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Abstract
Background: Heart failure (HF) poses a substantial global health burden, particularly in patients with chronic obstructive pulmonary
disease (COPD). The objective of this study was to validate an electronic medical record–based definition of HF in patients with
COPD in primary care practices in the province of British Columbia, Canada.
Methods: We conducted a cross-sectional retrospective chart review from Sept. 1, 2018, to Dec. 31, 2018, for a cohort of patients
from primary care practices in BC whose physicians were recruited through the BC node of the Canadian Primary Care Sentinel
Surveillance Network. Heart failure case definitions were developed by combining diagnostic codes, medication information and laboratory values available in primary care electronic medical records. These were compared with HF diagnoses identified through
detailed chart review as the gold standard. Sensitivity, specificity, negative (NPV) and positive predictive values (PPV) were calculated for each definition.
Results: Charts of 311 patients with COPD were reviewed, of whom 72 (23.2%) had HF. Five categories of definitions were constructed, all of which had appropriate sensitivity, specificity and NPV. The optimal case definition consisted of 1 HF billing code or a specific combination of medications for HF. This definition had an excellent specificity (93.3%, 95% confidence interval [CI] 89.4%–96.1%),
sensitivity (90.3%, 95% CI 81.0%–96.0%), PPV (80.2%, 95% CI 69.9%–88.3%) and NPV (97.0%, 95% CI 93.8%–98.8%).
Interpretation: This comprehensive case definition improves upon previous primary care HF definitions to include medication codes
and laboratory data, along with previously used billing codes. A case definition for HF was derived and validated and can be used
with data from electronic medical records to identify HF in patients with COPD in primary care accurately.

H

eart failure (HF) is a global public health problem
affecting 40 million people worldwide,1 with health
care costs exceeding $100 billion. 2 Chronic
obstructive pulmonary disease (COPD) is a frequent comorbidity, occurring in 20%–30% of patients with HF.3 The
combination presents diagnostic and therapeutic challenges,
with recognized undertreatment of patients with HF and
concurrent COPD.4 This combination of conditions is also
associated with greater morbidity and mortality than either
condition alone.3
To assess the quality of the care this high-risk population
receives, an accurate case definition is necessary. This would
allow epidemiologic studies to define the overall population
burden of disease, characterize contemporary medical management in primary care, create opportunities for quality improvement and earlier intervention in the disease pathway and facilitate future studies examining this cardiopulmonary intersection.
Even though the care of many patients with HF is largely
managed in primary care without specialist contact,5 studies
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examining the accuracy of HF diagnosis and coding have
been predominantly hospital based.6–8 A systematic review of
validated case definitions for HF found that hospital discharge data were used in 25 out of 35 studies, with all studies
using exclusively International Classification of Diseases, Ninth
Revision and 10th Revision (ICD-9 and ICD-10) codes.9 Additionally, physician billing services provide only limited data,
resulting in variable accuracy parameters (sensitivity, specificity, positive predictive value [PPV] and negative predictive
value [NPV]).9,10 In Canada, HF is often identified through
discharge abstract databases or physician billing data.11,12
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Research
Identifying HF in patients with COPD from primary care
would be beneficial for several reasons. First, electronic medical records (EMRs) systematically collect clinically verified
data regarding the management of individual patients. Second, the availability of additional clinical variables such as
medication history and laboratory data has the potential to
improve case validity. Third, EMRs can characterize
community-dwelling patients with COPD and HF who
would not otherwise be captured from hospital sources.
Only a handful of studies have evaluated an HF case definition using primary care databases and compared it against a
gold standard (i.e., chart review) in an unselected generalizable population.12–14 Of these studies, 2 originated in the
United States; the remaining study compared administrative
and billing data with primary care records in Ontario.12
Finally, to our knowledge, no studies have examined a case
definition of HF in a population with COPD.9,15 The objective of this study was to derive and validate an EMR-based
definition of HF among patients with COPD in primary care
in British Columbia, Canada.

our invitation. Physicians in these practices were recruited
through 1 of the study authors (S.W.). Study participation was
voluntary and no remuneration was provided. Assuming a prevalence for HF of 20% among patients with COPD, a sample
size of 311 patients with COPD was estimated a priori to
achieve a precision of 10% for sensitivity and 5% for specificity.
Nine of the 14 physicians consented to provide their
patient panel for chart review. We used the EMR data
extracted for CPCSSN for each consenting physician. For
each participating physician, a member of our team (A.G.)
identified all patients in the practice with COPD. Patients
were excluded if they did not meet the CPCSSN COPD case
definition (which excludes people < 35 yr).

Sampling

Methods

Author A.G. generated the initial sample of all BC patients in
CPCSSN (n = 102 867 patients) from the 2018-Q4 period.
From this cohort, we selected patients aged 35 years and older
with COPD (based on the validated CPCSSN definition)
from the participating 3 clinics and 9 physicians (n = 625).
From this cohort, a medical resident (R.V.) randomly selected
311 of these patient charts (Figure 1).18

Study design

Chart review and gold standard validation

The study was a cross-sectional retrospective chart review of a
cohort of patients from primary care practices in BC recruited
through the BC node of the Canadian Primary Care Sentinel
Surveillance Network (CPCSSN).

CPCSSN data

Case definitions for multiple chronic diseases, including
COPD, have been validated using the CPCSSN database.16
The COPD case definition has been found to have a sensitivity of 82.1 (95% confidence interval [CI] 76.0–88.2), a specificity of 97.3 (95% CI 96.5–98.0), a PPV of 72.1 (95% CI
65.4–78.8) and an NPV of 98.4 (95% CI 97.9–99.0).16
CPCSSN is a pan-Canadian network of networks that
includes over 1500 primary care providers, covering all provinces except Saskatchewan, using 17 different EMR systems.17
Point-of-care deidentified data are extracted semiannually and
transformed to a standard CPCSSN schema. The architecture
and approach have been described previously, including data
flow, quality, mapping, cleaning and deidentification
(Appendix 1, available at www.cmajopen.ca/content/9/2/E376/
suppl/DC1).17 As of December 2019, CPCSSN includes over
200 million records from almost 2 million patients.
This project used BC-CPCSSN data from the CPCSSN
extraction for the fourth quarter of 2018 (2018-Q4; Sept. 1–
Dec. 31, 2018). The data include information on patients’
sociodemographic characteristics, providers, encounters,
health conditions, risk factors, biometrics, laboratory results,
procedures, medications and referrals.16

Study population

We invited 18 primary care practices that had higher numbers
of patients with COPD than other practices in the BCCPCSSN to participate in this study. Three practices accepted

For the 311 patients included in the study, gold standard validation15 was conducted by R.V., who verified the presence or
absence of HF for each patient by manually reviewing their
entire EMR, between September and October 2019. R.V. was
masked to the diagnosis of HF, as per coding in CPCSSN, in
these charts.
A standardized data abstraction tool was developed in
Qualtrics with input from a cardiologist (N.H.) and family
physicians (R.V., M.G), focused on variables required to
establish a diagnosis of HF (Appendix 2, available at www.
cmajopen.ca/content/9/2/E376/suppl/DC1). The chart
review included a review of unstructured data from clinic
site visits (e.g., echocardiogram reports, free text notes) to
obtain further evidence to confirm HF. The abstracted data
were reviewed initially by the abstractor (R.V.) and subsequently by a cardiologist (N.H.), who ultimately determined
the classification of HF status.
The presence of HF was defined by national19 and international guidelines.20,21 Determination of HF requires the presence of symptoms or signs (or both) of reduced cardiac output or pulmonary or systemic congestion (or both), supported
by objective evidence of structural or functional cardiac
abnormalities (or both), including left ventricular systolic dysfunction (defined by reduced left ventricular ejection fraction
using any imaging modality), diastolic dysfunction (typically
determined by echocardiography), elevated natriuretic peptides
or structural disease (such as severe valve disease).

Case definition

An initial case definition was developed by the Maritime Family
Practice Research Network (MaRNet-FP), on the basis of
ICD-9 and ICD-10 codes or prescribed combinations of medical therapies for HF (Table 1 and Appendix 3, available at
CMAJ OPEN, 9(2)
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Total population of patients in
the BC-CPCSSN database at
the time of sampling (fourth
quarter of 2018)
n = 102 867
Excluded: patients aged
< 35 yr or no COPD
n = 99 920
All patients with COPD in
BC-CPCSSN database
(on the basis of validated case definition)
n = 2947
Excluded: patients from
15 nonparticipating clinics
n = 1969
Patients with COPD from
3 participating clinics
n = 978
Excluded: patients from
5 nonparticipating physicians
n = 353
Eligible patients
n = 625

Research sample
n = 311

Figure 1: Flow diagram showing process of selection of patient charts
from electronic medical records in BC-CPCSSN database. Note: BCCPCSSN = British Columbia node of the Canadian Primary Care Surveillance Sentinel Network, COPD = chronic obstructive pulmonary
disease. Anonymized data from the research sample of patient charts
were reviewed. Case definitions for heart failure were then applied to
this cohort of patients with COPD for derivation and validation analysis.

www.cmajopen.ca/content/9/2/E376/suppl/DC1). BCCPCSSN examined this original definition, then proposed and
tested amendments (Table 1). These modifications were developed for several reasons: to take advantage of the location of
additional data elements within different EMR systems (e.g.,
billing v. encounter diagnoses), expanded ICD-9 codes (based
on review of HF coding literature), addition of HF-specific
medications (e.g., sacubitril-valsartan, ivabradine) and laboratory data (brain natriuretic peptide [BNP] and N-terminal pro
brain natriuretic peptide [NT-proBNP]) (Table 1). Two
thresholds for natriuretic peptides were applied: the recommended low “rule out” threshold (BNP > 50 or NT-proBNP
> 125) and the higher “probable diagnosis” threshold (BNP
> 400 or NT-proBNP > 450 for patients aged < 50 yr, > 900 for
patients aged 50–75 yr and > 1800 for patients aged > 75 yr).18
We compared each of these case definitions in BC-CPCSSN
data against the HF cases identified using the manual chart
E378
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review validation process. Case definitions were plotted by
their sensitivity and PPV.

Statistical analysis

We conducted a descriptive statistical analysis to summarize
our study population’s demographic characteristics (age, sex),
clinic characteristics (urban v. rural) and presence and number
of other chronic conditions (for which there are existing validated definitions in CPCSSN). We calculated sensitivity, specificity, PPV and NPV. We organized the data into 2 × 2 tables
comparing each case definition (case or no case) with the chart
review diagnosis (case or no case). We constructed 95% confidence intervals (CIs) for each validity parameter using the
Clopper–Pearson approach for proportions. Measures above
80% were considered acceptable for epidemiologic research.15
All data were analyzed in SAS version 9.4 (SAS Institute Inc.).

Sensitivity analysis

We performed a sensitivity test because of an unanticipated consequence of the timing of the chart reviews (September–
November 2019) and the dates of data available for developing
and testing the HF definition (up until Dec. 31, 2018). We
hypothesized that some of the cases categorized as false negatives
may have been incident in 2019, and so the algorithms would be
unable to detect an HF diagnosis using data to the end of 2018.
As a sensitivity test, we were able to examine BC-CPCSSN data
to June 30, 2019 (2019-Q2) for a subset of the false-negative
cases, to determine if they would meet the HF definition criteria
with the addition of more up-to-date information.

Ethics approval

This project fell within the scope of CPCSSN’s ongoing quality improvement efforts to improve the operationalization of
the primary care network. Each clinician gave consent to
access and use EMR data for their patients. BC-CPCSSN
received ethics approval from the University of British
Columbia Clinical Research Ethics Board, and this project is
part of its ongoing quality improvement initiatives.

Results
Among 649 patients with COPD from 3 primary care practices (with 14 participating CPCSSN physicians) in BC, 311
(113 [36.3%] men and 198 [63.7%] women) were randomly
selected for full chart abstraction. Seventy-two (23.2%) were
identified in chart review as having HF. The mean age of cases
was 83.6 (standard deviation [SD] 10.9) years, and the mean
age of noncases was 70.0 (SD 12.8) years. Thirty (41.7%) of
the cases were men and 42 (58.3%) were women (Table 2).
Table 3 and Appendix 4 (available at www.cmajopen.ca/
content/9/2/E376/suppl/DC1) detail the accuracy parameters
and counts for all tested case definitions in BC-CPCSSN,
respectively. Overall, there was high sensitivity (range 75%–
94.4%; this excludes definition 2.4 [Table 1]), specificity (range
87%–99.6%) and NPV (range 80.1%–98.1%). PPV had a
greater variability, ranging from 68.4% to 92.9%. The addition
of billing data (definitions 1.1 and 1.2) increased the sensitivity
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Table 1: Case definitions of heart failure used in the British Columbia node of the Canadian Primary Care Sentinel Surveillance
Network
Definition

Conditions that must be met for a patient to be classified as having heart failure

1.1. Nova Scotia MaRNet-FP

• ≥ 1 ICD-9 diagnostic codes in EMR health condition tableor EMR encounter diagnosis table
(Appendix 3) OR
• Combination of ATC codes in the medication table in Appendix 4: (ACE inhibitor or ARB) and
β-blocker and diuretic

1.2. Identical to 1.1 but also searching
billings

• ≥ 1 ICD-9 diagnostic codes in EMR health condition tableor EMR encounter diagnosis table or
EMR billings table (Appendix 3) OR
• Combination of ATC codes in the medication table in Appendix 4: (ACE inhibitor or ARB) and
β-blocker and diuretic

2.1. ICD-9 AND ATC codes
Also revised ICD-9 and ATC codes

• ≥ 1 ICD-9 codes in EMR health condition tableor EMR encounter diagnosis table or EMR
billings table (Appendix 5) AND
• ≥ 1 ATC code for any ACE Inhibitor or any ARB or β-blocker or MRA or hydralazine (medication
table in Appendix 4)

Definition 2.2
Subset of 2.1, diagnoses only

• ≥ 1 ICD-9 codes in EMR health condition tableor EMR encounter diagnosis table or EMR
billings table (Appendix 5)

Definition 2.3
Require 2 codes separated in time

• ≥ 2 ICD-9 codes (Appendix 5) in EMR health condition table, EMR encounter diagnosis table
and EMR billings table combined, separated by ≥ 30 d

Definition 2.4
Specific therapies for heart failure

• ≥ 1 ATC code for sacubitril–valsartan OR
• Combination of ATC codes for (ACE inhibitor or ARB) and β-blocker and MRA (medication table
in Appendix 4)

Definition 2.5

Definition 2.1 OR Definition 2.3 OR Definition 2.4

Definition 3.1

Definition 2.1 with furosemide and without EMR billings table, as follows:
• ≥ 1 ICD-9 codes in EMR health condition tableor EMR encounter diagnosis table
(Appendix 5) AND
• ≥ 1 ATC code for any ACE inhibitor or any ARB or β-blocker or MRA or hydralazine or
furosemide; as listed in the medication table in Appendix 4 OR
• Definition 2.3 without EMR billings table: ≥ 2 ICD-9 codes (Appendix 5) in EMR health condition
tableor EMR encounter diagnosis table, separated by ≥ 30 d OR
• Definition 2.4

Definition 3.2

• Definition 2.1 with furosemide, as follows:
• ≥ 1 ICD-9 codes in EMR health condition tableor EMR encounter diagnosis table or EMR
billings table (Appendix 5) AND
• ≥ 1 ATC code for any ACE inhibitor or any ARB or β-blocker or MRA or hydralazine or
furosemide; as listed in the medication table in Appendix 4 OR
• Definition 2.3 OR
• Definition 2.4

Definition 4.1
Low-threshold BNP

• Definition 1.1 OR
• BNP > 50 or NT-proBNP > 125

Definition 4.2

• Definition 1.2 OR
• BNP > 50 or NT-proBNP > 125

Definition 4.3

• Definition 3.2 OR
• BNP > 50 or NT-proBNP > 125

Definition 5.1
High-threshold BNP

• Definition 1.1 OR
• BNP > 400 or NT-proBNP > 450 for patients aged < 50 yr, > 900 for patients aged 50–75 yr,
>1800 for patients aged > 75 yr

Definition 5.2

• Definition 1.2 OR
• BNP > 400 or NT-proBNP > 450 for patients aged < 50 yr, > 900 for patients aged 50–75 yr,
>1800 for patients aged > 75 yr

Definition 5.3

• Definition 3.2 OR
• BNP > 400 or NT-proBNP > 450 for patients aged < 50 yr, > 900 for patients aged 50–75 yr,
>1800 for patients aged > 75 yr

Note: ACE = angiotensin-converting-enzyme, ARB = angiotensin II receptor blocker, ATC = Anatomical Therapeutic Chemical, BNP = brain natriuretic peptide, EMR =
electronic medical record, ICD-9 = International Classification of Diseases, Ninth Revision, MAR-net = Maritime Family Practice Research Network, MRA =
mineralocorticoid receptor antagonists; NT-proBNP = N-terminal pro brain natriuretic peptide.
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Table 2: Patient characteristics
No. (%) of patients*
Overall
n = 311

Heart
failure
n = 72

No heart
failure
n = 239

Female

198 (63.7)

42 (58.3)

156 (65.3)

Age, mean (SD)

73.2 (13.6)

83.6 (10.9)

70.0 (12.8)

Characteristic

Age, yr
35–< 50

19 (6.1)

0 (0.0)

19 (7.9)

50–75

162 (52.1)

17 (23.6)

145 (60.7)

> 75

130 (41.8)

55 (76.4)

75 (31.4)

A (urban)

130 (41.8)

40 (30.8)

90 (69.2)

B (rural)

117 (37.6)

24 (20.5)

93 (79.5)

C (urban)

64 (20.6)

8 (12.5)

56 (87.5)

Clinic

Other validated CPCSSN chronic conditions
Chronic kidney
disease
Dementia

28 (9.0)

12 (16.7)

16 (6.7)

Interpretation
Overall, most of the case definitions of HF performed well on
data in the BC-CPCSSN database and met our criteria for
acceptable validity parameters. Identification of the best case
definition for a particular investigation depends on the context and intent of the research. High sensitivity improves case
findings as it more completely captures a population, increases
the incidence and prevalence and enhances generalizability.
This is relevant when researchers are attempting to estimate
the burden of HF and to reduce bias when examining health
inequities. High PPV improves identification of true cases of
HF. Case definitions with low sensitivity or NPV will bias
indicators toward the null, whereas those with low specificity
or PPV will bias indicators away from the null.
Nonetheless, there are several different options with both
high PPV and sensitivity that could be used to meet the surveillance and epidemiologic objectives of various stakeholders, as
they allow for more complete case ascertainment. In this context, definition 1.1 would be the recommended case definition
for HF among patients with COPD in the BC-CPCSSN database. Definition 5.1 also performed well, but the abstraction of
and reliance on BNP data may vary among provincial networks. In addition, data on BNPs may not be collected from all
patients with HF in a jurisdiction, creating a biased sample. In
situations in which diagnostic certainty is needed, definition 2.4
is the preferred option as it has the highest specificity and PPV.
Our findings are comparable to those of other studies looking at HF case definitions in EMR databases and networks,
although future validation in practice settings outside of
CPCSSN would bolster the external validity of our results. In
a primary care EMR database in the US, reported sensitivities
for an HF case definition ranged from 41.3% to 78.7% and
PPVs ranged from 68.5% to 86.5%.13 Our case definitions
performed slightly better. In Ontario, the Electronic Medical
Record Administrative data Linked Database (EMRALD)
was used to validate HF case definitions. The optimal case

30 (9.6)

16 (22.2)

14 (5.9)

125 (40.2)

26 (36.1)

99 (41.4)

Diabetes

69 (22.2)

26 (36.1)

43 (18.0)

Hypertension

178 (57.2)

52 (72.2)

126 (52.7)

Osteoarthritis

116 (37.3)

33 (45.8)

83 (34.7)

Depression

No. of comorbid conditions†
1

45 (14.5)

7 (9.7)

38 (15.9)

2

84 (27.0)

11 (15.3)

73 (30.5)

3

94 (30.2)

20 (27.8)

74 (31.0)

≥4

88 (28.3)

34 (47.2)

54 (22.6)

Note: CPCSSN = Canadian Primary Care Sentinel Surveillance Network, SD =
standard deviation.
*Unless indicated otherwise.
†All patients had COPD, so each was classified as having at least 1 comorbid
condition. Conditions were limited to those for which the CPCSSN has validated
algorithms: chronic kidney disease, dementia, depression, diabetes, herpes
zoster, hypertension and osteoarthritis; epilepsy and Parkinson disease were not
included because n < 5 for both conditions.

and NPV but decreased the specificity and PPV. Modification of
the diagnosis codes and drugs included from Appendix 3,
Appendix 4 and Appendix 5 (available at www.cmajopen.ca/
content/9/2/E376/suppl/DC1) resulted in a mild decrease in
performance (definition 1.1 v. definition 2.5), with a small reduction in specificity, sensitivity, PPV and NPV. Further adjustment
in definition 3.2 built upon definition 2.5 with the inclusion of
furosemide and billing data, which resulted in performance comparable to that of definition 1.1, with a much poorer PPV.
Our preferred case definition with optimal accuracy
parameters was definition 1.1. This definition had an excellent
specificity (93.3%, 95% CI 89.4%–96.1%), sensitivity
(90.3%, 95% CI 81.0%–96.0%), PPV (80.2%, 95% CI
69.9%–88.3%) and NPV (97.0%, 95% CI 93.8%–98.8%).
Definitions 4 and 5 included BNP and NT-proBNP laboratory data. Of the 311 patients, 65 (20.9%) patients had BNP
E380
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or NT-proBNP, of which 33 (50.8%) were cases and 32
(49.2%) were noncases from chart review. The inclusion of
either low or high thresholds for BNP did not substantially
alter or improve the accuracy of the case definition.
Definition 2.4 had excellent PPV but extremely low sensitivity. Most case definitions had high sensitivity with varying PPV
as well as a high true-positivity rate with a low false-positivity
rate (Figure 2). Definitions 1.1 and 5.1 had an excellent combination of sensitivity (90.3%, 91.7%) and PPV (80.2%, 79.5%).
For the sensitivity test, data from Jan. 1, 2019, to
June 30, 2019, were examined for 10 patients who were false
negatives for 1 or more of the case definitions. These 10 patients
accounted for 94 (85.5%) of the 110 false negatives across all
case definitions excluding definition 2.4. With the additional
data, 2 of these patients met the criteria for case definitions that
they did not otherwise meet using data to Dec. 31, 2018. This
marginally increased the sensitivity, PPV and NPV for all of the
case definitions except definitions 2.3 and 2.4 (Appendix 6, available at www.cmajopen.ca/content/9/2/E376/suppl/DC1).
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Table 3: Accuracy parameters of case definitions in the British Columbia node of the Canadian Primary Care
Sentinel Surveillance Network
Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

1.1. MaRNet-FP
1 ICD-9 code OR ACEI/ARB + BB +
diuretic

90.3 (81.0–96.0)

93.3 (89.4–96.1)

80.2 (69.9–88.3)

97.0 (93.8–98.8)

1.2. MaRNet-FP
Including billings

93.1 (84.5–97.7)

90.8 (86.4–94.1)

75.3 (65.0–83.8)

97.7 (94.8–99.3)

Definition

Expanding codes and testing iterations and specific combinations (BC group 1)
2.1. One expanded code AND specific
medication

75.0 (63.4–84.5)

92.9 (88.9–95.8)

76.1 (64.5–85.4)

92.5 (88.4–95.5)

2.2. One expanded code only

91.7 (82.7–96.9)

91.2 (86.9–94.5)

75.9 (65.5–84.4)

97.3 (94.4–99.0)

2.3. Two expanded codes

83.3 (72.7–91.1)

94.6 (90.9–97.1)

82.2 (71.5–90.2)

95.0 (91.4–97.4)

2.4. Specific medication only

18.1 (10.0–91.1)

99.6 (97.7,100.0)

92.9 (66.1–99.8)

80.1 (75.1–84.5)

2.5. (2.1. or 2.3. or 2.4)

87.5 (77.6–94.1)

92.1 (87.9–95.1)

76.8 (66.2–85.4)

96.1 (92.7–98.2)

3.1. (2.1. OR furosemide)

80.6 (69.5–88.9)

94.1 (90.4–96.8)

80.6 (69.5–88.9)

94.1 (90.4–96.8)

3.2. (3.1. including billing)

90.3 (81.0–96.0)

91.6 (87.4–94.8)

76.5 (66.0–85.0)

96.9 (93.7–98.7)

Addition of furosemide (BC group 2)

Including low-threshold NP
4.1. (1.1. OR low-threshold NP)

93.1 (84.5–97.7)

88.7 (84.0–92.4)

71.3 (61.0–80.1)

97.7 (94.7–99.2)

4.2. (1.2. OR low-threshold NP)

94.4 (86.4–98.5)

87.0 (82.1–91.0)

68.7 (58.6–77.6)

98.1 (95.2–99.5)

4.3. (3.2. OR low-threshold NP)

93.1 (84.5–97.7)

87.0 (82.1–91.0)

68.4 (58.2–77.4)

97.7 (94.6–99.2)

91.7 (82.7–96.9)

92.9 (88.9–95.8)

79.5 (69.2–87.6)

97.4 (94.4–99.0)

5.2. (1.2 OR high-threshold NP)

93.1 (84.5–97.7)

90.8 (86.4–94.1)

75.3 (65.0–83.8)

97.7 (94.8–99.3)

5.3. (3.2 OR high-threshold NP)

90.3 (81.0–96.0)

91.6 (87.4–94.8)

76.5 (66.0–85.0)

96.9 (93.7–98.7)

Including high-threshold NP
5.1. (1.1 OR high-threshold NP)

Note: ACEI = angiotensin-converting-enzyme inhibitor, ARB = angiotensin II receptor blocker, BB = β-blocker, BC = British Columbia, CI = confidence
interval, MARNet-FP = Maritime Family Practice Research Network, NP = natriuretic peptide, NPV = negative predictive value, PPV = positive
predictive value.

definition included 1 hospital visit or physician billing visit and
a second physician billing visit within 1 year. This yielded a
sensitivity of 84.8%, a specificity of 97% and a PPV 55.7%.12
Our preferred case definition has better sensitivity and PPV
and slightly lower, but still acceptable, specificity. This highlights the utility of the medication codes in CPCSSN compared
with those in EMRALD.12 Lastly, the accuracy parameters of
our HF definition are similar to those of other validated case
definitions in CPCSSN.16
Our findings have several implications for future research.
Our case definition provides a relatively accurate sample of
patients with COPD and HF in the BC-CPCSSN. Subsequent
analyses will provide insights into the contemporary management of these patients in primary care and explore HF classification in terms of reduced versus preserved ejection fraction.
This case definition will permit epidemiologic estimates to be
made of the prevalence of HF in COPD across Canada. Our
findings will support screening for cardiovascular risk and treatment of cardiovascular disease in patients with COPD in primary care. Lastly, this work has instigated the development of a
Primary Care Clinician Advisory Group to guide further projects in BC-CPCSSN. This will enable a collaborative integrated

knowledge translation strategy to be undertaken and will
inform the design of future epidemiologic and intervention
studies, as well as quality improvement initiatives.
There are several strengths to our study. We used an excellent gold standard reference in the form of chart review by
2 medical professionals who used a standardized chart abstraction form that minimized misclassification and instrument
bias. A variety of case definitions were tested with minimal
alterations to the accuracy parameters, providing evidence that
a simple definition is most robust in accurately identifying HF
in patients with COPD. Finally, our case definitions used a
variety of parameters beyond billing codes, including medication codes and laboratory data.

Limitations

This work is not without limitations. The chart validation
occurred in 1 province, where clinicians may record data
more similarly than those in another province. Data abstraction was performed by a single person (a public health and
family medicine resident), and this work was reviewed by a
cardiologist. The case definition may perform differently with
other clinicians and in other settings.
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Figure 2: True positivity rate versus false positivity rate (A) and sensitivity versus positive predictive value (B) for case definitions of heart failure
in a population of patients with chronic obstructive pulmonary disease. The figure depicts all case definitions except definition 2.4. The arrows
indicate that the 2 definitions have the same values on both axes. Note: BC-1 = definitions with expanding codes and testing iterations and specific combinations, BC-2 = definitions with the addition of furosemide, high NP = definitions including high-threshold natriuretic peptide, low NP =
definitions including low-threshold natriuretic peptide, NS = original Nova Scotia Maritime Family Practice Research Network definitions. See
Table 1 for details on the definitions.
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Data were abstracted from various EMR systems; there are
differences in how EMRs record data (e.g., ICD-9 codes may
be recorded in the health condition and encounter tables or
the billing table). The data in this study are for patients with
COPD from 3 clinics and may not be representative of all
patients with COPD and HF in BC. In addition, the 9 clin
icians who participated in the study may have different practices than other clinicians.
Chart reviews were performed in late 2019; data available
for developing and testing the HF definition were to Dec. 31,
2018. Thus, patients with newly diagnosed HF in 2019 might
not have been detectable in the data available for algorithm
development (i.e., the algorithms would not have been able to
see the relevant data from 2019). Our sensitivity test found
marginal improvement in validity parameters with the addition
of a subset of 2019 data; however, in future studies there should
be better correspondence between the dates of the data used to
develop the case definitions and the dates of the chart review.
Lastly, use of our case definitions outside of this selected
patient population with COPD is not warranted. Further validation of our preferred case definition in the unselected HF
population in CPCSSN is underway.

Conclusion

Our study provides valid case definitions for HF in patients
with COPD in the pan-Canadian CPCSSN database. Several
different case definitions were constructed and tested with
excellent performance in the BC-CPCSSN database. With further external validation of this algorithm, the findings of this
study will support ongoing research activities, chronic disease
surveillance, and quality improvement initiatives in primary
care for HF among people with COPD across Canada.
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