables. All anal-
yses were clustered according to hos-
pital. Analyses were performed by us-
ing SAS version 9.2 (SAS Institute, Cary,
NC). A 2-tailed P� .05 was considered
statistically significant.

RESULTS

Overall and Hospital Level
Demographics

From the 5 study hospitals there were
3063 patients with a UTI ICD-9 dis-
charge code; 2729 patients qualified
for a chart review because they were
discharged with a UA or urine culture.
A total of 864 charts (526 patients with
a UTI discharge code and 307
matched patients without a UTI dis-
charge code) were randomly se-
lected for review after exclusion of
31 charts for patients hospitalized in
rehabilitation or psychiatric units
(Table 1). There were 265 true UTIs
based on laboratory confirmation and
447 based on provider confirmation.
There were no significant differences
between patients with a discharge
code of UTI and their matches with re-
spect to insurance type, mortality, or
median adjusted charges (Table 1).
Male gender varied across the hospi-
tals, as did patient age (Table 2). Me-
dian LOS and hospitalization charges
varied across the hospitals, with
higher costs being associatedwith lon-
ger stays (Table 2). There were few
false negatives in the study population
for both gold standards; 4 matches
with a laboratory-confirmed UTI (NPV:
98.7%) and 5 with a provider-
confirmed UTI (NPV: 98.4%).

Individual ICD-9 Codes

Individual ICD-9 codes that indicated
a diagnosis of UTI were evaluated to
determine their PPV for use as any of
the secondary discharge diagnoses

ARTICLES

PEDIATRICS Volume 128, Number 2, August 2011 325

pediatrics.aappublications.org/


compared with their use as a princi-
pal discharge diagnosis. In general,
the accuracy was better for
provider-confirmed diagnosis com-
pared with laboratory-confirmed di-
agnosis alone and best when the dis-
charge codes were used for the
principal diagnosis.

The discharge diagnoses “acute pyelo-
nephritis” and “other pyelonephritis”
were the most accurate individual
ICD-9 codes. When listed as the princi-
pal diagnosis, the PPV for acute pyelo-
nephritis was 100% (95% CI: 83.1–
100.0) for provider-confirmed UTI
and 65.0% (95% CI: 40.7–84.6) for
laboratory-confirmed UTI (Table 3);
PPVs werev only minimally lower when
“acute pyelonephritis” was listed as a

secondary diagnosis. In comparison,
the PPV for the discharge diagnosis
codes for “UTI, site not specified” and
“UTI of the newborn” were not as
good but still relatively accurate, es-
pecially for provider-confirmed UTI
when listed either as the principal
diagnosis (90.8% [95% CI: 84.0 –95.3]
and 90.5% [95% CI: 69.6 –98.8], re-
spectively) or as a secondary diagno-
sis (80.7% [95% CI: 76.0 – 84.9] and
89.2% [95% CI: 74.5–97.0], respec-
tively) (Table 3). Individual ICD-9 codes
for “renal or perinephric abscess,”
were the least accurate; the PPV for
provider-confirmed was 66.7% (95%
CI: 34.8–90.1) and for laboratory-
confirmed was 25.0% (95% CI: 5.5–
57.2) (Table 3).

Combined ICD-9 Codes

When we combined ICD-9 diagnosis
codes for pyelonephritis (590.1 �,
590.2�) and renal or perinephric ab-
scess (590.8 �), the PPV was �90%
for provider-confirmed UTI, regardless
of whether UTI was listed as the princi-
pal or a secondary diagnosis. In con-
trast, the PPV for laboratory-
confirmed UTI was only 58% for both
principal and secondary diagnoses.
Combining all of the individual ICD-9 di-
agnosis codes for UTI resulted in high
PPV for provider-confirmed infection
in the setting of secondary diagnosis
(PPV: 85.0%; sensitivity: 99.1%; specific-
ity: 80.9%) and principal diagnosis (PPV:
93.2%; sensitivity: 99.6%; specificity:
90.6%), but the PPV for laboratory-
confirmeddiagnosis remained low (PPV:
50.3%; sensitivity: 98.9%; specificity:
56.1%) and only marginally increased in
the setting of UTI as the principal diagno-
sis (PPV: 61.2%; sensitivity: 99.4%; speci-
ficity: 62.9%) (Table 3).

Identification Algorithms

To evaluate whether 4 commonly used
identification strategies enhanced the
ability to identify a UTI, we calculated
the PPV for patients who had at least 1
of the UTI ICD-9dischargecodesandwho
(1) had a UA or urine culture within 48
hours of admission, (2) received intrave-
nous antibiotics within the 48 hours of
admission, (3) did not have comorbid
conditions, or (4) were aged between 60
days and12 years (Table 3). The use of

TABLE 1 Description of the Study Population

Study Population With
ICD-9 code for UA or
Urine Culture

No Discharge
Diagnosis of UTI

Discharge
Diagnosis of UTI

P

n 833 307 (36.9) 526 (63.1)
Male 248 (29.8) 90 (29.3) 158 (30) .826
Medicaid 362 (43.5) 137 (44.6) 225 (42.8) .603
Race
Non-Hispanic White 517 (63.1) 184 (61.1) 333 (64.3) .171
Non-Hispanic Black 125 (15.3) 58 (19.3) 67 (12.9)
Hispanic 70 (8.5) 22 (7.3) 48 (9.3)
Asian 28 (3.4) 10 (3.3) 18 (3.5)
Other 79 (9.6) 27 (9) 52 (10)
Disposition
Home 769 (92.3) 287 (93.5) 482 (91.6) .609
Died 14 (1.7) 4 (1.3) 10 (1.9)
Other 50 (6) 16 (5.2) 34 (6.5)
Median Age, y 3.4 (0.4–11.0) 3.7 (0.4–11.6) 3.2 (0.3–10.3) .699
Median LOS, d 3 (2–9) 4 (2–9) 3 (2–9) .822
Median charges, $a 20 083 (10 759–53 681) 23 120 (11 199–68 794) 18 632 (10 510–49 107) .084

Values are listed as n (%) or median (interquartile range).
a Adjusted for Center for Medicare and Medicaid Services Wage Index.

TABLE 2 Description of Study Population and Outcomes According to Hospital

Study Populationa Total Hospital 1 Hospital 2 Hospital 3 Hospital 4 Hospital 5

n 833 164 (19.7) 169 (20.3) 173 (20.8) 156 (18.7) 171 (20.5)
Male 248 (29.8) 62 (37.8) 31 (18.3) 66 (38.2) 39 (25.0) 50 (29.2)
Median age, y 3.4 (0.4, 11) 2.9 (0.4, 9.6) 4.6 (0.6, 10.6) 4.7 (0.5, 12.2) 3.4 (0.2, 11.2) 1.7 (0.2, 8.9)
Medicaid 362 (43.5) 72 (43.9) 86 (50.9) 87 (50.3) 19 (12.2) 98 (57.3)
Outcomesa

Median LOS, d 3 (2–9) 3 (2–9.5) 3 (2–6) 5 (3–14) 4 (2–6) 3 (2–9)
Median adjusted
total charges, $b

20 083 (10 759–53 681) 19 559 (10 276–50 815) 18 256 (9707–38 776) 27 454 (13 248–123 073) 20 209 (10 639–43 315) 17 377 (10 518–62 143)

Values are listed as n (%) or median (interquartile range).
a P� .05 for across hospital comparison according to Kruskal-Wallis test.
b Adjusted for Center for Medicare and Medicaid Services Wage Index.
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these identification strategies did not
improve the PPV compared with that
for the combined ICD-9 codes alone.

We also tested the PPV for the AHRQ
area-level quality indicator (“PDI 18”)
for inpatient UTI, which restricts the
age to 90 days to 17 years and the dis-
charge diagnosis code of UTI to the
principal diagnosis.6 The AHRQ identifi-
cation strategy was accurate but no
better than the PPV for (Table 3).

Lastly, we used ICD-9–based inclusion
and exclusion criteria from a recent
publication in which outcomes were
reported (LOS, admission rates, and
imaging) for patients with “first-time
UTI.” Again, the PPV was similar to that
for both laboratory-confirmed and
provider-confirmed UTI (Table 3).

Effect on Quality Measurement

Figure 1 displays the change in the
ALOS according to hospital when UTI is
used as a principal diagnosis com-
pared with any 1 of the secondary di-

agnoses. When UTI was the principal
discharge diagnosis, ALOS was signifi-
cantly lower in each hospital (P �
.001) thanwhen UTI was listed as a sec-
ondary diagnosis, and variation across
hospitals in ALOS was also reduced
significantly (P � .001). In addition,
only 24 (55.8%) of hospitals had the
same result under both strategies (ie,
low outlier, high outlier, or inlier). Fur-
thermore, 4 (9.3%) had opposite re-
sults (ie, high outlier with 1 ap-
proach and low outliers with the
other approach), 9 (21.4%) were out-
liers as any diagnosis and became
inliers with principal diagnosis, and
6 (13.9%) were inliers in the setting
of any diagnosis and became outliers
with principal diagnosis. Figure 2
shows a change in nearly every hospi-
tals’ rank (according to median LOS)
for each UTI ICD-9 code used. Hospital
ranks also changed substantially
when individual ICD-9 codes were con-
sidered (Fig 2).

DISCUSSION

The results of thismulticenter study sup-
port the use of administrative data to
identify children hospitalized with a
provider-confirmed UTI; however, they
also demonstrate the need to assess the
accuracy of individual codes and identi-
fication algorithms before using them to
compare hospital performance. Overall,
the PPV for provider-confirmed UTIs was
best when UTI was listed as the principal
discharge code; accuracy was reduced
with the inclusion of secondary dis-
charge codes. Despite a high NPV, the
PPV for laboratory-confirmed UTIs was
poor, regardless of whether discharge
diagnosis codeswere listedasaprimary
or secondary diagnosis. Finally, incorpo-
rating additional data elements fromUTI
identification algorithms did not sub-
stantially alter the PPV for provider or
laboratory-confirmed UTIs.

This study has several implications.
First, we demonstrated that accurate

TABLE 3 Positive Predictive Values According to Algorithms and Principal Diagnosis for Patients Aged 3 Days to 18 Years From July 2008 to June 2009

Description Age ICD-9 code Laboratory-Confirmed
PPV Result

Provider-Confirmed
PPV Result

Any
Diagnosis

Principal
Diagnosis

Any
Diagnosis

Principal
Diagnosis

Individual ICD-9 codes 3 d to 18 y
Acute pyelonephritis 590.1 62.5 65.0 95.8 100.0
Renal and perinephric abscess 590.2 25.0 16.7 66.7 66.7
Other pyelonnephritis not
specified as acute/chronic

590.8 58.9 59.4 95.2 96.9

UTI, site not specified 599.0 47.4 66.4 80.7 90.8
UTI of newborn 771.82 40.5 47.6 89.2 90.5
Combined ICD-9 codes 3 d to 18 y

590.1, 590.2, 590.8 58.8 58.5 93.5 95.9
590.1, 590.2, 590.8, 599.0, 771.82 50.3 61.2 85.0 93.2

Identification algorithm
UA or urine culture done within
48 h of admission

3 d to 18 y 590, 599.0, 771.83, Lab or Procedure code for UA or
Urine Culture

49.3 59.9 85.0 93.1

IV or oral antibiotic within 48 h
of admission

3 d to 18 y 590, 599.0, 771.82, Medication Code for Antibiotic 51.0 61.5 85.3 93.1

Combined ICD-9 codes without
comorbidities

3 d to 18 y 590, 599.0, 771.83 54.0 61.6 87.7 93.8

Combined ICD-9 codes with age
restrictions

60 d to 12 y 590, 599.0, 771.83 49.8 61.9 85.7 92.9

AHRQ pediatric quality
indicator inpatient UTI4

90 d to 17 y 590.10 590.11 590.2590.80 590.81 590.9595.0595.9599.0 NA 59.4 NA 92.2

Published definition3 30 d to 12 y 590.10, 590.11, 590.80, 599.0, “first UTI” 58.2 NA 87.9 NA

Any Diagnosis, ICD-9 code for UTI was either the principal or 1 of any secondary discharge diagnoses; Principal Diagnosis, at least 1 ICD-9 code for UTI was listed as the principal discharge
diagnosis.
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identification of patients is a critical
step to developing a quality measure.
Even with few false negatives, the inclu-
sion of patients without a condition un-
der study (ie, false positives) can unpre-
dictably affect hospital-level outcomes
(eg, LOS). This level of misclassification
can lead to erroneous conclusionsabout
performance. Researchers and quality
improvement specialists can use the
predictive values from this study to
best define their patient population,
and thus improve the reliability and
applicability of their outcomes data.
For example, a community hospital
wishing to improve care for “first-time
UTI” should consider limiting the pa-
tient population to those patients with
select principal UTI diagnosis codes
(eg, pyelonephritis with PPV 100%),
whereas hospitals conducting a proj-
ect focused on decreasing nosocomial

UTIs, for which UTI is unlikely to be the
principal diagnosis, will require addi-
tional refinement of the population
definition to improve the predictive
value and subsequent applicability of
the outcome measure.

ICD-9 code–based identification algo-
rithms that include additional ele-
ments, such as age restrictions, are
often used to increase the predictive
value to best define patient populations
involved in a care process. Yet, applica-
tion of such identification algorithms did
not substantially alter the PPV. In addi-
tion, applying previously published iden-
tification strategies, including the AHRQ
pediatric quality indicator for UTI admis-
sion rate in children as well as that de-
scribed by Conway et al yielded similar
results.3,7 Limiting the population to chil-
dren with a principal diagnosis of UTI,

however, greatly improved the validity of
the case definition, regardless of the ad-
ditional criteria included. Thus, other
than considering only principal diagno-
sis in the identification of UTI hospitaliza-
tions, the use of increasingly complex al-
gorithms does not necessarily result in
improved case validity, andmay actually
reduce generalizability. The observed ef-
fect of identification strategies on LOS il-
lustrates the importance of accurately
definition the target population before
the establishment of a benchmark for
best practice.

This study had several limitations.
First, this study did not capture pa-
tients whomay have had a UTI but were
not assigned a charge code for a UA or
urine culture (ie, false negative). How-
ever, inclusion of every patient with a
UTI was not critical to the quality of the

FIGURE 1
Effect of principal diagnosis on hospital performance according to length of stay. The plot shows each hospital’s mean length of stay with 95% CI for urinary
tract infection listed as the principal diagnosis (dark circle) or as any diagnosis (open circle).
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measurement and monitoring of UTIs
because we have no reason to suspect
that such exclusions occurred system-
atically. Accordingly, in this study we
used the PPV (the proportion of pa-
tients with a UTI that is correctly diag-
nosed), rather than sensitivity, to com-
pare accuracy between different
identification strategies.15 Also, for
study inclusion childrenwere required
to have a UA or urine culture per-
formed at the study hospital. This cri-
terion led to exclusion of patients
transferred from an outside institu-
tion and thosewhose urine testingwas
performed in an ambulatory-care set-
ting, factors that should be considered
when these results are applied to da-
tabases that do not include procedure
or laboratory testing codes. A second

limitation was that our findings are
based on administrative data from 5
children’s hospitals that contribute
data to the PHIS database. As a result,
it is not clear whether these results
can be applied to other administra-
tive data sets or to non– children’s
hospitals. Third, the reliability of
each site’s data abstractors was not
assessed; however, abstraction pro-
cedures were reviewed and tested at
each site and discussed in a collab-
orative fashion before study imple-
mentation. Finally, there was sub-
stantial discrepancy between the
laboratory and provider-confirmed
gold standards, with provider-
confirmed UTIs resulting in signifi-
cantly improved PPV. Although it is log-
ical that provider documentation

would enhance detection of UTIs, espe-
cially in cases in which UTI laboratory
studies were performed at another fa-
cility, some providers still may overdi-
agnose UTIs by not adhering to the
national standards for laboratory di-
agnosis. The degree to which underre-
porting of urine studies lowered the
PPV of the laboratory-confirmed gold
standard is unknown, although it is
likely small because it would be limited
to patients with a repeat UA or urine
culture after transfer.
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FIGURE 2
Change in hospital rank for individual and combined urinary tract infection discharge diagnosis codes as principal discharge diagnosis according to
adjustedmedian LOS. The reference for comparisonwas the hospital rankwhen any of the discharge diagnosis codeswere listed as the principal diagnosis.
Values were adjusted for age, gender, race, and insurance type. The ICD-9 discharge diagnosis codes were identified as follows: acute pyelonephritis, 590.1;
renal and perinephric abscess, 590.2; other pyelonephritis or pyonephrosis, not specified as acute or chronic, 590.8; UTI, site not specified, 599.0; and UTI
of the newborn, 771.82.

ARTICLES

PEDIATRICS Volume 128, Number 2, August 2011 329

pediatrics.aappublications.org/


REFERENCES

1. Owens PLTJ, Elixhauser A, Ryan K. Care of
Children and Adolescents in US Hospitals,
HCUP Fact Book No. 4. Rockville, MD: Agency
for Healthcare Research and Quality; 2003

2. Landrigan CP, Conway PH, Stucky ER, Chiang
VW, Ottolini MC. Variation in pediatric hos-
pitalists’ use of proven and unproven
therapies: a study from the Pediatric Re-
search in Inpatient Settings (PRIS) network.
J Hosp Med. 2008;3(4):292–298

3. Conway PH, Keren R. Factors associated
with variability in outcomes for children
hospitalized with urinary tract infection. J
Pediatr. 2009;154(6):789–796

4. McDonald KM, Davies SM, Haberland CA,
Geppert JJ, Ku A, Romano PS. Preliminary
assessment of pediatric health care quality
and patient safety in the United States using
readily available administrative data. Pedi-
atrics. 2008;122(2). Available at: www.
pediatrics.org/cgi/content/full/122/2/e416

5. US Department of Health and Human Ser-
vices. ICD-9-CM, 1998: International Classifi-
cation of Diseases, 9th Revision: Clinical
Modification, Fifth Edition: Color Coded.
Downers Grove, IL: PracticeManagement In-
formation Corp; 1997

6. Agency for Healthcare Research and Qual-
ity. Pediatric Quality Indicators Overview.

February 2006. Washington, DC: US Depart-
ment of Health and Human Services; 2006.
Available at: www.qualityindicators.ahrq.
gov/modules/pdi_overview.aspx. Accessed
July 6, 2011

7. Tieder JS, Cowan CA, Garrison MM, Christa-
kis DA. Variation in inpatient resource utili-
zation and management of apparent life-
threatening events. J Pediatr. 2008;152(5):
629–635, 635.e1–e2

8. Newman K, Ponsky T, Kittle K, et al. Appendi-
citis 2000: variability in practice, outcomes,
and resource utilization at thirty pediatric
hospitals. J Pediatr Surg. 2003;38(3):
372–379; discussion 372–379

9. Christakis DA, Cowan CA, Garrison MM, Mol-
teni R, Marcuse E, Zerr DM. Variation in in-
patient diagnostic testing andmanagement
of bronchiolitis. Pediatrics. 2005;115:
878–884

10. Aronsky D, Haug PJ, Lagor C, Dean NC. Accu-
racy of administrative data for identifying
patients with pneumonia. Am J Med Qual.
2005;20(6):319–328

11. Goldstein LB. Accuracy of ICD-9-CM coding
for the identification of patients with acute
ischemic stroke: effect of modifier codes.
Stroke. 1998;29(8):1602–1604

12. Kern E, et al. Failure of ICD-9-CM codes to

identify patients with comorbid chronic kid-
ney disease in diabetes. Health Serv Res.
2006;41(2):564–580.

13. Golomb M, et al. Accuracy and yield of ICD-9
codes for identifying children with ischemic
stroke. Neurology. 2006;67:2053–2055

14. Steinberg DM, Fine J, Chappell R. Sample
size for positive and negative predictive
value in diagnostic research using case-
control designs. Biostatistics. 2009;10(1):
94–105

15. Mongelluzzo J, Mohamad Z, Ten Have TR,
Shah SS. Corticosteroids and mortality in
children with bacterial meningitis. JAMA.
2008;299:2048–2055

16. Shah SS, Hall M, Srivastava R, Subramony
A, Levin JE. Intravenous immunoglobulin
in children with streptococcal toxic shock
syndrome. Clin Infect Dis . 2009;49:
1369–1376.

17. Hoberman A, Wald ER, Penchansky L, Reyn-
olds EA, Young S. Enhanced urinalysis as a
screening test for urinary tract infection.
Pediatrics. 1993;91(6):1196–1199

18. Zorc JJ, Levine DA, Platt SL, et al. Clinical and
demographic factors associated with uri-
nary tract infection in young febrile infants.
Pediatrics. 2005;116(3):644–648

330 TIEDER et al

www.pediatrics.org/cgi/content/full/122/2/e416
www.pediatrics.org/cgi/content/full/122/2/e416
www.qualityindicators.ahrq.gov/modules/pdi_overview.aspx
www.qualityindicators.ahrq.gov/modules/pdi_overview.aspx

	Accuracy of Administrative Billing Codes to Detect Urinary Tract Infection Hospitalizations
	METHODS
	Design and Setting
	Subjects
	Data Sources
	Data Analysis

	RESULTS
	Overall and Hospital Level Demographics
	Individual ICD-9 Codes
	Combined ICD-9 Codes
	Identification Algorithms
	Effect on Quality Measurement

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


