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ABSTRACT

Background. The ability to identify patients with autosomal dominant polycystic kidney disease (ADPKD) and distinguish
them from patients with similar conditions in healthcare administrative databases is uncertain. We aimed to measure the
sensitivity and specificity of different ADPKD administrative coding algorithms in a clinic population with non-ADPKD and
ADPKD kidney cystic disease.

Methods. We used a dataset of all patients who attended a hereditary kidney disease clinic in Toronto, Ontario, Canada
between 1 January 2010 and 23 December 2014. This dataset included patients who met our reference standard definition of
ADPKD or other cystic kidney disease. We linked this dataset to healthcare databases in Ontario. We developed eight
algorithms to identify ADPKD using the International Classification of Diseases, 10th Revision (ICD-10) codes and provincial
diagnostic billing codes. A patient was considered algorithm positive if any one of the codes in the algorithm appeared at
least once between 1 April 2002 and 31 March 2015.

Results. The ICD-10 coding algorithm had a sensitivity of 33.7% [95% confidence interval (CI) 30.0–37.7] and a specificity of
86.2% (95% CI 75.7–92.5) for the identification of ADPKD. The provincial diagnostic billing code had a sensitivity of 91.1%
(95% CI 88.5–93.1) and a specificity of 10.8% (95% CI 5.3–20.6).

Conclusions. ICD-10 coding may be useful to identify patients with a high chance of having ADPKD but fail to identify many
patients with ADPKD. Provincial diagnosis billing codes identified most patients with ADPKD and also with other types of
cystic kidney disease.
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INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPKD) is
characterized by focal cyst development leading to enlargement
of both kidneys [1]. It is a relatively uncommon condition with a
prevalence of 1 in 1000 to 1 in 400 (0.1–0.25%) [2]. For this reason,
assembling a large cohort of patients with ADPKD for research
poses a challenge. A possible way to overcome this challenge is
to use the existing healthcare administrative databases and
codes to assemble a group of patients with ADPKD.

Patients with ADPKD can be captured by International
Classification of Diseases, 10th Revision (ICD-10) codes and
Ontario Health Insurance Plan (OHIP) diagnosis codes. The
International Classification of Diseases, 9th Revision (ICD-9) is
an alphanumeric coding system developed by the World Health
Organization in 1979 to allow comparability of mortality and
morbidity data across countries. In 2002, ICD-9 codes were
replaced by the more comprehensive set of ICD-10 codes in
Ontario, Canada. In Canada, trained personnel reviewed the
medical charts of each patient with a hospital encounter on an
ongoing basis and assigned ICD-9 or ICD-10 codes to each hospi-
tal encounter according to the rules and guidelines provided by
the Canadian Institute for Health Information (CIHI). These
codes include descriptors for ADPKD. OHIP diagnosis codes are
submitted by Ontario physicians to be reimbursed for the serv-
ices they provide. The OHIP diagnosis code for other cystic kid-
ney diseases (593) and congenital anomalies of the urinary
system (753) may also capture patients with ADPKD, but also
patients without ADPKD.

A primary goal of the current study was to determine if
ADPKD administrative coding algorithms identify patients with
ADPKD and distinguish them from patients with similar condi-
tions. We must first ensure that ADPKD administrative coding
algorithms can reliably identify patients with ADPKD and dis-
tinguish them from patients with similar conditions before us-
ing them. To date, two studies have assessed the performance
of ICD-9 and ICD-10 codes related to ADPKD [3, 4]. Both studies
showed that a high percentage of patients identified with a
code for ADPKD truly had ADPKD (i.e. a high-positive predictive
value) [3, 4]. However, these studies did not assess the sensitiv-
ity and specificity of these codes or the performance of the OHIP
diagnosis codes. Calculating the sensitivity and specificity using
a cohort of patients with ADPKD and patients with similar con-
ditions would provide further insights into code performance.
We conducted this study to understand the sensitivity and spe-
cificity of different coding algorithms containing ICD-10 and
OHIP diagnosis codes for ADPKD in a clinic population with dif-
ferent types of cystic kidney disease to gain insight into what
percentage of patients with ADPKD are captured by the codes
and whether administrative codes in Ontario differentiate
patients with ADPKD from patients with similar conditions. We
also described and compared the characteristics of patients
identified with the different coding algorithms at the time of
code assignment.

MATERIALS AND METHODS
Study design

We conducted a validation study to assess the sensitivity and
specificity of ADPKD coding algorithms using ICD-10 and OHIP
diagnosis codes. We used prospectively collected data from a
specialty Hereditary Kidney Disease Clinic linked to healthcare
databases housed at ICES, a not-for-profit research institute.

We conducted and reported this study in accordance with the
Standards for the Reporting of Diagnostic Accuracy studies
checklist [5].

The institutional review board at the University Health
Network, Toronto, Ontario, Canada approved this study. The re-
search ethics board at the University Health Network waived
the need to obtain consent to use data from all other patients
who did not undergo genetic testing. We obtained patient con-
sent for all individuals who underwent genetic testing to use
their information for research in general. The use of data at
ICES for this project was authorized under Section 45 of
Ontario’s Personal Health Information Protection Act, which
does not require review by a research ethics board.

Reference standard

Our study population included 674 adult patients (�18 years of
age) with ADPKD and other types of cystic kidney disease who
were seen at the Hereditary Kidney Disease Clinic at the
Toronto General Hospital, Toronto, Ontario, Canada between 1
January 2010 and 23 December 2014. The case mix seen at the
Hereditary Kidney Disease Clinic consists of patients referred to
the specialty clinic by other community nephrologists. Patients
underwent abdominal imaging prior to visiting the clinic. All
patients included in the dataset underwent kidney function
testing at their first visit. A subset of the patients (520 patients)
also underwent a comprehensive mutation screen of the PKD1
or PKD2 genes [6, 7]. Details on the methods for comprehen-
sively screening for mutations in the PKD1 and/or PKD2 gene are
reported elsewhere [8]. A senior nephrologist with content ex-
pertise in ADPKD (Y.P.) adjudicated the ADPKD status of each
patient based on if a pathogenic PKD1 or PKD2 mutation was
detected after a comprehensive mutation screen and/or
whether or not each patient met the current internationally ac-
cepted ultrasound diagnostic criteria for ADPKD. The current ul-
trasound diagnostic criteria for ADPKD are family history of
ADPKD and an age-specific minimum number of cysts in the
kidney(s) on a conventional kidney ultrasound: (i) three cysts in
total when the number of cysts seen in both kidneys are com-
bined for patients �39 years of age; (ii) at least two cysts in each
kidney for patients between 40 and 59 years of age; (iii) at least
three cysts in each kidney for patients �60 years of age [9]. This
gave rise to the ADPKD status variable in the Hereditary Kidney
Disease Clinic database, which served as the reference standard
for this study. Those with an ADPKD status based on a compre-
hensive screen and/or ultrasound imaging were categorized as
having ADPKD and those with autosomal recessive polycystic
kidney disease or other cystic disease were categorized as not
having ADPKD. We also collected and recorded demographic in-
formation, such as name, date of birth, postal code and gender,
as well as the Ontario health card number and medical records
number of each patient to allow for data linkage.

Data sources, patient selection and data collection

We linked the patients in the Hereditary Kidney Disease Clinic
database to five administrative databases held at ICES: (i) CIHI
Discharge Abstract Database (DAD), which contains information
on hospital discharges of patients admitted to hospitals in
Ontario; (ii) National Ambulatory Care Reporting System
(NACRS), which contains information on patients who visited the
emergency department; (iii) the OHIP database, which contains
physician billing and diagnosis information; (iv) the Registered
Persons Database, which contains demographic and vital status
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information for all Ontarians; and (v) Dynacare, which contains
laboratory test values for a subset of Ontarians who visited a
Dynacare laboratory. These datasets were linked using unique,
encoded identifiers and analysed at ICES. We used the Hereditary
Kidney Disease Clinic database to assemble our study population
of patients with ADPKD and other cystic kidney diseases. As a
data cleaning step, we excluded patients who were non-Ontario
residents or with missing or invalid identifiers.

We looked in the period from 1 April 2002 through 31 March
2015 to determine if each patient had at least one ICD-10 code
for ADPKD during a hospital encounter using CIHI-DAD and
NACRS, or an OHIP diagnosis code for ADPKD billed by a physi-
cian. If a patient had more than one administrative code for
ADPKD, then we selected the first code and used it as the date
the patient was first recognized to have ADPKD using adminis-
trative data. We classified a patient as algorithm positive if any
of the codes appeared at least once. The analyst was not blinded
to ADPKD status. However, trained hospital medical staff con-
ducted a standardized review of each hospital medical chart
and assigned administrative database codes; these personnel
were unaware of this study.

Database algorithms

We identified three ICD-10 and two OHIP diagnosis codes that
could be related to ADPKD (Table 1) and we evaluated the diag-
nostic performance of these codes singularly, as well as three
combinations of these codes, to identify patients with ADPKD.

Analysis

We calculated the sensitivity and specificity for each of the cod-
ing algorithms and calculated their respective 95% confidence
intervals (CIs) using the Wilson score method [10]. An algorithm
with high sensitivity classifies a large proportion of patients
who truly have ADPKD as ADPKD positive. An algorithm with
high specificity classifies a large proportion of patients without
ADPKD as ADPKD negative. We did not calculate positive and
negative predictive values because these measures are influ-
enced by prevalence and the prevalence of ADPKD in our study
population is higher than that in the general population.

For the patients we identified as having ADPKD with the
algorithms we also described the mean [standard deviation
(SD)] age, sex, percentage of patients who had end-stage renal
disease, percentage of patients who were hypertensive and the
distribution of Johns Hopkins’ aggregated diagnosis group (ADG)
score at the time of code assignment. The Johns Hopkins’ ADG
score is a comorbidity score based on healthcare utilization that
ranges from 0 to 32, where a higher score indicates greater co-
morbidity (the Johns Hopkins ACG System version 10.0) [11, 12].
Among the patients with laboratory values, we also described
the estimated glomerular filtration rate (eGFR) and chronic kid-
ney disease stage. We conducted all analyses using SAS 9.3 (SAS
Institute, Cary, NC, USA).

RESULTS
Data linkage and study population

The Hereditary Kidney Disease Clinic database initially con-
tained 674 patients seen at the clinic between 1 January 2010
and 23 December 2014. We determined ADPKD status solely by
imaging in 154 patients and both renal imaging and genetic
screening in 520 patients. After linkage and exclusions, the final
study cohort consisted of 646 patients with cystic kidney

disease (581 patients with ADPKD and 65 patients with other
cystic kidney diseases; Figure 1). The mean age of patients with
ADPKD was 35 (SD 16) years and 57% were female. The mean
age of patients with other cystic diseases was 37 (SD 18) years
and 46.2% were female.

Sensitivity and specificity of the alternative different
coding algorithms

The sensitivity and specificity of each of the five individual ad-
ministrative codes and the three different coding algorithms are
presented in Table 2. In general, the sensitivity was high for the
OHIP diagnosis codes and relatively low for the ICD-10 codes. In
contrast, the specificity was low for OHIP diagnosis codes and
high for ICD-10 codes.

Patient characteristics by coding algorithm

The characteristics of patients identified with the different cod-
ing algorithms at the time of code assignment are presented in
Table 3. Patients identified with any one of the OHIP diagnosis
codes tended to be younger on average compared with patients
identified with the ICD-10 codes related to ADPKD. There were
approximately equal percentages of females in all three groups.
Patients identified with ICD-10 codes on average had a greater
number of comorbidities than patients identified with OHIP di-
agnosis codes. Among those with available laboratory values,
kidney function (defined by the most recent eGFR in the 1 year
prior to code assignment) was also lower in the group identified
with ICD-10 codes than the group with OHIP diagnosis codes. A
greater percentage of patients identified with ICD-10 codes also
had end-stage renal disease and were more likely to be diag-
nosed with hypertension compared with patients identified
with the OHIP diagnosis codes.

DISCUSSION

We estimated the sensitivity and specificity of administrative
coding algorithms related to ADPKD by conducting a validation
study within a hereditary kidney disease clinic where ADPKD
was defined using accepted standards. Our study showed that
ICD-10 codes for ADPKD have a high specificity but low sensitiv-
ity and OHIP diagnosis codes have a high sensitivity but low
specificity. In other words, ICD-10 codes differentiated patients
with ADPKD from patients with other cystic kidney diseases but
failed to identify many patients with ADPKD from a group of
patients with similar conditions. The OHIP diagnosis codes
identified most patients with ADPKD and also identified
patients with other cystic kidney diseases. The ICD-10 codes for

Table 1. Administrative codes related to ADPKD

Database Code Description

CIHI-DAD and
NACRS

Q611 Polycystic kidney disease, autoso-
mal recessive

CIHI-DAD and
NACRS

Q612 Polycystic kidney disease, autoso-
mal dominant

CIHI-DAD and
NACRS

Q613 Polycystic kidney disease,
unspecified

OHIP 753 Congenital anomalies, urinary
system

OHIP 593 Other disorders of the kidneys or
ureter
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ADPKD also tended to capture patients with more advanced
ADPKD, as defined by lower eGFR and higher serum creatinine,
on average compared with OHIP diagnosis codes. Overall, these
findings highlight important considerations when using admin-
istrative data to identify patients with ADPKD.

One reason for the limited sensitivity of ICD-10 codes to
identify patients with ADPKD is that they can only identify
patients with hospital encounters in Ontario [13]. Physicians
submit billing claims with accompanying diagnosis codes for
the medical services they provide. The assigned OHIP diagnosis
codes for these services may not be accurate. Based on the opin-
ion of a nephrologist with expertise in ADPKD, the two most
common diagnosis codes in Ontario billed for patients with
ADPKD are 753 (congenital anomalies of the urinary system)
and 593 (other disorders of the kidney and ureter). Since the
database used to validate the codes consists of patients from a
specialty clinic for hereditary kidney disease, almost all patients
with ADPKD in the dataset would have at least one OHIP diag-
nosis code 753 or 593. This may explain our finding for high sen-
sitivity of physician claims diagnosis codes. The code
descriptions were not specific to ADPKD, so the codes may have
also identified patients with other congenital anomalies of the
urinary system (e.g. medullary cystic kidney disease) and other
cystic kidney disease (e.g. simple cyst), resulting in low specific-
ity for the detection of ADPKD.

Literature on the validity of administrative coding algorithms
related to ADPKD is scarce. To date, only one study assessed the
positive predictive value of ICD-9 code 75312 (polycystic kidney

disease, unspecified) and another study described the positive
predictive value of ICD-10 coding algorithms related to ADPKD [3,
4]. Both studies showed that hospital encounter codes related to
ADPKD have a high positive predictive value when applied in the
general population, meaning that a high percentage of patients
with ADPKD codes truly have ADPKD [3, 4]. To the best of our
knowledge, our study is the first to estimate the sensitivity and
specificity of administrative coding algorithms related to ADPKD
in a specialized cystic kidney disease clinic population and pro-
vides insight into whether these algorithms differentiate patients
with ADPKD from patients with other cystic conditions. Our study
provides further assurance that ICD-10 codes can be used to as-
semble a robust cohort of patients with ADPKD since ICD-10 codes
differentiate patients with ADPKD from patients with similar con-
ditions. In contrast, OHIP diagnosis codes do not differentiate
patients with ADPKD from patients with similar conditions well
but capture the majority of patients with ADPKD. As suggested by
the description of the OHIP codes, our study confirms that the
codes are not specific to ADPKD. Therefore we cannot rely on
OHIP diagnosis codes to assemble a robust cohort of patients with
ADPKD. However, we can use OHIP diagnosis codes as exclusion
codes or to flag patients who warrant a detailed review of medical
records to determine whether they truly have ADPKD.

The fact that our study population is solely from Ontario
limits the generalizability of our findings to other regions since
healthcare coding practices vary across the world. In Ontario,
OHIP diagnosis codes and fee-for-service codes are submitted
by physicians for remuneration for the services they provide.
ICD-10 codes are traditionally used for administrative purposes,
such as assessing healthcare use and needs in hospital settings.
In other regions, ICD-10 codes are used in outpatient settings as
well. As a result, our findings should be generalized with cau-
tion to regions that use ICD-10 codes in outpatient settings.

There are strengths and limitations to using different
administrative codes to identify patients with ADPKD. Using
ICD-10 codes to assemble a study population will maximize the
internal validity of future studies while limiting the generaliz-
ability of study findings to patients with a hospital encounter
with ADPKD. In contrast, using OHIP diagnosis codes for cohort
accrual will compromise the internal validity of the study. This
validation study was done in a selected sample of specialized
clinic patients. This study can be used in combination with
others to understand the true utility of these codes [3, 4].
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Table 3. Patient characteristics at the time of code assignment for the different coding algorithms

Patient characteristics
OHIP

Dx 593 or 753
ICD-10 Q611,
Q612 or Q613

ICD-10 Q611, Q612 or Q613 or
OHIP Dx 753 or 593

(n¼ 587) (n¼ 206) (n¼ 594)

Age (years), mean 6 SD 36 6 16 41 6 17 36 6 16
Female, n (%) 330 (56.2) 121 (58.7) 333 (56.1)
ADG score, mean 6 SD 10.4 6 4.0 12.5 6 3.9 10.2 6 4.0

0–2, n (%) 19 (3.3) 10 (4.9)b 22 (3.7)
3–5, n (%) 48 (8.2) 50 (8.4)
>6, n (%) 520 (88.6) 196 (95.1) 522 (87.9)

End-stage renal disease, n (%)a 37 (6.3) 48 (23.3) 36 (6.1)
Hypertension, n (%) 234 (39.9) 118 (57.3) 232 (39.1)
Kidney function, n (%) with 133 (22.7) 32 (15.5) 133 (22.4)

Most recent serum creatinine (mmol/L), mean 6 SD 104.6 6 92.72 249.5 6 241.4 105.8 6 93.2
Most recent eGFR (mL/min/1.73 m2), mean 6 SD 84.9 6 31.6 55.7 6 48.2 84.0 6 31.9
Chronic kidney disease stage, n (%)
�60 mL/min/1.73 m2 105 (78.9) 13 (40.6) 103 (77.4)
<60 mL/min/1.73 m2 28 (21.0) 19 (59.4) 30 (22.6)

aEnd-stage renal disease is defined as patients on chronic dialysis in the past 1 year or patients who received a kidney transplantation in the past 5 years.
bCells are suppressed to ensure that individuals cannot be re-identified, as per ICES privacy policies.
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