
METHODS (Continued)
Query development and validation:
• We used Linguamatics I2E software 

(v5.4.1, Cambridge, UK) for all NLP 
queries.

• All symptoms, signs, and chest x-ray 
findings were searched through NLP of 
progress notes and radiology notes.

• Demographics, laboratory values, vital 
signs, and administered therapies were 
ascertained through EHR databases.

• NLP queries and ontologies were 
developed using the labeled  derivation 
cohort, and performance was reported on 
the validation cohort compared to physician 
adjudication.

2018 Hospitalizations: We applied the query 
to all hospitalizations in 2018 with a primary 
or secondary discharge diagnosis of heart 
failure. 

RESULTS
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BACKGROUND
Administrative codes have limited accuracy in 
identifying hospitalizations for worsening heart 
failure (WHF).

OBJECTIVES
We used a rule-based natural language 
processing (NLP) algorithm along with structured 
electronic health record (EHR) data to 
systematically detect primary admissions for 
WHF.

METHODS
Source population: The Kaiser Permanente 
Northern California (KPNC) integrated health 
care delivery system.

Derivation cohort: Random sample of 50 
hospitalizations with a primary discharge 
diagnosis of heart failure between 2016-2018.

Validation cohort: Random sample of 150 
hospitalizations with ~50 primary discharge 
diagnoses of HF and ~100 secondary discharge 
diagnoses of HF. Each case was independently 
adjudicated by two physicians, with any 
discrepancies reviewed by a third physician (i.e., 
board-certified cardiologist).

Operational definition: An episode of WHF was 
defined as meeting the following diagnostic 
criteria within the first 72 hours of admission:
• ≥1 symptom
• ≥2 objective findings, including ≥1 sign
• ≥1 change in therapy 

CONCLUSIONS
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• A structured algorithm based on 
NLP supplemented with EHR 
data elements can accurately 
identify hospitalizations for WHF.

• Hospitalizations with primary 
discharge diagnoses for HF are 
specific for inpatient WHF.

• One-third of hospitalizations with 
a secondary diagnostic code 
for HF were reclassified as 
being a probable episode of WHF.

• Based on these preliminary 
findings, the true burden of 
inpatient WHF on the U.S. health 
system may be two-fold higher
than previously thought.

• There are limited data on the 
epidemiology, clinical profile, 
treatment patterns, and/or 
outcomes of outpatient WHF.

Symptoms Signs Objective findings Changes in therapy
Dyspnea/shortness of breath Lower extremity edema Tachycardia (HR >100 bpm) ≥2 doses of IV diuretic

Orthopnea
Pulmonary 
rales/wheezing

Hypoxemia (O2 Saturation 
<92%)

Hemodialysis, peritoneal dialysis, or 
ultrafiltration

Paroxysmal nocturnal 
dyspnea

Jugular venous 
distension BNP ≥100 ng/L

Cough S3 gallop NT-proBNP ≥300 ng/L
Fatigue Hepatomegaly Pulmonary edema on CXR
Recent weight gain/bloating Abdominal swelling Pleural effusion on CXR
Tachypnea/respiratory effort Cardiomegaly on CXR

Table 2. Performance of worsening heart failure 
algorithm in the validation cohort compared to 
physician adjudication by discharge diagnosis.

Characteristic
Validation cohort

(N=150)

2018 
Hospitalizations

(N=27,831)
Age, years

Mean (SD) 76 (12) 76 (14)
Median (IQR) 79 (68-85) 78 (67-86)
Range 41-99 18-105

Women, n (%) 63 (42) 13,446 (49)
Self-reported race, n (%)

White 94 (63) 17,438 (63)
Black 21 (14) 3,881 (14)
Asian/Pacific Islander 12 (17) 3,118 (11)
Other 9 (6) 3,394 (12)

Ejection fraction, %
Mean (SD) 50 (16) 51 (15)
Median (IQR) 55 (40-63) 55 (40-62)
Range 10-80 8-94
Missing, n (%) 8 (5) 15,550 (56)

Ejection fraction <40%, n (%) 41 (29) 3,476 (28)
Primary HF diagnosis, n (%) 52 (35) 7,231 (26)

Table 3. Characteristics of hospitalizations for heart failure.

WHF algorithm

Positive Negative

Primary diagnosis 6,746 (93.3) 485 (6.7) 7,231

Secondary diagnosis 6,891 (33.5) 13,709 (66.5) 20,600

Table 4. Worsening heart failure adjudication by structured 
algorithm compared with HF discharge diagnosis position, for 
all 2018 hospitalizations. 

Abbreviations: WHF = worsening heart failure; HR = heart rate; bpm = beats per minute; BNP = b-type natriuretic peptide; NT-proBNP = amino 
terminal proBNP; CXR = chest x-ray; IV = intravenous

Abbreviations: SD = standard deviation; IQR = Interquartile range

• Competing conditions among 
hospitalizations with secondary 
discharge diagnoses for HF may 
cause many of the same signs 
and symptoms as WHF, leading to 
a potentially inflated positive 
predictive value among secondary 
admissions.

• We plan to further validate this 
algorithm in a sample of 
secondary discharge diagnoses to 
further refine the definition and 
accurately capture more 
ambiguous cases.

Performance metric

Primary 
diagnoses

(N=52)

Secondary 
diagnoses

(N=98)
Adjudicated positives, n (%) 50 (96.2) 27 (27.6)
Accuracy 98.1% 99.0%
Sensitivity 100.0% 100.0%
Specificity 66.6% 98.6%
PPV 98.1% 96.3%
NPV 100.0% 100.0%

LIMITATIONS

• Our validation sample was limited to 150 
cases, which may not be enough to capture 
the full range of WHF presentation.

• Although our NLP queries and EHR elements 
matched our operational definition well, we 
did not evaluate how well this definition 
matches expert medical opinion on WHF. 

Table 1. Criteria assessed for worsening heart failure definition.
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