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Background and Aim: Benign prostatic hyperplasia comprises a significant burden to
ageing men due to frequently associated lower urinary tract symptoms and the risk of
developing serious complications, such as acute urinary retention. Healthcare databases are
a valuable source of epidemiological research; however, continuous validation of definitions
is imperative. We examined the positive predictive values of International Classification of
Diseases, 10th Revision (ICD-10), diagnostic coding for benign prostatic hyperplasia and
acute urinary retention in men in the Danish National Patient Registry.

Methods: We investigated a random sample of 100 men diagnosed with benign prostatic
hyperplasia and 100 men diagnosed with acute urinary retention between 2011 and 2017 in the
Central Denmark Region. Using medical record review as reference standard, we estimated the
positive predictive value with corresponding 95% confidence intervals (CI) overall and stratified
by age, type of hospital (university hospital vs regional hospital), type of hospital contact
(inpatient, outpatient or emergency room), calendar year group (2011-2013, 2014-2017), and
department (department of urology, geriatrics, endocrinology or emergency room).

Results: Medical records were available for all 200 sampled patients. We found an overall
positive predictive value (PPV) of 95% (95% CI: 89-98%) for benign prostatic hyperplasia
and 98% (95% CI: 93-99%) for acute urinary retention. The PPVs were consistent across
age, type of hospital, type of hospital contact, calendar year group, and department.
Conclusion: The PPVs of ICD-10 codes for benign prostatic hyperplasia and acute urinary
retention recorded in the Danish National Patient Registry are high.
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Introduction

Benign prostatic hyperplasia (BPH) is common in the aging male population,
affecting more than 50% of men above 60 years. It is an important cause of
lower urinary tract symptoms (LUTS), and 15-25% of men aged 50-64 years
report LUTS to a degree that has a substantial negative impact on their quality of
life.' Acute urinary retention (AUR) is a severe complication to BPH, character-
ized by a sudden, painful inability to void urine.* Before the advent of medical
therapy for BPH in the mid-1990’s, AUR was an absolute indication for BPH
surgery, and today many men will still undergo surgery after an episode of AUR.’
A study from the UK, demonstrated that mortality in men hospitalized with AUR
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was 2-3 times higher than expected compared with the
general population.® The reason for this high mortality
remains largely unknown. Previous population-based stu-
dies on incidence, risk factors and prognosis of BPH and
AUR are sparse, despite an imperative need for more in-
depth knowledge on these diagnoses. National hospital
administrative healthcare registries are a potential valuable
source of information on BPH and AUR. Many adminis-
trative healthcare registries are based on discharge diag-
noses coded according to the International Classification
of diseases, Tenth revision (ICD-10). The Danish National
Patient Registry (DNPR) contains data on all hospital
inpatient admissions since 1977 and emergency room
and outpatient clinics since 1995.” Since 1994, diagnoses
in the DNPR are classified according to the ICD-10.
However, the validity of ICD-10 diagnostic coding of
BPH and AUR has not previously been assessed. We
therefore investigated the positive predictive values
(PPVs) of BPH and AUR in the DNPR.

Materials and Methods
Setting

Denmark is divided into five regions, each representative
of the Danish population regarding basic sociodemo-
graphic characteristics and use of healthcare and
medications.® Each region typically has one major urolo-
gic department at a university hospital and one or several
smaller urologic departments at regional hospitals. We
conducted this study in the Central Denmark Region
with a source population of 1.3 million residents. In the
Central Denmark Region, urologic departments are pre-
sent at Aarhus University Hospital and Regional Hospital
Unit West Jutland. The Danish Healthcare Service pro-
vides free access to medical care for all Danish residents,
including treatment at general practitioners, inpatient, out-
patient and emergency room hospital visits, and reimbur-
sement for prescription drugs.” Data in the DNPR are
prospectively collected and registered by the treating
physician.” Data from general practitioners are not
included in the DNPR.

Study Population

From the DNPR, we identified all men above 50 years,
diagnosed with BPH (ICD-10 code N40) and AUR (ICD-
10 code R33) during 2011-2017 at the two hospitals in the
Central Denmark Region with urologic departments.
Given the homogeneity of the Danish healthcare system,

we considered these hospitals to be representative of hos-
pitals of similar size in other Danish regions.® From
departments of urology, acute medicine/emergency room,
geriatrics, and endocrinology, we randomly sampled 100
patients diagnosed with BPH and 100 patients diagnosed
with AUR. We included these departments because they
were the five departments in which patients with BPH and
AUR were most frequently diagnosed, in total covering
~90% of all diagnoses at the investigated hospitals.

Medical Record Review
Medical record review was considered reference standard.
Three physicians (MBB, LBR and TJH) performed medical
record review by entering information from medical records
into a standardized form specially developed for the purpose.
Each review was initiated by confirming the civil registration
number and date of diagnosis. For each patient, we evaluated
if the diagnosis recorded in the DNPR could be confirmed by
medical record review. Presence of BPH was considered
confirmed when a) patients had a history of LUTS or
received BPH medication and no other causes of LUTS
were specified in the medical record or b) BPH was con-
firmed by biopsy. We defined acute urinary retention as the
acute inability to void urine. In cases of doubt, consultation
with another physician (MBB or MN) was performed to
reach consensus.

All data were entered into REDCap (Research Electronic
Data Capture) tools hosted at Aarhus University.

Statistical Analysis
From the DNPR, we retrieved data on age, type of hospital
contact (inpatient, outpatient or emergency room), and
calendar year group (2011-2013 vs 2014-2017). We cal-
culated the PPVs as the proportion of diagnoses in the
DNPR confirmed by medical record review. Confidence
intervals were computed using Wilson Score method.'”
For each diagnosis, we computed PPVs stratified by age
groups (50-69, 70-79, and 80+ years), type of hospital,
type of hospital contact, calendar year group (2011-2013
and 2014-2017), and department (department of urology,
geriatrics, endocrinology or emergency room).

Analyses were performed in R version 3.6.1 (R
Foundation for Statistical Computing).

Results

Figure 1 shows a flowchart of the sampling process. From
the DNPR, we identified 44,935 patients diagnosed with
BPH and 41,868 patients diagnosed with AUR during
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Men aged 50+ years admitted

to Danish hospitals with Excluded:
BPH, n=44,935 Men treated at hospitals other than Aarhus University Hospital and
AUR, n=41,868 Regional Hospital Unit West Jutland
BPH, n=39,515
AUR, n=37,107
Men not treated at departments of urology, endocrinology, geriatrics
L or emergency rooms
Eligible men BPH, n=180
BPH, n=3,557 AUR, n=642
AUR, n=3,232

Random sample
BPH, n=100
AUR, n=100

Figure | Flowchart of study population selection.

2011-2017, of which 3557 and 3232 were diagnosed at the
investigated hospitals and departments. Medical records
were available for all sampled patients.

The median age was 71 years (interquartile range
(IQR): 65-79) for BPH patients and 78 years (IQR:
70-84) for AUR patients. Outpatient diagnoses comprised
92% of BPH diagnoses and 59% of AUR diagnoses.
Overall, medical record review confirmed 95 BPH cases,
resulting in a PPV of 95% (95% CI: 89-98%). The overall
PPV for AUR was 98% (95% CI: 93-99%). The PPVs
stratified by age, type of hospital, type of hospital contact,
calendar year group and department were consistent with

the main results (Figure 2).

Discussion

This study demonstrated high PPVs of AUR and BPH in
the DNPR during 2011-2017, suggesting that the DNPR is
a valid source for epidemiologic research of BPH
and AUR.

Although administrative healthcare databases, such as
the DNPR, are a valuable tool in epidemiological research,
continuous validation is essential.” In line with our results,
previous studies validating other benign urogenital dis-
eases in the DNPR, found PPV’s ranging from 77% to
100%.” Our study is the first to validate BPH and AUR
diagnoses recorded in the DNPR. A previous study
reported a sensitivity and specificity of 95% and 91% of
ICD-9 coding of AUR, based on emergency room diag-
noses at one hospital in the US.'" To the best of our
knowledge, no previous data exist of validity of BPH in

healthcare administrative databases.

Our study has limitations. Data collection for this
study was only made in one out of five Danish regions.
However, due to the homogeneity of the country, our
results are most likely generalizable to other Danish
hospitals and regions.® Our results may, however, not
be applicable for other countries or other healthcare
systems. The DNPR was established in 1977 and con-
tains diagnoses classified according to ICD-8 until the
end of 1993, and the 10th revision thereafter.” Since
we validated ICD-10 codes in the period 2011 to 2017,
we cannot necessarily extrapolate our results to
Still,
changes in the PPV across calendar year groups, sug-

previous periods. we found no substantial
gesting that the reported validity is also applicable to
other periods.

Although we were unable to confirm the BPH diagno-
sis through medical record review in five patients, this
does not necessarily mean that these patients did not
actually have BPH. We experienced that medical records
of patients suspected of prostate cancer focused on pre-
sence or absence of cancer rather than BPH, and we could
not confirm the BPH diagnosis unless it was specifically
mentioned in the medical record by the treating physician.
Thus, the PPV of BPH might have been slightly higher
than reported.

Fifty-nine percent of patients with AUR were diag-
nosed at outpatient clinics, which correlates well with
the structure of the Danish Health Care system. In
Denmark, general practitioners serve as gatekeepers for
all patients going into the hospital.'*> Except for cases of
911-emergency, patients need a hospital referral from
hours of the day.

a general practitioner at all
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BPH AUR
Verified/Total PPV (95% Cl) Verified/Total PPV (95% Cl)

Overall 95/100 95 (89-98) . 98/100 98 (93-99) -
Age

50-69 years 44/47 94 (83-98) —a 23/23 100 (86-100)

70-79 years 28129 97 (83-100) — 35/35 100 (90-100) _—I

80+ years 23/24 96 (80-100) — 40/42 95 (84-99) —a
Type of hospital

University Hospital 48/48 100 (93-100) —. 65/67 97 (90-99) —-

Regional Hospital 47/52 90 (79-96) —a— 33/33 100 (90-100) —a
Type of hospital contact

Inpatient 7/8 88 (53-99) ¢————m— 34/34 100 (90-100)

Outpatient 88/92 96 (89-98) —m 57/59 97 (88-99) —m

Emergency room 0/0 - 717 100 (65-100)
Year group

2011-2013 42/44 95 (85-99) —a 44/45 98 (88-100) —=

2014-2017 56/56 100 (94-100) —a 51/55 93 (83-97) —a
Department

Urology 88/93 95 (88-98) — 71/73 97 (91-99) i

Emergency room 0/0 - 6/6 100 (61-100)

Endocrinology 11 100 (5-100) 8/8 100 (68-100)

Geriatrics 6/6 100 (61-100) 13/13 100 (77-100)

60 80 100 60 80 100

Figure 2 Positive predictive value of benign prostatic hyperplasia (BPH) and acute urinary retention (AUR) in the Danish National Patient Registry.

According to current guidelines, general practitioners
should perform catheterization and then refer patients
for further work-up at hospital, eg, subacute referral
for outpatient clinic.'> Only in cases with failure of
catheterization, risk of post-obstruction polyuria or if
another underlying condition that requires acute hospi-
talization is suspected, patients will be referred directly
to hospital."?

We used the PPV as a measure of validity. However,
by design, we were unable to assess other measures of
data quality, including sensitivity, specificity and nega-
tive predictive values because we lacked an independent
sample of true BPH/AUR cases as well as a sample of
non-cases. The importance of these different measures
of data quality depends on the specific study aim and
design. Thus, while a high PPV is important when

studying prognosis, it cannot stand alone in studies of
incidence.

Conclusion

The validity of BPH and AUR in the DNPR is high,
confirming the potential of these diagnoses in epidemiolo-
gic research.
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