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Executive Summary


While many industries quickly integrated information management technology into their business processes, the healthcare industry has lagged behind this trend. Despite rapid adoption of other high technology relating to diagnostic and therapeutic technologies, doctors and others within the industry have been reluctant to embrace integrated information management systems. This paper will explore reasons for the tumult surrounding high-tech innovation in medical information management. 


Healthcare administrators first recognized the potential for computerized data management in the 1960’s [Waegemann 1998, 4]. The rapidly increasing volume of medical information being generated made computers a logical choice in helping to organize, store and retrieve data. As in many other industries, those responsible for the data input (doctors) often encountered frustration in their ability to interface efficiently and effectively with early computers. From the doctors’ perspective, the benefits of electronic data storage were slow to materialize and hard to recognize. Many were disillusioned interacting with computerized data management systems, and resisted relinquishing traditional pen and paper documentation. Computers became tools used mostly by administrators in an increasingly adversarial relationship with the various health professions. This disharmonious relationship was greatly exaggerated by the managed-care revolution in the United States, when administrators and third party payers developed far greater power over doctors and their practices. 


Now far behind many other technology dependent industries in terms of data management, the healthcare industry is slowly beginning to accept the need for a replacement to paper records [Luxford 1995, 89]. Factors influencing this change include: 

· Frequent failings of conventional health records to capture adequate data to support the documentation needs of third party payers, 

· Increasing mobility of patients and multidisciplinary care, and 

· Technological innovations that have made computerized records more practical.

This paper identifies and discusses the market needs for an electronic medical record (EMR) [Waegemann 1998, 5]. These needs include: 

· Capture and storage of all relevant medical data relating to patients as well as populations, 

· Security and confidentiality of medical information, 

· Portability of information including access from many different sites, and 

· Facilitation of quality improvement, research, and cost control programs.

Enabling technologies such as networks, the Internet, portable computers, touch-pens, voice recognition and template-based note software, and object technology are reviewed relative to their impact on EMR. EMR’s current position in the technology life cycle is illuminated. Three representative examples of EMR applications are described, illustrating the state-of-the-art and the diverse needs of the industry. Current market forces, movement toward standardization, and the likely future of the industry is presented. My conclusion is that EMR represents a radical innovation in healthcare information management that will continue to grow slowly until such time as enabling technologies within the industry realistically overcome the data entry barrier. Companies that can effectively market the best data input technology will quickly experience rapid growth in keeping with models of the digital economy, including principles of increasing returns and potential market dominance. 

 

Introduction


Recall the last time that you went to see a doctor for a routine medical problem. Ideally, you received high quality care from your doctor, for which you or your insurer paid the doctor or his or her employer. The interchange of information between a patient and their physician, even in highly complex medical conditions, is relatively simple compared to the subsequent information exchange that occurs as a result of your encounter. Many organizations such as insurers, practice management services, state medical boards, malpractice attorneys, hospitals, pharmacies, and other health care providers have a significant stake in the information that the doctor places in the patient’s record. It is estimated that the average doctor-patient encounter generates thirteen pieces of paper [Lawrence 1997, 10]. 


Physicians and health care organizations are becoming increasing aware of the limitations of traditional paper based documentation systems. The information age has brought forth the capability to manage the information generated and shared in the health care industry electronically, replacing paper-bases medical records. What does the "Information Age" have to offer? What are the benefits and the risks of change? Should the health care industry invest in this innovative technology? The purpose of this paper is to explore the emergence of Electronic Medical Records technology, the innovations taking place within the medical information management field. I will seek to illuminate the forces driving innovation processes, the product champions emerging in the field, and to forecast the future look of medical information management. 

Background and History of the Industry


To state that medical care has grown in complexity over the past century would be a gross understatement. At the turn of the 20th Century, doctors had few tools at their disposal to treat disease and injury. Their need for efficient and complete documentation of their patient encounters was likewise nonexistent. If any records were kept at all, they would be in the form of a journal entry for the day [Waegemann 1998, 5]. Patients paid their doctors directly, sometimes even with whatever barter they could muster. The doctor, while enjoying a modicum of prestige in the community, was in the same economic class as most of their patients. 


Technology changed all that. With tremendous advances in sterile techniques, antibiotics and other pharmaceuticals, and meaningful discoveries of the causes and treatments of countless diseases, the medical profession rapidly prospered by their success in conquering many common diseases. Physicians historically embraced new patient care technologies with speed and enthusiasm [Burgelman, Maidique and Wheelright 1996, 125]. Surgeons typically long to be at the "cutting edge" (pardon the pun!) of the latest operative technology. All other medical specialties likewise enjoyed and employed each new breakthrough that they could bring to bear in the interests of their patients.


From the 1930’s through the early 60’s, most doctors kept medical records on their patients in the form of 3 by 5-inch note cards. All of a doctors records were filed in a single small filing cabinet in their office [Waegemann 1998, 5]. If another party needed to see a patient’s record, they would be boxed up and mailed to the other party, or the doctor would convey information by voice over the telephone. At that time, there was little need for information storage and transfer. 


The "Golden Age" of medicine in the 1960’s and 70’s saw the emergence of six distinct but interrelated forces that greatly increased the size and complexity of medical records. These forces were: third party payers, litigation risk, quality assurance initiatives, federal regulations, the increasing role of specialists and team medical care, and the emergence of managed care organizations [Dalander 1997, 9]. The technological explosion in the latter half of the 20th Century drove health care costs to levels that made health insurance necessary, as most people needing the most advanced therapies could no longer afford the high cost. Emergence of third party payers in the 1960’s changed the role of the medical record. With an insurer (or the government) now paying the bill, the record became the fulcrum upon which the doctor submitted and justified a bill for services rendered [Waegemann 1998, 5]. 

As the medical profession basked in the wealth created by their new strengths in battling disease, their rising social and economic status brought onto them a new threat. Being viewed as wealthy caused an increased litigation threat for medical malpractice. Patients could now win large monetary compensations for their suffering due to malpractice. The medical record thus became the doctor’s (or institution’s) primary defense against malpractice claims, in that a doctor could document what he did, why he did it, and what he and the patient hoped to achieve. And an incomplete or illegible record quickly became a distinct liability in court. 


Hospitals and state medical boards concurrently sought to defend their interests by developing oversight mechanisms with which they could measure and monitor the competence of doctors. Among these programs were plans involving audits of patient records in an effort to measure the quality of care rendered by doctors. As such, new criteria and expectations were placed on the completeness and accuracy of the medical record. Patient records evolved from note cards to large, complex paper records [Waegemann 1998, 5]. Hospitals and clinics soon found the need for large amounts of storage space and personnel support to create, file, retrieve and maintain patient records. 

Nationwide, new standards arose to govern the content and management of medical records. The creation of Medicare and Medicaid in the 1960’s launched a new era in health care financing, as the federal government became the major third party paying the medical bills for elderly and impoverished Americans. The Health Care Financing Administration (HCFA) was the government agency responsible for administering the Medicare program. HCFA mandated all hospitals and clinics that treat Medicare patients to adhere to the standards of the Joint Committee on the Accreditation of Healthcare Organizations (JCAHO). JCAHO was an oversight organization created by the American College of Surgeons in the 1980’s to develop administrative and documentation standards for hospitals. HCFA’s mandate to use their standards made JCAHO the most powerful hospital accrediting body in the United States. Virtually all healthcare organizations must now adhere to JCAHO standards and submit to inspections every three to five years to maintain their eligibility to receive federal health care reimbursements. The inspections include reviews of medical records for completeness and accuracy. An entire field of specialized medical clerks, trained in coding and billing practices, has arisen as a result of HCFA’s and other third party insurers’ need for standardized, accurate, and justifiable billing.

In this era, medical specialties gained enormous prominence. Care once provided by one doctor now became split among various specialists and multidisciplinary teams. Managing information flow and access between specialists and teams aggravated the basic record issues. 

At every level from the doctor’s office to the hospital, to the lab, to the specialist’s service, management of the medical record became a frequent source of communication breakdown. Redundant tests and procedures, pharmacy mistakes, and even surgical errors could commonly be traced to inadequacies in the medical record system. Mistakes and inefficiencies contributed to the rapid rise in health care costs in the United States from the 1970’s to the present [Waegemann 1998, 7]. Managed care initiatives arose in an attempt to control skyrocketing costs. Many such initiatives included efforts to better manage information generated within the organization. The industry sorely needed to find a way to compile, store, and manage medical data efficiently. Hence, the need for EMR.

Market Needs for EMR- What must it be able to do?


The need for EMR arose from the increasingly complex and interrelated uses of the medical record [Lawrence 1997, 15]. These include:

· Data repository for documentation of doctor-patient encounter, patient profiling, medications, allergies, surgeries, illnesses, preventive medicine information including immunizations, mammograms, etc., storage of lab, X-ray, and other data. 

· Accurate billing and coding of diagnoses, procedures, and level of effort 

· Track utilization, costs of care. 

· Credentials metrics /quality assurance /practice guidelines. 

· Data portability. 

· Maintain the security and confidentiality of medical information.

Each of these needs will be discussed further. 

Complete documentation of the doctor-patient encounter.


Doctors and other health care providers generally face pressure to see the greatest number of patients in the shortest period of time, and in many cases, carry out complex interactions with patients in a very brief visit (usually 10-20 minutes for a primary care doctor). Little time is available to document all of the important interchanges that take place, before the provider must move on to the next patient. Thus, providers clamor for easy, efficient record keeping tools. Their managers and payers likewise call for accurate and complete information upon which to base the medical bills, and clinical support budgets. The EMR needs to allow for a concise yet complete doctor’s note [Welychka 1998, 11]. It must also be able to record and track orders for laboratory studies, radiographs, and other diagnostic tests that the doctor orders. Additionally, the EMR must accurately reflect the diagnoses and management plans resulting from the visit. Prescriptions should be managed (that is, forwarded to the intended pharmacy, recorded, tracked, and cross-referenced against other drugs the patient is taking) [Lawrence 1997, 16]. To be fully effective, the EMR should replace paper orders, prescriptions, and billing (the latter is discussed further below). EMR must be able to capture all the important information created by the patient encounter, quickly and accurately.

Accurate Billing and Coding of Diagnoses and Services Rendered

HCFA and other third party payers require that the medical record provide full and complete justification to support claims submitted by health care providers for Medicare reimbursement. Their requirements include matching of diagnoses and procedures from a standard set of nomenclature texts. Voluminous texts describe every reimbursable reason for a patient’s visit by diagnosis (International Classification of Disease, Volume 9 and the Diagnostic and Statistical Manual for Mental Disorders), and procedure performed (CPT Manual). HCFA matches these codes are with another standard coding system, the Evaluation and Management (E&M) code, which the doctor must submit as the basis for the reimbursement claim. In evaluating a claim, HCFA will compare the coded procedures and diagnosis with the E&M code, to decide if the "intensity" of the care matches the amount that the doctor (or hospital) charged for the service. HCFA will regularly audit medical records in an effort to uncover fraudulent or unsubstantiated claims, levying heavy fines for any violations. In extreme cases, HCFA may not only deny the claim, but may restrict a doctor or facility from billing Medicare, and may levy a heavy fine [Krall 1997, 598]. Thus, failure to comply with HCFA requirements could be a disastrous event for any provider. Doctors struggle to diligently choose the most accurate (and reimbursable) diagnostic and procedural codes, and match them with the most appropriate management code from which HCFA decides the amount of the charges that HCFA will reimburse. Vagaries in the regulations and regional interpretations of HCFA rules further complicate the process. Thus, the current system is extremely cumbersome for both the caregiver and HCFA.

EMR is seen by many as a viable remedy for providing a method to ensure accurate coding and billing for medical services. Software innovations have begun to address this issue by assisting the doctor in writing accurate notes and claims [Krall 1997, 600]. Several of the most popular products address the problem with a highly structured note template which cross references to "built-in" ICD-9 and CPT code catalogs in the software package. This tool allows the physician to build a structured medical note, including a diagnosis and procedures using common medical terms. The software then "suggests" ICD-9 and CPT codes to the physician, usually eliminating the need for the doctor to look up the appropriate code, or pay a billing clerk to do the same task. Recently, tools have been developed that "suggest" the E&M code that is best supported by the ICD-9 and CPT codes, greatly simplifying the doctor’s task [Oates 1998]. 

Track utilization, costs of care


Managed care organizations (MCO’s) arose from the need to control the cost and utilization of medical care. Whatever the organizational structure (health maintenance organization, preferred provider organization or otherwise), MCO’s succeed in controlling costs and maximizing efficiency only to the extent to which they can accurately measure the costs of services being rendered by their doctors and other providers. Among the tools MCO’s need in order to measure costs is an accurate medical record which can readily supply data on use of supplies and personnel. EMR can also provide a means to compare doctor’s utilization of resources and expenditures in comparison to national averages of to other doctors in the practice. This can be used as a means to standardized and improve doctors’ efficiencies of practice within an MCO or regionally [Lawrence 1997, 21]. 

Credentials Metrics, Quality Assurance, and Practice Guidelines


As stated above, hospitals and MCO’s are increasingly aware of the need for verifiable metrics by which they can substantiate the competency of their doctors. This emphasis is due to several factors, including litigation risks, third party payer requirements, and federal regulations [Dalander 1997, 38]. EMR data can be used much more readily than paper based record audits to measure a doctor’s compliance with practice guidelines and standards of care, as well as to other doctors in the organization. For instance, a hospital using EMR can readily obtain data to verify that a doctor is practicing within his specific hospital privileges. Patterns of practice including inappropriate ordering of tests, unnecessary procedures, and poor patient outcomes can be tracked and trended electronically using EMR links to a database. From the doctor’s perspective, EMR also simplifies the credentials process by providing a data base from which to substantiate his or her experience. Complication rates, deaths, numbers of specific procedures, and patient demographics are accessible by an EMR in a manner that is useful to both the doctor and the organization. 

Data Portability


In our increasingly mobile society, portability of medical information has become a significant issue to patients, doctors, and insurers. Examples of the problem are numerous. For instance, consider the family of a military member when they are transferred overseas. Their paper-based medical record may follow them to their new duty station, which may present problems at both ends. At the sending end, all paper based data on the patient or family is lost to that facility, unless they undertake the time-consuming and costly tasks of copying records. Persons needing to review the record for numerous purposes (some of which are cited above) no longer have access to it. On the receiving end, the record is often incomplete. In the military, as with many other health care organizations, medical data is sometimes stored in a mix of paper-based and computer formats. Expensive x-rays are seldom transferred with the patient, as they are the property of the hospital, not the patient. Inevitably, data is lost in the transfer, and services may be unnecessarily duplicated, or mistakes made, at the next facility. Other patients, especially retirees, migrate to various parts of the country with changes of seasons, usually leaving their medical records in their home city. If they require care while travelling or wintering-over at a location far from home, their record is often unavailable. This poses risks for the patient as well as the treating doctor or facility. Thus, there is an increasing awareness for the need for medical records to be accessible electronically from remote locations. EMR provides the logical means to accomplish portability without losing data in the process. Any possible transfer of paper-based records risks loss. If all of a patient’s medical data is stored electronically, then data could be universally and totally accessible. Data would also tend to be stored in a standard format making retrieval of specific information easier, compared to rooting through a thick paper file. Accessibility to medical information could and does occasionally mean the difference between life and death.

Security and Confidentiality Issues


Closely related to the accessibility issues cited in the preceding paragraph, confidentiality of records is very important. Strict controls on the access to records are important, whether other record is electronic or paper-based. Old style paper records are usually locked in file rooms to which only authorized personnel have access. Nonetheless, most hospitals and clinics have encountered problems with security and confidentiality as records are moved from file rooms to offices, wards, and clinics. EMR requires similar concern with security, so as to deny persons without a bona fide need access to the record [Silverman 1998, 28]. Innovative data security technologies using passwords, user identifiers, and tracking mechanisms already exist in the high tech industry, as data security is a universal issue, not unique to medicine. EMR technology readily incorporates access security systems that can be tailored to the needs of the patient and health care organization. In fact, some argue that EMR provides greater confidentiality and security than does any paper-based system [Azron 1998]. 


A recently completed study by the National Research Council [in press] of the National Academy of Sciences compared and critically evaluated EMR security measures and made recommendations for appropriate security requirements. It found that EMR could be structured to reasonably guarantee confidentiality and restriction of access to only authorized persons. This study should assist vendors and legislators drafting federal regulations for EMR security. 

Technology Life Cycle- Where is EMR? 


EMR current position in the technology life cycle is within the "Era of Ferment" [Burgelman, Maidique, and Wheelright 1996, 190]. Technological discontinuities such as the emergence of object technology, the Internet, and secure methods of information transfer have enabled many different EMR platforms to emerge. Intense competition now exists between over800 companies [Waegemann 1998, 7]. Debate rages within the industry and within the regulatory bodies of government to arrive at applicable standards. Standards and competition between various platforms will inevitably lead to emergence of one or more dominant designs, which would herald the transition to the "Selection Phase" of the technology life cycle. 


The discontinuous technology that enabled EMR to progress from vision to reality warrants further discussion. Object technology represents the quantum leap in information processing that allows EMR to achieve its intended full potential. It is literally the breakthrough that allows health information systems to fully integrate functions and effectively communicate across systems [Waagemann 1998, 1]. In 1991, the emergence of object technology led to the formation of the Object Management Group (OMG). The OMG was a consortium of digital technology developers which set forth to establish information exchange standards [Waagemann 1998, 8]. Microsoft Corporation, having achieved market dominance in network-oriented object technology, also greatly influenced the early look of EMR systems. Nearly all EMR designs now on the market use Windows NT or Windows ’95 operating systems. Through the OMG and market influences as described, an architectural consensus is beginning to emerge. 

This architectural consensus calls for an EMR system to perform certain minimum functions [Waagemann 1998, 3]. The EMR must: 

· Be integrated such that the information contained in the EMR is shareable. 

· Be a comprehensive record containing all relevant medical information on a particular patient. 

· Serve as the nucleus of the healthcare information system. 

· Be interactive. 

· Provide for patient information confidentiality. (It must be a secure system.)

At this time, only object technology provides a technological framework to achieve these necessary functions. 


Another important development that has facilitated EMR is the rapid growth of the Internet. The Internet tremendously simplifies the share-ability and portability attributes of EMR, over previous information transfer methods such as FAX and mail. The Internet’s advantage is in terms of speed and use of common computer language to ensure timely and complete information transfer. Internet security has improved recently to the extent that it now represents the most secure means of information transfer. Data sent from site to site by any other means has a greater chance of being seen by unauthorized individuals, unless tedious, costly and time consuming security measures are employed [Lawrence 1997, 26]. 


Other innovations, while better classified as an architectural and incremental nature, have enabled EMR to take root. Some of these include:

· Hand held computers with or without a wireless interface with the network. 

· Voice recognition software. 

· Vastly increased PC memory and processing speed. 

· Enlarging telecommunication bandwidth.

All of these serve to improve selected aspects of the optimal EMR. For instance, hand held and touch-pen computer interfaces allow busy clinicians to carry the EMR interface with them, instead of being slaved to a desktop workstation. This permits the doctor to function in multiple exam rooms without having to have a workstation in each room, saving cost and precious space. While still emerging as a truly functional technology, voice recognition probably represents the next major incremental innovation the speeds up the process of information entry. Computer memory and processing speed continue to double every two years, promising to further enhance EMR’s capacity to quickly store, share, and retrieve information. And improved telecommunication bandwidths now allow such memory-intensive EMR functions as image {X-rays, photographs, Magnetic Resonance Images (MRI), etc} transfer to take place. Transferring an MRI image electronically was unthinkable less than three years ago because of the huge sizes of such files [Lawrence 1997, 15]. Today it is feasible, if not yet practical, to do so. As advances continue, such transfers should become practical and commonplace. 


No other information management system in competition with EMR can match the full breath and depth of its capabilities. Conventional paper-based records simply cannot store the volume of information required for state-of-the-art medical care in 1998. Nor can paper charts be transferred fast enough, in many cases, to serve a patient’s emergency needs. Even with the 1960’s-era incremental innovation of labor intensive, expensive dictation systems, and later computer-automated storage systems, paper files still fail to accommodate modern information management needs. 


The prime competitive arena in medical information management is no longer between paper records and EMR, but rather, within EMR itself, as the new technology seeks its optimum form(s).


Growing competition for dwindling healthcare dollars has transformed a relatively disjointed US healthcare delivery structure into a series of integrated delivery systems (IDSs), comprised of hospitals, practices, and insurers [Dalander 1997, 34]. More than 50% of IDSs have some type of computer-based information management system, but less than 10% have a system that would qualify as an integrated EMR [Dalander 1997, 36].

Barriers to acceptance of new technology

What is hindering the transition to EMR? Many factors have come into play reflecting contemporary economics, politics, and psychology. Several of these factors deserve further discussion: cost, dealing with existing paper records, reluctance to change, standardization, government influences, and technology gaps. These will be presented below. 

· Cost: sticker-shock!


EMR is an expensive outlay, even for large MCO’s. McLaren Healthcare Corporation has spent over $30 million to build a paperless EMR system linking their 62 system sites, including two hospitals [Hudson 1996, 54]. Systems designed for smaller organizations, such as group practices, often cost between ten and twenty thousand dollars per doctor using the system, along with highly variable annual maintenance and upgrade fees [Dalander 1997, 36]. The U.S. government recently allocated $20 million in initial development funds for design and testing of an EMR system that would link all military, Veterans Administration, and Indian Health medical facilities worldwide [Belote1998]. The system, named Government-Computerized Patient Record (G-CPR), is estimated to cost at least $2.5 billion to fully implement. Certainly, many health care organizations are reluctant to invest large sums of money unless the benefits are clear and measurable. Existing data does not yet show a consistent positive return on investment, but rapidly improving enabling technologies are expected to reduce the start-up costs and improve the bottom line [Marietti 1998]. 

· What to do with paper records?


Developers of EMR systems must contend with the problem of interfacing or integrating their products with a health care facility’s current paper-based system. Various alternatives have been explored, including digitization (scanning) of paper records, maintenance of the existing paper records as an archive, and summarizing and transferring pertinent data. Recent court decisions make it necessary to retain and maintain access to old records indefinitely in some states [Neurath 1998]. Any attempt to edit and transfer pertinent data is time and cost-intensive, and risks data loss. On the other hand, paper records are often fragmented and illegible such that scanning them into digital form is impractical. So far, no EMR developer has proposed a radical innovation to overcome this obstacle in order to go "100% paperless" [Dalander 1997, 38]. 

· Physician reluctance to change


Doctors have often resisted efforts to change their documentation methods and standards. It seems paradoxical that a profession has so enthusiastically endorsed technological innovations in their scope of practice but are slow to embrace electronic documentation. Reasons range from concerns over time required to learn a new system [Sylvestri 1996, 98], to suspicion of over-regimentation and regulation of care [Ury 1998].

· Standardization Issues


This issue has hindered the acceptance of EMR at both the level of an individual practice organization and at the national level. There are at least two kinds of standards to be considered in regards to EMR. The first is technical, in which the digital format that data interchange must be chosen. In 1995, the OMG created Domain Task Forces (DTF) for many different applications, health care being one. The healthcare DTF, called CORBAmed (for Common Object Request Broker Architecture- medicine) soon grew to over 300 representatives of EMR producers. So far, CORBAmed has worked on establishing standards for patient identification and querying terminology systems (lexicon)[Waegemann 1998, 9]. Once CORBAmed reaches consensus on such standards, the OMG copyrights the standard and freely allows any vendor to use it. While these standards represent progress, the method is slow compared to the technological advances. An effective EMR system today may find its technology pushed aside by either future radical innovations or establishment of standards to which a given system may or may not be compatible. The industry will inevitably move towards "plug and play" systems that use object technology and can interface with virtually every other system in the country, and (eventually) around the world. 


The second kind of standardization is in coding of diagnoses, procedures, and billing. While standards exist, such as the ICD-9, CPT, and E&M coding manuals described above, all of these tools carry significant flaws, vagaries, and contradictions. Other more elaborate coding systems are under development and will eventually replace these standards. Third party payers, primarily HCFA, carry the authority to set coding standards, so the industry will have to abide by their rulings. For instance, HCFA is expected to soon replace CPT coding with an entirely new procedural coding system called ICD-10-PCS. In the meantime, EMR developers must maintain flexibility in their systems to cope with likely changes in coding standards.

· Slow Government Acceptance


Legislative bodies at both the state and federal level have been slow to modify laws to reflect the need for EMR. Much legislation pertaining to medical records and information management predates the digital era. As of 1996, twenty states did not allow for the existence of a paperless medical record [Sylvestri 1996, 98]. Political forces compete on both sides of EMR, with proponents facing challenges from numerous special interests. Some of these interests include those groups philosophically opposed to or suspicious of any attempt to transfer or allow access to medical or other personal information via the Internet. Security and privacy concerns dominate the opposition to EMR [Silverman 1998, 26]. 

· Technology Gaps


Certain technologies that are key to EMR achieving its full potential are still emerging. Some, in fact, have been much more difficult to achieve than previously anticipated by the industry. The most significant technology gaps are in the area of information input into EMR [Dalander 1997, 38]. This "input barrier" exists at the critical interface between humans and the computer technology. That is, the doctor must have a means to accurately, completely, and efficiently enter patient information into the system. No current input method to date combines optimum accuracy with efficiency. Many doctors lack the typing skills necessary to efficiently enter data manually. Dictation/transcription systems are slow (usually 24 hours or longer for the note to be transcribed into written form), expensive (requires employed transcription personnel), and error-prone (requires the doctor to review the note before officially entering it in the record). Voice recognition software programs promised to facilitate this data input issue, but to date have fallen short of expectations in terms of accuracy and speed. Template driven "point and click" note entry systems are currently the system of choice by most designers, for lack of a better entry method. But, many doctors dislike the learning curve and time required learning and effectively using template-based notes. This leads many to resist such attempts to standardize their patient notes. 

Examples of Technology solutions/Innovators


I will now present a few examples of EMR technology currently on the market, as well as one very large system currently in the design phase. These examples are shown product champions, as such exist in this young industry. They are representative examples of applications of technology innovation in development of EMR systems. More important to this discussion, however, is their common use of the technology integration paradigm in their R&D [Iansiti and West 1997, 70]. With over 800 systems on the market covering dozens of application parameters (practice size, facility, patient populations, etc), I do not intend these to cover the breadth of the technology. The first two examples are of EMR products designed for private sector medical practices, and the third illustrates EMR issues applied to a government-run health care environment. 

Example 1.) SOAPware™ 


DOCS, Incorporated is an EMR software company based in Arkansas [Oates 1998]. Randall Oates, MD founded it, in 1995. Dr. Oates’ product, SOAPware™, is an EMR system designed for an outpatient (clinic) practice. The software is sold to practices in CD-ROM format to be used on any personal computer (PC) capable of supporting Windows 95 or NT , and connected to a medical record database. This software enables the doctor to construct template-based chart notes and archive them electronically. At the minimum, a solo physician could, for the modest cost of this simple software (about $300), eliminate the cost of maintaining a paper file system in their office. The basic CD program is designed to accommodate seven modular add-on programs, which greatly expand the EMR’s capabilities. These include document scanning (to integrate old paper records), networking software to communicate with other systems, population database searching for medical or practice management research, coding software to assist in Medicare and HMO coding requirements, preventive health tracking, and other features representing a reasonably full accounting of ideal EMR capabilities. This product is sold under license for use by and for individual users in a practice. (For instance, four doctors in a group practice would purchase four licenses for each program desired.) SOAPware™ is among the most basic and least expensive products that I found. 

Example 2.) Azron EMR™


Azron Inc., a Carlsbad, California-based company founded in 1993, markets an integrated, network-based EMR system targeted at multi-specialty groups, HMOs and other large, complex practices. Azron EMR™ provides a method for a group’s doctors to access their patients records from diverse sites such as clinic offices, hospital wards, emergency rooms and even the doctor’s home, using any Internet-linked PC. Notes, orders, prescriptions, test results, phone messages, consultations, insurance claims, image archiving, and all other patient oriented communications are managed by the system. Object technology facilitates information sharing and specific managed care-oriented functions within the Azron EMR™ system. This more elaborate and capable system is considerably more costly, at approximately $10-15,000 per doctor. However, many practices readily accept this expense to gain the efficiencies offered by this EMR system. Several organizations have published favorable reports on the impact of this system on their practice’s profit margins [Leipzig 1996, 2]. 

Example 3: G-CPR


G-CPR, introduced earlier in this paper, is a plan to implement an integrated EMR system across the breadth of the federal health care system. Federal health systems include the Veteran’s Administration, the military, and the Public Health/Indian Health Service. A consortium of six private companies has been formed and funded to develop, for the first time, a system that effectively links and standardizes all of the above agencies such that economies and efficiencies of scale might be achieved. Due to the mobility of patients within and between these systems, G-CPR is intended to fulfill all the requirements of a comprehensive EMR, with emphasis on worldwide access to information and data sharing [G-CPR Partnership 1998]. It would create a paperless, comprehensive record of patient care and costs, which would be stored on hospital-based servers networked via the Internet. Thus, a patient’s record could be accessed anywhere, and the government would (theoretically) be better able to manage their health care expenditures. However, the cost of building and implementing such a system is staggering. The $2.5 billion cost is roughly equal to that of an aircraft carrier! In this era of shrinking military budgets, intense political debate rages on the merits of such an expensive project. 

Forecasting the Future of EMR


The advancement of the digital age, coupled with the unwieldy complexity of medical information management, appears to strongly favor continued advance of EMR technology integration. Few, if any, of the technological innovations included in EMR are unique to medical information management. Thus, it should be predictable that EMR developers will find innovative solutions to the barriers currently hindering EMR growth.


In particular, EMR growth continues to be restricted by problems at the "input barrier" discussed above. Enabling technologies such as voice recognition software have obvious application throughout many industries, and much research is ongoing in the high tech field to perfect this technology. Such an advance, effectively integrated into an EMR system, will have profound positive effects on doctors’ acceptance of EMR, as many doctors have a long-identified predilection for voice dictation rather than keyboard, mouse, or handwritten entry interfaces. Simplifying incremental innovations in template-based data entries may also speed acceptance. 

Ultimately, doctors and others putting data into EMR systems must be rewarded by innovative solutions to their practice problems. Innovative applications using the data analysis capabilities of EMR systems must be proven to benefit doctors and their patients. Managers largely embrace the technology now, but the beneficial return has been slow to materialize at the doctors’ level. The "inputters" of EMR will fully embrace the technology only when EMR addresses their practice management issues [Welychka 1998]. 


The EMR company that can integrate into their systems meaningful solutions to the input and acceptance barriers may experience the wild ride of the digital economy. The EMR industry possesses all the properties of an increasing returns economy [Arthur 1996, 102]. Exponential growth, increasing returns, market dominance, and huge profits may go to the first few companies to breach those barriers. 

Conclusion


The EMR industry represents an excellent example of the technology integration paradigm, used in the development of innovative solutions to the complex problems of medical information management. I have described how hundreds of companies now strive to meet the market’s needs and to overcome the technological barriers still hindering EMR’s acceptance. As the industry matures and standards emerge, we can expect to witness the economics of the digital economy prevail, with a few extremely successful companies emerging to dominate the industry. Consolidation and liquidation will mark the passage of hundreds of upstart companies that fail to find the optimal product, the best marketing plan, or the luck of network externalities that elevate their product to the lead position. 
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