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Introduction

Clinical quality improvement has become a major focus of health care organizations, government, insurers, accreditors and even employers.  This focus is the result of the convergence of competitive, cost and technological factors and has caused many health care organizations to institute or refine clinical quality improvement programs.  For those organizations undertaking clinical quality improvement projects, the challenge is to measure and demonstrate  improvement.  A necessary, but often missing component, is a comprehensive integrated information system that tracks, analyzes and reports medical, service and cost outcomes for clinical processes. 

In this paper, we will examine the drivers of quality improvement referenced above. We will look at the emergence of Continuous Quality Improvement (CQI) from the industrial sector and its application to health care.  We will focus on CQI’s application to clinical activities both in theory and in practice.  In this context, we will discuss the role of practice guidelines, critical pathways and computerized alert systems.  Next, we will concentrate on the measurement of quality improvement through the tracking of process and outcome measures.  We will discuss the selection of outcomes measures and the benefits of an automated outcomes tracking system not only to measure improvement within the organization, but also for external reporting requirements, benchmarking, marketing and research.  

We will conclude our paper by examining a particular outcomes tracking system developed by Statware in collaboration with Intermountain Health Care and now managed by NovaMedica, Inc.  We will discuss the attributes of this product and how it seeks to provide a solution to the problems associated with the measurement and analysis of quality improvement.  Finally, we shall identify some of the shortfalls in health care organizations’ approaches to this issue and the gaps in the implementation of effective clinical quality improvement measurement.

Why Quality Improvement?

Quality has become a central issue in the discussion of health care in the United States.  While the quality of care provided in the U.S. is generally believed to be among the highest in the world, we are increasingly demanding accountability from our providers and health care institutions. In the past, more care was always considered good care and this care was typically fully reimbursed by a third party. Numerous studies have pointed out the routine use of unnecessary and even dangerous treatment.  In fact, nearly 85% of medical treatments have not been scientifically validated. 
 The significant variation in the treatment and outcomes of many conditions was first illustrated by the work of John Wennberg in the 1970’s and 1980’s.   Wennberg and others have pointed out the random variation in the treatment of patients with similar symptoms, not only among different geographic areas, but also within multi-physician practices and hospitals. Additionally, in Wennberg’s study comparing Boston and New Haven hospitalizations he showed that higher rates of hospital admission and longer lengths of stay in Boston were not associated with lower mortality rates.  His work captured the attention of Congress in 1984, as the level of the federal budget devoted to health care had reached 10% or double the level of 1961.

Given the explosion in spending on health care in the 1970’s and 1980’s, the primary focus of employers, government and other payors was cost containment with little focus on quality.  However, in recent years, the pressure to contain health care costs in the United States has caused us to question the value of the nearly $2 billion a day we spend on health care. In the 1980’s, Chrysler Corporation was a pioneer in the move to hold providers responsible for the medical treatment of its workers. Reacting to skyrocketing medical costs, the company persuaded Blue Cross and Blue Shield of Michigan to hire a consultant to perform a computer review of its medical expenses which uncovered overutilization, inefficiency, waste and fraud. As a result, Chrysler began to deal selectively with providers who met distinct cost and quality goals.  Other large businesses followed and national employer organizations were formed to exert influence.

The onset of cost control through Medicare DRG’s and capitated managed care and the inherent incentives for under-treatment caused lawmakers, consumers, employers and providers to focus on the effectiveness of the care provided.  Employers and payors are increasingly utilizing HEDIS data and other types of report cards in order to make judgements about provider quality and factor this information into purchasing decisions.  Quality information is being widely disseminated by groups such as the Pennsylvania Cost Containment Council, and this information has captured the attention of providers as well as consumers. Some companies are also using Web applications to provide employees with quality and cost information to aid in their benefits decisions. The movement toward competition on quality as well as price is an important impetus for quality improvement. 

An additional driver of quality improvement is the Institute of Medicine’s 1999 report on the high incidence of medical errors.  The report cites studies that find the number of deaths from medical errors in U.S. hospitals at 44,000 to 98,000 each year, the majority of which are the result of poorly-designed systems rather than individual recklessness. The panel recommends: 1) the establishment of a national center for public safety to be housed within the Agency for Health Care Research and Quality, 2) mandatory and voluntary reporting systems, 3) pressure from consumers, public and private insurance purchasers and accreditation groups for new safety measures and 4) investment by hospitals in systems designed to prevent, detect and minimize errors. The significant publicity this report received, in addition to the decision by President Clinton to endorse the recommendations of the report, place added pressure on health care organizations to adopt or expand quality improvement programs.  In fact, the government is already developing regulations requiring all hospitals that participate in Medicare establish programs to reduce medical errors or risk losing Medicare reimbursement.  These proposals are appealing to consumers and likely to be implemented in an election year.

The introduction of new information technology is providing additional stimulus to the quality improvement movement.  The availability of alert, cueing, and outcomes tracking  systems that can be integrated with  an electronic medical record and other databases can substantially aid the clinical quality improvement efforts of health care organizations.  Additionally, the use of the internet and intranets is making the information more widely accessible and usable.

Finally, the opportunity to reduce the cost of care is a major incentive to introduce quality improvement programs for providers who continue to experience pressure on reimbursement. CQI is based on the premise that the most effective services are also the most cost-effective.  Intermountain Health Care has been a pioneer in the implementation of clinical quality improvement and has documented significant cost savings resulting from these efforts.
The History of Continuous Quality Improvement

Continuous quality improvement has been incorporated into all types of industries for years as a means to improve upon existing systems and techniques in an effort to provide better quality products and services to consumers.  Although CQI may take on different names in different industries, such as Total Quality Management (TQM), Quality Assurance (QA) or Quality Improvement (QI), the mission is still the same.  CQI is not a concept developed within the past century; in fact, historians believe the inception of quality assurance methods were implemented back in ancient times with the construction of the Egyptian pyramids and the Roman structures.  Many historians conclude that the labor-intensive tasks required to construct these architectural wonders utilized certain techniques in order to control quality.  There is a much larger debate among historians, however, over the inception of CQI in the health care arena.  Some date its beginnings back to the fifth century B.C. with the written codes of professional conduct by Hippocrates, while others credit Florence Nightingale of the nineteenth century for her work in using death rates as a means to improve hospital care.  Still other historians contend that Ernest Avery Codman of the twentieth century was the first advocate for the review of medical practices because of his idea to recall patients a year after their discharge to evaluate the benefits and effects of their previous treatment.

Despite the disparity regarding its inception, the application of CQI to health care has taken on increased importance since the mid-1980’s.  Donald Berwick has been the primary spokesperson for the movement and, through The Institute for Healthcare Improvement, has launched national collaberative work groups to improve patient outcomes for specific clinical procedures utilizing CQI methods.  Even venerable institutions such as the Mayo Clinic have recognized the need for improvement and have embraced CQI.  Managed care organizations have sought to apply CQI to the management of chronic costly health problems such as diabetes, asthma, and high blood pressure. 

Tools for Quality Improvement

Quality Improvement theory holds that the delivery of health care services to patients must be viewed as a system made up of processes and poor outcomes are typically a result of process problems rather than the failure of individuals.  There are a number of tools available to improve processes, many of which are used in general industry as well as the health care realm.  An example is the technique designed by American theorist, Dr. W. Edwards Deming.  His Plan-Do-Check-Act Cycle (PDCA) has been used by all types of industries as a means to implement improvement in organizations.  In the health care industry it is used to improve upon clinical performance as well as for administrative improvement.  

The “Plan” stage involves team members analyzing the organization’s current process, measuring its success and identifying improvement opportunities.  The team should decide what it is trying to accomplish, determine whether a change will be an improvement and define the changes that will result in this improvement.  If applying this technique to a clinical issue, like addressing the success of a surgical practice pattern for a particular diagnosis, the team has to review the current method of treatment performed, results of the treatment, including length of stay data and rate of recidivism statistics, and identify parameters to improve treatment protocols, reduce length of stay and increase patient education and compliance.

Once these parameters have been developed, they need to be implemented.  This occurs at the “Do” stage.  Additional planning is required here in order to implement the process and a means to measure the success of the new process must be defined.  If alternative methods or medications to the current treatment have been introduced, documentation and monitoring of these items are critical.

The “Check” stage requires further analysis, this time of the new process, and validation of the new outcomes achieved.  It is at this stage that members identify areas of weakness (ie lack of patient education in the process) through process and oucomes measurement and make the appropriate changes.  If the new process has rendered useful improvements it is ready to move forth to the “Act” stage.  

The “Act” stage is the portion of the cycle where the new process is standardized and implemented by all members of the organization.  The PDCA cycle continues to rotate as new processes or existing ones are reassessed and reengineered so further improvements will be realized.

Some of the more widely familiar and utilized CQI tools implemented as part of the PDCA cycle in health care include practice guidelines and clinical pathways.  The more general of these tools, the clinical practice guidelines, can be defined as “systematically developed statements to assist practitioner and patient decisions about appropriate health care for specific clinical circumstances.”2  Their purpose is three-fold; 1) to try and eliminate the unexplained amount of practice variation, 2) to reduce the rate of the significant amount of inappropriate care that has been delivered and 3) attempt to manage health care costs.  Guidelines are predominantly viewed as an educational component by clinicians and are developed by various groups including general and subspecialty medical societies, government agencies, insurers, private organizations and individuals.

Although hundreds of published guidelines are in existence, many are not widely accepted by practitioners.  In fact, despite their wide promulgation, clinical practice guidelines have had limited effect on changing physician behavior.3
When utilized correctly, guidelines can and do have an impact on patient care.  A study conducted by Dr. Shaneyfelt et al revealed that during a systematic review of guideline implementation, significant improvements in the process of care was found in 55 of the 59 cases studied.4  The task is to make them more palatable so they are more widely utilized.

Clinical pathways are more specific than guidelines.  Developing a pathway involves the optimal sequencing and timing of clinical interventions by all members of the care giving team.  Pathways are developed for specific diagnoses or procedures.  The pathway is then utilized by all involved in the patient’s care to minimize delays in treatment, utilization of resources, while maximizing care.  Unlike guidelines, pathways require the participation of all care-givers for their development and successful implementation.  Pathways, being more stringent than guidelines, call for time frames to be established and followed at appropriate intervals.  In order to be beneficial, the pathway must be monitored by a case manager or coordinator to ensure adherence by all those involved in the administering of care.  Much like guidelines, their purpose is to optimize patient care while attempting to control medical costs.  

Another important tool that is being used to improve processes and outcomes is the computer.  Computers have been utilized in the hospital setting and some clinicians’ offices for years.  Laboratories use data management and imaging software, pharmacies use information management systems and hospitals have used computer-based applications for tracking patients from admission to discharge.  In addition, patients have used computer-based systems such as mechanical ventilators, blood pressure machines and oxygen measurement devices.  All of these systems or devices capture, analyze and display data and are used for clinical decision making purposes.  

Computer-based clinical decision support systems (CDSS) have been devised to provide decision support with the goal of improving patient outcomes.  CDSS is software designed to directly aid in clinical decision-making about individual patients.  Detailed individual patient data are input into a computer program that sorts and matches them using programs or algorithms in a knowledge base, resulting in the generation of patient-specific assessments or recommendations for clinicians.5Decision support systems have been developed for the following medical purposes:  alerting, reminding, critiquing, interpreting, predicting, diagnosing, assisting and suggesting. 6
An alerting system works in the following way: a continuous signal or data stream is monitored by the system and generates a message (alert) in response to items or patterns that might require action on the part of the caregiver.  The computer tells the provider what to do when a certain event occurs.  Examples of alerts are a “starred” (*) item, highlighted item on the screen, an item marked in bold letters or a color change of the screen.  Alerting systems alert clinicians to events as they occur.  A CDSS similar in nature is a reminder system.  A reminder system notifies clinicians of tasks that need to be done prior to an event occurring.  In an outpatient setting, a reminder system may generate a list of immunizations that each patient seen that day may need.  Both of these systems are also known as cueing systems.

Other CDSS’ are used to critique or assist in patient care.  When a clinician has made a decision and has the computer evaluate his decision by generating an appropriateness rating or an alternative suggestion, he is using a critiquing system.  This system plays no part in suggesting an order or action plan, but evaluates the plan against an algorithm.  These systems are commonly used in physician order entry situations.  A clinician may enter an order for a blood transfusion and may receive a message back stating that the patient’s hemoglobin level is not at an acceptable level for a transfusion.  The clinician is able to justify his reasoning in the system, thus documenting his chosen course of action despite the critique generated by the computer.  

In an assisting decision support system, the computer actually helps formulate a clinical decision.  Although complex, computerized patient management systems make suggestions about the optimal decision based on the information currently known by the system.  The assistant program requires information on specific patient variables.  It then refines the order to the patient based on prior information in the database regarding dosages of medication administered and specific protocols.  In diagnostic assistance programs, the system requires such pertinent information as signs, symptoms, past medical history, laboratory values and demographic information.  The program begins to formulate hypotheses to rule out certain diagnoses and may prompt for further information prior to providing a diagnosis or a list of potential diagnoses ranked in order of probability.

The “Antibiotic Assistant” is an example of an assistance program that implements guidelines to assist physicians with ordering antibiotics.  The system recommends the most cost-effective antibiotic regimen utilizing the patient’s renal function, drug allergies, site of infection, epidemiology of organisms in patients with this infection over years, effectiveness of the prescribed regimen and cost of therapy.  Another assistance system has been developed to manage patients with respiratory distress syndrome and instruct clinicians on how to control patients’ ventilation.

As CDSSs are proven to prevent adverse occurrences in treatment protocols or health outcomes and improve compliance with treatment regimen, they will become more widely accepted and utilized as a quality improvement tool within the medical community.  

Decision support systems, clinical guidelines and pathways continue to be scrutinized to learn when their application is effective in increasing the quality of care and decreasing the cost.  In order to determine whether the implementation of these tools results in an improvement, accurate measurement of the process and outcomes before and after implementation is necessary. 

Outcomes Tracking and Measurement

Although the tools of quality improvement are being widely utilized, the tools to measure and analyze improvement have been more elusive.  While quality improvement efforts focus on the structure and process of care, improvement can only be determined through the tracking and measurement of processes and outcomes. Measurement of outcomes requires a high level of clinical detail and providers generally lack the computerized tracking and analytic tools to accurately and effectively perform this task. 

Donabedian defines outcomes as “states or conditions of individuals and populations attributed or attributable to antecedent health care”.7  Outcomes, however, are not a direct reflection of the quality of care, as the relationship between process and outcome is a probability and the causal relationship between process and outcome may be modified by factors other than health care.  These confounding factors and differences in case mix severity  must be taken into account when making judgements about outcomes.  Additionally, large sample sizes are required to obtain statistically significant results. The measurement of outcomes is not an exact science, however, if data on a large number of cases is collected, reasonable conclusions can be reached about improvements in care.

Experts have worked for more than 25 years to create valid measurements of quality over a range of services.  For an outcome to be a valid measure, it must be very closely related to a process of care that can be modified.  There is still no consensus on the best outcomes measures for any given disease or treatment, however, most experts agree that three general classes should be tracked to measure the quality of care. 

· Physical/medical outcomes may include the rate of complications, changes in biologic function and functional status measures.  General function is the patient’s perception of medical outcomes  assessed through interviews or surveys.  The most common instruments of measurement are the SF-36 scale, the Duke Scale or the Quality of Well-being Scale.  The SF-36 measures eight health concepts dealing with limitations in activity, pain, vitality, mental health, etc. and provides a profile of scores and a self-evaluated change in health status.  

· Service outcomes measure the level of satisfaction of the patient, family, community, purchasers or employers.  This category would also include measures of access such as waiting times.  

· Costs or utilization outcomes typically measure the length of stay and the resources utilized.  

An outcomes tracking system should monitor and report a limited balanced set of intermediate and final outcomes at regular intervals longitudinally over time. Longer term outcomes (2-10 years) provide valuable information but are more problematic due to patient moves, changes in doctors or insurance companies or lack of a cueing system for follow-up. An effective system should have the ability to “drill down” to investigate an extended set of detailed process and outcome data over a period of time or “roll up” for management reporting. The system will ideally provide a valuable analytic tool for clinicians as well as administrators. 

This type of reporting system gives an organization the ability to not only track the success of an improvement project but also to identify improvement priorities, monitor trends and show the organization’s position relative to the competition, national standards and best practices.  The reports can be shared with employees, accrediting organizations, government agencies as well as the public for marketing purposes.  

Utilizing an integrated information system based upon an electronic medical record is an effective way to track and analyze the data for these purposes.  It makes the collection of data faster, easier, more complete and more accurate than a random manual chart review.  This is critically important, as health care organizations are being asked to provide different performance measures, including HEDIS and ORYX, to many different audiences.  A quality improvement program utilizing an outcomes tracking system has the potential to improve clinical quality, control costs by measuring resource utilization and improve service by measuring patient satisfaction.

NovaMedica Application

The web-based application program we chose to evaluate is NovaMedica’s Clinical Performance Improvement Package (CPIP).  NovaMedica, a subsidiary of Statware, developed CPIP in collaboration with clinicians and researchers at Intermountain Health Care, a Utah-based integrated delivery system.  

The package is designed for healthcare organizations to use as a quality improvement tool.  The package incorporates the PDCA cycle previously discussed to improve upon patient outcomes.  With this software, health care professionals are equipped to track clinical performance and outcomes over time.  The program can be used by clinicians and other health care professionals.  In addition to a tracking system, CPIP can be used as an educational as well as marketing tool for internal and external purposes.  

CPIP utilizes the following data sources: (See Diagram Appendix I)

· Claims data generated through UB92 or HCFA 1500 forms from treatment rendered 

· Hospital discharge data

· Pharmaceutical data

· Member/enrollment data

· Specialized Clinical Date

· Patient Satisfaction Data

· Cost Date

· Reference Files for Providers and Facilities

This data is collected, grouped and filtered and routed to a data warehouse.  The warehouse extracts the input data and processes it through the CPIP software package.  The reports are configured in the database and created in an HTML format so that they are available via an intranet.  

A main component of CPIP is its Outcome Tracking Module.  This application provides clinical process information, outcome data, patient satisfaction statistics, cost data and utilization information on patient and/or diagnostic categories including Women and Newborns, Primary care treatment of pneumonia, Cardiovascular medicine, Cardiovascular surgery, Major joint and spine surgery.  Other applications are under development.

If the user chooses the major joint and spine surgery module, he will be provided with outcomes information on patients who have undergone hip and knee replacements (total, partial or revisions) and lumbar surgeries, such as discectomies, laminectomies or fusions.  There are four types of reports that can be generated on the above procedures; clinical indicator information, patient satisfaction statistics, resource utilization data (ie length of stay and cost data) and process failure information.  The data for each of the four categories can be viewed by physician, hospital, region or system. 

NovaMedica’s product has a number of highly-desirable characteristics.   It has a transparent backend into many types of data warehouses, it has very sophisticated statistical capabilities and it allows the user to control the graphical output in detail.  This is particularly important in quality improvement in which there is a great reliance on graphical presentation.  Further, staff can easily produce process control charts for physicians, nurses and administrators and publish these on the Intranet for easy access.

The user interface is fully controllable and includes both graphical and a command line interface.  Further, comparisons of outcomes is facilitated through case-mix adjustments.

The gap in information provided by CPIC seems to be the absence of measures of the patient’s general function as measured by the SF-36 or a similar scale.  There is increased appreciation in the medical community that instruments based upon subjective data from patients can provide important information on health status and therefore the quality of care.

Conclusion

While there appear to be a large number of systems available for the tracking of process and outcome measures, many remain untested.  The Oryx program, created and promoted by JCAHO, requires accredited hospitals to report data on clinical performance indicators and outcomes using a JCAHO-approved list of decision support systems. In 1998, JCAHO published a list of 344 systems that met its requirements, 100 of which had no customers. 

 NovaMedica provides a well-tested and conceived product, however, many healthcare organizations do not have the integrated systems in place to take advantage of the analytic tools of the CPIC.  Intermountain Healthcare is somewhat unique in that it invested heavily in information technology and quality improvement processes.  Most healthcare organizations do not have the electronic medical record and linkages required to fully-integrate the medical record with other databases.  Government can certainly contribute to the advancement of quality measurement and reporting by providing consistent clinical definitions, language and coding and computing standards as well as continuing to invest in and disseminate research on the best outcome measures.

As outcome reporting requirements become more complex, health care organizations will require electronic access to the patient record in order to analyze outcomes. The costs of implementing these systems are high, but organizations that can systematically manage this information will be the most likely to measure, monitor and improve the care they deliver and produce higher quality health care at lower cost.  
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