
Cardiology Consultation in the Emergency Department Reduces 
Re-hospitalizations for Low-Socioeconomic Patients with Acute 
Decompensated Heart Failure

Corey E. Tabit, MD, MBA, MPHa, Mitchell J. Coplan, BSa, Kirk T. Spencer, MDa, Charina F. 
Alcain, DNP, ACNP-Ca, Thomas Spiegel, MD, MBA, MSb, Adam S. Vohra, MD, MBAa,c, Daniel 
Adelman, MS, PhDc, James K. Liao, MDa, and Rupa Mehta Sanghani, MDa

aSection of Cardiology, Department of Medicine, The University of Chicago Medical Center, Ill

bSection of Emergency Medicine, The University of Chicago Medical Center, Ill

cThe University of Chicago Booth School of Business, Ill

Abstract

BACKGROUND—Re-hospitalization after discharge for acute decompensated heart failure is a 

common problem. Low-socioeconomic urban patients suffer high rates of re-hospitalization and 

often over-utilize the emergency department (ED) for their care. We hypothesized that early 

consultation with a cardiologist in the ED can reduce re-hospitalization and health care costs for 

low-socioeconomic urban patients with acute decompensated heart failure.

METHODS—There were 392 patients treated at our center for acute decompensated heart failure 

who received standardized education and follow-up. Patients who returned to the ED received 

early consultation with a cardiologist; 392 patients who received usual care served as controls. 

Thirty- and 90-day re-hospitalization, ED re-visits, heart failure symptoms, mortality, and health 

care costs were recorded.

RESULTS—Despite guideline-based education and follow-up, the rate of ED re-visits was not 

different between the groups. However, the rate of re-hospitalization was significantly lower in 

patients receiving the intervention compared with controls (odds ratio 0.592), driven by a 

reduction in the risk of readmission from the ED (0.56 vs 0.79, respectively). Patients receiving 

the intervention accumulated 14% fewer re-hospitalized days than controls and 57% lower 30-day 

total health care cost. Despite the reduction in health care resource consumption, mortality was 

unchanged. After accounting for the total cost of intervention delivery, the health care cost savings 

was substantially greater than the cost of intervention delivery.
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CONCLUSION—Early consultation with a cardiologist in the ED as an adjunct to guideline-

based follow-up is associated with reduced re-hospitalization and health care cost for low-

socioeconomic urban patients with acute decompensated heart failure.
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Acute decompensated heart failure is the most common reason for hospitalization and re-

hospitalization in the US, with underserved patients disproportionately affected.1–3 The 

Centers for Medicare & Medicaid Services (CMS) penalize centers with excess 30-day re-

hospitalizations.4 As target rates are not adjusted for social disparities, penalties are imposed 

disproportionately on centers that care for under-served patients.1 Attempts to reduce re-

hospitalizations have had varying success,5–9 especially in low-socioeconomic urban 

patients. These patients consume disproportionately more health care resources than more 

affluent patients and often over-utilize the emergency department (ED) for their care,10–13 

leading to fragmented care and elevated health care costs.14

The University of Chicago Medical Center (UCMC) is a tertiary care center on Chicago’s 

South Side, one of the poorest and most violent regions of the city.15 In accordance with the 

2013 American College of Cardiology/American Heart Association Guideline for the 

Management of Heart Failure,16 patients treated at our center with acute decompensated 

heart failure beginning in January 2015 received standardized education while admitted and 

early outpatient follow-up after discharge. In addition, patients who returned to the ED after 

discharge received early consultation with a cardiologist. The purpose of this study was to 

determine if guideline-directed education and early follow-up reduced 30-day re-visits to the 

ED in this population, and if not, to determine whether early consultation with a cardiologist 

in the ED could reduce readmissions in a cost-efficient manner.

METHODS

Study Design

A retrospective cohort study was performed. Patients treated on the General Cardiology 

Service at UCMC for a primary diagnosis of acute decompensated heart failure January–

December 2015 received the intervention described below (Figure 1). Patients with a 

ventricular assist device or orthotopic heart transplant and patients who planned to receive 

either within the study period were excluded. Patients receiving the intervention in 2015 

were compared against a nearest neighbor propensity-matched control cohort of patients 

treated for acute decompensated heart failure at UCMC the prior year who received usual 

care. The rate of 30-day re-hospitalization after heart failure discharge in our center had 

been stable at approximately 22% for at least 5 years, and data from CMS indicate that 5% 

of patients discharged from UCMC are re-hospitalized at outside centers within 30 days. 

Data were obtained via query of the medical record. The study protocol was approved by the 

Institutional Review Board at the University of Chicago under a general waiver of consent. 

The intervention was designed as a quality improvement intervention and approved by the 

Office of Clinical Effectiveness at the University of Chicago.
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Intervention Design and Delivery

Patients received 3 one-on-one education sessions with specially trained nurse educators 

regarding lifestyle modification, self-care, emergency plans, and need for adherence. 

Patients received nutritional counseling from a dietitian, with a focus on restricting dietary 

sodium. Pharmacists reviewed medications, side effects, and need for compliance. 

Rehabilitation specialists educated patients about appropriate exercise. Patients received 

written material explaining these topics in patient-appropriate language. When available, 

family members or caregivers were included in educational sessions.

After discharge, patients received a telephone call from a specially trained nurse within 3 

days of discharge during which the patient’s status was assessed using a standardized 

questionnaire (Supplementary Figure 1, available online). Patients with concerning 

responses (as noted) were contacted by a cardiovascular nurse practitioner (NP), social 

worker, or pharmacist, with changes made to their medication regimen as necessary. All 

patients received an appointment with their cardiologist (if available) or cardiovascular NP 

and an appointment with their primary care provider within 7–14 days of discharge. At each 

visit, symptoms were assessed, a physical examination was performed, new complaints were 

addressed, education was reinforced, and medications were adjusted as needed. Patients with 

a HOSPITAL score17,18 ≥ 5 (intermediate- to high-risk for re-hospitalization) received 

additional weekly telephone calls, and patients with a HOSPITAL score ≥7 (high risk) also 

received an additional cardiology appointment 15–30 days after discharge.

For patients who returned to the ED after discharge, immediate consultation with a 

cardiologist familiar with the patient’s history was obtained before any nonemergent work-

up or treatment was begun. The cardiologist provided relevant background of the patient’s 

baseline symptoms as well as past health care utilization patterns. The cardiologist guided 

the work-up and treatment of the patient’s complaint by recommending diagnostic testing, 

medication selection, and follow-up. If the ED physician and cardiologist agreed that the 

patient could be safely discharged with close outpatient follow-up, the patient was 

discharged. However, if, after considering the cardiologist’s recommendations, the ED 

physician felt the patient required readmission, the patient was readmitted.

Measurement of Educational Efficacy

Patients receiving the intervention January–June 2015 completed the Atlanta Heart Failure 

Knowledge Test prior to and after education. A group of 15 patients hospitalized with acute 

decompensated heart failure who did not receive the standardized education served as 

controls.

Measurement of Heart Failure Symptoms

Patients receiving the intervention July–December 2015 completed the Minnesota Living 

with Heart Failure Questionnaire (MLHFQ)19 at the time of discharge to quantify their heart 

failure-related symptoms. The MLHFQ was administered again by telephone 30 days later.
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Outcomes

The primary outcome was all-cause unplanned re-hospitalization within 30 days of 

discharge. Planned re-hospitalizations (such as elective procedures and chemotherapy 

treatments) were not included. Secondary outcomes included a composite endpoint of all-

cause unplanned re-hospitalization and death, ED re-visits, a composite endpoint of ED re-

visits or death, total re-hospitalized days, total 90-day health care expenditure at our center, 

and all-cause 90-day mortality.

Calculation of Re-hospitalization Rates

Re-hospitalizations were defined as an unplanned readmission to the hospital (regardless of 

inpatient or observation status). Unplanned re-visits to the ED that did not result in 

readmission were tabulated separately. Re-hospitalizations were tabulated as a dichotomous 

outcome such that patients with one or more re-hospitalizations within 90 days of the index 

discharge contributed a single re-hospitalization event at the date of earliest re-

hospitalization. Planned re-hospitalizations were excluded using the CMS Planned 

Readmission Algorithm Version 2.120 (Appendix: Methods; available online).

Calculation of Total Re-hospitalized Days

Total re-hospitalized days were calculated as the sum of the individual lengths of stay for all 

re-hospitalizations following an index discharge.

Cost Analysis

Time-driven activity-based costing21 was performed. Task times were recorded for activities 

related to the intervention that were not part of usual care. Cost per minute was calculated by 

dividing the Illinois average salary for each discipline by 124,800, the number of minutes in 

a work-year. The marginal cost for delivering the complete intervention was calculated as 

the cost per minute for each discipline multiplied by the number of minutes each staff 

member spent providing the intervention. The cardiologist (0.5 full-time equivalent) and NP 

(1.0 full-time equivalent) were considered fixed costs and valued at $250,000 and $100,000 

per year, respectively.

Total health care expenditure was calculated by querying billing data at UCMC and 

summing the net expected pay (Appendix: Methods; available online) from all encounters 

following the index discharge. Data were adjusted for inflation and reported in $US2016.

Statistical Methods

Data were analyzed using SPSS 22.0 (IBM, Armonk, NY). Categorical outcomes were 

assessed using McNemar’s test or Fisher’s exact test, as appropriate. Because the 

intervention involved aggressive follow-up during the first 30 days after discharge only, we 

expected a larger effect on re-hospitalization during this period, and therefore, Kaplan-Meier 

survival distributions were compared using the generalized Wilcoxon (Breslow) test. 

Cumulative endpoints were compared using the Mann-Whitney U test. Ordinal variables 

were compared using the Mann-Whitney U test for unpaired data or the Wilcoxon signed 

rank test for paired data. The relationship between the intervention, days post discharge, and 
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cumulative cost and re-hospitalized days was assessed using linear regression with an 

interaction term between intervention and days. Clinical characteristics were compared 

using an unpaired 2-way Student’s t test for continuous data or Fisher’s exact test for 

categorical data. Bonferroni correction was used for multiple hypothesis testing. All data are 

reported as mean ± standard deviation unless otherwise indicated. A P-value of <.05 was 

considered statistically significant.

RESULTS

There were 392 patients that received the intervention from January to December 2015, and 

392 propensity-matched patients who received usual care served as controls. Patients were 

matched by age, sex, race, left ventricular ejection fraction, household income, 

comorbidities, health care utilization during the prior year, relevant laboratories, vital signs, 

readmission risk score, and guideline-based medication usage. Clinical characteristics are 

shown in Table 1; 80% of patients met the US Census Bureau definition of “low-income,” 

defined as earning less than twice the federal poverty threshold for a working family of 4, or 

$45,622. Data related to quality of intervention delivery and heart failure symptoms are 

reported in (the Appendix: Results, available online).

Guideline-Based Follow-Up Alone Is Not Associated with Fewer ED Re-visits in Low-
Socioeconomic Urban Patients

The Kaplan-Meier survival distributions for ED re-visit and the composite endpoint of ED 

re-visit or death are shown in Figure 2A and B. Despite objectively improved heart failure 

knowledge, aggressive telephone follow-up, and earlier and more frequent clinic 

appointments, there was no difference in ED re-visits or the composite endpoint. The 

Kaplan-Meier survival probability estimates for ED revisit and the composite endpoint of 

ED revisit or death at 90 days post discharge for intervention patients vs controls were 0.59 

± 0.03 vs 0.57 ± 0.03 and 0.56 ± 0.03 vs 0.55 ± 0.03, respectively, P = NS for both 

comparisons.

Early Consultation with a Cardiologist in the ED Is Associated with Reduced Re-
hospitalization in Low-Socioeconomic Urban Patients

Fifty-eight patients were re-hospitalized within 30 days in the intervention group (14.8%), 

compared with 89 in the control group (22.7%) (odds ratio 0.592; 95% confidence interval, 

0.400–0.867, P <.01). The number needed to treat to prevent one 30-day re-hospitalization 

was 13 (95% confidence interval, 7.5–40.5). This effect persisted through 90 days post 

discharge. The Kaplan-Meier survival distributions for all-cause unplanned re-

hospitalization and the composite endpoint of all-cause unplanned re-hospitalization or 

death within 90 days post discharge are shown in Figure 3A and B. The Kaplan-Meier 

survival probability estimates for all-cause unplanned re-hospitalization and the composite 

endpoint of all-cause unplanned re-hospitalization or death at 90 days post discharge for 

intervention patients vs controls were 0.67 ± 0.02 vs 0.62 ± 0.03 and 0.64 ± 0.02 vs 0.59 

± 0.03, respectively; P <.05 for both comparisons. Within 90 days post discharge, 

intervention patients accumulated 203 fewer re-hospitalized days (14%) than controls (1250 

vs 1453 days respectively, Figure 3C), and intervention status was a highly significant 
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moderator of the effect between days post discharge and total re-hospitalized days (t = 

− 10.9, P <.01), with intervention patients accumulating fewer re-hospitalized days than 

controls. Within 1 year after discharge, the intervention patients experienced 148 (18%) 

fewer total re-hospitalizations (690 for intervention vs 838 for control) and 654 (12%) fewer 

total re-hospitalized days (4840 for intervention vs 5494 for control). Interestingly, whereas 

total admissions and re-hospitalized days were lower at 1 year, the number of patients 

readmitted at least once within 1 year was not statistically different (202 intervention vs 216 

controls, P = NS).

Among patients who re-visited the ED, the risk of re-hospitalization from the ED was 

significantly lower in intervention patients vs controls (0.56 vs 0.69, respectively, P <.05), 

driven by a reduction in re-hospitalization among patients returning with cardiac-related 

complaints (Appendix: Results; available online). Length of stay in the ED was not 

significantly different among intervention patients (5.7 ± 5.8 hours) vs controls (6.6 ± 4.6 

hours, P = .27). There was no difference in the risk of 90-day mortality (0.06 for both 

groups, P = NS).

The Intervention Is Associated with Reduced Total Health Care Expenditure

Total health care expenditure was 57% lower at 30 days and 24% lower at 90 days post 

discharge for intervention patients vs controls (Figure 4A). Among patients with at least one 

encounter within 30 days of discharge at our center (n = 258 control and 262 intervention 

patients), 30-day median health care cost was $862 in control patients (interquartile range 

$237–$6696) and $411 in intervention patients (interquartile range $156–$1444, P <.01), a 

reduction of 52%. Ninety-day component costs are shown in Supplementary Figure 2 

(available online). The per-patient cost of the intervention is presented in Table 2. On 

average, the cost of delivering the intervention to a single patient on a single admission was 

$82.25. Given the number-needed-to-treat of 13 above, the marginal cost per readmission 

prevented was $1069 (exclusive of fixed costs such as the on-call cardiologist and NP). After 

including the cost of delivering the intervention to all patients and fixed costs for 90 days, 

the cost of the intervention was $1.1 million less than the 90-day health care cost savings 

from the intervention (Figure 4B). Intervention status was a highly significant moderator of 

the effect between days post discharge and health care cost (t = − 13.1, P <.01), with 

intervention patients consuming less health care cost than controls. One year after index 

discharge, health care cost consumption was $5.3 million (28%) less in the intervention 

group vs controls ($13.4M vs $18.8M, respectively).

DISCUSSION

Our findings suggest that early consultation with a cardiologist in the ED is associated with 

reduced re-hospitalizations, readmitted days, and health care costs for patients who return to 

the ED after discharge. Heart failure symptoms improved compared with previously reported 

values, and mortality was unaffected. Interestingly, despite guideline-based education and 

follow-up, ED re-visits were not reduced, suggesting that intensive follow-up alone may be 

less effective in reducing health care utilization in a low-socioeconomic urban population. 

This finding is complementary to work suggesting underserved patients favor the ED for 

Tabit et al. Page 6

Am J Med. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



their care despite the availability of lower-cost options such as their primary care 

physician.11 For patients who return to the ED despite intensified education and follow-up, 

our results suggest that early consultation with a cardiologist familiar with each patient may 

reduce re-hospitalization and health care costs substantially without deleterious effects on 

mortality and heart failure symptoms.

Poor continuity of care is linked with over-testing, medical errors, high cost, and poor 

outcomes.22 Discharge process standardization, regimented follow-up, and downstream 

coordination all have been suggested to reduce re-hospitalizations and improve 

outcomes.23–26 However, the care transition from home back to the ED is especially 

vulnerable, as the receiving physicians are typically provided little contextual history, and 

continuity of care is near-completely lost. As low-socioeconomic patients often over-utilize 

the ED,10–13 they are exposed to this additional risk disproportionally, which may contribute 

to excess re-hospitalizations and costs in this population. Prior authors suggest that much of 

the variation in readmission rates among centers is driven by factors outside the hospital’s 

control27 and therefore, novel interventions that adapt to local cultural use (or misuse) of the 

health system may be necessary adjuncts to guideline-based care in order to reduce 

readmissions.

Home monitoring interventions that require a threshold level of participation and 

sophistication from the patient are often ineffective,28–30 even when bundled with other 

interventions.31 While some studies have shown benefit from home monitoring, education, 

and other interventions, the effect is typically modest, especially in low-socioeconomic 

groups. Recently, the CHAMPION Study reported a reduction in re-hospitalizations using an 

implantable pulmonary artery pressure monitor (CardioMEMS; St. Jude Medical, St. Paul, 

Minn).32 However, this study mostly included white men, and it is unclear how such an 

intervention would fare in disparate populations. Further, while post hoc analysis suggested 

a reduction in 30-day re-hospitalization with the CardioMEMS device in an overwhelmingly 

white (88%), male (76%), and compliant (93%) sub-cohort of Medicare-eligible patients,33 

it is unclear how the CardioMEMS device would perform in a more diverse low-

socioeconomic population given the daily device interrogation and high level of patient 

participation required for its use. In these populations, the propensity of patients to favor the 

ED for their care may diminish the intervention’s efficacy.

Our study has several limitations. Due to the retrospective design, randomization was not 

possible. However, the re-hospitalization rate had been stable at our center (~22%) for 

several years and the re-hospitalization rate of other patients in our center remained 

unchanged. Due to the single-center design, we were unable to capture re-hospitalizations to 

centers other than UCMC in the controls. However, CMS data indicate that 5% of patients 

discharged from UCMC are readmitted to outside centers within 30 days, and this number 

has been stable for at least 3 years. Patients receiving our intervention were also readmitted 

to outside centers at a self-reported rate of 5%, suggesting the intervention did not redirect 

readmissions to outside centers. The use of combination isosorbide dinitrate/hydralazine 

among eligible black patients at the time of hospital discharge was low (5% in controls and 

6% in intervention patients, P = NS). Unfortunately, underuse of isosorbide dinitrate/

hydralazine is common nationally (4.5% at hospital discharge34 and 0%–7.3% in the 
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clinic35). Similarly, the use of aldosterone antagonists at our center is similar to national 

practice patterns.36 Finally, while our data suggest no difference in ED re-visits and 

mortality at 90 days, it is not known if the intervention had a longer-term effect. In order for 

these findings to be translated into clinical practice, a larger prospective study will be 

needed.37

In conclusion, early consultation with a cardiologist for patients who return to the ED, as an 

adjunct to guideline-based follow-up, is associated with reduced re-hospitalizations and 

health care costs for low-socioeconomic urban patients with acute decompensated heart 

failure.
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APPENDIX: SUPPLEMENTARY MATERIAL

Methods

Identification of Planned Re-hospitalizations

First, for re-hospitalized patients, all International Classification of Diseases, Ninth Revision 

(ICD-9, or ICD-10 after October 1, 2015) diagnosis codes and procedure codes for the re-

hospitalization encounter were queried. Encounters with an ICD-9/10 diagnosis code that is 

considered always-planned20 were ignored. Then, procedure codes that are sometimes-

planned20 were identified in the re-hospitalized patients’ records. Encounters that had a 

sometimes-planned procedure code and did not have an acute diagnosis code20 as the 

primary diagnosis code for the encounter were considered planned re-hospitalizations and 

were ignored. Encounters with a sometimes-planned procedure code and an acute primary 

diagnosis code were considered unplanned and included. Encounters without any always-

planned or sometimes-planned procedure codes were included.

Calculation of Net Expected Pay

Net Expected Pay is calculated at our center as the sum of Expected Pay and Lump Sum 

Allocation minus Expected Bad Debt. Expected Pay is populated from a look-up table based 

on financial class, plan code, discharge year, and admission/discharge codes. Lump Sum 
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Allocation is calculated as each encounter’s contribution to the lump sum payment from 

Medicare, Medicaid, and some commercial payers. Expected Bad Debt is the percentage of 

debt that is expected to be uncollected based on patient financial class, admission/discharge 

codes, and fiscal year.

Results

Quality of Intervention Delivery

Patients receiving the intervention demonstrated a significant improvement in their Atlanta 

Heart Failure Knowledge Test scores (21.7 ± 5.1 prior to education vs 25.5 ± 3.6 after 

education, P <.001, n = 118), while patients who did not receive the education showed no 

change (21.1 ± 4.0 vs 21.6 ± 6.3; P = .70, n = 15). Of patients receiving the intervention, 

86.2% completed a structured telephone call within 3 days of discharge, compared with 0% 

of control patients (P <.001). Patients receiving the intervention experienced a 118% 

increase in completed clinic appointments within 7 days of discharge and a 54% increase in 

completed clinic appointments within 30 days. The median time to first completed 

Cardiology clinic appointment was 8 days in the Intervention group (interquartile range 6–

19 days) and 18 days in the Control group (interquartile range 9–58 days, P <.001).

Patients Who Received the Intervention Had Improved Heart Failure Symptoms

One hundred six patients completed the Minnesota Living with Heart Failure Questionnaire 

(MLHFQ) at the time of discharge and 30 days later. Patients receiving the intervention 

reported significantly improved MLHFQ scores 30 days post discharge compared with pre 

discharge (44.7 ± 26.4 vs 68.7 ± 20.8 respectively, P <.001). Due to the historical design of 

this study, the control patients did not complete the MLHFQ. However, the 30-day 

improvement in patients receiving the intervention was significantly greater than those 

receiving usual care as reported by Kasper et al9 in a similar urban population (−26 ± 41 vs 

− 15 respectively, P <.01). In our study, the MLHFQ did not correlate significantly with re-

hospitalizations, ED re-visits, or mortality.

Patients Who Re-Visit the ED with Cardiac Complaints Benefit More from Early Cardiology 
Consultation

While the overall rate of re-visit to the ED within 90 days was not different between the 2 

groups (168 in the control group and 160 in the intervention group, P = NS), control patients 

were slightly more likely to re-visit the ED with cardiac complaints such as chest pain, leg 

edema, dyspnea of a likely cardiac etiology, or arrhythmias (n = 90/168) than intervention 

patients (n = 68/160, P = .0474). We acknowledge that this difference is small and is at the 

margin of statistical significance, which could possibly suggest that the implementation of 

guideline-based education and follow-up may have decreased cardiac re-visits to the ED 

somewhat, which were then replaced with noncardiac re-visits. Alternately, this small 

difference could simply be random chance.

However, among the patients who returned to the ED with a likely cardiac issue, the effect of 

early cardiology consultation was striking. Among these patients, 25/68 intervention patients 

were readmitted (37%), compared with 69/90 control patients (77%, P <.001). No 
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significant difference was seen in the readmission rates of patients who re-visited the ED 

with noncardiac complaints (65/92 intervention and 47/78 control, P = NS).

Further analysis to differentiate between those intervention patients with cardiac complaints 

who were discharged vs those who were readmitted is a bit anecdotal due to the small N. In 

general, patients with new oxygen requirements and newly abnormal labs that did not 

correct after medical optimization and diuresis were readmitted, while those who presented 

with labs and vitals consistent with their baseline were discharged. Patients presenting with 

complaints related to a chronic medical problem that was present at the time of index 

discharge and was being addressed in the outpatient clinic were typically discharged, while 

patients presenting with new complaints that could not be safely treated as an outpatient (at 

the discretion of the ED attending physician) were typically admitted. However, the degree 

to which the consulting cardiologist’s recommendations altered ED physician behavior was 

not directly addressed in this study.
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CLINICAL SIGNIFICANCE

• Guideline-directed education and intensive outpatient follow-up may not 

reduce emergency department (ED) re-visits in low-socioeconomic urban 

patients with acute decompensated heart failure.

• Early consultation with a cardiologist in the ED is associated with increased 

rates of discharge from the ED, reduced re-hospitalizations, and lower health 

care costs in this population. Clinical outcomes were not compromised.

• This strategy may be a cost-efficient method to reduce readmissions in this 

population.
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Figure 1. 
Outline of the intervention. Patients with acute decompensated heart failure were identified 

on the medical ward after admission. All patients received standardized education, 

medication reconciliation, social needs assessment, and disposition assessment. At the time 

of discharge, patients were risk stratified. All patients received a telephone call from a nurse 

within 3 days of discharge and a cardiology and primary care physician (PCP) appointment 

within 7–14 days of discharge. Intermediate- and high-risk patients additionally received 

weekly telephone calls from a nurse for 4 weeks. High-risk patients received an additional 

clinic appointment 15–30 days after discharge. ADHF = acute decompensated heart failure; 

ED = emergency department.
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Figure 2. 
Emergency department (ED) revisits (A) and the composite endpoint of ED revisits or death 

(B) within 90 days of discharge were not significantly different between the control and 

intervention groups.
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Figure 3. 
The intervention is associated with reduced re-hospitalization or death. Patients receiving the 

intervention had a significant reduction in (A) re-hospitalization and (B) the composite 

endpoint of re-hospitalization or death vs control patients and also (C) accumulated fewer 

re-hospitalized days within 90 days of index discharge.
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Figure 4. 
The intervention is associated with reduced health care cost. (A) Patients receiving the 

intervention consumed less total health care cost than control patients. (B) The cost of 

delivering the intervention to the 392 patients in this study for 90 days was $1.1 million less 

than the health care cost savings associated with the intervention.
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Table 1

Clinical Characteristics

Control Intervention P-Value

Age (y) 64.8 ± 1.7 65.1 ± 1.9 .782

Female sex (%) 47 47 1.000

Black race (%) 83 84 .773

Hispanic/Latino (%) 3 3 1.000

Hospital risk score (%) .276

 High risk (≥7) 19 18

 Intermediate risk (5–6) 33 33

 Low risk (≤4) 48 49

Hospitalizations in prior year (#) 1.5 ± 1.7 1.4 ± 1.9 .201

ED visits in prior year (#) 2.1 ± 3.2 1.9 ± 3.2 .362

LVEF (%) 36.6 ± 10.1 36.7 ± 11.4 .895

BMI 32.0 ± 10.0 32.7 ± 14.5 .414

Median household income ($) 35,969 ± 28,969 35,969 ± 23,425 .709

COPD (%) 13 14 .916

Diabetes (%) 31 29 .640

Hypertension (%) 79 75 .206

Dyslipidemia (%) 31 26 .081

Coronary artery disease (%) 40 38 .509

Atrial fibrillation (%) 30 30 .876

Heart rate (beats per minute) 81.4 ± 13.9 81.5 ± 15.2 .900

SBP (mm Hg) 115.8 ± 19.7 116.6 ± 19.9 .588

DBP (mm Hg) 65.7 ± 14.7 65.8 ± 13.5 .968

eGFR 48.2 ± 48.2 45.7 ± 23.6 .166

LDL 76.9 ± 28.3 81.2 ± 30.2 .050

HDL 46.2 ± 15.9 45.5 ± 18.6 .577

Total cholesterol 143.9 ± 36.1 148.5 ± 38.7 .086

Platelets 228.9 ± 91.4 232.7 ± 87.9 .556

NT-proBNP 11,911 ± 19,787 13,741 ± 22,978 .232

Hemoglobin 11.2 ± 2.3 11.2 ± 2.3 .899

Beta-blocker (%)

 Overall 56 62 .103

 Among eligible patients* 90 92 .537

ACE/ARB (%)

 Overall 47 46 .898

 Among eligible patients† 97 94 .111

Aldosterone antagonists (%)

 Overall 21 25 .104

 Among eligible patients‡ 41 49 .101

Loop diuretic (%) 67 69 .540
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Control Intervention P-Value

Statin (%) 28 33 .214

Antiplatelets (%) 31 34 .493

Warfarin (%) 17 15 .561

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BMI = body mass index; COPD = chronic obstructive pulmonary 
disease; DBP = diastolic blood pressure; ED = emergency department; eGFR = estimated glomerular filtration rate; HDL = high-density 
lipoprotein; LDL = low-density lipoprotein; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro B-type natriuretic peptide; SBP 
= systolic blood pressure.

*
LVEF <40%, without uncontrolled asthma or COPD, bradycardia, hypotension, or prior intolerance.

†
LVEF <40%, without severe renal disease, hyperkalemia, renal artery stenosis, hypotension, or prior intolerance.

‡
LVEF <40%, without severe renal disease, hyperkalemia, or prior intolerance.
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Table 2

Cost of Intervention Delivery

Discipline Minutes Dollars

Nursing 23.32 $14.13

PT/OT 14.51 $9.27

Pharmacy 24.31 $23.23

Nutrition 10.02 $4.57

Social work 10.41 $4.18

Appointment scheduling 32.95 $11.03

Educational materials $5.00

RN phone calls 17.88 $10.84

Total $82.25

OT = occupational therapy; PT = physical therapy; RN = registered nurse.
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