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Abstract

Objective: To develop algorithms to identify patients with advanced heart failure (HF) that can be applied
to administrative data.
Patients and Methods: In a population-based cohort of all residents of Olmsted County, Minnesota, with
greater than or equal to 1 HF billing code 2007-2017 (n¼8657), we identified all patients with advanced
HF (n¼847) by applying the gold standard European Society of Cardiology advanced HF criteria via
manual medical review by an HF cardiologist. The advanced HF index date was the date the patient first
met all European Society of Cardiology criteria. We subsequently developed candidate algorithms to
identify advanced HF using administrative data (billing codes and prescriptions relevant to HF or
comorbidities that affect HF outcomes), applied them to the HF cohort, and assessed their ability to
identify patients with advanced HF on or after their advanced HF index date.
Results: A single hospitalization for HF or ventricular arrhythmias identified all patients with advanced
HF (sensitivity, 100%); however, the positive predictive value (PPV) was low (36.4%). More stringent
definitions, including additional hospitalizations and/or other signs of advanced HF (hyponatremia, acute
kidney injury, hypotension, or high-dose diuretic use), decreased the sensitivity but improved the
specificity and PPV. For example, 2 hospitalizations plus 1 sign of advanced HF had a sensitivity of 72.7%,
specificity of 89.8%, and PPV of 60.5%. Negative predictive values were high for all algorithms evaluated.
Conclusion: Algorithms using administrative data can identify patients with advanced HF with reasonable
performance.
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M any patients with heart failure (HF)
will progress to having advanced
HF, which is characterized by refrac-

tory severe symptoms of HF.1,2 Advanced HF is
important clinically because patients are at high
risk of adverse outcomes and may be eligible
for unique treatment options (eg, mechanical
circulatory support, cardiac transplantation,
palliative inotropes) that can improve the qual-
ity of life and survival. Despite the profound
impact that advanced HF has on afflicted pa-
tients, our understanding of the population
impact and characteristics of patients with
advanced HF has been limited in large part
because there is no one single criterion for
advanced HF. Case definitions have historically
been quite complex and challenging to be
applied to populations.3 Existing data have
largely reflected either referral cohorts or clin-
ical trial populations,4-6 which experience
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referral and selection bias and comprise primar-
ily younger individuals with very low ejection
fraction (EF). There have been no prior studies
of advanced HF using administrative data
because, until now, there were no validated al-
gorithms to identify patients with advanced
HF.

To tackle this problem, we recently took
steps to be able to identify patients with
advanced HF more easily. First, we leveraged
a population-based cohort of all residents of
Olmsted County, Minnesota, with HF from
2007 to 2017 and used a multistep process
(including electronic health record manual re-
view) to apply the gold standard European So-
ciety of Cardiology (ESC) advanced HF
criteria.7 This resulted in a comprehensive,
population-based cohort of individuals with
advanced HF, and we have described their
characteristics and outcomes in detail.8
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IDENTIFYING ADVANCED HEART FAILURE
However, this process was not facile or easily
reproducible. Our next step was to develop al-
gorithms that could be more easily applied but
still accurately identify patients with advanced
HF so that we could begin to better under-
stand and treat this population. In this article,
we describe our efforts to develop advanced
HF algorithms that can be applied to adminis-
trative data.

PATIENTS AND METHODS
This was a population-based retrospective
cohort study conducted in Olmsted County,
Minnesota, using the resources of the Roches-
ter Epidemiology Project (REP).9 The REP
comprises all health care for individuals living
in the community and enables comprehensive
longitudinal assessment of health care utiliza-
tion and outcomes for the local population.
Patients without Minnesota Research Authori-
zation were excluded from the analysis (1.2%
of potential patients excluded). The study was
approved by the Mayo Clinic and Olmsted
Medical Center Institutional Review Boards.

Development of Candidate Algorithms to
Identify Patients With Advanced HF
The goal of this project was to develop algo-
rithms to identify patients with advanced HF
that could be applied to administrative data
(eg, data that comprise billing codes and phar-
macy records). The gold standard definition
for advanced HF is from the ESC.7 However,
the ESC criteria (described under “Validation
Cohort” section) cannot be used to develop al-
gorithms that can be applied to administrative
data, as the definition relies on data that are
not available in administrative data (and, for
which, there are no reasonable administrative
surrogates), including echocardiographic
data, exercise-related data, and symptoms.
Therefore, we used the table “findings useful
to identify patients with advanced HF” from
the 2013 American College of Cardiology
Foundation/American Heart Association HF
guidelines to select factors that could be found
in administrative data and may be predictive
of advanced HF.2 This included hospitaliza-
tions or emergency department (ED) visits
for HF or ventricular arrhythmia (VA) and 5
other signs of advanced HF such as hyponatre-
mia, hypotension, acute kidney injury/dialysis,
use of high-dose loop diuretics, and use of
Mayo Clin Proc Inn Qual Out n April 2022;6(2):148-155 n https://d
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metolazone. All algorithms were defined using
International Classification of Diseases, Ninth
Revision, or International Statistical Classifica-
tion of Diseases, Tenth Revision, billing codes
and/or prescription medication data
(Table 1).10,11 Using this framework, candi-
date algorithms were constructed, which
comprised 1 or more hospitalizations/ED visits
for HF/VA combined with additional sign(s) of
advanced HF. The 4 base algorithms were 1
hospitalization for HF/VA, 1 hospitalization
or ED visit for HF/VA, 2 hospitalizations for
HF/VA in a year, and 2 hospitalizations or
ED visits for HF/VA in a year. To each of these
base models, the requirement for 1, 2, 3, or 4
of any of the additional signs of advanced HF
in a year was added, resulting in 20 total
algorithms.

Validation Cohort
Using the resources of the REP, we identified
all adult residents of Olmsted County with at
least 1 inpatient or outpatient code for HF
(ICD-9 428.X, ICD-10 I50.X) from 2007 to
2017. The date of cohort entry was the date
of the first code in the study period. We
focused on developing and assessing the per-
formance of our advanced HF algorithms in
this enriched group with possible HF, rather
than all adults in the community, so that the
cohort size was manageable. These codes
have been found to be sensitive for identifying
individuals with HF12 and, therefore, would
not hinder our evaluation of algorithms to
identify the subset of patients in whom HF is
advanced. We recognized, however, that nar-
rowing our population to those with possible
HF in this way does decrease the potential per-
formance of the algorithms (in particular,
lowering specificity), as all those without an
HF code in the community are not included
in the denominator.

In this cohort of patients with a diagnostic
code for HF, the patients with advanced HF
were known, as they had been previously
identified by our group using a rigorous pro-
cess that included manual review of electronic
health record data. The process used to iden-
tify patients with advanced HF has been previ-
ously described8; in brief, we applied the
ESC’s advanced HF case definition.7 The
ESC case definition requires all of the
following within a 12-month period: (1)
oi.org/10.1016/j.mayocpiqo.2022.02.001 149
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TABLE 1. Algorithm Definitions

Criterion Definition

Hospitalization for HF/VA10 or advanced therapies
(left ventricular assist device, heart transplant)

ICD-9 or ICD-10 codes in the primary (first) position
HF/VA: 428.X, 402.X1, 404.X1, 404.X3, 427.1, 427.4X, 427.5; I11.0, I13.0, I13.2,
I50, I47.2, I49.01, I49.02, I46.2, I46.9

Left ventricular assist device: 37.66, PCS 02HA0QZ, 02HA3QZ, 02HA4QZ
Heart transplant: 37.51, PCS 02YA0Z0

ED visits for VA10 ICD-9 or ICD-10 codes in the first position: 427.1, 427.4X, 472.5, I47.2, I49.01,
I49.02, I46.2, I46.2, I46.9

ED visits for HF11 ICD-9 or ICD-10 codes in the first position: 428.X, 402.X1, 404.X1, 404.X3, I11.0,
I13.0, I13.2, I50

Abovementioned codes in the second or third position if the first position code
was: 276.6, 514, 518.4, 518.81, 518.83, 518.84, 786, 782.3, E8770, E8779, J182,
J811, J810, J9600, J9690, J9610, J9620, R069, R0601, R0602, R0600, R0609,
R600, R601, R609

Hyponatremia ICD-9 276.1 or ICD-10 E87.1

Hypotension ICD-9 458 or ICD-10 I95

Acute kidney injury or dialysis ICD-9 584.X, ICD-10 N17.X
ICD-9 403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93,
585.5, 585.6, 792.5, V45.1, V45.11, V45.12, V56.X; ICD-10 I12.0, I13.11, I13.2,
I95.2, N185, N186, R88.0, T81.502X, T81.512X, T81.522X, T81.532X,
T81.592X, T85.611X, T85.621X, T85.631X, T85.651X, T85.71X, Y84.1, Z49,
Z49.0, Z49.01, Z49.02, Z49.3, Z49.31, Z49.32, Z91.15, Z99.2; or procedure
codes ICD-9 39.95, ICD-10 5A1D70Z, 5A1D80Z, 5A1D90Z

High-dose loop diuretic use Prescription order of total daily dose of at least 80 mg of furosemide, 40 mg of
torsemide, or 2 mg of bumetanide

Metolazone use Prescription order of any dose of metolazone

ED, emergency department; HF, heart failure; ICD-10, International Statistical Classification of Diseases, Tenth Revision; ICD-9, International Classification of Diseases, Ninth
Revision; VA, ventricular arrhythmia.
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hospitalizations or ED visits for HF/VA; (2) 1
or more echocardiographic signs of severe
HF, including severely reduced EF, signifi-
cantly reduced right ventricular function, se-
vere inoperable valvular heart disease or
congenital heart disease, or significant diastolic
dysfunction; (3) severe exercise limitations;
and (4) persistent New York Heart Association
class III (advanced) or IV symptoms despite
attempts to optimize medical, surgical, and
device-based therapy. The first hospitaliza-
tion/ED event in which the patient met all
criteria was used as the advanced HF index
(diagnosis) date.

For this cohort, data regarding all billing
codes, provider-ordered and documented
medications, and mortality status were ob-
tained from the electronic health record. Mor-
tality was captured in the REP using deaths
noted in clinical care, local death notices,
and the State of Minnesota death files that
are interrogated quarterly.
Mayo Clin Proc Inn Qual Out n April 2022
Application of the Algorithms to the Cohort
Each of the 20 candidate algorithms was
applied to the cohort. For algorithms that
required 2 events (hospitalizations or hospital-
izations/ED visits) within 12 months, we
anchored off a hospitalization or ED event
and then searched �12 months to see whether
another qualifying hospitalization or ED event
occurred. A similar approach was taken to
investigate signs and symptoms of advanced
HF (�12 months of anchoring hospitalization
or ED event date). In patients with multiple
qualifying events, each event was considered
separately in evaluating algorithm performance,
such that these patients had multiple algorithm
performance values; this approach was
accounted for in the analysis as described
below. Some patients had advanced HF (as
defined by the abovementioned ESC criteria)
only for a part of the study period. When eval-
uating algorithm performance, each of the hos-
pitalization/ED visits was considered separately,
;6(2):148-155 n https://doi.org/10.1016/j.mayocpiqo.2022.02.001
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IDENTIFYING ADVANCED HEART FAILURE
and the patient was considered to have
advanced HF only on or after their advanced
HF index date. For example, if a patient had
hospitalizations for HF in January 2010,
February 2011, and March 2012 and the pa-
tient developed advanced HF in March 2012
(according to the ESC criteria), when evalu-
ating the accuracy of the algorithm requiring
a single hospitalization for HF/VA, each of
those episodes (January 2010, February 2011,
and March 2012) would be considered sepa-
rately. The algorithm would identify them as
advanced HF for all 3 episodes but would be
accurate only for the March 2012 episode; the
patient would not be considered to have
advanced HF before that time.

Assessment of Algorithm Performance
We assessed the performance of each of the 20
candidate algorithms by calculating the sensi-
tivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV).
The test outcome (positive or negative) was
determined by whether the algorithm identified
the patient as having advanced HF. The disease
outcome (advanced HF or no advanced HF)
was determined by the known advanced HF
status defined by manual application of the
ESC criteria as described above. Some patients
had multiple qualifying hospitalizations/ED
events during the study period and, therefore,
were evaluated more than once by the algo-
rithm. A naïve approach treating each quali-
fying hospitalization/ED visit as an
independent observation may yield CIs for pre-
diction metrics that are too narrow. We
accounted for the correlation of outcomes
among repeated measures using a cluster boot-
strap.13-15 We performed 1000 bootstrap repli-
cates with replacement to calculate the metrics
reported. Ultimately, the large sample size in
the current study yielded narrow CIs. We eval-
uated the performance of key algorithms strat-
ified by age (<65 years vs �65 years), gender
(men vs women), and race/ethnicity (non-His-
panic White vs Hispanic and/or non-White pa-
tients). All analyses were performed using SAS
version 9.4 (SAS Institute Inc).

RESULTS
A total of 8657 residents of Olmsted County
had at least 1 HF code during the study period
and were included in the cohort. Of those
Mayo Clin Proc Inn Qual Out n April 2022;6(2):148-155 n https://d
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residents, 847 were determined to have
advanced HF on the basis of the gold standard
ESC criteria and manual chart review. At the
time of cohort entry, patients who had or
developed advanced HF in the study period
were older (mean age, 75.4 vs 73.9 years)
and more often men (n¼466 [55.0%] vs
n¼3882 [49.7%], Table 2). Most of the total
cohort was White (n¼7887 [91.1%]) and
non-Hispanic (n¼8459 [97.7%]). There were
4941 hospitalizations and 860 ED visits that
did not result in hospitalization for the cohort
during the study period.

The sensitivity, specificity, PPV, and NPV of
each of the advanced HF algorithms are shown
in Table 3 and the Figure. Given that at least 1
hospitalization for HF/VA is included in the
ESC criteria for advanced HF,7 the algorithm
that required a single hospitalization for HF/
VA identified all patients with advanced HF
(sensitivity, 100%; 95% CI, 100%-100%);
however, the specificity (66%; 95% CI,
65.9%-66.0%) and PPV (36.4%; 95% CI,
36.3%-36.5%) were low. Expanding the acute
event to be either a hospitalization or an ED
visit lowered the specificity (59.4%; 95% CI,
59.4%-59.5%) and PPV (33.1%; 95% CI,
33.1%-33.2%) with the same sensitivity.
Requiring 2 hospitalizations in 1 year instead
of one decreased the sensitivity (74.1%; 95%
CI, 74.0%-74.1%) but improved the specificity
(89.3%; 95% CI, 89.2%-89.3%) and PPV
(59.7%; 95% CI, 59.6%-59.8%). Similarly,
requiring patients to have 1 or more signs of
advanced HF (hyponatremia, acute kidney
injury, hypotension, metolazone use, or high-
dose loop diuretic use) in addition to 1 or 2
hospitalizations for HF/VAs decreased the
sensitivity but increased the specificity and
PPV. The effect on sensitivity, specificity, and
PPV increased as more signs of advanced HF
were required (ie, 1, 2, 3, or 4). Because
advanced HF was relatively uncommon, NPV
was high (84.5% or greater) for all algorithms.
Algorithm performance was overall similar
when stratified by age (<65 years vs �65
years), gender (men vs women), and race/
ethnicity (non-Hispanic White vs other racial/
ethnic groups), with slightly higher sensitivity
and lower specificity in those aged <65 years,
men, and Hispanic and/or non-White individ-
uals (Supplemental Table, available online at
http://www.mcpiqojournal.org).
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TABLE 2. Patient Characteristics at Cohort Entry

Characteristic
Total population

(n¼8657)
Had advanced

heart failurea (n¼847)
Did not have advanced
heart failure (n¼7810)

Age (y), mean � SD 74.1�15.0 75.4�14.2 73.9�15.0

Female, n (%) 4309 (49.8) 381 (45.0) 3928 (50.3)

White, n (%) 7887 (91.1) 739 (87.2) 7148 (91.5)

Hispanic, n (%) 198 (2.3) 13 (1.5) 185 (2.4)

Renal disease, n (%) 1673 (19.3) 250 (29.5) 1423 (18.2)

Chronic obstructive pulmonary
disease, n (%)

2540 (29.3) 324 (38.3) 2216 (28.4)

Diabetes, n (%) 2644 (30.5) 330 (39.0) 2314 (29.6)

Peripheral vascular disease, n (%) 2250 (26.0) 276 (32.6) 1974 (25.3)

Cerebrovascular disease, n (%) 1189 (13.7) 147 (17.4) 1042 (13.3)

Charlson comorbidity index, median
(interquartile range)

3 (2, 4) 3 (2, 5) 3 (1, 4)

Body mass index (kg/m2), median
(interquartile range)

28.6 (24.5, 33.8) 29.0 (24.7, 34.2) 28.5 (24.5, 33.8)

aHad advanced heart failure in the study period but not necessarily at cohort entry.
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DISCUSSION
In this study, we found that algorithms relying
on administrative data, including billing codes
and prescription medication order data, iden-
tified patients with advanced HF with reason-
able performance. Although a single
hospitalization for HF or VA was highly sensi-
tive in identifying patients with advanced HF,
it had low specificity and PPV; requiring mul-
tiple hospitalizations and/or additional signs of
advanced HF within a year increased the spec-
ificity and PPV with some loss of sensitivity.

Algorithms are widely applied to adminis-
trative data to identify patients with chronic
conditions such as HF. Algorithms that can
be applied to administrative data are different
from those that have been developed to predict
mortality in patients with HF, such as the Seat-
tle Heart Failure Model16 and Get with the
Guidelines Heart Failure Risk Score,17 as these
types of algorithms include variables such as vi-
tal signs, laboratories, and EF, which are not
available in administrative data. Furthermore,
they were not developed or have ever been vali-
dated to identify patients with advanced HF,
although comparing the performance of these
types of algorithms to identify patients with
advanced HF may be of interest for a future
analysis that leverages electronic health record
data. Application of algorithms to administra-
tive data enables us to study a larger, and
Mayo Clin Proc Inn Qual Out n April 2022;6(2):148-155 n https://doi.org/1
sometimes more repre-
sentative, population
than would be possible
relying on labor-
intensive cohort study
and registry data.
Advanced HF has
been quite challenging
to study at the popula-
tion level, given the
complexity of its defi-
nition(s). The gold
standard ESC defini-
tion that we applied
required manual re-
view of electronic
health record data by
a clinician to identify
patients with advanced
HF.7,8 Although we
recently described
advanced HF in a
population-based community cohort, it is
imperative to gain a more comprehensive un-
derstanding of patients with advanced HF and
their outcomes across broader populations.
Development of electronic algorithms can
help facilitate that goal.

We evaluated the performance of the 20
algorithms that were developed to rely on
administrative data. We found that the
simplest algorithm, comprising a single hospi-
talization for HF or VA, was highly sensitive at
identifying patients with advanced HF
(100%); however, the specificity and PPV
(36%) were fairly low. This algorithm had
been used, for example, in the Atherosclerosis
Risk in Communities cohort study to describe
a population with more advanced HF, which
they called “stage C2,” and examine their out-
comes.18 Our findings suggest that this algo-
rithm can be useful as an initial screening
tool when one might not want to miss
anybody with advanced HF and/or plans to
apply secondary screening criteria such as
manual record review to confirm the advanced
HF status. This algorithm may be useful, for
example, to identify potential participants for
advanced HF studies and clinical trials in
which secondary screening is implemented
before patients are enrolled. Although ED
visits for HF/VA have been recommended as
a risk marker for advanced HF,7 we found
0.1016/j.mayocpiqo.2022.02.001
www.mcpiqojournal.org
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TABLE 3. Algorithm Performance in Identifying Patients With Advanced Heart Failurea

Algorithm Sensitivity Specificity

Positive
predictive
value

Negative
predictive
value

1 hospitalization HF/VA 100% 66.0% 36.4% 100%

1 hospitalization HF/VA þ 1 signb 97.3% 69.0% 37.9% 99.2%

1 hospitalization HF/VA þ 2 signsb 81.5% 76.7% 40.5% 95.5%

1 hospitalization HF/VA þ 3 signsb 55.3% 87.9% 47.1% 91.0%

1 hospitalization HF/VA þ 4 signsb 20.6% 97.4% 61.1% 86.3%

1 hospitalization or ED visit HF/VA 100% 59.4% 33.1% 100%

1 hospitalization or ED visit HF/VA þ 1 signb 97.3% 63.5% 34.8% 99.1%

1 hospitalization or ED visit HF/VA þ 2 signsb 81.7% 72.7% 37.5% 95.2%

1 hospitalization or ED visit HF/VA þ 3 signsb 55.8% 85.9% 44.3% 90.7%

1 hospitalization or ED visit HF/VA þ 4 signsb 21.1% 97.0% 58.5% 86.0%

2 hospitalizations HF/VAc 74.1% 89.3% 59.7% 94.1%

2 hospitalizations HF/VAc þ 1 signb 72.7% 89.8% 60.5% 93.9%

2 hospitalizations HF/VAc þ 2 signsb 63.0% 91.7% 62.0% 92.0%

2 hospitalizations HF/VAc þ 3 signsb 44.5% 94.8% 64.6% 88.8%

2 hospitalizations HF/VAc þ 4 signsb 17.8% 98.7% 75.1% 84.9%

2 hospitalizations or ED visit HF/VAc 78.1% 85.5% 54.9% 94.5%

2 hospitalizations or ED visit HF/VAc þ 1 signb 76.8% 86.5% 56.2% 94.2%

2 hospitalizations or ED visit HF/VAc þ 2 signsb 66.8% 89.1% 58.2% 92.2%

2 hospitalizations or ED visit HF/VAc þ 3 signsb 47.3% 93.4% 61.8% 88.7%

2 hospitalizations or ED visit HF/VAc þ 4 signsb 18.9% 98.4% 72.7% 84.3%

aED, emergency department; HF, heart failure; VA, ventricular arrhythmia.
bSigns of advanced heart failure included hyponatremia, acute kidney injury, hypotension, high-dose loop diuretic use, and metolazone use.
cBoth events had to occur within a 12-month period.
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(74%). Requiring additional signs of advanced
HF such as high-dose diuretic use or acute kid-
ney injury within a 12-month period in addition
to hospitalizations resulted in further modest in-
cremental improvements in specificity and PPV,
although lowering sensitivity further. On the ba-
sis of these data, it would be reasonable to use a
definition of either 2 hospitalizations for HF/VA
in a year or 2 hospitalizations for HF/VA plus 1
additional sign of advancedHF in a year to iden-
tify patients with advanced HF in administrative
data in most circumstances in which higher PPV
is desirable. These 2 algorithms had high speci-
ficity (89%-90%) and reasonable PPV (60%-
61%), while still maintaining adequate sensi-
tivity (73%-74%). Because advanced HF is rela-
tively rare in the population, all algorithms
evaluated had very high NPV. These algorithms
may be useful to identify patients with advanced
HF for comparative effectiveness research and
other types of secondary data analysis using
administrative data in which secondary verifica-
tion of advanced HF status by manual chart re-
view may be more challenging. Although the
average age of our community cohort was 74
years, the algorithms had slightly higher sensi-
tivity and PPV in those aged less than 65 years
than in those aged 65 years or older. These find-
ings suggest that these algorithms could poten-
tially be useful to identify younger individuals
with advanced HF who are more likely to be
eligible for advanced HF therapies.

There are some limitations to acknowledge
to aid in the interpretation of these data. First,
we developed algorithms guided by clinical
findings that are known to be useful in identi-
fying patients with advanced HF, and we
restricted to those elements that are available
in administrative data. It is possible that algo-
rithms that incorporate a broader range of fac-
tors, such as those available in electronic health
record data, incorporate natural language pro-
cessing of text, and/or leverage supervised or
unsupervised machine learning techniques
may be more accurate at identifying patients
with advanced HF; our investigative team
would encourage developing such algorithms
in the future. However, the simple algorithms
validated here have the advantages of being
available in numerous settings in the health
care system (electronic health record data, in-
surance claims data), standardized, and easily
applied. Second, we validated these algorithms
Mayo Clin Proc Inn Qual Out n April 2022
in a population-based community cohort in
which all patients with advanced HF were
known; the population characteristics of this
cohort are like those of living in Minnesota
and the Upper Midwest United States.19 It is
possible that the algorithms will perform differ-
ently in other communities. Although our find-
ings suggest similar algorithm performance in
Hispanic and non-White individuals compared
with non-Hispanic White individuals, it would
be of interest to evaluate the performance of
these algorithms in communities of varying
racial and ethnic diversity. Overall, we would
encourage future studies to validate the perfor-
mance of these algorithms in other populations.
CONCLUSION
In conclusion, we developed algorithms that
can be used to identify patients with advanced
HF in administrative data with reasonable per-
formance. We believe that the application of
these algorithms will enhance our knowledge
of the population with advanced HF and facil-
itate the development of interventions to
improve care and outcomes.
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