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Intelligent Agent-Assisted Management of Chronic Disease

For a significant number of active military and veterans, managing a chronic disease has become a normal part of life. This “management” requires a proactive approach from healthcare providers to prevent the complications of chronic disease, and increasingly greater patient involvement in dealing with the daily challenges of living with a chronic condition.  The transition from managing acute disease to managing chronic disease requires fundamental changes in healthcare service organization and delivery, as well as recognition “that the patient with chronic disease is the principal care giver who must carry out the necessary actions continuously, interpret and report their results accurately and join with their providers in subsequent decisions.”
 

In this paper, we present a new approach to support self-management for chronic conditions with the use of “intelligent agents”. This approach uses a highly personalized set of autonomous rule-based tools operating on small form devices such as PDAs and smartphones, with backend servers that maintains a “situational awareness” of a patient’s changing health condition through the routine monitoring of data from biomonitors, laboratory results, and/or other sources of patient health status indications and provide the “fused” integration of these data with personal electronic health records and medical information sources.  Prototype agents will automatically and intelligently associate patient-specific information with rules reflecting the latest findings in evidence-based knowledge sources to identify individualized, actionable opportunities to improve care, and provide meaningful “actionable” alerts to patients and providers.  These capabilities will be demonstrated with the use of mobile devices and autonomous intelligent agents in support of safe medication use, but the underlying concepts are extensible to other care domains of interest in chronic care
The following are key underlying concepts of the proposed prototype
“mHealth” is a recent term for medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, PDAs, and other wireless devices. mHealth applications include the use of mobile devices in collecting community and clinical health data, delivery of healthcare information to practitioners, researchers, and patients, real-time monitoring of patient vital signs, and direct provision of care (via mobile telemedicine)
.

Increasingly, cell phones will be used in a wide range of health applications.  Cell phones can be biomonitors, recording and conveying biomonitoring data from an individual and/or his sensors to personal or institutional electronic health record systems or to their health care providers
. Scientists at Microsoft Research have developed software to connect inexpensive physiological monitors to “smart phones” using Bluetooth technology. The smart phone serves as both computer and communicator as it records, analyzes, and displays relevant data. Wireless Bluetooth technology is a natural for healthcare applications and services. The technology is proven and reliable. It is adaptable for use in recognizable cell phone form factors or embedded in any number of other devices from weight scales to blood pressure monitors to emergency defibrillators that, if needed, can alert medics, nurses, or physicians that the patient using it needs advice or medical assistance.

“Analytical” PHRs.  There are many PHRs on the market today. They are offered by health plans, employers and independent vendors and offer varying levels of sophistication and usefulness. Most recently, IT giants Google and Microsoft have rolled out PHR offerings that provide opportunities for users to electronically import electronic medication histories (pharmacies, health plans) and lab (testing laboratories, biomonitors) information from “partners” that can be compiled with hand-entered information. The MHS MiCare is a Department of Defense (DOD)-sponsored web site where beneficiaries can have their AHLTA electronic health records delivered to one of these commercial PHRs.  At the current time users can elect to upload 24 months of medical history, including: Labs, Radiology Reports, Allergies, Conditions, Procedures, In-patient and Out-patient notes and Medications.


While most current PHRs provide effectively integrated, yet static personalized health data repositories, what is emerging is an analytical PHR framework that takes this data-rich environment to the next level by driving patient activity, access and interaction between physician and patient
 and integration in real-time with clinical decision-support technologies. These are designed to compare a patient’s aggregated data with thousands of medical rules that represent incontrovertible standards of care. Although many studies have shown the beneficial effects of clinical decision support systems (CDSS) on clinical decision-making
, numerous studies indicate that in important areas such as drug safety monitoring for example (e.g. drug-drug interaction or drug-allergy contraindication alerts), current CDSS capabilities integrated with automated medication prescribing tools (e.g. Computerized Provider Order Entry (CPOE) generate many false alarms (clinically insignificant alerts) frequently leading to “alert fatigue” and are mostly ignored by clinicians
. Furthermore, improvement in patient outcomes because of CDSS technology has been less than anticipated, especially in chronic diseases. For example, the Garg et al study cited above on the effects of CDSS on patient outcomes found that none of the three studies of diabetes management and only one of 12 studies of cardiovascular disease management showed improvement in patient outcomes.  Nationally, use of electronic health records has not been associated with improved ambulatory care quality.  One recent example of an unsuccessful CDSS to improve the care of patients with asthma or angina found three main problem areas: timing of the guideline trigger, ease of use of the system, and helpfulness of the proffered content
.

The important lesson here is if PHR products and services such as those described above are to realize their potential to help people lead healthy lives and become engaged participants in their care, they must evolve in ways that effectively meet the varied needs of a population that has increasingly diverse health needs and goals, or they too will result in systems that generate alerts and advisories that are not used or ignored.  Ideally, PHR systems should be responsive to patients’ different levels of self-efficacy, health literacy, familial supports, technological fluency and other factors. For any individual, a personal health record in the years to come might encompass the medical records that result from care delivered over lifetimes by multiple health care providers, electronic data from laboratories, pharmacies, passive wireless sensors measuring vital signs and other biomonitors measuring disease specific biomarkers.  

Associating this wealth of data with best-evidence knowledge sources to generate advisories/alerts/reminders in a manner that minimizes false alarms, and maximizes the clinical significance of consumer-friendly pushed medical information to the user can only be accomplished with the aid of personal profiles that help direct intelligent, rule-based systems to filter and customize the relevant knowledge to the user’s specific self-management needs. 

Pharmacovigilance and Electronic Access to Medical Knowledge.  Highly prevalent medication safety technologies being used at hospitals today are CPOE systems augmented with real-time access to drug knowledgebases (e.g. First Data Bank) which check for drug-drug, drug duplication, dosage and drug-allergy contraindications and bedside bar code matching of drugs and patients. Although these tools can prevent medication errors at the point of ordering and administration, they do not detect unintended negative interactions of a drug with the systems of the particular individual or with other drugs or substances they are taking, or provide early indications that administered drugs that may not be working well or not working at all with a specific individual.  We propose the use of intelligent agents and the Jboss Drools inference engine and a proven pharmacovigilance rule base (VigiLanz) to address this gap by: 1) Automatically monitor drug therapy and its effect on patient physiology, 2) Automatically monitor changes of patient physiology and the resultant impact on drug therapy, and 3) Intelligently notifying both patients and providers when necessary.  
These capabilities will help prevent adverse drug events or other conditions from going unnoticed.  Our proposed prototype will use this rule-based technology in concert with agent-assisted physiological monitoring and PHRs for patient-centric self-management of medications in support of effective chronic disease care and to leverage the recent (Structured Product Label” (SPL)) FDA initiative to access the most recent publically available drug safety related information.  SPLs allow physicians and patients electronic access to the most up to date information about a prescription drug through the DailyMed website (http://dailymed.nlm.nih.gov), developed in collaboration with the National Library of Medicine.  CTA has already developed a prototype iPhone application that monitors this RSS feed. 
Intelligent Agents.  The term "intelligent agent" as used in this proposal describes a complex software entity that has been used successfully in information-rich time-sensitive domains such as tactical military, intelligence, law enforcement and time-sensitive commercial investment markets performing highly automated decision support functions entailing large volume data collection/filtering, pattern recognition and real-time event notification.  Various authors have proposed different definitions of agents; these commonly include concepts such as

· persistence (code is not executed on demand but runs continuously and decides for itself when it should perform some activity) 

· autonomy (agents have capabilities of task selection, prioritization, goal-directed behavior, decision-making without human intervention) 

· social ability (agents are able to engage other agent components through some sort of agent-agent communication and coordination) 

· reactivity (agents perceive the context in which they operate and react to it appropriately). 

· ability to adapt (agents sense the environment and reconfiguring in response. This can be achieved through the choice of alternative problem-solving-rules or algorithms) 

· ability to learn through trial-and-error or monitoring user behavior

A core component of the DoD transformation to Net-Centric warfare is the widespread adoption of powerful Web-Centric interoperability technologies: XML, Web Services and Service Oriented Architectures (SOA),   The introduction of formal semantics such as OWL expressions of domain knowledge within such frameworks promises even greater reward in achievement of “true” interoperability through the support of intelligent agents that leverage the synergy between SOA standards and explicit semantics to bring powerful associative/data fusion reasoning across vast sources of data.  CTA has developed an agent framework called WebAgents, based on the latest advances in these Semantic SOA (SSOA) technologies, which can be used to quickly develop distributed communities of agents that can perform powerful information data mining, data fusion and notification services in support of mobile warfighters using handheld devices with intermittent connectivity to information sources.  

The following diagram illustrates the overall architecture of the WebAgents Platform. [image: image1.jpg]Web Services Service Request
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Prototype Vision.  The envisioned system will be a comprehensive, user profile-driven, rules-guided SOA solution for action-oriented surveillance for pharmacology based on a dynamically maintained CDSS rule base and PHR.  The system will employ end-user “smart phones” (e.g. iPhone, Android G1) with 3G wireless access to the envisioned web services.  WebAgents will be deployed on handheld clients with wireless connectivity to monitoring devices and servers that collect/assimilate/monitor PHR data, electronic medical information sources (e.g. FDA SPL), user profiles and associate patient-specific conditions with best evidence practices.   The goal is for the system to operate as an around-the-clock surveillance system for critical data to improve medication safety and deliver optimal clinical care throughout the user’s environment.

Standards based, open source, personal health record and SOA-engineered CDSS represents both an opportunity to make the power of best evidence based medicine accessible to every individual anywhere and to avoid errors and suboptimal care that can result from the existing fragmentation of medical records.  
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The goals of the proposed prototype are to:

1.  Assist patients and doctors with the management of chronic illnesses through the intelligent use of alert messages and guidance.  Initially, a pharmacovigilance capability will be used to demonstrate the benefits of the approach.
2. Utilize small form factor devices, such as cell phones and PDAs that can interact with medical devices as well as back end agents that are monitoring the current state of the patient.
3. Utilize the full capabilities and promise of Autonomous Multi-Agent technology where agents utilize rule-based inference engines.
4. Provide a “Physician Assistant” whereby agents can notify providers when lab test documented in the PHR are showing unhealthy trends. 

5. Create a generic "Lego block" architecture to accommodate new biosensor technologies as they emerge, as well as address problems associated with specific chronic diseases.
By having the standards-based CTA WebAgents platform as the foundation of the effort and utilizing affordable, ubiquitous mobile phone based clients for recording and reporting multisource health information and practicing self-managed evidence based care, a new generation of intelligent patient centric capabilities can be brought to bear on chronic illnesses. 
An important component of this vision is the use of intelligent agent technology to deal with the continuous proliferation of medical information and research discoveries relevant to a specific patient.  It is envisioned that user agents will provide immediate access to reference sources such as the FDA SPL that can assist in the decision making process at the point of care, wherever that may be. Continuous connectivity to the Internet, facilitated by proliferating wireless networks, and smart phones, PDAs and mobile biosensors provide an environment for rapid, convenient access to tailored information where and when it’s needed.
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