
 (a)
Significance

•
Explain the importance of the problem or critical barrier to progress in the field that the proposed project addresses.
Absence of clinical decision-support tools is a barrier to the high clinician compliance with guidelines we require to deliver consistent high quality care 


(1, 2) ADDIN EN.CITE .  The absence of clinical decision support tools contributes to deviation of clinical care from its evidence-based care goal 


(3-8) ADDIN EN.CITE .  If the medical community continues current strategies for clinical studies, translational work, and clinical care delivery, we will not meet our goals and we will not achieve the health care goals articulated by President Obama.

Compliance of physicians with evidence-based treatments or guidelines is low across a broad range of health care topics (9).  Differences in guideline compliance (9) and differences in compliance with Joint Commission on Accreditation of Healthcare Organizations measures for heart failure patients 


(10) ADDIN EN.CITE  are linked to differences in mortality.  Low clinician compliance persists even when guidelines based on reputable evidence are available. Widespread distributions of evidence-based guidelines and education programs have had only limited impact on this low clinician compliance in the clinical care delivery setting, commonly termed the “real world.”

The absence of tools that enable translation and consistent application of evidence-based heart failure treatment guidelines to clinical practice is a critical barrier for “real world” heart failure care.  eProtocols that implement evidence-based heart failure guidelines can surmount this barrier.    
•
Explain how the proposed project will improve scientific knowledge, technical capability, and/or clinical practice in one or more broad fields.
Translation of rigorous research results to, and consistent application within, clinical practice remains a challenge for the “real world” clinical care delivery setting.  This challenge could be met successfully if tools that established rigorous and reproducible efficacy research methods were usable both in “real world” effectiveness research and in “real world” clinical practice. 

We have built, validated, employed clinically, and distributed adequately explicit bedside computer protocols (eProtocols) that enable translation of rigorous research results to clinical practice in critical care medicine 


(1, 2, 11-16) ADDIN EN.CITE . An adequately explicit protocol can elicit the same decision from different clinicians when faced with the same clinical information.  Adequately explicit computer protocols enable a reproducible clinician decision method that standardizes clinician decision making while, importantly, retaining patient-specific treatment and preserving ultimate clinician decision making authority 


(1, 2, 12, 13, 17) ADDIN EN.CITE . Clinician compliance with our eProtocol recommendations is 94%.

National heart failure guidelines produced by important organizations such as the American College of Cardiology/American Heart Association Guideline, and others, do not include the level of detail and complexity required to provide the patient-specific prescriptions needed by clinicians (18).  These guidelines do not contain the detail incorporated in our reproducible clinician decision methods (eProtocols). Guidelines for heart failure consist of broadly defined suggestions for care, and contain inexact descriptions of patient state (18).  The guidelines intentionally require clinician judgment but this allows, and almost assures, variable clinician decision-making.  In contrast, our reproducible clinician decision methods(eProtocols) contain enough detail to theoretically have a computer control the intervention (e.g., mechanical ventilator, intravenous drugs).  However, we always retain clinician oversight, in which a bedside clinician reviews and decides to accept or decline the computer protocol recommendation for the specific patient-tailored treatment prescription. Intensive care unit clinicians have accepted these recommendations 94% of the time for mechanical ventilation, intravenous fluid/hemodynamic, and blood glucose support 


(2, 12-14, 19) ADDIN EN.CITE .
 Current heart failure clinical care has unnecessary variation, is not reproducible, and is associated with high error rates, including errors of omission.  Even in environments with experience, clinical care inconsistency and lower than desired levels of clinician and patient compliance with evidence-based practice is common (9, 20).  Detailed, adequately explicit computer protocols enable reproducible clinical decision methods offer a solution to two central problems in heart failure patient management: 1-Better definition of what works and what does not (more credible research and quality improvement results) 


(1, 2, 13, 21) ADDIN EN.CITE , and 2-Effective tools for consistent translation of research results into practice (with reduction of error) (14). 
•
Describe how the concepts, methods, technologies, treatments, services, or preventative interventions that drive this field will be changed if the proposed aims are achieved.
If use of a reproducible clinician decision method in heart failure (eProtocol-HeartFailure) is feasible, we will do subsequent clinical applications (after the tenure of this R21 grant proposal).  If subsequent clinical studies are as successful as our critical care applications 


(1, 2, 12, 13) ADDIN EN.CITE , eProtocol-HeartFailure will have broad applications in both research and clinical care.  It should make clinical research in heart failure more robust and its scientific results more credible, and when exported to clinical practice enable more easy and consistent translation of research results to practice than is currently possible. 
Extension of heart failure patient data acquisition from the hospital to outpatient settings, and eventually to the home, and use of these data to drive the computer protocol, will be a leap forward in achieving desired clinician and patient compliance with evidence-based heart failure therapies.  Our proposed work is responsive to the imperatives of the Joint Principles of the Patient Centered Medical Home (22).  The impact on patient quality of life, reduction of hospital readmission rate, and economic burden to the community will be major.  

 (b)
Innovation

•
Explain how the application challenges and seeks to shift current research or clinical practice paradigms.
Current clinical research and practice paradigms rely heavily on individual clinician judgment and many efforts to make these judgments more uniform have been attempted.  Multiple published heart failure management protocols developed elsewhere such as the OPTIMIZE-HF Model, OPTIMIZE-HF In-Hospital Heart Failure Management Algorithm and the American Heart Association “Get With the Guidelines” program, have achieved some improvement in clinician compliance with guidelines.  While useful, they lack the detail necessary for adequately explicit protocols.  For example, even for Class 1, Level A, evidence for Stage C heart failure patients, the Guideline states “3. Angiotensin-converting enzyme inhibitors are recommended for all patients with current or prior symptoms of heart failure and reduced left ventricular ejection fraction, unless contraindicated” (18).  However, a search of the Guideline for “ACE inhibitor contraindication” or “Angiotensin Converting Enzyme contraindication” fails to reveal any information that specifies how to make this decision.  The determination of “contraindication”, then, requires bedside clinician judgment that becomes part of the decision-making method.  Because the reasons for clinician judgments are not known, and because these judgments frequently differ within and among clinicians, such methods that incorporate clinician judgment cannot be completely reported and therefore cannot be reproduced.  This guideline recommendation is not adequately explicit.  
•
Describe any novel theoretical concepts, approaches or methodologies, instrumentation or interventions to be developed or used, and any advantage over existing methodologies, instrumentation, or interventions.
The use of reproducible clinical decision methods in clinical research and clinical practice is novel 


(12, 14) ADDIN EN.CITE .  The novel methodology in this proposed project is the addition of detail necessary to convert the American College of Cardiology/American Heart Association Guideline for Management of Heart Failure to an adequately explicit computer protocol (eProtocol-HeartFailure) that enables a reproducible clinician decision method (18).  This reproducible clinician decision method (eProtocol-HeartFailure), will monitor and assure clinician behavioral change, and reinforce process improvement, while preserving ultimate clinician decision making authority.  It will decrease morbidity and mortality, will likely reduce clinic and hospital visits, and lower healthcare costs.  The products of this work will be exportable to other institutions and the reprodicible methods they enable will facilitate reproducible research and clinical care across institutions.  
These reproducible clinical decision methods (eProtocols) both standardize clinician decision processes and preserve individualized patient care. Individualized patient care is preserved because the computer protocol requires explicitly defined, patient-specific clinical data. Differences in clinical data represent unique patient expressions of the disease. This leads to different, individualized recommendations from the computer protocol (reproducible clinical decision method).  Our proposed work will provide the foundation for adoption and implementation of this innovation in heart failure clinical research and practice (23).  The technical factors are soluble.  Moreover, in the setting of heart failure, we will eventually achieve continuity of computer-supervised care as the patient transitions from the inpatient to the outpatient environment.

•
Explain any refinements, improvements, or new applications of theoretical concepts, approaches or methodologies, instrumentation, or interventions.

Human behavioral change impediments represent the biggest challenge to use of adequately explicit computer protocols and the reproducible clinician decision methods they enable. Many factors, including cultural issues and health beliefs, influence clinician compliance with evidence-based care imperatives. Both paper-based and especially computer based reproducible clinician decision methods have overcome many of these problems and have achieved clinician compliance rates of 90-95% 


(1, 12-14, 19) ADDIN EN.CITE . Altering clinician behavior has not yet been adequately achieved by usual approaches, including education in various forms (9) - an example of slow spread of new practices (23).

eProtocols represent a  new application of human behavioral change efforts in medicine.  Clinician decision makers may avoid detailed decision-support products for multiple reasons that include perceived threats to clinician decision-making independence, patient safety, or efficacy. The link between mortality and variability in care challenges the traditional independent clinical decision-making paradigm. Unfortunately, many physicians are unaware that they are unable to simultaneously process the enormous amount of information relevant to the decision making process.  Recognition of this mismatch and understanding the limitations of short-term memory can be an important first step in preparing clinicians for use of computer protocol reproducible methods 


(2, 16) ADDIN EN.CITE .

Changing clinician attitudes and behavior is a prerequisite to adoption of tools that enable reproducible clinical research and clinical care methods. Montaño and Kasprzyk’s Integrated Behavior Model provides a useful framework for identifying the cognitive elements of human behavior that can be influenced by adequately explicit methods such as eProtocol-HeartFailure (24).  Our past success in overcoming these barriers in critical care medicine by using a formal process to develop reasonable strategies for managing clinical problems provides a justification for evaluating feasibility of the proposed eProtocol-HeartFailure (1).

(c)
Approach

•
Describe the overall strategy, methodology, and analyses to be used to accomplish the specific aims of the project.
We propose to build a computer-based protocol that will request and acquire the patient data needed to recognize the current physiological state of a patient and write patient-specific prescriptions based on adequately-explicit versions of accepted guidelines.   This should prevent further complications and improve the patient’s state (18). We will in this R21 grant proposal develop and evaluate enough rules of the protocol (eProtocol-HeartFailure) to evaluate feasibility.  We will ultimately, in future work, install the protocol for use in heart failure clinics and adapt the protocol for use for use by general internists in the outpatient setting.  
We propose to develop several rules for heart failure management (eProtocol-HeartFailure) to test the feasibility of extending previous work in critical care to heart failure patients.  An adequately explicit protocol for the management of heart failure (eProtocol-HeartFailure) is “one capable of generating a prescription (for drugs or other interventions) for any patient with heart failure that contains the same instructions that an expert cardiologist aware of current guidelines and pertinent medical literature would provide under any specific set of clinical circumstances.” We will seek not the “right” way (always unknown) but rather to identify a reasonable way to mange clinical decisions 


(1, 2, 11-16) ADDIN EN.CITE .  We use a point-of-decision-making display of computer protocol recommendations to clinicians who then either accept or decline the recommendation.
We will base the rules for eProtocol-HeartFailure on the guideline for heart failure management from the American Heart Association and the American College of Cardiology (18), and on other published heart failure protocols.  We will add detail to generate adequately explicit rules for initiation and up-titration of evidence-based medications in hospitalized and outpatients..  We will include specific drug name, dose, delivery route, drug administration sequences, drug step change size and time interval of administration, and measurement of physiologic variables and symptoms. 
In addition to face-to-face meetings, we will employ a web-based version of our FrameBuilder knowledge engineering program that enables clinicians to participate in knowledge engineering sessions without physical displacement, using telephone and Internet connections (15).  We will use a validated iterative refinement process developed during the past 25 years 


(1, 2, 11-16) ADDIN EN.CITE .  This process meets FDA standards for medical programming, including human factors considerations.  This process also includes knowledge engineering techniques for capturing the reasons clinicians use in making decisions about heart failure management.  During rule refinement we will capture the reasons for which clinicians decline an eProtocol-HeartFailure recommendation (17).  This process incorporates the following 12 elements (1):

	1. A rationale or imperative 
	2. Adoption of a decision-making clinician's perspective 

	3. Credible clinical leadership 
	4. Clinician involvement and benefit 

	5. Use of explicit logic, rules, and thresholds for variables 
	6. Inclusion of all outcomes for which the protocol rules apply 

	7. Generation of explicit instructions 
	8. Point-of-care application 

	9. The availability of accurate, precise, timely, and representative data 
	10. Identification of specific reasons for clinician refusal to follow instructions. 

	11. Iterative refinement 
	12. Simplicity


We will construct a detailed data table from a series of selected heart failure patients spanning a broad clinical representation of heart failure scenarios.  This data table will contain the decisions (prescriptions and recommendations) of the clinicians who cared for the heart failure patients. We will examine existing heart failure patient records to help design eProtocol-HeartFailure rules.  We will identify many of the human factor issues for a successful implementation - including optimal vocabulary for clinical concepts, identifying intermediate decisions required before final decisions can be made, interactions between decisions, mapping common clinical terms to robust physiological constructs, etc.  
We will develop initial logic Frames using free text to represent the data elements.  We will transpose these terms into a structured vocabulary consistent with the database from which these data may be obtained.  Where possible, we will make the data structure hierarchical, to facilitate drawing inferences in the decision process.  For example, if the patient does not have dyspnea, we infer that she does not have orthopnea, or paroxysmal dyspnea, etc.
We will do retrospective data analyses of the electronic medical records of heart failure patients at Intermountain Healthcare to establish frequencies for variables of interest (25, 26).  We will use these frequencies to generate appropriate targets for important variables.  Our primary outcome measure will be % of eProtocol-HeartFailure recommendations accepted by the experts.  We require acceptance (clinician compliance) of individual eProtocol-HeartFailure rule recommendations of ≥90%, and for the groups of rules generating recommendations in a protocol iteration ≥75%, for eProtocol-HeartFailure to be feasible. 

We will choose Individual heart failure patient data sets at random and enter historical data into the evolving logic frame-based eProtocol-HeartFailure during knowledge engineering sessions with a panel of heart failure experts and knowledge engineers (15).  We will use our validated FrameBuilder (15) that not only produces the decision logic but also builds the user interface for entering data and displaying the messages generated by the system. They will make modifications to the computer-executable logic frames until the protocol generates the medication and activity instructions the experts consider appropriate for that particular patient.  We will modify the logic frames (decision rules) during the session and make them consistent with the joint opinion of the experts and with the American College of Cardiology/ American Heart Association Heart Failure Guideline (18).  We will compare the prescriptions generated by eProtocol-HeartFailure with those given by the clinician to the patient at the time of the clinical visit.  We will continue this process using data from this chosen patient.  Subsequent randomly selected data may lead to further eProtocol-HeartFailure rule modifications and, after these changes, retesting of the prior randomly chosen data sets.  We will modify the logic frames until eProtocol-HeartFailure (the set of logic frames generated with our frame builder algorithm) provides instructions for all data in the training set until eProtocol-HeartFailure rule outputs agree ≥90% with the guidelines in 50 consecutive patient data sets from at least 15 patients (18). 

Then a similar evaluation will be performed using 100 randomly selected new data sets from at least 25 other heart failure patients.  If this produces ≥90% of individual eProtocol-HeartFailure recommendations and ≥75% of groups of recommendations in one protocol iteration, accepted by majority rule of an independent panel of 3 heart failure experts, we will have established feasibility and be ready to apply for RO1 grant support for the development of the complete eProtocol-HeartFailure.
No data sharing is planned for this proposed feasibility study.

Preliminary Studies: eProtocol-insulin as a model for eProtocol-Heart Failure 
eProtocol-insulin is an open loop bedside decision support system for managing insulin infusions in critically ill patients. The clinician may accept or decline the instruction and enter an alternative treatment based on clinical experience or specific characteristics of a patient.  If the instruction is declined, the clinician enters a reason that is captured electronically by eProtocol-insulin.  We have used eProtocol-insulin to manage blood glucose by generating hundreds of thousands of bedside recommendations for thousands of patients in about 20 selected clinical institutions.  A bedside clinician uses a single computer screen to enter the blood glucose and receive an instruction that, if accepted, initiates a countdown timer for the next scheduled glucose measurement.  

We assembled a multidisciplinary group of investigators that validated eProtocol-insulin with support from a National Institutes of Health Roadmap contract to improve clinical research.  We established the feasibility of exporting, on a limited scale, eProtocol-insulin from the original development site at Intermountain Healthcare to other selected adult and pediatric clinical research sites, including several US institutions and the National University Hospital of Singapore 


(12-14) ADDIN EN.CITE .
Preliminary Studies: Draft of rules for eProtocol-HeartFailure 
Many commonly used terms used in heart failure patient management are not defined in adequate detail.  These include “wet, wet weight, dry, dry weight, volume overload, volume expanded, volume up” and others.  We will map these commonly used but inadequately explicit terms to evidence-based adequately explicit fluid, electrolyte, and hemodynamic physiologic concepts such as “effectiveness of the arterial circulation, extracellular fluid volume, state of hydration, manifestations of right atrial hypertension, manifestations of left atrial hypertension, and manifestations of low cardiac output.”  This will enable us to make adequately explicit rules for management of heart failure patient states commonly associated with terms like “volume overload.”  

For example the Guideline states:

“The physical examination is the primary step in evaluating the presence and severity of fluid retention in patients with HF.  At each visit, physicians should record the patient’s body weight and determine the degree of jugular venous distension and its response to abdominal pressure, the presence and severity of organ congestion (pulmonary rales and hepatomegaly), and the magnitude of peripheral edema in the legs, abdomen, presacral area, or scrotum...Most patients with chornic HF do not have pulmonary rales...Short-term changes in fluid status in the individual patient are most reliably gauged by measuring short-term changes in body weight...The majority of patients with clinical evidence of volume overload do not exhibit hypoperfusion...Clinical signs of hypoperfusion become most apparent when cardiac output declines markedly and/or abruptly.  Clues that suggest the presence of such a marked reduction in cardiac output include narrow pulse pressure, cool extremities, altered mentation, Cheynes-Stokes respiration, resting tachycardia, and a disproportionate elevation of BUN relative to creatinine” (18). 

Our logic frames add necessary detail to this inadequately explicit Guideline description and make it adequately explicit.   Selected examples from our preliminary logic frames for this assessment include:
(@ indicates a logic frame, or its output if it is within another logic frame) 

1) @Volume overload

a) @Extracellular fluid volume overexpansion 

b) @Pulmonary congestion

c) @Evidence of Left atrial hypertension

d) @Evidence of Right atrial hypertension

e) @Overhydration (reduced serum sodium or osmolality)

Logic: any 1 of (a-e)

@Extracellular fluid volume overexpansion

a) Pitting dependent edema 

b) @Current weight as estimated fraction of “dry weight” 

c) @Recent excess weight

d) @Significant weight gain

Logic: any 1 of (a-d)

@Pulmonary congestion

a) shortness of breath

b) Shortness of breath while supine -(orthopnea)

c) Paroxysmal nocturnal dyspnea (PND)

d) Cough, not due to an acute or chronic respiratory condition

e) Pulmonary râles

f) @Chest X-ray evidence of pulmonary edema

Logic: any 1 of (a-f) 
•
Discuss potential problems, alternative strategies, and benchmarks for success anticipated to achieve the aims.
1) Timeline, Milestones, Expected Measurable Outcomes and Deliverables:

	
	Study Quarter

	Specific Aims
	1
	2
	3
	4
	5
	6
	7
	8

	1.  Develop and validate adequately explicit computer protocol clinician decision rules based on the American College of Cardiology/American Heart Association Guideline for heart failure 
	
	
	
	
	
	
	
	

	1a.   Develop selected detailed eProtocol-HeartFailure rules
	X
	X
	X
	X
	X
	X
	X
	X

	1b.    Validate rules with retrospective electronic patient data
	
	X
	X
	X
	X
	X
	X
	X

	2.  Use quality improvement techniques to test and modify the interface for clinician use in the clinical setting.
	
	
	
	
	
	
	
	

	2a.    Evaluate clinician interface interactions
	
	
	
	X
	X
	X
	X
	X

	2b.    Evaluate the data entry burden on bedside clinicians
	
	
	
	
	
	X
	X
	X

	Final Analysis & Publications
	
	
	
	
	
	
	X
	X


Shaded cells indicate major or milestone work, while unshaded “X” indicates continued work and modification.
Study Limitations and Strategy for Dealing with Problems

When we engage patients (in future work after the tenure of this R 21 proposal) will use the percentage of accepted instructions as our primary validity measure (acceptance by clinicians), the % of measurements of defined variables within target range as our primary efficacy measure, and the percentage of unsafe values of defined variables as our primary safety measure.

1. Clinician compliance with eProtocol-HeartFailure instructions (should exceed 90%)
2. Percentage of eProtocol-HeartFailure endpoints in target range. 

3. Percentage of all unsafe values of variables by total number of measurements and by patient.

We will use appropriate descriptive statistical analyses.
We have a long-term sustainability plan, should results support the feasibility of eProtocol-HeaertFailure.
We may encounter obstacles not previously experienced because of the new nature of this heart failure work.  Since we routinely capture the reasons for which clinicians decline recommendations from all eProtocols, we will be able to use this information in formulating plans to overcome unanticipated barriers.  This is the strategy we have used for two decades during development and implementation of adequately explicit computer protocols 


(1, 2, 11-16) ADDIN EN.CITE .

Potential problems that we may encounter in the course of the proposed research include problems with software development, with hardware development, and limitations of hardware and software performance.  We will deliver eProtocol-Heart Failure using network-based technologies that are the basis for our current electronic medical record implementation.  These tools are well understood through their use in our clinical information systems and have been demonstrated to provide service delivery over the Internet.

If our proposed work demonstrates that it is feasible to develop a mature computer protocol for managing heart failure patients, we will submit an RO1 grant proposal to support the development, testing, validation, and clinical application of eProtcol-HeartFailure.  Once we complete eProtocol-HeartFailure and acquire clinical outcome data at Intermountain Healthcare, we will pursue collaboration with external sites to test the exportability of eProtocol-HeartFailure in multiple environments, as we did previously with our critical care eProtocols.  Our current collaborators in our critical care work number about 35 and include leading institutions (Harvard, Yale, Penn, Johns Hopkins, Virginia, Wake Forest, Laval (Quebec, Canada)…) 


(13, 21) ADDIN EN.CITE .    We previously collaborated with the National University of Singapore Hospital 


(21) ADDIN EN.CITE .  We have recently established collaboration with the Cardiology Department of the First affiliated Hospital of Dalian Medical University in the Peoples’ Republic of China.  This will provide us a multicultural opportunity for future evaluation of eProtocol-HeartFailure.
Key Intermountain Healthcare leaders support the proposed heart failure reproducible clinician decision method Grand Opportunity research effort as a step to future enterprise-wide implementation at the organizational level.  The long-term success of this proposed clinical practice transformation for heart failure management depends on successful implementation, adoption, and sustainability of eProtocol-HeartFailure on a large scale.  Intermountain Healthcare is committed to this work and will support the enterprise-wide extension of the heart failure reproducible method (eProtocol-HeartFailure after this grant support period. 
































































