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ABSTRACT 

The huge burden of acute heart failure (HF) on the emergency department (ED) 

warrants the need for a systemized method of management. The lack of a standardized care 

path for acute HF patients presenting to the ED has resulted in wide variability in care and 

high hospital admission rates. An evidence-based, patient-centered clinical decision support 

pathway implemented within the ED, can systematize the management of acute HF and 

tailor management to patients’ needs.  

From January 2017 to February 2020, using an implementation planning framework, 

a standardized care path called the ‘Code Heart Failure’ (CodeHF) was developed, 

implemented and validated within a tertiary care center. The care path rapidly identifies 

patients with a history of HF presenting to the ED with a chief complaint of shortness of 

breath and uses an evidence-based risk stratification tool to identify those who are eligible 

for discharge. Outcomes of acute HF patients who were treated by the CodeHF pathway 

were compared to those treated through usual care. The completeness of implementation 

was assessed by the proportion of eligible patients treated using the CodeHF pathway. The 

pathway’s impact on processes of care was evaluated by admission/discharge time in the ED 

and the proportion of discharged patients seen in cardiology clinic within 7 days. The 
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primary outcome was the proportion of ED discharges, with safety and efficiency assessed 

by 30-day readmission rates after ED discharge and the proportion of short hospitalizations 

(<48 hours).  

Among 1100 eligible patients (mean [SD] age, 72.3 [15.2] years; 48.7% male), 149 

(13.5%) were managed using CodeHF, with wide physician-level variability. Of those on the 

pathway, 74 (49.6%) had a high, and 75 (50.3%) a low, risk of 7-day mortality. CodeHF was 

associated with 54 minutes (294 vs 240 minutes) less time in the ED and a greater 

proportion of patients with a cardiology clinic visit within 7 days of ED discharge (25.9% vs 

50%). Use of the pathway was associated with a greater rate of ED discharge (37.9% vs. 

25.2%) and fewer 30-day readmissions after ED discharge (16.0% vs. 21.3%) and short 

inpatient stays (9.0% vs. 11.4%).  

In this detailed report, I describe the need, process of development, implementation, 

and validation of the CodeHF program which is an evidence-based clinical decision support 

tool used to systemize the management of acute HF in the ED.  
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CHAPTER 1 

 

INTRODUCTION 

 

Heart Failure (HF) is a chronic disease in which the pumping function of the heart is 

impaired, leading to its inability to meet the body’s metabolic demand.[1]  The high national 

healthcare burden of HF is due to frequent emergency department (ED) visits and 

readmissions, making this disease a major public health issue. A large portion of the 

frequent early readmissions for acute HF are attributed to suboptimal transitions of care 

between inpatient and outpatient settings.[2-4] The ED serves as the most common portal of 

entry for acute HF admissions and can play an important role in reducing HF readmissions 

but is less explored as an area for intervention.[5, 6]  Delay in acute HF treatment within the 

ED has been associated with increased inpatient length of stay and mortality.[7, 8]  Further, 

the lack of a standardized care path, in the ED, for the management of acute HF not only 

reduces efficiency but also leads to wide variability in care. For example, the annual ED 

physician admission rates for acute HF in a large tertiary care health system in Kansas City 

varied between 66% to 100%. An evidence-based clinical decision tool (CDT) that can 

identify patients who are at low risk of adverse events in the near future may help ensure 

safe ED discharges and standardize the care for acute HF.[9]  This report describes the 

development, process of implementation and validation of an ED-based acute HF care path 

called the ‘Code heart failure’ program which aims to improve efficiency and reduce 

variability in care.  

Clinical decision tools (CDTs) are support systems that are intended to enhance 

medical decisions and improve the delivery of care in the ED.[10, 11] CDTs use patient 
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information to provide evidence-based data that can supplement the deciding physician’s 

medical knowledge and experience.[12] CDTs deployed within the ED, have improved 

patient safety, physician workflow and facilitated patient-centered management through 

shared-decision making techniques.[13-15] 

Clinical decision tools are particularly useful in the management of commonly 

presenting complaints, to identify those who are at low risk of adverse events in the near 

future. For example, the HEART (History, Electrocardiogram, Age, Risk factors and 

Troponin) score is a well validated and commonly used risk stratification tool that identifies 

patients who are at low risk of experiencing a heart attack or dying in the next 30 days after 

presenting to the ED with chest pain.[16, 17] Similarly, the ABCD2 (Age Blood pressure, 

Clinical features, Diabetes, and Duration of symptoms) score is another commonly used 

CDT that identifies patients who are at low risk of developing a stroke in the near future 

after experiencing symptoms of transient limb weakness.[18] Both of these CDTs have been 

incorporated into ED-based care pathways and have reduced unnecessary testing and 

hospital admissions.[19, 20] However, similar tools to manage patients presenting to the ED 

with symptoms of acute HF, although developed, have never been implemented in a real-

world setting and certainly not in the context of a comprehensive care path.[21, 22] The goal 

of this project is to bridge the gap in standardized clinical care of acute HF patients 

presenting to the ED by using previously validated risk stratification scores to optimize the 

triage and management of acute HF in a large tertiary care health system.   
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CHAPTER 2 

 

REVIEW OF LITERATURE 

 

Epidemiology of Heart Failure 

Nearly six million adults, in the United States, currently live with chronic heart 

failure (HF) and its prevalence in the aging population is projected to increase by 46% 

between 2012 and 2030.[3, 23, 24] The five-year mortality rate for an elderly patient 

diagnosed with HF is almost 50%.[25] Additionally, HF is one of the most common causes 

of frequent hospital admissions which result in poor health related quality of life (HRQoL) 

and functional abilities.[26] African American males have the highest risk of developing HF 

across all age groups.[27] Heart failure is equally prevalent in men and women with deaths 

from HF contributing to 35% of cardiovascular mortality in women.[28] Multiple risk 

factors for developing chronic HF have been identified with coronary artery disease 

(blockages of the arteries around the heart) being a major contributing factor in nearly half 

the patients living with HF. Increasing age, smoking, diabetes, high blood pressure and 

obesity have been identified as other common risk factors of incident HF.[1, 24]  

 The standard treatment for chronic HF, includes the combination of a cocktail of 

medications used to reduce blood pressure and improved adherence to a low salt diet that 

prevents worsening of the disease. However, 1 in 6 patients develop worsening HF within 

18 months of being diagnosed, leading to the development of acute HF and requiring 

hospitalization.[29] Acute HF is a recurrent, episodic variant of HF in which the patient 

presents to the hospital with shortness of breath, swelling in both lower extremities and chest 

tightness. Often, they also develop an irregular heart rhythm, predisposing them to frequent 
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episodes of acute HF.[30] Irrespective of their presenting symptoms, patients with acute HF 

often require hospitalization for optimization of medications, symptom relief and 

identification of the underlying cause of the acute exacerbation. With advancing age, the 

frequency of acute HF episodes increases, leading to recurrent hospitalizations and 

emergency department (ED) visits.[31] 

Burden of Heart Failure on the US Healthcare System 

In the United States, more than one million hospital admissions are due to acute heart 

failure (HF) exacerbations.[32] Nearly 50% of these patients are readmitted within 6 months 

of their index admission.[33] In 2010, nearly 39 billion U.S. dollars was spent on HF related 

hospitalizations with nearly three quarters of ED visits and hospitalizations for acute HF 

being among Medicare beneficiaries, many of which are often avoidable admissions.[34-36] 

As a result, in 2010, the Centers for Medicare and Medicaid Services (CMS) implemented 

the Hospital Readmission Reduction Program (HRRP). This HRRP allows for the levying of 

large financial penalties against hospitals that have high rates of 30-day readmissions for 

acute myocardial infarction, pneumonia and acute HF.[37] This policy incentivizes hospitals 

to reduce frequent readmissions which are often attributed to poor quality of care and 

suboptimal transition of care from inpatient to outpatient settings.[38]  

Interventions designed to prevent readmissions by improving the care of HF patients 

transitioning from one clinical setting to another (inpatient to outpatient) are termed as 

transitional care interventions.[39] These interventions often involve improving 

communication between providers (warm hand-offs), early-on with focused outpatient 

follow-up of patients being discharged from the hospital (within seven days) and community 
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outreach by trained healthcare workers or HF nurses who educate patients regarding the 

importance of medication adherence and healthy dietary habits.[40] To limit the cost of such 

interventions and focus resources to those who would benefit the most, risk stratification 

strategies have been used to identify acute HF patients who are at high risk of being 

readmitted within 30 days of hospital discharge.[41] A majority of these risk stratification 

strategies have been employed at the time of hospital discharge and despite numerous 

interventions to improve the transition of care, 30-day readmission rates across the US 

continue to be high.[42, 43]  

The HRRP to reduce 30-day readmissions in acute HF patients has been 

controversial since its implementation. Those who support the program argue that it has 

created awareness regarding the importance of effective care transition and facilitated 

numerous quality improvement efforts. On the contrary, those who oppose argue that the 

program argue unfairly penalizes hospitals for reasons out of their locus of control and could 

potentially lead to efforts of reducing readmissions at the cost of increasing mortality rates 

in acute HF patients.[44, 45] Much of the opposition could be due to the numerous failed 

attempts to reach the goal of reduced 30-day readmissions. However, no intervention to date 

has evaluated the possibility of reducing acute HF admissions from the emergency 

department in a safe manner by using evidence-based risk stratification techniques.   

Emergency Department in the Care Transition Cycle 

The emergency department (ED) plays a pivotal role in the transition cycle of a 

patient with heart failure (HF), who after being discharged from the hospital, continues to 

present to the ED with symptoms of acute HF.[46] The ED is the most common portal of 
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entry for acute HF hospitalizations with national estimates from 2014 reporting that more 

than one million ED visits were attributed to the primary diagnosis of acute HF.[3] Many of 

these acute HF hospitalizations are often avoidable, but due to the lack of a standardized 

method of identifying patients who are at low risk of adverse events in the near future, more 

than 80% of patients presenting with symptoms of acute HF are admitted to the hospital.[8] 

Additionally, the lack of standardization in the admission process of acute HF has resulted in 

wide variability in admission rates across the United States. An analysis in 2011, 

demonstrated that hospitals that have had high acute HF admissions rates are highly prone to 

financial penalties for frequent 30-day readmissions. [47] Therefore, reducing hospital 

admissions and standardizing the management of acute HF in the ED may prevent frequent 

30-day readmissions.  

Challenges of an Emergency Department-based Acute Heart Failure Intervention 

Despite the importance of the emergency department (ED) in the heart failure (HF) 

care transition cycle, there are multiple factors that make an ED-based intervention 

challenging to develop and implement. Unlike the inpatient and outpatient settings, the ED 

is a fast-paced clinical entity in which multiple healthcare providers, such as the triage 

nurses, ED physicians, and bedside nurses, are required to work coherently to efficiently 

provide optimal care.[48] An ED-based intervention for acute HF should involve all relevant 

personnel without delaying the process of triage. This is particularly challenging with HF 

patients due to various reasons. First, the diagnosis of acute HF is extremely challenging as 

the presenting symptoms of acute HF patients mimic many other common diseases such as 

pneumonia and pulmonary embolism. Second, there are no straightforward laboratory or 
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imaging tests that can confirm or rule out the diagnosis of acute HF. The diagnosis of HF is 

made purely on the basis of medical knowledge and experience which fosters variability in 

care. Third, ED physicians are often reluctant to discharge acute HF patients directly from 

the ED due to the lack of certainty regarding patients’ risk of death in the near future.[9, 49] 

Nevertheless, an evidence-based decision tool that has the ability to overcome the inherent 

challenges of an ED setting and can identify low risk acute HF patients who are eligible for 

discharge, may reduce variability in care, improve efficiency and patient outcomes.  

Components of an Acute Heart Failure Intervention in the Emergency Department 

The decision to admit acute heart failure (HF) patients from the emergency 

department (ED) should, logically, be based on the patient’s ability to achieve symptomatic 

relief in the ED, decreased risk of adverse events in the near future, and capacity to procure 

early outpatient follow-up after ED discharge. To assess symptomatic relief within the ED, 

rapid identification and early treatment of acute HF patients are needed and can only be 

achieved through pre-defined, standardized care path which is integrated into the daily 

clinical practice. Similar ED-based care paths such as the ‘Heart pathway’ to rapidly identify 

and manage patients presenting with chest pain and the ‘Stroke pathway’ to rapidly identify 

and manage patients presenting with transient limb weakness have resulted in increased ED 

discharges and reduced unnecessary diagnostic testing. [19, 20, 50] 

Risk stratification of patients with acute HF in the ED involves the identification of 

patients who are at low risk of death within seven days of ED discharge (home or admit). 

Historically, identification of low-risk patients in the ED has been challenging due to the 

lack of validated risk stratification tools that are unique to patients with acute HF.[51] 
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However, recent reports have identified multiple factors that strongly influence both the 

risks of seven-day mortality and 30-day readmissions in acute HF patients presenting to the 

ED.[52] Patients’ age, systolic blood pressure, heart rate and respiratory rate on 

presentation, troponin, creatinine and potassium levels, and associated comorbidities have 

been identified as important risk factors to predict death in the near future after ED 

discharge.[52, 53] Recently, an ED-based risk stratification tool called the Emergency Heart 

Failure Mortality Risk Grade (EHMRG) score was developed using these variables and 

prospectively validated among patients with acute HF presenting to the ED. [22, 54] The 

EHMRG score has the ability to predict each patient’s risk of death in next seven days 

which facilitates the safe discharge of low-risk patients from the ED and the admission of 

patients who warrant advanced care. 

 To ensure the safety of patients directly discharged from the ED, the care path 

should include a system that ensures early outpatient follow-up after ED discharge. Timely 

follow-up may reduce provider reluctance to discharge low risk acute HF patients directly 

from the ED and may prevent adverse events. Additionally, early outpatient follow-up (less 

than seven days) after hospital discharge has been associated with reduced 30-day 

readmissions in acute HF patients.[55, 56] 

Implementation Framework for Program Planning – RE-AIM 

RE-AIM is a multi-dimensional planning and evaluation framework that helps in the 

translation of evidence-based scientific material into daily clinical practice.[57, 58] The RE-

AIM model comprises of 5 important implementation domains – Reach, Effectiveness, 

Adoption, Implementation and Maintenance. Although RE-AIM was initially 
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conceptualized as an evaluation framework to assess the implementation success of large-

scale public health interventions, it has also been widely used as a tool for planning the 

implementation and dissemination process of various disease management and health 

promotion programs.[59-61] The RE-AIM framework includes elements related to program 

design at both the participant level (Reach, Effectiveness and Maintenance) and the 

organizational or setting level (Adoption, Implementation and Maintenance). To maximize 

impact, an intervention must perform well across elements.[62] A detailed description of 

each element of the RE-AIM framework and its direct application to the current project, the 

Code heart failure (CodeHF) program, is listed below:  

REACH 

Reach is a participant-level domain that ensures that the intervention is used by all 

participants in the target population – those who are intended to benefit the most from the 

program. Additionally, the ‘Reach’ domain estimates optimal and uniform uptake of the 

intervention by all participants in the target population. Although the Code heart failure 

(CodeHF) program is intended to reduce heart failure (HF) readmissions and improve 

patient outcomes, the primary participants that use the program would be emergency 

department (ED) physicians. The CodeHF program being a clinical decision support 

pathway, is intended to make the ED disposition decision process easier for the physician 

caring for acute HF patients. To ensure that the CodeHF program is accessible by all ED 

providers, working during different parts of the day and rotating between intervention sites, 

a uniform implementation process is used to ensure that the pathway is available at all 

locations and all times of the day.  
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EFFECTIVENESS 

 The ‘effectiveness’ domain essentially evaluates the validity of the Code heart failure 

(CodeHF) program by ensuring that the program is improving all of the intended outcomes. 

Although the CodeHF program will be used by emergency department (ED) physicians, 

outcomes were measured among acute heart failure patients presenting to the ED. A detailed 

description of all the outcomes measured and the infrastructure needed to estimate them are 

provided in Chapter 3. 

ADOPTION  

 The ‘adoption’ domain, being an organizational element, focuses on the uniform 

implementation and uptake of the intervention at all sites. Given that one third of the 

emergency department (ED) physicians within the healthcare system rotate across all four 

EDs, the Code heart failure (CodeHF) program was built and implemented uniformly across 

all sites. However, different ED sites cater to a different patient demographic which 

adversely affected the use of the CodeHF program at an organizational level. Through the 

‘adoption’ domain, information regarding the existent differences across sites were collected 

and used to modify the program accordingly. Iterations made to the program to improve 

adoption are detailed in Chapters 3 and 4. 

IMPLEMENTATION 

 The ‘Implementation’ domain, being an organizational element, ensures that all 

components of the program are delivered as intended and by the right personnel. The 

‘implementation’ domain is particularly helpful in a multi-component program such as the 

Code heart failure (CodeHF) program which is delivered by multiple emergency department 
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(ED) personnel such as the triage nurse, bedside nurse and ED physician. The 

‘implementation’ domain was used to ensure that all key ED personnel functioned 

coherently to maintain efficiency and improve throughout in the ED.  

MAINTENANCE 

 The goal of the ‘maintenance’ domain is to ensure that the program is sustainable 

beyond the initial funded stage of the project and evaluate if it has lasting effects. The 

‘maintenance’ domain is considered to be a participant and organizational-level domain as 

sustainability at both levels are important. To ensure lasting maintenance of the Code heart 

failure (CodeHF) program, iterative organizational-level changes are currently being made 

within the healthcare system. A graphical representation of all the components of the RE-

AIM framework is shown in Figure 1.  
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Figure 1: The five domains of the RE-AIM framework for program planning 
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CHAPTER 3 

METHODOLOGY 

The Code Heart Failure program was created over three main phases of 

development. Once all the components of the program were developed, the program was 

implemented and its validity assessed between January 2018 to February 2019. Multiple 

iterations to the program were made to increase uptake and reduce variability in its use. 

Figure 2 demonstrates the timeline of events. The detailed process of program development 

and implementation is described in the following sections.  

 

 

Figure 2. Timeline of program development and implementation   
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Development of the Pathway 

The important components of the Code Heart Failure (HF) program included a 

Validated method of risk stratification to identify acute heart failure (HF) patients who have 

a low risk of death in the near future (within seven days), an opportunity for the emergency 

department (ED) physician to assess for symptomatic relief, HF-specific patient education in 

the ED, and a system to establish early outpatient follow up after ED discharge.  

1. Risk stratification in the emergency department 

The Emergency Heart Failure Mortality Risk Grade (EHMRG) score, a prospectively 

validated risk stratification score, was used to identify acute heart failure (HF) patients who 

are at low risk of dying within seven days after emergency department (ED) discharge.[22, 

54] Unlike other risk stratification scores which are usually developed using acute HF 

patients admitted to the hospital, the EHMRG was derived solely from a cohort of patients 

who presented to the emergency department (ED) with symptoms of acute HF and later 

discharged (home or admitted) with a primary diagnosis of acute HF. The score was derived 

from a cohort of patients spanning 85 different hospitals across Ontario, Canada, thereby 

increasing generalizability. For the development of the score, an initial set of 37 patient, 

laboratory, medication, and transportation variables were considered but 10 highly 

significant variables were eventually included in the final score to predict patients’ risk of 

death in the next 7 days (Figure 3). The EHMRG score contains additive and multiplicative 

variables. An adjustment factor of 12 points was included to shift the median to zero such 

that higher and numerically positive EHMRG scores conferred increased risk of death. Mean 

score was 5.9 (SD 69.0) and Median score was 0.5 (IQR -40.2, 44.6). For each 20-point 
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increase in EHMRG score, the risk of death increases by 41% (OR 1.41, 95% CI 1.34, 1.48). 

Using this information, the entire cohort was divided into quintiles with scores ranging from 

-49.1 to 89.4. The 7-day mortality risk, provided as a percentage, ranged from 0.3% in 

quintile 1 to 8.2% in quintile 5. The EHMRG risk prediction curve is illustrated in Figure 4 

which shows that nearly 27% of all patients exceeded the average 7-day mortality (~2.0%). 

At the 25th, 50th and 75th percentiles of risk, the risk of 7-day mortality was 0.5%, 1.1% and 

2.3% respectively. To simplify its interpretation, after discussions with ED physicians, 

hospitalists and HF specialists, an unanimous decision was made to use a conservative cut-

off point of 1% risk of 7-day mortality such that any patient with a risk of dying ≥1% is 

admitted to the hospital and those with risk of dying <1% can safely be discharged from the 

ED with close outpatient follow up.   



16 

 

 

Figure 3. Variables included in the risk stratification score 

 

 

EHMRG – emergency heart failure mortality risk grade  

Figure 4. Risk prediction curve with a threshold of 1% for risk stratification   
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2. Assessment for symptomatic relief in the emergency department 

While the creation of the pathway facilitates early identification and management of 

emergency department (ED) patients with acute heart failure (HF), a systematized method 

for assessing symptomatic relief was needed to ensure efficient care. A physician assessment 

and decision loop was created in the later part of the Code heart failure (CodeHF) pathway 

to provide an opportunity for the ED physician to assess for symptomatic relief, discuss with 

the patient or his/her family members about the risk of adverse events in the near future, and 

assess their readiness for ED discharge. While the assessment for symptomatic improvement 

is entirely based on the ED physician’s medical knowledge and experience, the risk 

stratification score serves as a supplement to the physicians’ decision- making process and 

aims at reducing variability in care and offers standardization to the process across all sites.  

3. Heart failure-specific patient education in the emergency department  

The duration of stay in the emergency department (ED) is often a missed opportunity for 

patient education regarding their underlying disease process. To provide heart failure (HF)-

specific education to the patient and their family members, reading material was obtained 

from the American Heart Association website (Figure 5) and the ‘Krames patient education’ 

online video (Figure 6) database. The video is shown to the patients and their accompanying 

family members within their duration of stay in the ED while waiting for symptomatic relief. 

The reading material is provided to all acute HF patients being discharged directly from the 

ED and clearly explains the method of avoiding acute HF exacerbations and the importance 

of medication adherence. 
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Figure 5. Heart failure-specific patient education video  

 

 

Figure 6. Heart failure-specific patient education material  
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4. Early outpatient follow-up after emergency department discharge 

The last part of the pathway incorporates early (within one week) outpatient follow 

up for all acute heart failure (HF) patients discharged from the emergency department (ED). 

Within the Saint Luke’s health system, appointments are arranged through a pre-structured 

phone service called the ‘Doc Call’. This pre-established service was slightly modified to 

develop a separate call line for patients managed through the Code heart failure (CodeHF) 

program. All outpatient HF specialists are requested to block one half day per week to 

accommodate these patients.  

Using the main, above-mentioned, key components of the program, the CodeHF 

pathway was designed to establish a systematized method of caring for acute HF patients 

presenting to the ED through an evidence-based clinical decision tool. The structure and 

components of the pathway are graphically represented in Figure 7.  

The Code Heart Failure Pathway in the Electronic Medical Record 

To establish efficiency and help blend the intervention into daily workflow, an order-

set within the electronic medical record (EMR) was created. This order-set includes all lab 

orders and instructions required to calculate the risk score, chest X-ray, intravenous diuretic 

and instructions to set up follow up appointment upon discharge. Upon arrival to the triage 

area, the triage nurse identifies eligible patients (history of heart failure (HF) and presenting 

with shortness of breath) and is required to activate the Code heart failure (CodeHF) order-

set (Figure 8). This activation triggers a series of actions which includes blood draw in the 

triage area and immediate bedside chest X-ray. Based on physical exam and X-ray findings, 

the physician later decides if the patient qualifies for intravenous diuretic therapy after 
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which the patient is observed in the emergency department (ED) for symptomatic relief. 

Once the laboratory values have been obtained, the emergency heart failure mortality risk 

grade (EHMRG) risk score is calculated by the bedside nurse using a risk calculator built 

into the EMR (Figure 9). The result of the risk score appears in the form of a percentage and 

auto-populates on the EMR banner under the patient’s name. The treating physician takes 

into consideration, the patient’s symptomatic improvement in the ED, the EHMRG risk 

score and discusses triage options with the patient and his/her family. Using shared decision-

making techniques, the ED physician finalizes the patient’s disposition. If discharged from 

the ED, the patient is provided HF specific education with the help of a brief video and 

booklet containing educational content recommended by the American Heart Association. 

Prior to discharge, a follow up outpatient appointment within seven days is set up by ED 

personnel. All patients post-ED discharge receives a phone call from the HF nurse the day 

after being discharged, to make sure they follow instructions.  
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CHF – congestive heart failure; HF – heart failure; iv – intravenous 

Figure 7. The Code Heart Failure Pathway and its components 
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Figure 8. Code heart failure order-set as it appears in the electronic medical record  
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Figure 9. Appearance of the risk stratification score calculator in the electronic 

medical record 
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Process of Implementation 

 To ensure that implementation of the Code heart failure (CodeHF) program was 

uniform and successful, a multi-disciplinary team was convened. The team consisted of 

emergency department (ED) physicians and nurses, HF coordinating nurse, cardiologists, 

HF specialists, statisticians, information technology personnel, and outcomes researchers 

(Figure 10). Additionally, ED physician and nursing champions were identified at each 

intervention site. The team met bi-monthly throughout the process of implementation to 

discuss and troubleshoot problems as they arose.  

 

 

Figure 10. Multi-disciplinary Code HF team  
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Emergency Department Personnel Education  

 Once all parts of the Code heart failure (CodeHF) program were developed and the 

structure of the pathway finalized by the multidisciplinary team, staged education sessions 

were conducted throughout the Department of Emergency Medicine to create awareness and 

educate all emergency department (ED) physicians and nurses regarding the importance and 

method of using the CodeHF program. The first education session was via email that was 

sent out to all ED personnel regarding the benefits and application of the CodeHF program. 

Second, live presentations regarding the program were made at the monthly ED physician 

practice council meeting, attended by all physicians within the health system. Further, 

nursing champions at each site were used to disseminate information regarding the CodeHF 

program and were equipped with a brief five-minute educational YouTube video describing 

the benefits and process of implementation (Figure 11). Newly hired nurses were also made 

familiar with the CodeHF program through a separate power point presentation. Feedback 

from ED physicians and nurses working at the frontline was channeled through their 

respective champions.  
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Figure 11. Brief Code heart failure program educational video for ED personnel 
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Implementation Iterations 

Since the inception of the Code heart failure (CodeHF) program, iterative changes 

have been made to the implementation plan which were driven by emergency department 

(ED) physician and nursing feedback. Given that the order-set is to be activated by the triage 

nurse upon patient arrival and based on physician feedback, the automatic diuretic (a 

common medication for symptomatic relief in patients with acute heart failure) order was 

removed to ensure safe administration of the medication after physician approval. Further 

efforts to remind physicians to use the pathway include brief education sessions, similar to 

the initial sessions conducted at the start of the program, reminder flyers posted on walls and 

post-it notes attached to electrocardiogram machines. These iterative, feedback driven, 

changes to the pathway improved use of the program among ED staff.  

A second round of feedback from the users portrayed difficulty in accessing the risk 

score result. In response to this feedback, a few important changes were made in the 

electronic medical record (EMR). First, the result of the emergency heart failure mortality 

risk grade score was made to automatically display in a prominent area of the EMR and is 

colored-coded based on the level of risk (red for high and green for low risk; Figure 12). 

Second, once the CodeHF program is activated, reminder bars are made to pop-up in close 

proximity to the ED physician documentation section to ensure use of the risk stratification 

score in the decision-making process (Figure 13). Third, heart failure (HF) specific dot 

phrases (macros) regarding the result of the risk score were created to ease the process of 

documentation. Lastly, HF specific discharge instructions are now attached and will print 

automatically with the after-visit summary upon ED discharge, further simplifying the 
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process of ED discharge. The collective effort of these changes improved efficiency making 

the CodeHF program more acceptable to physician users. A summary of the changes made 

to the pathway is illustrated in Table 1. Additionally, based on recommendations from the 

‘Reach Effectiveness Adoption Implementation and Maintenance (RE-AIM)’ program 

planning framework, numerous steps were taken and are currently in place to facilitate 

successful implementation and continued use at all sites (Table 2). 

Institutional Review Board approval and informed consent for this project were 

waived as this was a quality improvement initiative. This study was funded by an internal 

innovation grant sponsored by the Saint Luke’s Health System, Kansas City, Missouri.  

 

 

Figure 12. Appearance of the color-coded risk score result on the electronic medical 

record 
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Figure 13. Appearance of the reminder bar located near the physician documentation 

area 

 

 

 

Table 1. Serial iterations made to the structure and implementation process 

No. Iterations made based on stakeholder feedback 

1. Removed automatic diuretic order from the CodeHF order-set 

2. Ensured auto-population of the laboratory values into the risk calculator   

3. Ensured that the most recent laboratory values were auto-populated into the 

risk calculator  

4. Displayed the risk score on the EMR banner and incorporated color coding 

(red for high risk and green for low risk) 

5. Displayed a reminder bar near the physician documentation section to ensure 

completion of the risk calculator  

6. Developed HF specific dot phrases which includes the patient’s risk score 

7. Upon discharge, HF specific discharge instructions were automatically added 

to the after-visit summary  

8. Ensured easy access to the HF education material  

9. Conducted serial education and feedback sessions with ED staff  
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Table 2. Program components that conform with the RE-AIM framework 

RE-AIM Domain Code Heart Failure Element 

Reach: How to reach the target population? CodeHF uniformly implemented at all four sites  

Integrated into the electronic medical record  

Physician recruitment through  

- Educational sessions  

- Reminder pop-up in electronic medical record 

- Post-it notes on electrocardiograms 

Promotion through ED physician champions  

Made iterations to facilitate easy access and use  

Effectiveness: How do I know my 

intervention is working? 

Validate program by estimating outcomes of patients 

managed on and off the pathway 

Adoption: How do I develop organizational 

support to deliver my intervention? 

Funded by the organization  

Incorporated into daily workflow through order-set  

Standing order in EMR – mandates use  

Implementation: How do I ensure my 

intervention is delivered properly? 

Bi-monthly follow-up with ED champions  

Monthly automated usage reports for triage nurse and ED 

physician 

Maintenance: How do I incorporate the 

intervention so it over the long-term? 

Changing practice culture in the emergency department 

Empower ED physician champions  

Calculate and highlight financial gain to the system  

HF – Heart Failure; EMR – Electronic Medical Record; ED – Emergency Department 
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Study Population and Site 

All patients with a documented history of heart failure (HF) presenting to the 

emergency department (ED) with a chief complaint of shortness of breath qualified to be 

treated through the pathway. Patients who were on dialysis, presented with new symptoms 

of HF or had hospice orders documented in the chart were excluded from this study. Once 

developed, the Code heart failure (CodeHF) program was implemented at four metropolitan 

tertiary care center EDs within the Saint Luke’s health system, Kansas City, MO. Saint 

Luke’s hospital of Kansas City is a large healthcare system with 18 hospitals spread across 

the Kansas City region. However, four of these hospitals are tertiary care centers, located 

within the metropolitan area with each having an independent emergency department (ED). 

All four EDs share the same infrastructure but serve a slightly different demographic of 

patients.   

Study outcomes 

Effectiveness of the Code heart failure (CodeHF) program was measured by 

estimating both patient outcome measures and implementation process measures which were 

compared between those treated on and off the pathway. All variables included in the risk 

score, patient demographics, emergency department (ED) disposition, readmission data and 

other data required for the analysis were obtained from the electronic medical record.  

The primary outcome was defined a-priori to be ED discharge rates for acute heart 

failure (HF) patients. To assess the safety of ED discharge, the 30-day readmission rates 

among those discharged from the ED were estimated between those managed on and off the 

CodeHF pathway. A secondary outcome included the proportion of hospital short-stays, 
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defined as acute HF patients with an inpatient length of stay less than 48 hours, among those 

managed on and off the CodeHF program. Inpatient short-stays, also termed as ‘observation 

admissions’ are determined via physician gestalt in situations when the acute HF patient has 

mild symptoms but are admitted due to lack of clarity regarding their risk of death in the 

near future. The hospital is usually not reimbursed for these admissions leading to loss of 

revenue.[63] The CodeHF program using the evidence-based risk stratification tool has the 

potential to reduce acute HF short-stay admissions.  

Process measures included ED length of stay, defined as the time between first, 

triage-level time stamp (admission time) and the time stamp at which ED disposition 

(discharge time) was entered in the electronic medical record. Length of stay in the ED is an 

important quality metric that can be improved through efficient care. Additionally, the 

average time to follow up in a cardiology clinic after direct discharge from the ED was the 

second process measure. This was estimated by measuring the time between ED discharge 

time and the time of earliest cardiology outpatient visit. Both measures were calculated for 

those who were and were not managed through the CodeHF program.  

Statistical Analysis 

Analyses were confined to those with a primary emergency department (ED) 

encounter diagnosis of heart failure (HF) and identified using ICD 9 & 10 codes (428.XX & 

I50.XX). All data was presented as mean ± standard deviation. Comparisons were made 

using Pearson Chi-square Test of Association and one-way Analysis of Variance tests for 

categorical and continuous variables, respectively. All analyses were done with a two-way 

type I error rate set at 0.05, using SAS version 9.4 (SAS Institute Inc). 
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CHAPTER 4 

RESULTS 

Baseline Characteristics 

A total of 2344 patients with a history of heart failure (HF) presented to the 

emergency department (ED) with shortness of breath, of which 1203 (51.3%) were excluded 

for having a primary encounter diagnosis other than acute HF and 41 (1.7%) were excluded 

for missing data (Figure A-1). Among a final cohort of 1100 eligible patients age, 72.3 

[15.2] (mean [SD]) years; 74% Caucasian; 48.7% Male), 149 (13.5%) patients were 

managed using the Code heart failure (CodeHF) pathway. Compared to those managed 

through usual care, those managed through the CodeHF pathway were younger (mean age 

66.8 vs 73.2 years), more commonly male (54.3 vs. 47.9), less likely to be of the Caucasian 

race (51% vs. 77%), and had Medicare insurance (68.4% vs. 80%). The proportion of 

patients managed through the CodeHF pathway with a troponin level higher than the upper 

limit of normal were lower (29.5% vs. 38.9) compared to the proportion managed by usual 

care. A detailed description of patient and laboratory variables are described in Table 2.  

The CodeHF pathway was used by 28 (61%) ED physicians with wide physician-

level variability (ranging from 2% to100%) and was never used by 18 (39%) physicians 

(Figure 14). There was also substantial site-level variability (ranging from 3.9% to 33.2%) 

across the four hospital EDs (Figure 15). Among the patients treated using the CodeHF 

pathway, half (n= 74) had a high (≥1%) seven-day risk of mortality and 75 (50.3%) a low 

risk. 
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Table 3. Baseline characteristics of study participants 

Patient characteristics With CodeHF 
(n = 149) 

Without CodeHF 
(n = 951) 

Age, mean (SD), years 66.8 (15.3) 73.2 (15.1) 

Race, No. (%), Caucasian 76 (51) 733 (77) 

Gender, No. (%), Male   81 (54.3) 456 (47.9) 

Insurance status, No. (%) 
     Medicare  
     Medicaid 
     Private 

 
102 (68.4) 
21 (14.0) 
26 (17.4) 

 
761 (80.0) 

50 (5.2) 
140 (14.7) 

Heart Rate, mean (SD), beats/minute 74.9 (14.1) 75.2 (15.1) 

Blood Pressure, mean (SD), mm Hg   

    Systolic  126.5 (21.1) 126.3 (21.4) 

    Diastolic  72 (15) 68.4 (15.5) 

Oxygen saturation, mean (SD), % 96.0 (2.6) 95.8 (2.9) 

Active cancer, No. (%) 4 (2.6) N/Aa 

Metolazone at home, No. (%) 5 (3.3) N/Aa 

Transported by EMS, No. (%) 39 (26.1) N/Aa 

NT-proBNP, mean (SD), pg/mL  6079 (7345.4) 6536 (7702.9) 

Troponin > ULN, No. (%) 44 (29.5) 370 (38.9) 

Creatinine, mean (SD), mg/dL 1.4 (0.6) 1.3 (0.9) 

Potassium, mean (SD), mg/dL 4.2 (0.5) 4.2 (0.6) 

Albumin, mean (SD), mg/dL  3.9 (0.3) 3.8 (1.0) 

aData unavailable - Information was collected only if patients were managed through the CodeHF pathway 

ULN – Upper limit of normal; N/A – Not applicable; HF – Heart failure; NT-proBNP – N-terminal pro-B 

type natriuretic peptide 
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Figure 14. Variability in the use of Code heart failure among emergency department 

physicians 

 

 

Figure 15. Variability in the use of Code heart failure by site 
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Impact of Code Heart Failure on Process Measures 

When the Code heart failure (CodeHF) pathway was used, time in the ED was 54 

minutes shorter (294 vs 240 minutes, p 0.016; Figure 15) than when it was not used. Among 

those who received cardiology follow up after emergency department (ED) discharge, 

CodeHF resulted in a 93% greater proportion of seven-day follow up compared to usual care 

(50% vs 25.9%, p 0.008; Figure 16).   

 

Figure 16. Impact of the Code heart failure pathway on emergency department length 

of stay 
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Figure 17. Impact of the CodeHF pathway on seven-day outpatient follow-up 
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Impact of Code Heart Failure on Patient Outcomes 

Improved outcomes were also noted in patients who experienced the Code heart 

failure (CodeHF) pathway, with a 49% greater proportion of emergency department (ED) 

discharges (37.9% vs 25.2%; p 0.001; Figure 17). Supporting the safety of ED discharge by 

using the CodeHF pathway among those discharged, there was a 24% relative reduction of 

30-day readmissions (16.1%. vs 21.3%; p 0.33; Figure 18). Fewer patients who were 

admitted when the CodeHF pathway was implemented had a hospital stay < 48 hours (9.0% 

vs. 11.4%; p 0.79; Figure 19). Among those admitted, there was no difference in inpatient 

length of stay (4.02 vs 4.04 days), in-hospital (0.7% vs 1.6%; p 0.71) or 30-day mortality 

(4.7% vs 4.7%; p 0.98) between those managed with and without the CodeHF pathway.  

 

Figure 18. Impact of the Code heart failure pathway emergency department discharges 
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Figure 19. Impact of the Code heart failure pathway on 30-day all cause readmissions 

among those discharged from the ED 

 

 

Figure 20. Impact of the Code heart failure pathway on inpatient short-stays (<48 

hours)  
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CHAPTER 5 

DISCUSSION  

The Code Heart Failure (CodeHF) program is an emergency department (ED) based 

clinical decision support system which provides an efficient, evidence-based risk 

stratification pathway for the management acute heart failure (HF) patients. These results 

suggest that more efficient (reduced time in the ED and improved timely outpatient follow 

up) and efficacious (increased safe ED discharge rates and fewer short hospitalizations) care 

can be delivered by early identification and risk stratification of patients with acute HF 

presenting to the ED with shortness of breath. The reduced ED stay can be attributed to the 

CodeHF pathway, allowing for early identification of eligible patients, compounded by the 

availability of an evidence-based risk score which facilitated timely ED disposition. 

Additionally, the resultant reduction in unnecessary admissions through use of CodeHF has 

the potential to improve patient’s quality of life and make beds available for those 

warranting hospital admission.   

Despite multiple interventions, early HF readmission continues to be a national 

healthcare problem necessitating a safe method of evidence-based triage to reduce 

readmissions.[3] Numerous care transition interventions have focused on implementing 

disease management programs targeting acute HF patients being discharged from the 

hospital. While these are useful to a certain extent, there has been only modest reductions in 

HF readmissions.[42] A recent review that evaluated the use of different types of acute HF 

care transition interventions found that home-visiting programs and multi-disciplinary HF 

clinics were the only two interventions that reduced all-cause 30-day readmissions.[64] 
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Although home-visits by a trained HF nurses are effective in reducing readmissions, it has a 

dose-response relationship with more frequent visits providing the desired effect thus, 

driving the cost of the intervention and making it a less sustainable option.[65] Additionally, 

a recent trial in Canada evaluating the efficacy of a comprehensive care transition program 

involving risk stratification prior to hospital discharge, it was found that home visits by a 

trained nurse and enhanced communication between inpatient and outpatient providers did 

not show better outcomes compared to usual care. This finding further questions the role of 

such disease management programs in reducing HF readmissions.[40] Other interventions 

such as structured telephone support programs that have been widely implemented across 

the country reduced HF-specific readmissions at 30-days but had no significant effect on all-

cause readmissions, an essential metric for CMS reimbursement and penalties.[64] Together 

these reports highlight the need for care transition interventions focused at a different section 

of the transition cycle, the ED. This study demonstrates promising results of a unique 

program, the CodeHF pathway, that standardizes care in the ED and has the potential to 

reduce HF readmissions.  

The CodeHF pathway has multiple advantages over usual care. While the risk 

stratification score does not mandate each patient’s disposition, it serves as an evidence-

based guide to ED physicians and provides an opportunity to standardize care for all 

patients. Additionally, CodeHF provides further reassurance regarding the safety of 

discharging an acute HF patient directly from the ED, a common concern of most ED 

providers.[66] The educational video and printed material provided to the patient in an ED 

setting has the added opportunity of educating patients’ family members who are often 
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unaware of the dietary restrictions attributed to the chronic HF. The incorporation of early 

outpatient follow-up within the CodeHF pathway provided additional reassurance to the ED 

physician discharging low risk patients and also fulfilled a national quality improvement 

requirement stipulated by the American Heart Association.[67] Additionally, the reduced 

length of stay in the ED attributable to CodeHF, improved ED throughput, leading to 

increased availability of vacant beds for new patients. Similarly, reduced inpatient short-

stays also leads to increased availability of vacant beds for critical patients warranting 

hospitalization, especially those waiting to be transferred from primary and secondary care 

centers.   

Unfortunately, the Code heart failure (CodeHF) pathway was activated in only 

13.5% of cases with large physician-level variability. Given the results of these preliminary 

data, we continue to iteratively work on improving its use and to make system-wide policy 

changes to increase uptake. A standing order (similar to the chest pain order-set) has now 

been implemented across the Saint Luke’s health system which mandates the activation of 

the CodeHF order-set in all eligible patients upon arrival to the ED. Additionally, to provide 

physician and triage nurse feedback, individual monthly usage reports are generated and 

individuals with low usage rates are encouraged to use the pathway when appropriate. These 

reports also help to obtain feedback from under-users which can further improve the 

CodeHF program. Triage nurse education continues to be a useful strategy to increase 

awareness. Collectively, these efforts have slightly improved the use of the CodeHF 

program (Figure 20) but further efforts are needed to consistently improve its use and assess 

whether the preliminary benefits of the CodeHF program are sustained or improved.   
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Figure 21. Use of the Code heart failure program after completion of the validation 

phase 
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Translation to Other Health Systems 

The Code heart failure (CodeHF) pathway provides a novel model that other health 

systems can consider in developing better emergency department (ED) management of acute 

heart failure (HF). The key components required to create a similar pathway at other 

institutions include a method for evidence-based risk stratification, infrastructure for ED-

based HF education, and early outpatient follow up. The emergency heart failure mortality 

risk grade (EHMRG) scoring system is a well-validated risk model that uses readily 

available patient and laboratory variables and was developed using a cohort of acute HF 

patients presenting to the ED.[22, 54] For optimal implementation, a consensus regarding 

the threshold to define high-risk patients warranting hospital admission must be established 

and the pathway should be customized to local culture. Embedding the risk calculator and 

including HF-based education and a path to procure early outpatient follow up as guided by 

a multi-stakeholder team is a solid foundation for systems considering the CodeHF 

approach.  

Limitations 

These results should be interpreted in the context of several limitations. First, revisits 

to the emergency department (ED) were captured only if the patient returned to a Saint 

Luke’s health system outlet. Revisits to other EDs in the locality within and beyond 30 days 

were not accounted for in the analysis. Second, patients established with an outpatient 

cardiologist within the Saint Luke’s health system were assured a follow-up visit more 

readily. Patients established with providers outside the health system often had to schedule 

their own follow-up visits. Third, further efforts are needed to assess mortality rates of those 
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leaving the ED to confirm the effectiveness of the risk stratification component of the 

pathway. Fourth, all heart failure-specific education material was only available in English 

and was not provided to non-English speaking patients. Finally, within the current analysis, 

it is unclear as to how many patients were discharged from the ED based on the use of 

shared-decision techniques and incorporating the result of the risk score. Further efforts to 

collect qualitative data from ED physicians and nurses are needed to better understand their 

perspectives regarding the Code heart failure program.  

Conclusion 

To develop a more efficient, evidence-based and standardized means of managing 

acute heart failure patients in the emergency department, the Code heart failure program was 

developed and implemented, with preliminary data demonstrating improved processes of 

care and outcomes. Despite its suboptimal uptake, the Code heart failure program 

demonstrates great potential to reduce 30-day readmissions and improve overall outcomes in 

acute heart failure patients.  
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APPENDIX 

 

 

 

Figure A-1. Derivation of the analytical cohort  
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