
This article is originally published by ProBiologist LLC., and is freely available at probiologists.com

Int J Cardiol Cardiovasc Dis 2021; 1(1):31-40. 31

                 Research Article

Lavine et al, Int J Cardiol Cardiovasc Dis 
2021; 1(1):31-40.International Journal of Cardiology and 

Cardiovascular Diseases

1Quillen College of Medicine, East 
Tennessee State University, Tennessee, 
USA

2Washington University of St. Louis, 660 
South Euclid Avenue, St. Louis, Missouri, 
USA

*Author for correspondence: 
Email: stevenjlavine@wustl.edu

Received date:  October 03, 2020
Accepted date: February 22, 2021

Copyright: © 2021 Lavine SJ, et al. This 
is an open-access article distributed 
under the terms of the Creative 
Commons Attribution License, which 
permits unrestricted use, distribution, 
and reproduction in any medium, 
provided the original author and 
source are credited.

Retrospective evaluation of heart failure 
verification and relation to readmission and 
all-cause mortality in a community-based 
cohort
Steven J. Lavine1,2*, Ghulam Murtaza1, Danielle Kelvas1, Zia Ur Rahman1, Timir K Paul1

Abstract
Background: As previous studies have demonstrated that heart failure (HF) verification is inconsistent, the 
use of administrative databases to predict heart failure (HF) readmission or all-cause mortality (ACM) requires 
HF verification. The Framingham Criteria for HF (CHF1 score>4) and European HF guidelines are algorithms 
that assesses symptoms, physical examination, radiologic findings, echocardiography and brain natriuretic 
peptide (BNP). We hypothesized that CHF1 score>4 or BNP>100 pg/ml (verifiable HF) will not occur in all 
patients but if present will predict HF readmission and ACM. 

Methods: We queried the electronic medical record from a community-based practice for a HF diagnosis 
between 2008-2016. We included patients with >3 months follow-up with interpretable Doppler 
echocardiograms. We recorded demographics, Doppler-echo variables, CHF score>4, BNP, HF readmission, 
and ACM with follow-up up to 2113 days. 

Results: HF phenotypes included preserved ejection fraction (271 patients), mid-range ejection fraction (224 
patients), and reduced ejection fraction (144 patients). Verifiable HF varied from 56.9%-60.3%. Patients with 
verifiable HF had increased ACM for individual phenotypes (HR=2.22 to 3.40, p=0.0009 to <0.0001). Similarly, 
verifiable HF resulted in increased HF readmission during follow-up for individual phenotypes (HR=1.60-3.50, 
p=0.0158 to <0.0001). For patients previously readmitted, ACM was increased in patients with HFpEF, HFrEF, 
and all phenotypes combined despite CHF1 scores<4 and BNP<100 pg/ml. 

Conclusions: Verifiable HF predicted ACM and HF readmission in all individual phenotypes. HF readmission 
also predicted subsequent ACM despite CHF1 scores<4 and BNP<100 pg/ml.
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Abbreviations
A: Peak atrial velocity; ACM: All-Cause Mortality; BNP: Brain Natriuretic Peptide; CHF1 score: Framingham heart 
failure score at the time of study entry; E: Peak rapid filling velocity; e’: Peak mitral annular early diastolic 
velocity; HF: Heart Failure; HFmrEF: Heart Failure with mid-range Ejection Fraction; HFpEF: Heart Failure with 
preserved Ejection Fraction; HFrEF: Heart Failure with reduced Ejection Fraction; LV: Left Ventricular

Introduction

The use of administrative databases to determine predictors for heart failure (HF) readmission, 
cardiovascular, or all-cause mortality (ACM) requires HF coding that is verifiable. It is assumed that 
administrative databases have HF verified via coders based on physician documentation and additional 
criteria. Using HF as a diagnosis because it resides on a problem list had a 40% accuracy [1]. Using a 
decision tool to assess HF resulted in 49-56% of patients actually having HF [2]. Interestingly, in the 
presence of an implantable cardioverter-defibrillator only 44-55% had HF [3]. In another study, having a 
HF designation resulted in 65-70% having verifiable HF [4]. Clearly, the diagnosis of HF depends on the 
dataset examined (specialized HF service vs. no specialized HF service) and may not be well substantiated 
following chart review using a variety of diagnostic algorithms. This may be further exacerbated in 
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institutions and rural areas without an organized heart failure service. 
Finally, the clinical diagnosis of HF has greater verification with the 
use of both clinical predictors and brain natriuretic peptide (BNP) 
measurements [5,6].

Variable HF algorithms have been used to verify the presence of 
HF. The Framingham Criteria for HF (CHF1 score >4) is one such 
algorithm that takes into account symptoms, physical examination, 
and radiologic findings but its development preceded the use of BNP 
[7]. BNP values >100 pg/ml have been used in the emergency room 
visits to determine if patients have HF in the BNP study [6]. Lower 
values have been utilized with the European guidelines using values 
>35 pg/ml along with clinical criteria to verify [8]. Furthermore, 
variations of the CHF1 score >4 and BNP are often used together to 
qualify patients for inclusion into HF studies [9,10]. Finally, Huusko 
[11] demonstrated in a large Finnish database that HF readmission 
was related to subsequent ACM. We hypothesized that in rural areas 
without an organized HF service, HF verification (CHF1 score >4 
or BNP >100 pg/ml) will be met in <2/3rd of patients designated 
as HF; but if these criteria are met, they will be predictive of HF 
readmission and ACM across all HF phenotypes. Using a rural 
database derived from an area without an organized HF service, the 
goals of this study are (a) to determine the percentage of patients 
with verifiable HF for all phenotypes based on CHF1 scores >4 and 
BNP>100 pg/ml in a cohort of patients labelled as prevalent HF; (b) 
to determine whether CHF1 scores >4 and BNP are predictive of HF 
readmission and ACM; and (c) to examine the relation of ACM to 
previous HF readmission for all phenotypes based on a CHF1 score 
>4 or BNP >100 pg/ml.

Methods

Patients

This study complies with the Declaration of Helsinki and 
received expedited approval by the Quillen College of Medicine 
Institutional Review Board. The Quillen College of Medicine clinical 
practice is contained in a single electronic medical record (Allscripts, 
Touchworks, Chicago, IL) and was queried for HF diagnosis using 
ICD-9 codes (428.xx), or previous HF admission or emergency 
department visit and therapy (intravenous diuretics). There were 898 
patients with prevalent HF that were identified: HF admission (809 
patients) or emergency room visit (89 cases). Exclusions included 
patients not followed at least 60 days (32 patients), having pericardial 
disease (3 patients), congenital heart disease (8 patients), moderate or 
greater aortic valve disease (16 patients), greater than mild primary 
mitral valve disease (18 patients), organic tricuspid valve disease (2 
patients), or did not have an ejection fraction measured, reported 
or estimated by echocardiography or any other technique (180 
patients). Consequently, 639 patients were included in the study and 
were followed for a time period of 60 days to a maximal time period 
of 2113 days (through October 1, 2016) with median of 1481 days.

A review of patient outpatient records was performed to 
determine the age, sex, and prevalence of coronary disease, previous 
myocardial infarction, diabetes, hypertension, and hyperlipidemia. 
All ECG’s were re-read. Height, weight, blood pressure, and heart 
rate at the time of the echocardiogram were recorded. Medications 
were reviewed at the time of 1st and subsequent visits to determine 
the use of angiotensin converting enzyme inhibitors, angiotensin 
receptor blockers, beta blockers, aldosterone antagonists, nitrates, 
hydralazine, diuretic, calcium channel blockers, digoxin and statins. 

Coronary disease was defined as having evidence of >50% lesion in 
any coronary artery by coronary angiography, abnormal myocardial 
perfusion scan, ECG criteria evidence of an old myocardial 
infarction [12] or evidence of myocardial infarction using the 
universal definition [13]. Diabetes was defined as a fasting glucose 
≥ 126 mg%, post prandial blood glucose ≥ 200 mg%, hemoglobin 
A1C ≥ 6.5%, or taking anti-diabetic medications. Hypertension 
was defined as blood pressure >140/90 or taking anti-hypertensive 
medications. Hyperlipidemia was defined as total cholesterol >200 
mg%, triglycerides >150 mg%, or taking lipid lowering medications. 
Chronic obstructive pulmonary disease was defined as dyspnea, 
chronic cough or sputum production with pulmonary function 
testing confirming the presence of persistent airflow limitation. Body 
mass index was calculated from each patient’s height and weight, and 
obesity was defined as a body mass index >30 kg/m2. Laboratory 
data was reviewed and median BNP, percentage of patients with BNP 
>100 pg/ml, mean hemoglobin, creatinine values, troponin I and 
total bilirubin were recorded. The prevalence of atrial fibrillation was 
determined by examining the EKG of each patient at each visit or 
hospitalization. Evidence of verifiable HF was determined using the 
Framingham HF criteria (Supplementary Table 1) requiring either 2 
major criteria or 1 major and 2 minor criteria (CHF1 score>4) [7] or 
a BNP level >100 pg/ml.

Inpatient and outpatient records were examined to determine if 
patients were seen in the Emergency Department and treated with 
intravenous diuretics or readmitted for HF following the initial 
contact with the health care system. Medical records were assessed 
for each subsequent admission to determine if HF was the primary 
reason for admission based on CHF1 score >4 or BNP levels >100 
pg/ml, and especially a response to decongestive therapy. ACM was 
determined from medical records, conversation with family, and 
examining obituaries and/or the national death index. Time from 
being 1st seen to HF readmission or ACM was determined. 

Patients were assigned to HF phenotypic groups based on 
LV ejection fraction. LV ejection fraction ≥ 50% was termed HF 
with preserved ejection fraction (HFpEF, n=271). LV ejection 
fraction=40-49% was termed HF with mid-range ejection fraction 
(HFmrEF, n=224). LV ejection fraction <40% was termed HF with 
reduced ejection fraction (HFrEF, n=144). 

Echocardiography

All images were digitally obtained from 3-5 (5 if atrial fibrillation) 
consecutive cardiac cycles using a Phillips iE33 (Cleveland, Ohio) 
with a 2.5 mHz broad band transducer (X5) at held end expiration. 
Doppler echocardiography was obtained from multiple ultrasonic 
windows to provide views of all cardiac chambers and valves. 
Transmitral pulsed Doppler was obtained from 1-2 × 1-2 mm 
sample volume placed at the tips of the mitral leaflets. Spectral tissue 
Doppler was obtained from the septal and lateral mitral annuli using 
a 5 × 5 mm pulsed Doppler sample volume.

Calculated echocardiographic parameters

All measurements were re-measured and are the average of 3-5 
(5 if atrial fibrillation) consecutive cardiac cycles and were performed 
according to the recommendation of the American Society 
Echocardiography guidelines [14]. We calculated LV end diastolic 
and end systolic volumes (using Simpson’s rule), LV mass, and left 
atrial volumes and indexed these measures to body surface area. 
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Ejection fraction was calculated as (LV end diastolic volume-LV end 
systolic volume) divided by LV end diastolic volume. End diastolic 
basal right ventricular basal dimension and tricuspid annular systolic 
plane excursion was measured as described by the American Society 
of Echocardiography guidelines [10]. 

From transmitral Doppler, peak rapid filling velocity (E), peak 
atrial filling velocity (A), E/A were obtained based on American 
Society of Echocardiography Guidelines [15]. Spectral Doppler of 
the septal and lateral mitral annulus were analyzed for the peak rapid 
lengthening velocity (e’) and averaged. The E/e’ was calculated [15]. 
Tricuspid regurgitation velocity was obtained from a CW transducer 
using multiple windows. Using the modified Bernoulli equation, 
right ventricular systolic pressure was estimated with the addition 
of an estimate of right atrial pressure based on American Society of 
Echocardiography recommendations [15,16]. 

	 Data were expressed as mean ± standard deviation 
for normally distributed continuous variables as determined 
by Kolmogorov-Smirnov test. For data that was not normally 
distributed, median and interquartile ranges were computed. 
Categorical data was expressed as a percentage of the group having 
that attribute. Differences between groups were determined using 
1-way analysis of variance or analysis of variance on ranks. If the 
F value was <0.05, the differences between individual groups was 
determined by Dunn’s test. Differences in percentages among groups 
were determined using chi-square. Multivariate logistic regression 

was performed to determinate the independent correlates of HF 
verification (CHF1 score >4 or BNP >100 pg/ml) by incorporating 
all variables that differed with regard to presence of verifiable HF 
with p<0.1. Univariate and multivariate Cox proportional analysis 
was performed to determinate the predictors of ACM or HF. Based 
on univariate relation of variables with p<0.10 for HF readmission 
or ACM, multivariate analysis was utilized to assess the relation 
of the above chosen variables on ACM and HF. Adjusted Kaplan-
Meier curves were constructed to determine hazard ratios for ACM 
or HF for each independent multivariate correlate. Log rank testing 
was performed to determine significance. Schoenfeld residuals were 
utilized to check the proportional hazards assumption. Receiver 
operating characteristic curves were constructed to determine the 
predictability of a CHF score >4 or BNP >100 pg/ml for predicting 
for HF readmission and ACM. Statistics were performed by Prism 
GraphPad (San Diego, CA) and SAS (Cary, NC).

Results

We defined verifiable HF as a CHF1 score>4 or BNP>100 pg/
ml. For all phenotypes combined, the percentage of patients with 
a CHF1 score>4 or BNP>100 pg/ml was 58.5%. Tables 1 and 2 
summarizes the results for demographics, medications, laboratory 
parameters, and Doppler-echo parameters for HF phenotypes. In 
patients with HFpEF (Table 1), the percentage of patients with 
verifiable HF was 57.9%. Patients with verifiable HF had a greater 

HFpEF HFmrEF

CHF1 score <4 and 
BNP <100 (n=114)

CHF1 score >4 or 
BNP >100 (n=157)

CHF1 score <4 and 
BNP <100 (n=89)

CHF1 score>4 or 
BNP>100 (n=135)

Age (years) 63 ± 12 67 ± 11 72 ± 12 76 ± 11**

Sex (M/F) 75/39 90/67 32/57 67/68

Coronary Disease (%) 55.2 59.9 64.0 72.5

Myocardial Infarction (%) 21.0 30.0 33.7 34.8

Diabetes Mellitus (%) 58.9 61.7 58.4 47.4

Hypertension (%) 92.9 89.8 88.8 94.1

Hyperlipidemia (%) 79.8 73.9 80.9 82.2

Atrial fibrillation (%) 10.5 28.7** 13.5 25.1*

COPD (%) 38.2 39.1 36.9 35.6

Obesity (%) 60.8 64.6 42.2 42.6

ACEI/ARB (%) 63.6 71.2 68.0 69.3

Beta Blockers (%) 74.6 79.6 68.5 78.5

Aldosterone blocker (%) 18.4 18.5 8.9 11.1

Nitrates/hydralazine (%) 7.1 7.4 7.5 8.1

Digoxin (%) 5.3 9.6 11.2 10.4

Hemoglobin (g/dl) 13.3 ± 2.1 12.3 ± 2.2*** 11.8 ± 1.9 12.4 ± 1.9

Creatinine (mg/dl) 1.12 ± 0.54 1.39 ± 0.90** 1.14 ± 0.48 1.72 ± 0.36***

Troponin I (ng/ml) 0.88 ± 5.14 1.22 ± 4.05 0.09 ± 0.47 0.46 ± 2.64

Bilirubin (mg/dl) 0.60 ± 0.35 0.65 ± 0.38 0.62 ± 0.36 0.74 ± 0.45*

Systolic BP (mm Hg) 137.4 ± 23.3 127.8 ± 22.4*** 131.0 ± 23.2 125.7 ± 23.2

Heart Rate (beats/min) 77.1 ± 14.4 79.3 ± 15.4 74.2 ± 13.0 75.9 ± 16.1

LVEDVI (ml/m2) 51.3 ± 22.0 52.4 ± 19.6 57.5 ± 17.0 63.2 ± 25.0*
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Ejection Fraction (%) 57.5 ± 3.1 56.0 ± 3.2 46.8 ± 2.2 46.6 ± 2.2

LV Mass Index (g/m2) 95.8 ± 30.1 105.8 ± 30.7* 94.2 ± 27.7 111.0 ± 33.7***

LAVI (ml/m2) 29.0 ± 8.2 39.7 ± 13.6*** 29.5 ± 12.8 38.8 ± 15.6***

E (cm/s) 91.3 ± 26.9 106.8 ± 35.2*** 93.8 ± 31.0 104.8 ± 32.5*

E/A 1.29 ± 0.48 1.32 ± 0.76* 1.04 ± 0.40 1.49 ± 1.09***

E/e’ 12.5 ± 4.4 13.9 ± 5.8* 12.3 ± 4.6 16.0 ± 7.3****

SVI (ml/m2) 34.4 ± 11.5 35.4 ± 15.3 37.4 ± 12.6 36.4 ± 14.1

TR velocity (m/s) 2.63 ± 0.59 2.90 ± 0.57*** 2.62 ± 0.54 3.01 ± 0.60***

RAP (mm Hg) 5.8 ± 3.7 7.7 ± 4.6* 6.2 ± 4.1 8.5 ± 4.9*

TAPSE (mm) 15.0 ± 6.1 13.6 ± 6.1 15.1 ± 5.2 12.7 ± 4.7**

RV base (cm) 3.5 ± 0.8 4.1 ± 0.9** 3.8 ± 0.8 4.0 ± 0.8

Readmission (%) 31.0 45.2* 21.3 59.2***

All-cause mortality (%) 20.1 31.2* 15.7 42.9***

ACEI/ARB: Angiotensin Converting Enzyme Inhibitor/Angiotensin Receptor blocker; BP: Blood Pressure; BNP: Brain Natriuretic Peptide; CHF1: 
Framingham heart failure score; COPD: Chronic Obstructive Pulmonary Disease; E: Peak mitral filling velocity; E/A: E/Peak atrial filling velocity; 
E/e’: E/Peak average diastolic mitral annular velocity; HFpEF: Heart Failure with preserved Ejection Fraction; HFmrEF: Heart Failure with mid-range 
Ejection Fraction; LAVI: Left Atrial Volume Index; LVEDVI: LV End Diastolic Volume Index; RAP: Right Atrial; RV: Right Ventricular, SVI: Stroke Volume 
Index; TR: Tricuspid Regurgitation; TAPSE: Tricuspid Annular Plane Systolic Excursion;  Statistics: *p<0.05, **p<0.01, ***p<0.001 vs. CHF1<4 and 
BNP<100 pg/ml.

 Table 1: HFpEF and HFmrEF Phenotypes.

HFrEF All Phenotypes

CHF1 score <4 and 
BNP <100 (n=62)

CHF1 score >4 or BNP 
>100 (n=82)

CHF1 score <4 and 
BNP <100 (n=265)

CHF1 score >4 or BNP 
>100 (n=374)

Age (years) 73 ± 17 79 ± 13** 68 ± 14 73 ± 12***

Sex (M/F) 30/32 42/40 102/146 181/204

Coronary Disease (%) 51.6 58.5 57.6 63.1

Myocardial Infarction (%) 22.6 23.1 25.8 29.9

Diabetes Mellitus (%) 35.4 46.3 46.7 55.0*

Hypertension (%) 82.3 89.0 90.0 90.4

Hyperlipidemia (%) 64.5 72.0 76.6 76.3

Atrial fibrillation (%) 18.4 32.7* 12.5 27.9**

COPD (%) 35.9 34.8 37.2 36.9

Obesity (%) 32.7 34.1 47.1 49.6

ACEI/ARB (%) 65.2 57.8 62.3 61.3

Beta Blockers (%) 62.9 73.1 71.0 76.4

Aldosterone blocker (%) 12.9 13.4 14.1 14.8

prevalence of atrial fibrillation, lower hemoglobin, higher creatinine, 
lower systolic blood pressure, greater LV mass index, more abnormal 
diastolic function indices (left atrial volume index, E/e’, E/A, 
tricuspid regurgitation velocity), larger right ventricular size, greater 
HF readmission, and ACM. In patients with HFmrEF (Table 1), 
the percentage of patients with verifiable HF was 60.3%. Patients 
with verifiable HF were older, had greater creatinine, higher total 
bilirubin, larger end diastolic LV volume and mass index, more 
abnormal diastolic function indices, reduced tricuspid annular plane 
systolic excursion, and greater HF readmission and ACM.

In patients with HFrEF (Table 2), verifiable HF was noted 

in 56.9%. Patients with verifiable HF were older, had a higher 
prevalence of atrial fibrillation, more elevated creatinine, total 
bilirubin, LV mass index, greater left atrial volume index, higher 
tricuspid regurgitation velocity and estimated right atrial pressure, 
greater RV size, increased HF readmission and ACM. For all 
phenotypes combined (Table 2), patients with verifiable HF were 
older, had a higher prevalence of atrial fibrillation, higher heart 
rate, more elevated creatinine, larger LV end diastolic volume and 
mass index, more abnormal diastolic function indices, greater right 
ventricular size and reduced performance, greater HF readmission, 
and greater ACM. 
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Nitrates/hydralazine (%) 9.6 11.0 8.6 9.4

Digoxin (%) 9.6 17.0 8.1 11.7

Hemoglobin (g/dl) 12.9 ± 1.9 11.7 ± 2.0 12.7 ± 2.1 12.7 ± 2.5

Creatinine (mg/dl) 1.01 ± 0.45 1.33 ± 0.86** 1.19 ± 1.02 1.40 ± 1.17**

Troponin I (ng/ml) 0.59 ± 3.01 0.29 ± 1.49 0.20 ± 1.25 0.05 ± 0.09

Bilirubin (mg/dl) 0.50 ± 0.19 0.64 ± 0.32** 0.63 ± 0.55 0.85 ± 0.57

Systolic BP (mm Hg) 126.9 ± 22.9 129.1 ± 24.7 132.2 ± 25.4 125.9 ± 21.9

Heart Rate (beats/min) 77.7 ± 13.6 77.2 ± 11.6 77.8 ± 15.2 87.2 ± 21.9*

LVEDVI (ml/m2) 60.9 ± 16.7 65.0 ± 20.9 54.9 ± 19.5 61.8 ± 23.8**

Ejection Fraction (%) 35.1 ± 3.8 36.4 ± 4.1 48.9 ± 7.0 47.8 ± 7.6

LV Mass Index (g/m2) 107.1 ± 25.4 128.6 ± 27.3** 98.6 ± 28.9 113.4 ± 31.5***

LAVI (ml/m2) 34.8 ± 17.0 40.3 ± 17.7* 29.3 ± 13.2 38.2 ± 16.8***

E (cm/s) 114.8 ± 39.7 113.3 ± 40.6 95.6 ± 30.5 107.8 ± 37.4***.

E/A 1.30 ± 0.80 1.46 ± 0.84 1.12 ± 0.53 1.41 ± 0.91***

E/e’ 14.3 ± 6.0 15.9 ± 8.1 12.6 ± 4.7 15.0 ± 7.3***

SVI (ml/m2) 44.4 ± 17.6 40.0 ± 18.9 37.6 ± 14.2 37.1 ± 15.8

TR velocity (m/s) 2.79 ± 0.64 3.01 ± 0.49* 2.66 ± 0.61 2.96 ± 0.56***

RAP (mm Hg) 5.7 ± 4.2 8.6 ± 4.5** 5.8 ± 3.9 8.2 ± 4.7***

TAPSE (mm) 15.8 ± 5.8 14.2 ± 5.6 15.5 ± 5.5 13.5 ± 5.5**

RV base (cm) 3.4 ± 0.8 3.7 ± 0.6* 3.6 ± 0.6 3.93 ± 0.86*

Readmission (%) 25.8 62.1*** 26.6 53.2***

All-cause mortality (%) 22.6 47.6** 19.0 39.7***

For Abbreviations refer Table 1 and HFrEF: Heart failure; Statistics: *p<0.05, **p<0.01, ***p<0.001 vs CHF1<4 and BNP<100 pg/ml.

 Table 2: HFrEF and All Phenotypes Combined.

Table 3 summarizes the multiple logistic regression analysis 
for univariate and multivariate predictors for verifiable HF (CHF1 
score >4 or BNP >100m pg/ml). For HFpEF, left atrial volume 
index, systolic blood pressure, atrial fibrillation, and creatinine were 
independent multivariate predictors for verifiable HF. For HFmrEF, 
LV end diastolic volume index, creatinine, atrial fibrillation, and 
left atrial volume index were multivariate independent predictors 

for verifiable HF. For HFrEF, total bilirubin and creatinine were 
multivariate independent predictors for verifiable HF. For all 
phenotypes combined, atrial fibrillation, creatinine, tricuspid 
regurgitation velocity, and E/e’ were independent predictors for 
verifiable HF. Age was only a univariate predictor for HFrEF and all 
phenotypes combined. 

Phenotype Variable Univariate Odds ratio 
(confidence interval) P Multivariate Odds ratio 

(confidence interval) P

HFpEF LAVI 1.09 (1.04-1.26) 0.005 1.04 (1.01-1.16) 0.017

Systolic BP 0.95 (0.92-0.98) <0.001 0.98 (0.97-0.99) 0.006

Atrial fibrillation 3.75 (1.69-7.71) <0.001 2.74 (1.29-5.81) 0.009

Creatinine 2.27  (1.21-4.17) 0.003 1.85 (1.12-3.08) 0.014

Hemoglobin 0.88  (0.71-0.98) 0.029 0.93 (0.81-1.12) 0.267

TR velocity 1.31 (1.01-1.87) 0.044 1.22 (0.89-1.91) 0.391

HFmrEF LVEDVI 1.04 (1.02-1.09) <0.001 1.02 (1.01-1.04) 0.006

Creatinine 2.29 (1.34-4.75) <0.001 1.92 (1.15-3.21) 0.012

Atrial fibrillation 3.39 (1.58-6.51) <0.001 2.21 (1.08-4.77) 0.029

LAVI 1.07 (1.02-1.09) 0.021 1.04 (1.01-1.07) 0.038

LV mass index 1.38 (1.01-1.81) 0.036 1.11 (0.95-1.69) 0.142

E/e’ 1.56 (1.10-4.66) 0.039 1.41 (0.88-3.91) 0.312
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TR velocity 1.22 (1.01-1.96) 0.048 1.18 (0.82-1.45) 0.432

HFrEF Total Bilirubin 9.82 (1.51-69.9) <0.001 9.20 (1.33-63.9) 0.005

Creatinine 2.98 (1.04-8.77) 0.008 2.71 (1.01-7.80) 0.029

Age 1.05 (1.01-1.11) 0.019 1.03 (0.96-1.09) 0.231

LVMI 1.28 (1.01-1.78) 0.041 1.19 (0.89-2.01) 0.389

All 
Phenotypes

Atrial fibrillation 3.11 (1.51-6.91) <0.001 2.76 (1.32-5.76) 0.006

Creatinine 1.98 (1.42-3.78) <0.001 1.72 (1.17-2.54) 0.007

TR velocity 2.11 (1.41-3.12) 0.002 1.81 (1.15-2.83) 0.010

E/e’ 1.09 (1.02-1.14) 0.011 1.06 (1.01-1.12) 0.035

LVMI 1.31 (1.02-1.79) 0.025 1.22 (0.96-1.61) 0.092

LAVI 1.06 (1.02-1.11) 0.031 1.05 (0.95-1.09) 0.214

Age 1.04 (1.01-1.09) 0.036 1.03 (0.90-1.12) 0.321

 Table 3: Multiple Logistic Regression Analysis for Predictors of Verifiable Heart Failure.

Figure 1 demonstrates Kaplan-Meier curves derived from the 
multivariate Cox proportional analysis for HF readmission for each 
phenotype by CHF1 score and BNP. All phenotypes individually 
and combined demonstrated increased subsequent HF readmission 
(hazard ratios varying between 1.60-3.50, p=0.0158 to p<0.0001) 
for CHF1 scores >4 or BNP >100 pg/ml. Figure 2 demonstrates 

Kaplan-Meier curves derived from the multivariate Cox proportional 
analysis for ACM for each phenotype by CHF1 score and BNP. All 
phenotypes individually and combined demonstrated increased 
ACM (hazard ratios varying from 2.22-3.40, p=0.0009 to p<0.0001) 
for CHF1 scores >4 or BNP >100 pg/ml. Figure 3 summarizes the 
results for individual phenotypes and all phenotypes combined with 

 

Figure 1: Readmission by CHF1 score and BNP: Kaplan Meier curves for heart failure readmission based on Framingham Heart Failure Score (CHF1) 
and brain natriuretic peptide level (BNP) level at study entry are plotted: upper left-all phenotypes; upper right-heart failure with preserved ejection 
fraction (HFpEF); lower left-heart failure with mid-range ejection fraction (HFmrEF); lower right-heart failure with reduced ejection fraction (HFrEF).
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regard to eventual ACM based on prior HF readmission, CHF1 score 
and BNP. Previous HF readmission was associated with increased 
ACM in patients with HFpEF, HFrEF, and all phenotypes combined 
despite CHF1 score <4 and BNP <100 pg/ml. Similarly, ACM was 
also increased in all phenotypes combined and HFpEF based on HF 
readmission with CHF1 score >4 or BNP >100 pg/ml. 

The results for receiver operating curves for prediction of 
ACM and HF readmission demonstrate modest predictability for 
ACM of a CHF1 score>4 or BNP>100 pg/ml (verifiable HF) for 

individual phenotypes and all phenotypes combined (Table 4a). 
Verifiable HF was associated with increased ACM for HFpEF 
(AUC=0.581, p=0.016), for HFmrEF (AUC=0.574, p=0.019, for 
HFrEF (AUC=0.575, p=0.029) and for all phenotypes combined 
(AUC=0.599, p<0.001). Table 4b demonstrates moderate 
predictability for HF readmission by verifiable HF for HFmrEF 
(AUC=0.708, p<0.001), for HFrEF (AUC=0.679, p<0.001) and for 
all phenotypes combined, (AUC=0.633, p<0.001).

 

Figure 2. All-Cause Mortality by CHF1 score and BNP: Kaplan Meier curves for all-cause mortality based on CHF1 score and BNP level at study entry 
are plotted: upper left-for all phenotypes; upper right-HFpEF; lower left-HFmrEF; and lower right-HFrEF.

 

Figure 3: All-Cause Mortality by Readmission and CHF1 score and BNP: Forest plots for all-cause mortality based on previous readmission and 
CHF1 scores and BNP levels for all phenotypes combined, HFpEF, HFmrEF, and HFrEF are shown.
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Discussion

Our findings indicate that in a community-based HF cohort 
in the absence of a HF service, 56.9-60.3% fulfilled either the 
Framingham HF criteria or had a BNP >100 pg/ml at the time of 
entry into the period of observation. Second, for patients with CHF1 
score >4 or BNP >100 pg/ml at the time of onset of care, there was 
increased ACM and increased HF readmission. Third, as a novel and 
unexpected finding, subsequent ACM by previous HF readmission 
was increased in HFpEF, HFrEF, and in all phenotypes combined 
despite CHF1 scores <4 and BNP <100 pg/ml. Also, subsequent 
ACM by previous HF readmission was noted in HFpEF and in all 
phenotypes combined with CHF1 score >4 or BNP >100 pg/ml. 
Additionally, older patients tended to have a greater percentage of 
patients with verifiable HF but was only a univariate predictor likely 
due to its relation to other co-morbidities including chronic renal 
disease, atrial fibrillation, and systolic blood pressure.

Previous Literature

The use of administrative databases to determine predictors 
for HF readmission and ACM requires accurate designation as to 
whether patients who have been coded as having HF actually have 
HF. Using HF as a diagnosis because of ICD coding, being listed on 
a problem list [1], using a decision tool to determine the presence 
of HF [2], and even the presence of an implantable cardioverter-
defibrillator [3] demonstrated a disappointing percentage of patients 
with verifiable HF. Clearly the diagnosis of HF depends on the dataset 
examined and is not well substantiated following chart review using 
a variety of HF algorithms for diagnosis. The novelty of our study 
is that each patient’s medical record was exhaustively reviewed and 
HF verification was determined using both the Framingham criteria 
and BNP >100 pg/ml. Several algorithms have been used to verify 
HF. The Framingham HF Criteria is one such algorithm that takes 
into account symptoms, physical exam, and radiologic findings but 
its development preceded the use of BNP [8]. In the past, multiple 
studies have used variations of the Framingham HF criteria with 
the addition of BNP [8-10]. More recently, the 2016 European 
Society of Cardiology HF guidelines requires for a HF diagnosis an 
assessment of HF probability including underlying predisposition, 
symptoms, physical examination or abnormal ECG. If >1 of these 
criteria are present, then BNP can be evaluated and if abnormal (>35 
pg/ml), echocardiography can be obtained. Finally, using national 

VA data, HFpEF patients with HF could be identified using a 
variation of the Framingham HF score and elevated natriuretic 
peptides and demonstrated an 86% sensitivity and 78% specificity 
when applied to 100 HFpEF patients and 100 normal patients for 
identifying HF, but without outcome data [15]. Finally, in a large 
Finnish database, Huusko [11] did note that HF readmission was 
associated with subsequent ACM but did not exhaustively verify 
HF with individual chart review. The data generated in our study 
demonstrated verification of HF in approximately 60% of patients. 
We make 1 additional observation in that verified HF is associated 
with both increased HF readmission and ACM. 

Limitations

As this was a retrospective evaluation of a rural based outpatient 
practice without an ambulatory HF service, it is limited by numbers 
and population diversity. This may have been a particular issue in 
patients with HF readmission who subsequently sustained ACM. 
Second, the use of sacubitril/valsartan was recently introduced into 
the region and had not been utilized during the period of observation 
by any patient due to physician-patient decision and cost. Third, 
data abstraction was based on chart review of both inpatient and 
outpatient recorded symptoms and medications. ACM was based 
on chart review, national death index, and obituary review and 
may not have reflected all mortality. Cardiovascular mortality 
could not be discerned nor medication compliance. The influence 
of non-cardiovascular mortality among the HF phenotypes could 
not be determined recognizing that non-cardiovascular mortality 
may be higher in HFpEF than other phenotypes. The obvious 
underutilization of angiotensin converting enzyme inhibitors/
angiotensin receptor blockers, beta blockers, and aldosterone 
antagonists are likely related to not having an ambulatory HF service 
in this rural area. Nevertheless, underutilization has been noted in 
numerous databases and retrospective studies. Furthermore, optimal 
dosing was not evaluated in this study with regard to outcomes 
because of changing dosing in many patients for unclear reasons. 
Fourth, HF readmissions may have occurred outside the East 
Tennessee area. The additional hospital system’s records in the area 
were available and reviewed for admissions as patients may use both 
systems. Fifth, laboratory values were not available in all patients for 
BNP (11% missing), with a non-significant difference among HF 
phenotypes ranging from 5-14%. Sixth, the use of BNP>100 pg/ml 

Phenotype Condition AUC Confidence Interval P value

HFpEF CHF1 Score>4 or BNP>100 pg/ml 0.581 ± 0.034 0.515-0.647 0.016

HFmrEF CHF1 Score>4 or BNP>100 pg/ml 0.574 ± 0.032 0.512-0.636 0.019

HFrEF CHF1 Score>4 or BNP>100 pg/ml 0.575 ± 0.031 0.504-0.635 0.029

All Phenotypes CHF1 Score>4 or BNP>100 pg/ml 0.599 ± 0.018 0.564-0.633 <0.001

 Table 4a: Use of CHF1 score and BNP for predicting all-cause mortality.

Phenotype Condition AUC Confidence Interval P value

HFpEF CHF1 Score >4 or BNP >100 pg/ml 0.560 ± 0.034 0.493-0.627 0.077

HFmrEF CHF1 Score >4 or BNP >100 pg/ml 0.708 ± 0.030 0.648-0.767 <0.001

HFrEF CHF1 Score >4 or BNP >100 pg/ml 0.679 ± 0.038 0.604-0.755 <0.001

All Phenotypes CHF1 Score >4 or BNP >100 pg/ml 0.633 ± 0.019 0.596-0.670 <0.001

 Table 4b: Use of CHF1 score and BNP for predicting heart failure readmission.
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was chosen to ensure greater likelihood that the elevation was related 
to HF and not related to other co-morbidities. Furthermore, the 
European Heart Failure guidelines use 35 pg/ml as a corroborating 
level for HF diagnosis [8]. Finally, the percentage of patients with 
implantable cardio-defibrillators and/or cardiac resynchronization 
therapy was small as the average ejection fraction in HFrEF was 
37% (18 patients had implantable defibrillators and 6 with cardiac 
resynchronization therapy). As this was retrospective study, there 
may be additional unknown differences among HF phenotypic 
groups that were not accounted for. 

Clinical Implications

HF coding by ICD-9 codes and even as a discharge diagnosis 
can only be corroborated in approximately 60% of patients seen 
in a community-based university rural practice using either CHF1 
score >4 or BNP >100 pg/ml to verify HF. ICD coding is performed 
by coders with chart review of physician notes, accompanying 
laboratory and imaging support. Specific HF criteria including 
the European Guidelines of the Framingham Heart failure criteria 
are inconsistently utilized. The validity of using HF verification 
is supported by an increase in ACM and HF readmission for all 
phenotypes combined and individually though the area under the 
receiver operating curves were modest for ACM and moderate for 
HF readmission. Despite this clear limitation, it would appear that 
clinical verification of HF would be important to more effectively 
predict prognosis in all phenotypes. One novel finding was that we 
noted increased ACM with previous HF readmission in patients 
with CHF1 scores <4 and BNP <100 pg/ml in HFpEF, HFrEF, and 
all phenotypes combined suggesting that HF readmission is a risk 
for ACM. This may occur because each HF readmission is verified in 
this study. There clearly exists the possibility that chart review did not 
capture the necessary symptoms, physical signs, or radiologic signs 
supporting HF when the patients entered the study. Furthermore, 
noncardiovascular mortality may also occur and specifically in the 
HFpEF phenotype.

The mere presence of a HF diagnosis should alert the clinician 
to look carefully at the historical, clinical, BNP levels, and radiologic 
data to determine if there is support for this diagnosis. HF 
verification by the clinician will help identify a group of patients 
whose outcomes are likely to be worse. In the absence of a HF clinic, 
each clinician should verify if the patient has HF by using natriuretic 
peptides and clinical criteria. Obesity and chronic lung disease of 
varying etiologies may be mistaken for HF though their prevalence 
was similar in all HF phenotypes with and without verifiable HF. 
Although deconditioning may be a factor, we had no data regarding 
functional capacity. The use of echocardiography can assist in 
determination of phenotype, chamber size and function, estimation 
of LV filling pressure, and may improve clinical accuracy. Use of 
administrative databases to predict outcomes in patients with HF 
should be re-evaluated carefully. HF databases should be assembled 
with significant granular detail to actually determine if clinical 
evidence of HF exists. 

Conclusion 

In conclusion, the presence of HF as a diagnosis by ICD code or 
discharge diagnosis can be verified using the Framingham HF Score 
or a BNP >100 pg/ml in approximately 60%. When HF is verifiable, 
there is evidence of increased ACM and increased HF readmission. 

For patients previously readmitted, ACM was increased in HFpEF, 
HFrEF, and in all phenotypes combined despite CHF1 scores <4 
and BNP <100 pg/ml. ACM by previous HF readmission was also 
noted in HFpEF and in all phenotypes combined with CHF1 score 
>4 or BNP >100 pg/ml. Verifying HF by either clinical criteria 
(Framingham Heart Failure criteria or the European HF Guidelines) 
and/or the use of natriuretic peptides will identify patients labelled 
as HF with greatest risk of an adverse outcome.
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