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ABSTRACT
The development of treatments for heart failure (HF) is challenged by burdensome clinical trials. Reducing the need for extensive data collection and increasing opportunities for data compatibility between trials may improve efficiency and reduce resource burden. The Heart Failure Collaboratory (HFC) multi-stakeholder consortium sought to create a lean case report form (CRF) for use in HF clinical trials evaluating cardiac devices. The HFC convened patients, clinicians, clinical researchers, the United States Food and Drug Administration, payers, industry partners, and statisticians to create a consensus core CRF. Eight recent clinical trial CRFs from 6 industry partners for the treatment of HF were analyzed. All CRF elements were systematically reviewed. Those elements deemed critical for data collection in HF clinical trials were used to construct the final harmonized CRF. The original CRFs included 176 distinct data items covering demographics, vital signs, physical examination, medical history, laboratory and imaging testing, device therapy, medications, functional and quality of life assessment, and outcome events. The resulting minimally inclusive device CRF contains 75 baseline data items and 6 events, with separate modular additions that can be utilized depending on the additional detail required for a particular intervention. The consensus electronic form is now freely available for use in clinical trials. Creation of a core CRF is important to improve clinical trial efficiency in HF device development in the US. This living document intends to reduce clinical trial administrative burden, increase evidence integrity, and improve comparability of clinical data between trials. 

CONDENSED ABSTRACT
The development of treatments for heart failure (HF) is challenged by inefficient and burdensome clinical trials. The Heart Failure Collaboratory convened patients, clinicians, clinical researchers, the United States Food and Drug Administration, payers, industry partners, and statisticians to create a consensus lean case report form (CRF) for use in HF clinical trials evaluating cardiac devices. The resulting CRF contains 75 baseline data items and 6 events, with modular additions depending on the additional detail desired. This living document is freely available and intends to reduce clinical trial administrative burden, increase evidence integrity, and improve comparability of clinical data between trials.
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ABBREVIATIONS
CRF = case report form
HF = heart failure
HFC = Heart Failure Collaboratory
FDA = United States Food and Drug Administration
LVEF = left ventricular ejection fraction
NYHA = New York Heart Association
US = United States


INTRODUCTION
Clinical trials in heart failure (HF) are expensive and increasingly burdensome, factors which limit site participation and impair evidence generation (1). The case report form (CRF) is the  data capture tool used in clinical trials, designed to log the essential protocol-required information for each study subject (2). There have been modern advancements in the deployment of CRFs, including the transition from predominantly paper to electronic formats, but they continue to be overly extensive and idiosyncratic in their attempts to record data that might be useful for regulatory approval and subsequent payer decisions (3-5). CRF content has historically been decided separately for each clinical trial, typically based on prior experiences of the investigators, industry partners, and regulators. Because of this lack of cohesion, CRFs have included distinct incompatible data items and far more data fields than are needed to fulfill the objectives of the trial (3,5-9). 
	CRFs should include sufficient data fields to ensure that the primary query of the clinical investigation can be answered with robust evidence. The principal foci are the safety and efficacy of the intervention. However, trial designers often have difficulty balancing efficiency with the intention of testing and explaining non-primary endpoints (7). Trials often over-collect information, frequently because of concerns from the sponsor regarding safety and pharmacovigilance, potential regulatory queries, academic and scientific interests, and to assist with payer negotiations, which drive up burden and thus cost (1,6,7,10,11). Many CRFs used for HF clinical trials include data fields that are never used in analysis and there is little formal literature describing appropriate CRF design (9).
	This manuscript is a product of the Heart Failure Collaboratory (HFC), a multi-stakeholder group including patients, clinicians, clinical investigators, the United States (US) Food and Drug Administration (FDA), industry, other government agencies, and payers that seeks to improve evidence generation for new therapies and indications, implementation of those treatments, and clinical trial efficiency. This group sought to design a lean, core CRF for use in HF device development, while a parallel effort is underway to design a lean, core CRF for use in HF drug development. 

METHODS
Through discussions and collaboration from HFC industry partners, six device sponsors shared CRFs from previous HF clinical trials (Table 1). All variables from the CRFs were systematically extracted into a spreadsheet, then manually reviewed by the project team, which included the HFC working group members as well as  participants from the FDA Division of Cardiovascular Devices and Radiological Health (Appendix A). Variable selection was discussed during conference calls and live meetings by the members of the working group. To establish final variable inclusion in the core CRF, the project team concurred by simple majority. The working group members from the FDA provided consultative opinions but did not vote on variable inclusion. 
For validation analysis, the data fields from the consensus core CRF were examined for inclusion in the CRFs from each of the HF clinical trials contained in the National Institutes of Health Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC). The components of each subgroup analysis from the HF clinical trials contained by BioLINCC were then tabulated to determine their inclusion in the consensus core CRF.

RESULTS
Variable Selection
One-hundred seventy-six distinct data fields from the shared CRFs were reviewed, covering demographics, vital signs, physical examination, medical history, laboratory and imaging testing, device therapy, medications, functional and quality of life assessment, and outcome events. Of these, 75 baseline data items (43% of the reviewed CRF items) and 6 outcome events were included in the final core device CRF (Figure 1). The characteristics of the 6 HF device clinical trial CRFs used as guidance and the final consensus CRF are summarized in Table 1.
In order to accommodate the breadth of clinical trials for cardiac devices within the study of HF, including those for patients with American Heart Association/American College of Cardiology Stage C and Stage D disease requiring advanced mechanical circulatory support, the consensus CRF was conceived as a base form with separate modular additions to be created as needed to capture complementary data (Central Figure) (12). Modules will contain logically connected data elements around concepts not included in the core CRF or that merit expansion into greater detail. Hence the consensus core CRF contains the minimal data necessary for a clinical trial of a device intended to treat HF. Fifty-eight percent of the submitted data variables were excluded from the core CRF, with some selected for development into specific expanded modules (Box 1). These can be included as necessary to address the breadth of therapeutic interventions for patients with HF.

Demographics
Previous CRFs have captured age at the time of enrollment or date of enrollment and date of birth. From an analytic standpoint, enrollment age recorded in years is half a year apart from the true age of the participant on average; thus, date of birth with age calculation is preferable. However, precise day of birth is unnecessarily detailed. To facilitate de-identification and simplicity, date of birth was codified to only include birth month and year. Although the authors acknowledge that complicated gender assignments and reassignments can occur, sex at birth was chosen for its clarity in most cases. Gender at the time of trial enrollment could be considered as a modular addition where it might affect the response to therapy. Racial categorization was expanded from the United States National Institutes of Health data standard and FDA guidance, with a platform that allows identification with multiple races (13-15). Both race and ethnicity items grouped participant responses of ‘other’ with ‘refusal to answer’. Geographic region was not included as a separate data field in the CRF because clinical trial enrollment site is typically captured by other documentation. 

Vital Signs
Body mass index (BMI) was not included because it can be calculated from the height and weight (3). Although it may add burden to some clinical trial sites, these measurements would be best harmonized between international and US sites if they were metric, and most electronic health records automatically convert from alternative units. Resting systolic and diastolic blood pressure, heart rate, and respiratory rate were also included. Waist circumference is acknowledged to add metabolic information to the assessment, however was suggested to be limited to modular additions outside of the core CRF (16).

Physical Examination
There is rationale to collect extensive physical examination data to prove that recruited patients had HF, particularly given recent issues with clinical trial enrollment of participants with unclear diagnoses (17). Some of these physical examination findings may also be used as primary outcomes for future trials (18,19). However, because HF can currently be diagnosed reliably with a combination of biomarkers, signs, symptoms, and hospitalizations, the physical examination was limited to items felt to be most essential and potentially viable as therapeutic markers including the presence of peripheral edema, evidence of pulmonary edema, jugular venous distension, and an S3 gallop.

Cardiac Assessment
The cardiac assessment was conceived to include three critical pieces of information used to stratify subgroups of patients within HF clinical trials: left ventricular ejection fraction (LVEF), electrocardiographic rhythm and rate, and New York Heart Association (NYHA) functional class. Because ranges of LVEF are statistically problematic, even though LVEF values are typically arbitrarily assigned in multiples of 5%, the exact LVEF value was included. Because investigators tend to choose the LVEF from a range that meets the inclusion criteria for a study, the instructions surrounding LVEF entry will be critical and need refinement by each study. Heart rate, rhythm, and electrocardiographic QRS duration appear to differentially determine efficacy of some therapies (20-22). Although NYHA class is a crude measurement, it is heavily relied on in clinical trial inclusion criteria and HF guidelines, and its incorporation facilitates comparability of data across historical and future studies (12,23,24). Additional and more in-depth cardiac assessments such as the 6-minute walk test, echocardiographic details, and cardiopulmonary exercise testing are not needed for every HF clinical trial and can be part of a detailed cardiac functional assessment module (Central Figure). 

Patient Reported Outcomes Assessment
Given the growing evidence supporting patient reported outcomes (PRO) assessments as patient-centric means to better understand the journey through a disease process, and the use of PROs as outcomes for clinical trials, at least one PRO should be included in every clinical trial (25). The FDA has currently qualified two PRO measurements for the evaluation of HF medical devices, the Minnesota Living with HF Questionnaire (MLHFQ) and the Kansas City Cardiomyopathy Questionnaire (KCCQ) (26). 

Medical History
Medical history encompasses cardiovascular and non-cardiovascular historical elements and comorbidities. Hospitalization for HF in the previous 12 months, or equivalent decompensation requiring higher intensity care such as intravenous diuretic administration in clinic or an observation unit, identifies greater illness severity and is important to capture for all enrollees (27). Description of the dominant etiology of HF as ischemic or nonischemic is included; however, modules were envisioned for specific nonischemic subsets including but not limited to hypertrophic, infiltrative, and other cardiomyopathies. Additional relevant incorporated cardiac and non-cardiac comorbidities are listed in Box 2, such as prior valvular and ischemic disease, use of implantable and non-implantable devices, and risk factors for cardiovascular disease and poor overall outcomes such as chronic kidney disease, depression, and advanced cancer. Some comorbidities, such as significant lung and liver disease, are currently typically excluded from HF clinical trials, but may merit inclusion in future iterations of the CRF. Appropriate calculation of the estimated glomerular filtration rate (eGFR) can be standardized  by using clear explanations in the CRF instructions for each trial. Separate modules were anticipated for more detailed categorization of cardiac devices, rhythm disturbances, and electrocardiographic findings.

Laboratory Tests
Some CRFs have included extensive laboratory evaluations (Table 1). While many of these values can be included in the Expanded Laboratory Value Module (Box 1), the most commonly useful core testing elements for HF clinical trial enrollment include: serum hemoglobin, sodium, potassium, blood urea nitrogen, creatinine, glucose, and natriuretic peptide levels. 

Imaging Tests
The primary imaging result required for every HF clinical trial is an assessment of LVEF described previously. In general, the CRF does not designate the modality needed to measure LVEF but may be specified in the CRF instructions or further detailed in imaging modules including one for echocardiography.

Concomitant Medications and Device Therapy
The level of detail required for documentation of concomitant medications merited extensive discussion. Regulators seek to assure that a novel therapy is safe and effective in the presence of the therapeutic options already approved for demonstrated benefit in the trial population. Thus, enrolled patients with HF and reduced LVEF should be on standard guideline-directed HF medical and device therapy (28). Additionally, higher diuretic requirements may classify patients at increased risk for adverse outcomes and can be followed as a marker of therapeutic effect of interventions (29). Nonetheless, most patients with HF and a reduced ejection fraction are incompletely treated or unable to be titrated to the optimal dosing of medical therapies (30,31). The decision-making surrounding HF medication dosing is therefore critical, as was captured in the Guiding Evidence Based Therapy Using Biomarker Intensified Treatment in Heart Failure (GUIDE-IT) trial; the core CRF captures the clinical rationale if utilized doses of the three main classes of HF medications are less than optimal (30). Assurance of maximally tolerated HF medical therapy manifest by proper dosing in the control arm is needed because device trials are frequently unblinded and insufficient underlying medical therapy can confound outcome analyses. The working group acknowledges the increased coordinator burden these data require. As the dosing of digoxin, ivabradine, tolvaptan, hydralazine, and long-acting nitrates sometimes used for patients with HF has not been demonstrated to differentially affect outcomes, only the presence or absence of these medications were included. Intravenous inotropic medications can be included in an advanced HF or specialized medication module if that population is targeted. 
	The consensus CRF includes a substantial breadth of non-HF medications with consequential effects on morbidity and mortality for large subsets of the HF population. As many HF patients have ischemic heart disease, the use of statins was incorporated (32). Additionally, the use of typical anti-platelet and anticoagulant medications were identified as appropriate background therapy that may sway other trial endpoints, and given the extensive and evolving evidence that management of concomitant diabetes mellitus affects cardiovascular and HF outcomes, the use of subclasses of anti-hyperglycemic drugs were built into the core CRF (33).

Events
The working group does not mandate that the listed outcomes be targeted as clinical trial endpoints, rather that these data are captured as part of each device trial to assist in the evaluation of safety and efficacy. With increased focus on avoiding hospital admissions and readmissions, intravenous diuretics are being administered in outpatient clinics, as part of observation visits, and by home care nursing, meaning that the definition of a HF exacerbation includes each of these events, if unplanned (34,35). Other identified endpoints, both for efficacy and safety, are typical for HF clinical trials such as all-cause mortality, cardiovascular mortality, mortality equivalents including left ventricular assist device (LVAD) implantation or cardiac transplantation, and all-cause hospitalization. Modules for other potential endpoints may be needed to best suit the novel therapeutic device, and could include activity assessments including exercise testing, gait speed, accelerometry, hemodynamics, arrhythmias, imaging results, and alternative safety signals such as bleeding and infection (Box 1). Adjudication modules for types of cardiac death may be needed to distinguish HF mortality from sudden cardiac death.

Validation
The validity of the constructed CRF was determined two ways.  First, the only data items not routinely collected by the CRFs of prior HF clinical trials contained in BioLINCC were the reasons for medication dosing and titration (Appendix B, items 68-73 of the core CRF). Second, all but 4 predictors included in the 14 HF clinical trials in BioLINCC were represented in the harmonized CRF (Table 2, Appendix C). Exceptions were left ventricular and atrial echocardiographic dimensions and functional measurements, invasive measurement of cardiac index and coronary stenoses, the 6-minute walk test of exercise capacity, and measurement of angina class, all of which are intended to be included in specific modular CRFs that can be added to the standard harmonized CRF depending on trial design (Box 1). 
	 

DISCUSSION
We describe a streamlined and harmonized core CRF intended for use in clinical trials of devices for HF. A parallel effort is underway to develop a lean core CRF for use in HF drug clinical trials. Although previous attempts to standardize data entry have recommended common domains and data standards, they have not enumerated the specific data items to be used, particularly for HF (36). The resultant consensus CRF seeks an improved balance between efficiency and sufficient data collection to facilitate medical decision-making, regulatory approval, and payer coverage by generally reducing the number of required items (Table 1) (7).
	There is little formal literature that explains the mechanisms used to create CRFs and the process of item selection that satisfies each of the critical roles of clinical trial data collection: demonstration of safety and efficacy, sufficient data for regulatory approval and scientific understanding of the mechanisms of action, and information to assure potential patients that the results are applicable to their situation (9). Previous endeavors to improve clinical trial CRFs have focused on the creation of CRF libraries and data standardizations (5).
	The core CRF established here will help to usher in further related improvements to the HF clinical trial ecosystem. This CRF will be freely available as part of an expanding library of modular CRFs useful for a variety of HF clinical trials. Although it will be modifiable, and iteration will be required to continue to enhance efficiency, consistent use among HF clinical trials will increase uniformity and allow comparison of data and outcomes between trials. It can be expected that standardization of data fields will increase efficiency throughout the clinical trial ecosystem, including for coordinators who can become well-versed in the typical data items, sponsors and contract research organizations that can optimize their systems around the modular CRFs, clinical trial sites that can streamline their clinical trial apparatus instead of housing tens or hundreds of independent and disjointed trial forms, and trial designers that can use time and resources currently expended on CRF design to reduce cost or otherwise optimize trial preparations (11). While use of these established data collection modules will standardize response items, available modules will also allow customization.  
	While the core CRF is a tangible improvement to clinical trial efficiency, substantial work remains. The CRF will need to be integrated into the traditional clinical data management systems used for evidence generation while the clinical trial apparatus is modernized. As part of the modernization, the consensus CRF items can be associated with established data standards, such as with Clinical Dara Acquisition Standards Harmonization (CDASH), to facilitate automated electronic data capture from the electronic health record (4,6,37). These systems can assist with prompt regulatory review of trial data and help ensure data integrity as well as protocol adherence in real time.
	
Limitations
We acknowledge that this new core CRF has not yet proven effective in a clinical trial, and we believe that broadcasting its existence is a crucial first step to attracting investigators and trial sponsors to use it. We welcome interested parties to contact us directly, and we will make the form and future modular additions available on the Heart Failure Collaboratory website (www.hfcollaboratory.com) (5). Moreover, despite the expertise of the development and writing group, there may be skepticism regarding items included and excluded from the CRF. We encourage thoughtful critique and constructive proposals to amend these modules, as we foresee the need for ongoing iterative development. Nonetheless, it bears reiterating that the regulatory bodies involved in determining efficacy and safety of potential therapeutic HF devices were integrated into the delineated core CRF development process.

CLINICAL PERSPECTIVES
Creation of a core lean CRF with capability for modular additions was completed as part of a multi-stakeholder collaboration including the US FDA. Standardized and streamlined CRFs will improve evidence generation, allow comparison of information across trials, improve efficiency in product development, and become the standard for clinical data capture. 
TRANSLATIONAL OUTLOOK
Utilization of the core lean CRF should improve and speed evidence generation for new therapies and indications, and allow faster and appropriate implementation of those treatments, by improving clinical trial efficiency. The lean CRF should help patients more quickly receive new beneficial therapeutics.

HIGHLIGHTS
· The development of treatments for heart failure is challenged by inefficient and burdensome clinical trials.
· The Heart Failure Collaboratory created a lean case report form for use in heart failure clinical trials.
· The lean case report form can be used and iterated to become the standard for clinical data capture.
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Figure Legends
Figure 1. 
Flow Diagram for Item Inclusion and Exclusion
CRF = case report form

Figure 2. Central Figure.
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Figure 1. Flow Diagram for Item Inclusion and Exclusion.

3 Vital Sign Items
15 Physical Examination  Items
37 Medical History  Items
25 Laboratory Test  Items
11 Imaging Test  Items
8 Electrocardiographic Items
75 Unique CRF Items
83 Unique CRF Items
94 Unique CRF Items
119 Unique CRF Items
156 Unique CRF Items
171 Unique CRF Items
174 Unique CRF Items
176 Unique CRF Items


2 Demographic Items

Heart Failure Core CRF

1

Central Figure. Conceptualized core case report form (CRF), potential modular additions, and end-goals.
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Table 1. Data Items Included in Representative Case Report Forms
	
	CRF 1
	CRF 2
	CRF 3
	CRF 4
	CRF 5
	CRF 6
	Consensus

	[bookmark: _Hlk531038015]Demographics
	4
	5
	3
	6
	4
	3
	4

	Vital Signs
	5
	6
	5
	3
	9
	4
	7

	Physical Examination
	2
	20
	1
	1
	10
	0
	4

	Medical History
	23
	34
	18
	57
	41
	32
	20

	Laboratory Tests
	0
	32
	11
	1
	15
	6
	7

	Imaging Tests
	2
	12
	2
	0
	1
	1
	1

	Electrocardiogram
	2
	11
	1
	0
	0
	0
	3

	Concomitant Medications
	All†
	13
	8
	HF‡
	14
	4
	29

	Quality of Life Assessment
	Yes (EQ-5D)
	Yes (MLHFQ)
	Yes (MLHFQ)
	Yes (MLHFQ, EQ-5D)
	Yes (IPQ, KCCQ-12)
	No
	Yes§

	6-Minute Walk Test
	Yes
	Yes
	Yes
	Yes
	No
	No
	No

	Events*
	16
	10
	34
	16
	6
	8
	6

	Total Items
	51†
	143
	83
	84
	100
	58
	81



CRF = case report form; * = in addition to quality of life and objective functional assessments, separate from device-specific adverse events; † = all concomitant medications required documentation; ‡ = not included in primary CRF; § = any of the FDA qualified Medical Device Development Tools can be used (https://www.fda.gov/medicaldevices/scienceandresearch/medicaldevicedevelopmenttoolsmddt/); EQ-5D = EuroQol 5D; IPQ = Brief Illness Perception Questionnaire; KCCQ = Kansas City Cardiomyopathy Questionnaire; MLHFQ = Minnesota Living with Heart Failure Questionnaire.


Table 2. Published and Prespecified Subgroup Analyses of Heart Failure Trials Included in the Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC)
	Trial
	Age
	Sex
	Race
	HF Type
	Re-vasc
	HTN
	MI
	DM
	AF
	NYHA Class
	VS
	BNP
	Lab
	Med
	ECG
	LVEF
	Echo
	Cath
	6MW
	Site 
	Ref

	BEST
	
	X
	X
	X
	
	
	
	
	
	X
	
	
	
	
	
	X
	
	
	
	
	(38)

	CARRESS-HF
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	X
	
	
	
	
	(39)

	DIG
	
	
	
	X
	
	
	
	
	
	X
	
	
	
	X
	
	X
	X†
	
	
	
	(40)

	DOSE
	X
	
	
	
	
	
	
	
	
	
	X
	
	X
	
	
	
	
	
	
	
	(41)

	ESCAPE
	X
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X†
	
	X
	(42)

	EXACT-HF*
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	(43)

	HF-ACTION
	X
	X
	X
	X
	X
	
	X
	
	
	X
	
	
	
	X
	
	X
	
	
	
	
	(44)

	NEAT
	
	X
	X
	X
	
	
	
	X
	X
	
	X
	X
	
	X
	
	
	X†
	
	
	
	(45)

	RELAX
	
	
	
	
	
	
	
	
	X
	
	
	
	
	X
	
	
	X†
	
	
	
	(46)

	ROSE
	X
	
	
	
	
	
	
	
	
	
	X
	
	X
	
	
	X
	
	
	
	
	(47)

	SCD-HeFT
	X
	X
	X
	
	
	
	
	X
	
	
	
	
	
	X
	X†
	X
	
	
	X†
	
	(48)

	SOLVD
	
	
	
	X
	
	
	
	
	
	X
	
	
	X
	X
	
	X
	
	
	
	
	(49)

	STICH
	X
	X
	X
	
	
	
	
	X
	
	X
	
	
	
	
	
	X
	X
	X†
	
	X
	(50)

	TOPCAT
	X
	X
	X
	
	
	X
	X
	X
	
	X
	X
	
	X
	X
	
	X
	
	
	
	X
	(51)


6MW = six-minute walk test; AF = atrial fibrillation; BEST = Beta-Blocker Evaluation of Survival Trial; BNP = B-type natriuretic peptide; CARRESS-HF = Cardiorenal Rescue Study in Acute Decompensated Heart Failure; Cath = cardiac catheterization measurements or hemodynamics; CRF = case report form; DIG = Digitalis Investigation Group; DM = diabetes mellitus; DOSE = Diuretic Optimization Strategies Evaluation Trial; Echo = echocardiographic measurements; ESCAPE = Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness; EXACT = The Xanthine Oxidase Inhibition for Hyperuricemic Heart Failure Patients Study; HF type = heart failure etiology; HF-ACTION = Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training; Lab = laboratory markers including renal function; LVEF = left ventricular ejection fraction; Meds = medications; MI = prior myocardial infarction; NEAT = Nitrate’s Effect on Activity Tolerance in Heart Failure with Preserved Ejection Fraction Trial; NYHA = New York Heart Association; Ref = reference; RELAX = Phosphodiesterase-5 Inhibition to Improve Clinical Status and Exercise Capacity in Heart Failure with Preserved Ejection Fraction Trial; Re-vasc = prior coronary revascularization; ROSE = Renal Optimization Strategies Evaluation Trial; SCD-HeFT = Sudden Cardiac Death in Heart Failure Trial; Site = enrollment site; VS = vital signs; * = no planned or actualized subgroup analyses reported; † = contains data items not included in the Lean CRF. References contained in Appendix B.
Box 1. Conceptualized Modular Case Report Form Additions and Example Data Items
Arrhythmia Details – cardiac resynchronization therapy and defibrillator device details, anti-arrhythmic agent details and doses
Echocardiogram Details – typical echocardiographic core lab assessments
Electrocardiogram Details –PR interval, ventricular arrhythmia details, bradycardia details
Expanded Cardiovascular Medication Details – doses of vasodilators, digoxin, ivabradine
Expanded Congenital Heart Disease Assessment
Expanded Demographics – gender at enrollment, expanded racial groups
Expanded Event Classification – mortality adjudication including sudden cardiac death, hospitalization adjudication including cardiovascular hospitalization, separation of worsening heart failure equivalents including emergency room visits, observation stays, diuretic infusion clinics, and renal failure events
Expanded Laboratory Details – extended testing including hepatic, glycemic, nutritional, lipid, and inflammatory testing, troponins
Expanded Physical Examination and Vital Signs – temperature, pulmonary examination, abdominal examination
Expanded Surgical and Procedural History Details – radiofrequency ablation, coronary artery bypass grafting, percutaneous coronary intervention, valvular repair or replacement
Genomics Evaluation
Magnetic Resonance Details – typical magnetic resonance imaging core lab assessments
Mechanical Circulatory Support – use of inotropes, intra-aortic balloon pump, ventricular assist devices, extracorporeal membrane oxygenation
Medication Details for Thrombosis – doses of antiplatelet and anticoagulant medications
Medication Details for Antihyperglycemia – doses of antihyperglycemic medications
Metabolic Profiling – inclusive of waist circumference, metabolomic profiling, biomarkers
Objective Functional Assessment – 6-minute walk test, cardiopulmonary exercise test, gait speed, frailty, physical performance battery
Quality of Life Subscales and Expanded Quality of Life Assessments

Expanded Endpoint Ascertainment – mortality subsets, hospitalization subsets, heart failure hospitalization equivalents, patient reported outcome assessments

Box 2. Included Medical History Elements
Cardiovascular Medical History
	Hospitalization for HF with in the prior 12 months, or equivalent (IV diuretics)
	Predominant etiology of HF
	Prior myocardial infarction
	Prior coronary revascularization (surgical or percutaneous)
	Presence of moderate or severe valvular regurgitation (any cardiac valve)
	Presence of moderate or severe valvular stenosis (any cardiac valve)
	Current use of another medical device (pacemaker, ICD, CRT, CPAP, phrenic nerve stimulator, oxygen therapy)
	Presence of hypertension
	Presence of atrial Fibrillation or flutter
	Presence of ventricular tachycardia or fibrillation
	Presence of cerebrovascular disease 
	Presence of peripheral vascular disease
Non-Cardiovascular Medical History
	History of diabetes mellitus
	History of smoking
	History of chronic obstructive pulmonary disease
	History of sleep apnea
	History of depression
	History of dyslipidemia
	History of cancer requiring chemotherapy or radiation
	History of renal dysfunction (with Chronic Kidney Disease Stage by estimated glomerular filtration rate)
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Appendix B. Consensus Adult Case Report Form for Devices
©2019 Heart Failure Collaboratory

DEMOGRAPHICS
1. Birth Month ____ and Birth Year ____

2. Sex at Birth:
O Male
O Female
	
3. Ethnicity:
О Hispanic or Latino
О Not Hispanic or Latino 
О Not Reported or Refused

4. Race as determined by patient or family (Check all that apply)
O American Indian, First Nations, or Aboriginal
O Alaska Native 
O Black or African American  
O Asian Indian
O Chinese
O Filipino
O Japanese
O Korean
O Vietnamese
O Other Asian
O Native Hawaiian
O Pacific Islander (Other than Native Hawaiian)
O White or Caucasian
O Not Reported or Refused

PHYSICAL EXAMINATION
5. Height ________  О cm О in
6. Weight ________ О kg О lb
7. Resting Heart Rate:  __________  (beats/min)
8. Resting Systolic Blood Pressure:  __________   (mmHg)
9. Resting Diastolic Blood Pressure:  _________  (mmHg)
10. Resting Respiratory Rate:  _______ (respirations/min)

11. HF Assessment: (Dichotomous yes/no)
Peripheral Edema - О yes О no
Rales/Rhonchi - О yes О no
Jugular Venous Distention (JVD) - О yes О no
S3 gallop - О yes О no

CARDIAC ASSESSMENT
12. Left Ventricular Ejection Fraction Assessment: (Within ____ months)
13. Left Ventricular Ejection Fraction: (Single number, range not allowed) _____ %
14. Left Ventricular Ejection Fraction Modality:
О Echocardiogram
О Magnetic Resonance Imaging
О Gated myocardial perfusion imaging; single photon emission computed tomography (SPECT) or positron emission tomography (PET)
О Gated Equilibrium Radionucleotide Ventriculography (MUGA)
О Left ventricular contrast ventriculography during invasive catheterization

15. Electrocardiogram: (Within ____ months)
О Sinus rhythm
О Atrial Fibrillation/Flutter 
О Ventricular Paced
Ventricular rate _____ beats/min
QRS Duration _____ milliseconds
О Left Bundle Branch Block present

16. NYHA Class at time of consent
О I
О II
О III
О IV

PATIENT REPORTED OUTCOMES ASSESSMENT
17. Patient-Reported Outcome by Qualified Medical Device Development Tool at time of Enrollment:
О KCCQ (Kansas City Cardiomyopathy Questionnaire) Overall Summary Score _________
О MLHFQ (Minnesota Living with HF Questionnaire) Total Score _________

CARDIOVASCULAR MEDICAL HISTORY
18. Hospitalization due to Heart Failure (or equivalent) within prior 12 months?  О yes О no
19. Predominant Ischemic Etiology of Heart Failure - О yes О no

20. Coronary Artery Disease: 
Previous Myocardial Infarction - О yes О no
Previous Revascularization (Coronary Artery Bypass or Percutaneous Coronary Intervention) - О yes О no

21. Known Moderate or Severe Valvular Regurgitation (check all that apply)
О Aortic
О Mitral
О Tricuspid
О Pulmonic
О None

22. Known Moderate or Severe Valvular Stenosis (check all that apply)
О Aortic
О Mitral
О Tricuspid
О Pulmonic
О None

23. Medical Devices (Check all that apply)
О Pacemaker (non-CRT, non-ICD)
О Implantable Cardioverter-Defibrillator (ICD; non-CRT)
О Cardiac Resynchronization Therapy (CRT-P, non-ICD)
О Cardiac Resynchronization Therapy, Implantable Cardioverter-Defibrillator (CRT-D)
О Continuous Positive Airway Pressure (CPAP)
О Phrenic Nerve Stimulator
О Continuous Oxygen Therapy
О Durable Left Ventricular Assist Device
О Other
О None

24. History of Hypertension - О yes О no
25. History of Atrial fibrillation/flutter - О yes О no
26. History of Ventricular tachycardia/fibrillation - О yes О no
27. History of Cerebrovascular Disease - О yes О no
28. History of Peripheral Vascular Disease - О yes О no

NON-CARDIOVASCULAR MEDICAL HISTORY
29. History of Diabetes Mellitus - О None О Type 1 О Type 2 О Unknown Type
30. Smoking Status - О Current О Former О Never
31. History of COPD - О yes О no
32. History of Sleep Apnea - О yes О no
33. History of Depression - О yes О no
34. History of Dyslipidemia - О yes О no
35. History of Cancer Requiring Chemotherapy or Radiation - О yes О no

36. Renal Function at Enrollment by Estimated Glomerular Filtration Rate (eGFR; Chronic Kidney Disease Stage) 
О I (eGFR ≥90 mL/min/1.73m2)
О II (eGFR 60-89 mL/min/1.73m2)
О IIIa (eGFR 45-59 mL/min/1.73m2)
О IIIb (eGFR 30-44 mL/min/1.73m2)
О IV (eGFR 15-29 mL/min/1.73m2)
О V (eGFR <15 mL/min/1.73m2)

BASELINE LABORATORY VALUES
37. Serum Hemoglobin ____ О g/dL О mmol/L
38. Serum Sodium ____ О mEq/L О mmol/L
39. Serum Potassium ____ О mEq/L О mmol/L
40. Blood Urea Nitrogen ____ О mg/dL О mmol/L
41. Serum Creatinine ____ О mg/dL О mmol/L
42. Natriuretic Peptides ____ О BNP О NT-proBNP (pg/mL)
43. Serum Glucose ____ О mEq/L О mmol/L

BASELINE MEDICATIONS 
44. Loop Diuretics (total daily dose, select all that apply)
О Furosemide ____ mg
О Torsemide ____ mg
О Bumetanide ____ mg
О Ethacrynic Acid ____ mg
О None

45. Thiazide Diuretics (total daily dose, select all that apply)
О Hydrochlorothiazide ____ mg
О Chlorthalidone ____ mg
О Chlorothiazide ____ mg
О Indapamide ____ mg
О Metolazone ____ mg
О Methyclothiazide ____ mg
О None

46. Mineralocorticoid Receptor Antagonists (total daily dose, select all that apply)
О Spironolactone ____ mg
О Eplerenone ____ mg
О Canrenone ____ mg
О None

47. Renin-Angiotensin System Inhibitors (total daily dose, select all that apply)
О Benazepril ____ mg
О Captopril ____ mg
О Enalapril ____ mg
О Fosinopril ____ mg
О Lisinopril ____ mg
О Moexipril ____ mg
О Perindopril ____ mg
О Quinapril ____ mg
О Ramipril ____ mg
О Trandolapril ____ mg
О Azilsartan ____ mg
О Candesartan ____ mg
О Eprosartan ____ mg
О Irbesartan ____ mg
О Losartan ____ mg
О Olmesartan ____ mg
О Telmisartan ____ mg
О Valsartan ____ mg
О Sacubitril-Valsartan ____ mg
О Aliskiren ____ mg
О None

48. Beta-Adrenergic Receptor Blockers (total daily dose, select all that apply)
О Acebutolol ____ mg
О Atenolol ____ mg
О Betaxolol ____ mg
О Bisoprolol ____ mg 
О Bucindolol ____ mg
О Carvedilol ____ mg
О Labetalol ____ mg
О Metoprolol tartrate ____ mg
О Metoprolol succinate ____ mg
О Nadolol ____ mg
О Nebivolol ____ mg
О Penbutolol ____ mg
О Pindolol ____ mg
[bookmark: _Hlk521997702]О Propranolol ____ mg
О None

[bookmark: _Hlk521997689]OTHER HF MEDICATIONS
49. Digoxin О yes О no
50. Ivabradine О yes О no
51. Tolvaptan О yes О no
52. Hydralazine О yes О no
53. Isosorbide-Mononitrate О yes О no
54. Isosorbide-Dinitrate О yes О no

OTHER CARDIOVASCULAR MEDICATIONS
55. Any Antiarrhythmic Medication О yes О no
56. [bookmark: _Hlk521997812]Any Calcium Channel Antagonist О yes О no
57. [bookmark: _Hlk521997913]Aspirin О yes О no
58. Any Non-Aspirin Anti-Platelet Agent О yes О no
59. [bookmark: _Hlk521998037]Warfarin О yes О no
60. Any Direct Oral Anti-Coagulant О yes О no
61. Any Statin О yes О no
62. Any Additional Anti-Hypertensive Medication О yes О no

[bookmark: _Hlk521999088]ANTI-HYPERGLYCEMIC MEDICATIONS
63. Metformin О yes О no
64. Any Sulfonylurea О yes О no
65. Any Thiazolidinedione О yes О no
66. Any Glucagon-Like Peptide-1 (GLP-1) Antagonist О yes О no
67. Any Dipeptidyl-peptidase-4 (DPP-4) Antagonist О yes О no
68. Any Sodium-Glucose Co-Transporter-2 (SGLT-2) Antagonist О yes О no
69. Any Insulin О yes О no

HEART FAILURE MEDICAL AND DEVICE THERAPY EXPLANATION
70. Renin-Angiotensin System Inhibitor at goal dose О yes О no
71. If Renin-Angiotensin System Inhibitor not at goal dose, this is due to (select all that apply):
О Hyperkalemia
О Renal Dysfunction
О Hypotension
О Bradycardia
О Other Side Effect or Intolerance
О Physician Decision-Making other than Side Effects or Intolerance

72. Beta-Adrenergic Receptor Blocker at goal dose О yes О no
73. If Beta-Adrenergic Receptor Blocker not at goal dose, this is due to (select all that apply):
О Hyperkalemia
О Renal Dysfunction
О Hypotension
О Bradycardia
О Other Side Effect or Intolerance
О Physician Decision-Making other than Side Effects or Intolerance

74. Mineralocorticoid Receptor Antagonist at goal dose О yes О no
75. If Mineralocorticoid Receptor Antagonist not at goal dose, this is due to (select all that apply):
О Hyperkalemia
О Renal Dysfunction
О Hypotension
О Bradycardia
О Other Side Effect or Intolerance
О Physician Decision-Making other than Side Effects or Intolerance



EVENTS
1. All-Cause Mortality ________ (date)
2. Cardiovascular Mortality О yes О no
3. Left Ventricular Assist Device (LVAD) or Heart Transplant ________ (date)
4. All-Cause Hospitalization ________ (date)
5. Heart Failure Hospitalization О yes О no
6. Other Worsening Heart Failure Event Requiring Intravenous Diuretic ________ (date)
	(Emergency Department, Observation Visit, Clinic Visit, or Other Intravenous Diuretic Administration)
7. Patient-Reported Outcome by Qualified Medical Device Development Tool:
	О KCCQ (Kansas City Cardiomyopathy Questionnaire) Overall Summary Score _________
	О MLHFQ (Minnesota Living with Heart Failure Questionnaire) Total Score _________


Appendix C. Consensus Adult Case Report Form for Drugs
©2019 Heart Failure Collaboratory 

Preamble: The Consensus Adult Lean Case Report Form for Drugs is intended to apply to most standard clinical trials of new drugs for the treatment of heart failure to be used for regulatory approval. Limitation of the data items collected may be reasonable in direct consultation with the United States Food and Drug Administration. 

The lean case report form for drugs is distinct from the case report form for devices in the following ways: 
Includes: assessment of the symptoms needed for the diagnosis of heart failure and whether heart failure was previously diagnosed.
Does not include: assessment of the modality used to determine left ventricular ejection fraction (LVEF) or baseline laboratory values.

DEMOGRAPHICS
1. Birth Month ____ and Birth Year ____

2. Sex at Birth:
O Male
O Female
	
3. Ethnicity:
О Hispanic or Latino
О Not Hispanic or Latino 
О Not Reported or Refused

4. Race as determined by patient or family (Check all that apply)
O American Indian, First Nations, or Aboriginal
O Alaska Native 
O Black or African American  
O Asian Indian
O Chinese
O Filipino
O Japanese
O Korean
O Vietnamese
O Other Asian
O Native Hawaiian
O Pacific Islander (Other than Native Hawaiian)
O White or Caucasian
O Not Reported or Refused

PHYSICAL EXAMINATION
5. Height ________  О cm О in
6. Weight ________ О kg О lb
7. Resting Heart Rate:  __________  (beats/min)
8. Resting Systolic Blood Pressure:  __________   (mmHg)
9. Resting Diastolic Blood Pressure:  _________  (mmHg)
10. Resting Respiratory Rate:  _______ (respirations/min)

11. Symptom Report: (Patient Reported Dichotomous yes/no)
Edema - О yes О no
Dyspnea - О yes О no
Orthopnea - О yes О no
Fatigue - О yes О no

12. Heart Failure Assessment: (Clinician Assessed Dichotomous yes/no)
[bookmark: _Hlk10786725]Peripheral Edema - О yes О no
Rales/Rhonchi - О yes О no
Jugular Venous Distention (JVD) - О yes О no
S3 gallop - О yes О no

CARDIAC ASSESSMENT
13. Left Ventricular Ejection Fraction Assessment: (Within ____ months)
14. Left Ventricular Ejection Fraction: (Single number, range not allowed) _____ %

15. Electrocardiographic Assessment proximal to Enrollment
О Sinus rhythm or О Atrial Fibrillation/Atrial Flutter or О Atrial Paced
QRS Duration _____ milliseconds
О Left Bundle Branch Block present

16. NYHA Class at time of consent
О I
О II
О III
О IV

CARDIOVASCULAR MEDICAL HISTORY
17. Prior diagnosis of heart failure - О yes О no
18. Hospitalization due to heart failure (or equivalent) within the prior 12 months - О yes О no
19. Predominant ischemic etiology of heart failure - О yes О no
20. Known Coronary Artery Disease - О yes О no
21. Previous Myocardial Infarction - О yes О no
22. Previous Revascularization (Coronary Artery Bypass or Percutaneous Coronary Intervention) - О yes О no

23. Known Moderate or Severe Valvular Regurgitation (check all that apply)
О Aortic
О Mitral
О Tricuspid
О Pulmonic
О None

24. Known Moderate or Severe Valvular Stenosis (check all that apply)
О Aortic
О Mitral
О Tricuspid
О Pulmonic
О None

25. Medical Devices (Check all that apply)
О Pacemaker (non-CRT, non-ICD)
О Implantable Cardioverter-Defibrillator (ICD; non-CRT)
О Cardiac Resynchronization Therapy (CRT-P, non-ICD)
О Cardiac Resynchronization Therapy, Implantable Cardioverter-Defibrillator (CRT-D)
О Continuous Positive Airway Pressure (CPAP)
О Phrenic Nerve Stimulator
О Continuous Oxygen Therapy
О Durable Left Ventricular Assist Device
О Other
О None

26. History of Hypertension - О yes О no
27. History of Atrial fibrillation/flutter - О yes О no
28. History of Ventricular tachycardia/fibrillation - О yes О no
29. History of Cerebrovascular Disease - О yes О no
30. History of Peripheral Vascular Disease - О yes О no
31. History of Congenital Heart Disease: О yes О no

NON-CARDIOVASCULAR MEDICAL HISTORY
32. History of Diabetes Mellitus - О None О Type 1 О Type 2 О Unknown Type
33. Smoking Status - О Current О Former О Never
34. History of COPD - О yes О no
35. History of Sleep Apnea - О yes О no
36. History of Depression - О yes О no
37. History of Dyslipidemia - О yes О no
38. History of Cancer Requiring Chemotherapy or Radiation - О yes О no

39. Renal Function at Enrollment by Estimated Glomerular Filtration Rate (eGFR) and Chronic Kidney Disease Stage
О I (GFR ≥90 mL/min/1.73m2)
О II (GFR 60-89 mL/min/1.73m2)
О IIIa (GFR 45-59 mL/min/1.73m2)
О IIIb (GFR 30-44 mL/min/1.73m2)
О IV (GFR 15-29 mL/min/1.73m2)
О V (GFR <15 mL/min/1.73m2)

40. Current treatment with Dialysis - О yes О no

BASELINE MEDICATIONS 
41. Loop Diuretics (total daily dose, select all that apply)
О Furosemide ____ mg
О Torsemide ____ mg
О Bumetanide ____ mg
О Ethacrynic Acid ____ mg
[bookmark: _Hlk7003076]О None

42. Thiazide Diuretic О yes О no

43. Mineralocorticoid Receptor Antagonists (total daily dose, select all that apply)
О Spironolactone ____ mg
О Eplerenone ____ mg
О Canrenone ____ mg
О None

44. Renin-Angiotensin System Inhibitors (total daily dose, select all that apply)
О Benazepril ____ mg
О Captopril ____ mg
О Enalapril ____ mg
О Fosinopril ____ mg
О Lisinopril ____ mg
О Moexipril ____ mg
О Perindopril ____ mg
О Quinapril ____ mg
О Ramipril ____ mg
О Trandolapril ____ mg
О Azilsartan ____ mg
О Candesartan ____ mg
О Eprosartan ____ mg
О Irbesartan ____ mg
О Losartan ____ mg
О Olmesartan ____ mg
О Telmisartan ____ mg
О Valsartan ____ mg
О Sacubitril-Valsartan ____ mg
О Aliskiren ____ mg
О None

45. Beta-Adrenergic Receptor Blockers (total daily dose, select all that apply)
О Acebutolol ____ mg
О Atenolol ____ mg
О Betaxolol ____ mg
О Bisoprolol ____ mg
О Bucindolol ____ mg
О Carvedilol ____ mg
О Labetalol ____ mg
О Metoprolol tartrate ____ mg
О Metoprolol succinate ____ mg
О Nadolol ____ mg
О Nebivolol ____ mg
О Penbutolol ____ mg
О Pindolol ____ mg
О Propranolol ____ mg
О None

OTHER HF MEDICATIONS
46. Digoxin О yes О no
47. Ivabradine О yes О no
48. Tolvaptan О yes О no
49. Hydralazine О yes О no
50. Isosorbide-Mononitrate О yes О no
51. Isosorbide-Dinitrate О yes О no

OTHER CARDIOVASCULAR MEDICATIONS
52. Any Antiarrhythmic Medication О yes О no
53. Any Calcium Channel Antagonist О yes О no
54. Aspirin О yes О no
55. Any Non-Aspirin Anti-Platelet Agent О yes О no
56. Warfarin О yes О no
57. Any Direct Oral Anti-Coagulant О yes О no
58. Any Statin О yes О no
59. Any Additional Anti-Hypertensive Medication О yes О no

ANTI-HYPERGLYCEMIC MEDICATIONS
60. Metformin О yes О no
61. Any Sulfonylurea О yes О no
62. Any Thiazolidinedione О yes О no
63. Any Glucagon-Like Peptide-1 (GLP-1) Agonist О yes О no
64. Any Dipeptidyl-peptidase-4 (DPP-4) Antagonist О yes О no
65. Any Sodium-Glucose Co-Transporter-2 (SGLT-2) Antagonist О yes О no
66. Any Insulin О yes О no

HF MEDICAL THERAPY EXPLANATION
67. If no Renin-Angiotensin System Inhibitor, this is due to (select all that apply):
О Hyperkalemia
О Renal Dysfunction
О Hypotension
О Bradycardia
О Other Side Effect or Intolerance
О Physician Decision-Making other than Side Effects or Intolerance (including lack of indication)

68. If no Beta-Adrenergic Receptor Blocker, this is due to (select all that apply):
О Hyperkalemia
О Renal Dysfunction
О Hypotension
О Bradycardia
О Other Side Effect or Intolerance
О Physician Decision-Making other than Side Effects or Intolerance (including lack of indication)

69. If no Mineralocorticoid Receptor Antagonist, this is due to (select all that apply):
О Hyperkalemia
О Renal Dysfunction
О Hypotension
О Bradycardia
О Other Side Effect or Intolerance
О Physician Decision-Making other than Side Effects or Intolerance (including lack of indication)



EVENTS
8. All-Cause Mortality ________ (date)
9. Cardiovascular Mortality О yes О no О unknown
10. All-Cause Hospitalization ________ (date)
11. Cardiovascular Hospitalization О yes О no О unknown
12. Heart Failure Hospitalization О yes О no О unknown
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