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Abstract
[bookmark: _GoBack]Healthcare quality is of great significance in public health and healthcare services. Healthcare quality improvement consists of systematic and continuous actions that lead to measurable improvement in health care services and the health status of targeted patient groups. Information technology can significantly contribute to quality improvements in healthcare institutions, both in administrative and clinical aspects. However, there are difficulties associated with implementing information technologies.
In this essay, two cases from Veterans Affairs Pittsburgh Healthcare System are used to demonstrate how information technology can contribute to healthcare quality, and a conceptual framework is also adopted to illustrate this problem.  This essay also tries to identify the challenges in implementing information technologies in healthcare institutions, and the experience from the cases is also discussed. The result indicated that the complexity of the information technology, human acceptance of information technology, data security and data quality and standard are the major challenges encountered when implementing information technologies in healthcare institutions. Faced with these challenges, significant leadership and involvement of employees, clear goals and standards as well as achievement of them, correct data collection and maintenance methods, and effective training appealed to physicians would help reduce the possible barriers. 
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[bookmark: _Toc384212704]Introduction
Healthcare institutions are encountering growing pressures worldwide from governments, investors and the general public to simultaneously improve the health and well-being of the public, cut costs and remain competitive. To achieve these goals, many healthcare institutions have implemented quality improvement programs. Evidence from hospital-based studies, however, suggests that the success of quality improvements is constrained by inadequate information systems and poor application of information technology.
[bookmark: _Toc384212705]The Role of Information Technology in Quality Improvement
Essam Mahmoud et al. suggested a model to conceptualize the contribution that information technology can make to quality improvement strategies (Mahmoud & Rice, 1998). Different types of information usage can be classified by healthcare institution processes and quality improvement stages, as listed in Table 1. In this model, there are two major processes at a healthcare institution or multiple sites in one integrated healthcare delivery network, the operational/administrative process for dealing with hospital resources and the diagnostic/treatment process involving physicians and other clinicians (Reeves, Matney, & Crane, 1995). At the same time, when attempting to establish quality management, information is essential at two stages, the process stage of implementing quality improvement and the outcome stage of measuring the quality improvement approach.
[bookmark: _Toc381323150]Table 1.Classification of Information Needs
	Healthcare Process
	Quality Improvement Stage

	
	Process
	Outcome

	Operational/ Administrative
	Quadrant I
	Quadrant II

	
	* Managerial decisions
* Budgeting
* Strategic planning
	* Cost efficiency

	Diagnostic/ Treatment
	Quadrant III
	Quadrant IV

	
	* Clinician interaction with Information system
* Patient-care guidelines
	* Health and well being of patients
* Cost efficiency



[bookmark: _Toc384212706]Quadrant I
To improve the quality of administrative processes, information is needed for decision-making, budgeting and strategic planning. Information requirements include a complete system of revenue and cost data with simulation and forecasting capabilities as well as quality data with control charts. Using commercially available databases of demographic and socio-economic information for particular localities in conjunction with an institution's historical patient data, expert systems can forecast the demand for inpatient, outpatient and physician services.
There is a positive relationship between administrative and clinical quality. A study indicated that with the implementation of a health management system at a health center in Korea, it reduced patients' waiting time and simplified the administrative process. Using information technology to streamline the administrative process meant that the health-center staff was able to spend more contact time with patients (Chae, Kim, Lee, Choi, & Kim, 1994).
[bookmark: _Toc384212707]Quadrant II
Information is essential to measure the outcome of the improved quality of administrative processes, among which information on measuring the cost-efficiency of healthcare service is the most important. Information technology can be used not only to collect data to measure outcomes but also positively to affect key variables directly such as the cost to treat a particular type of disease.
With the increasing importance of home healthcare, information technology can include linkages to the potential users. For example, the University of Wisconsin has developed a software for people with chronic diseases, such as AIDS, depression, and diabetes to access accurate, reliable health-related information at home. Follow-up studies suggest that the software for home health workstations has reduced the medical bills for patients with AIDS by up to 30% (Ferguson, 1996). This application of information technology is compatible with a healthcare environment characterized by pressure to reduce costs and increase outpatient care. Also, patients are generally happier and more comfortable in their own home environments than in healthcare institutions.
Other information systems being developed are consumer e-mail links, patient interfaces for computerized medical records, and a variety of online and interactive self-help and home-health networks. E-mail saves time and money. Information that used to wait for weekly staff meetings is disseminated immediately. As healthcare teams are mobilized by instant information, patient care is improved, and organizations often experience increased profitability.
[bookmark: _Toc384212708]Quadrant III
This phase deals with clinician interaction with information technology, as quality improvement is applied to clinical processes. Electronic patient records will revolutionize the availability of patient-related information across all aspects of a complex healthcare environment. If a clinical database can gather information from several locations such as physicians' offices, laboratories, clinics and hospitals, the resulting networked information system will be able to help clinicians make better treatment decisions.
Since 1989, computer-based outpatient medical records have been available at Beth Israel Hospital in Boston (Safran, Rury, Rind, & C., 1991). Terminals for clinicians are situated in every office and examination room at the hospital site as well as outside sites. From each terminal, clinicians can look up test results, request referrals, send e-mail, search the medical literature and look up drug information in the on-line Physicians' Desk Reference. When patients contact a doctor or come to an emergency unit, their previous problems and medications can be retrieved instantly, which can improve their care. Electronic patient records give clinicians direct access to patient information without relying on ancillary staff, and information systems also have direct order entry capability. Such features reduce the manual steps involved as with the potential for errors.
The use of information technology to improve clinical quality may provide the added benefit of enhanced productivity. For example in Australia (Eikelboom, 2012), remote clinicians consult with diagnostic imaging specialists using telemedicine. This has greatly improved the accuracy and speed of patient diagnosis, while at the same time utilizing resources more effectively and efficiently.
The quality of the nurse-patient relationship is viewed in terms of the interaction of nurse and patient, an important part of the treatment process. Studies of whether information technology improves the amount of interaction report mixed results. Nurses tend to consider a system helpful when it allows more time with patients, which will not happen when the nurses are too slow in using the computers, or the system is not user friendly. A sophisticated patient-centered documentation system designed to improve the quality of care at Greene County Medical Center in Iowa was implemented in 1991. The knowledge base of clinical nursing information and automated development of customized care plans saved nurses time and allowed for more nurse-patient interaction. Nurses did less clerical work, and their information entries were more legible. As a result, they were better organized and had greater job satisfaction (Gleason, 1993).
Furthermore, a study at Latter-day Saints Hospital in Salt Lake City demonstrated that real-time computerized charting using bedside terminals was more accurate. This was because information was entered immediately and thus details were retained. The availability of terminals also resulted in a more productive use of nurses' time (Nelson, Evans, Samore, & Gardner, 2005).
[bookmark: _Toc384212709]Quadrant IV
An information system can provide real-time quality assurance reports to improve quality and reduce the cost of care. With a computerized database, criteria designated for quality care can be clearly described and breaches can also be discovered by uninterrupted surveillance. When a breach is found, immediate reports can be generated for quality assurance personnel, and then the situation can be corrected instantly.
Computer monitoring is more useful than manual monitoring in highlighting potential problem areas where quality improvement efforts can then be addressed. For instance, one study showed that when a continuous computer surveillance program was adopted to detect adverse drug reactions, the rate of actual adverse reactions reported was 60 times higher than the rate reported when recorded manually (Murff, Patel, Hripcsak, & Bates, 2003). Thus, information systems can be very helpful to prepare reports and summaries in quality control. 
The voice of the patient has become an important component of quality improvement efforts as healthcare providers gather information to measure how well they are doing from the patient's perspective. For example, the Dartmouth Hitchcock Medical Center developed a tool to collect data for assessing patients' experiences after open-heart surgery. As part of the development of an instrument to measure satisfaction, the entire hospital stay process was mapped based on comments from focus groups with patients.
[bookmark: _Toc384212710]The Use of Information Technology in VA Pittsburgh Healthcare System
[bookmark: _Toc384212711]Case 1
In the United States, hospitals must operate in a way that allows them to provide effective medical services to their patients while utilizing the resources available in the most efficient way to achieve the lowest possible cost (Romanyuk & Silva, 2012). Since surgery accounts for a significant portion of the hospital’s expenses, the Veterans Affairs Pittsburgh Healthcare System (VAPHS) launched an project to improve the hospital’s surgical scheduling procedures and make the most efficient use of their operating rooms (ORs), including minimizing overtime, maximizing the utilization of expensive human, technical and facility resources, and reducing patient backlogs and waiting times (VAPHS Veterans Engineering Resource Center and Office of Systems Redesign, 2012).
Scheduling procedures in hospitals often present logistical difficulties due to a wide range of variables such as physician availability, physician preference, operating hours, and functionality of rooms. Taking all these factors into consideration, creating an optimal surgical schedule is not an easy task. Having a surgical schedule as close as possible to optimal can reduce hospital and patient costs, patient waiting time, and also increase the utilization of the operating rooms. 
Methodology
A multidisciplinary team was formed with engineers and physicians from VAPHS and University of Pittsburgh. The team developed an analytical framework to model the operations of the OR suite, and then they used de-identified data from surgical procedures at an existing OR suite through different years to calibrate the model. 
With the calibrated model, a decision support system was developed. All the underlying data in the system are dynamically updated, thus the system can also be maintained easily.
In addition to an accurate model and a system that can be maintained easily, the team also makes sure that the system has a suitable software interface, which allows the potential terminal users acquire using the system quickly. Finally, the team deploys the system within the VAPHS and set the stage for eventual deployment across hospitals in the entire VA system (VAPHS Veterans Engineering Resource Center and Office of Systems Redesign, 2012). 
Current Status
A complete, working version of the decision support system with a user-friendly software interface was successfully developed. The real time updated system allows schedulers visually to set up future schedules and review historical schedules. A scheduler can also view the distribution of times for each procedure through various statistics and try different alternatives in order to fit the current schedule.
The decision support system allows the scheduler to choose a scheduling option based on personal risk tolerance and knowledge of the specific characteristics that might have an impact on the procedure. The system provides a scientific data-driven approach to help the schedulers make a decision. At the same time, it is also flexible enough to permit the schedulers to maintain control and feel in charge.
Currently the decision support system is capable of providing statistical evaluation of historical durations for a particular procedure, which can help schedulers optimize operating room block schedules and support managing the operating room schedule from a strategic view as well as real time schedule management practices (VAPHS Veterans Engineering Resource Center and Office of Systems Redesign, 2012).
Summary
In this case, information technology supports the operation of VA Pittsburgh Healthcare System and thus enhances the operation outcome. By improving surgical scheduling procedures and fully utilizing operating rooms, it results in a better cost-efficiency. 
Before building the system, the team modeled the operations of the OR suite using historical records to make sure the process is data-driven. Nevertheless, the team consists of both engineers and physicians, so that the system developed will meet the end users’ need in both function and interface. It helps a smooth promotion of product in the future if physicians are involved in the whole process of development.
During the implementation of the decision support system, although the new system is capable of providing historical data of durations for a particular procedure and making predictions about it, the schedulers still hold the final decision privilege regarding a schedule. It is also important to permit the schedulers to maintain control and feel in charge.
[bookmark: _Toc384212712]Case 2
Lung cancer is one of the leading causes of death in the United States and a major cancer diagnosis within the VHA (Van Buskirk & Atwood, 2009). A study conducted by the National Lung Screening Trial indicated that using computer tomography (CT) scans statistically reduced lung cancer death over 20% among older current or former heavy smokers (The National Lung Screening Trial Research Team and National Lung Screening Trial Research Team, 2011). Based on this report, the VHA launched the Lung Cancer Screening project in the fall of 2013, to evaluate the feasibility of CT screening to the veteran population at risk through a pilot study at eight sites, including VA Pittsburgh Healthcare System.
All the information and data gathered in this study will be stored in Veterans Health Information Systems and Technology Architecture (VistA) and exported to the VHA Corporate data-warehouse. The VistA is an enterprise-wide information system built around an Electronic Health Record, used throughout the VHA. It consists of nearly 160 integrated software modules for clinical care, financial functions, and infrastructure, among which the most significant is a graphical user interface for clinicians known as the Computerized Patient Record System (CPRS), which was released in 1997.
Methodology
There are three major components of the project, a process flow map for the entire process, screening, tracking and treatment templates for the Computerized Patient Record System, and a database for Cancer Coordinators to track patients in the program. 
The Veterans Engineering Resource Center (VERC) in VA Pittsburgh Healthcare System completed the process flow map and had it reviewed by other participating sites. With the process flow map drawn, the Pittsburgh, Minneapolis and Durham VA Medical Centers coordinated to develop screening, tracking and treatment templates that can be adopted in the Computerized Patient Record System. Once all the templates are built, information and data will be collected and standardized according to the templates, and then in turn stored into a database for Cancer Coordinators to track patients in the program.
Current Status
The process flow map has already been completed and given to the participating sites for review. The CPRS screening templates have been developed by VA Pittsburgh Healthcare System and the tracking templates have also been built by the Minneapolis VA Medical Center.  The treatment templates are expected to be developed by a team at the Durham VA Medical Center in the near future.
The database is currently being developed by the VERC in VA Pittsburgh Healthcare System. The database will be capable of pulling and displaying the lung cancer screening and tracking data, as well as generating reports to evaluate the pilot program. Based on the evaluation of the pilot program, recommendations for a national lung cancer screening policy will be provided.
Summary
Information technology can also help healthcare providers better understand and improve their diagnostic process and thus results in a better prognosis. By collecting and maintaining screening, tracking and treatment data of the veteran population at risk at eight participating sites, the databases can provide reports to evaluate the feasibility of CT screening and make recommendations on expanding the screening program.
When creating a database, the first important thing is choosing the right data to collect and maintain, according to the outcomes that will be measured. Besides, establishing the standards of data is also crucial. Templates are helpful when collecting data and maintaining the database.
[bookmark: _Toc384212713]Challenges
Clear and close relationships between information technology and quality improvement are demonstrated in the two cases. However, there will be a series of challenges when implementing information systems in healthcare organizations, including complexity, human acceptance of information technology, data security, and data quality and standards. 
[bookmark: _Toc384212714]Complexity
Developing a comprehensive and integrated information system that supports quality improvements can be very complex and expensive. For instance, the computerization of the paper-based patient records for the University of Texas, M.D. Anderson Cancer Center involved the integration of 115 computer networks (Mahmoud & Rice, 1998). This is not only technologically complex, but also requires in-house managerial capability and knowledge to implement information technology successfully.
The success of quality improvements lies in the ability to improve the core clinical processes with respect to patient care (Quadrants III and IV). Earlier efforts in information technology, however, have been more focusing on merely replacing existing administrative activities than on understanding the comprehensive information needs of a healthcare institution. A study indicates that although 99% of American hospitals are using computerized financial systems, only 14% have point-of-care documentation systems, and 9% have clinical data depositories (Mahmoud & Rice, 1998). Another survey of 360 acute care hospitals found that only 9% of the hospitals had computerized all areas and functions, and none of them had integrated separate computer systems into a network (Fufaros, Muchoney, & Anania-Firouzan, 1996). The current challenge is to use information technology to achieve clinical and wellness goals in the institutional level, rather than merely document the records electronically for billing.
[bookmark: _Toc384212715]Human Acceptance of Information Technology
Organizational culture or the human factor is proved can have a strong impact on both information technology and quality improvements. Inter-organizational structures, especially integrated health networks, require additional efforts to implement new technologies. Horizontal information coordination across various organizations can benefit the situations where integrated networks are becoming more prevalent.
When a financial or authority relationship is not motivating cooperation within in-house structures, implementing quality improvements and encouraging the use of information technology may be difficult. In hospitals where physicians are not employees, including them in quality improvement processes using information technology may take extra efforts. 
[bookmark: _Toc384212716]Data Security
Ensuring an integrated and confidential patient-related database is one of the most important components in healthcare information networking strategies. However, easy and rapid electronic transmission of patient information among various healthcare institutions can increase the risk of violating confidentiality, in pursuit of convenience and efficiency. Staff may give efficiency a higher priority than confidentiality. Under this circumstance, information technology could actually reduce patient satisfaction and the quality of care. 
The first universal standards set in place to identify whether a healthcare provider was properly securing patient information is the institution of the Health Insurance Portability and Accountability Act (HIPAA) by Congress in 1996. The primary purpose of HIPAA was to promote the confidentiality and portability of patient records, as well as to develop consistent data security standards in the health care industry. With the implementation of HIPAA, it gives patients confidence that their personal medical information will remain private in healthcare institutions compliable with HIPAA.
[bookmark: _Toc384212717]Data Quality and Standards
Quality improvement data must be reliable and valid to be utilized to measure performance and changes within a healthcare system or to make comparisons among various institutions. Physicians can also rely on accurate data to make treatment decision. The slow advancement in developing standard clinical guide sets up barriers to share health-related information electronically among healthcare institutions. For example, in some hospitals a 24-hour stay is classified as an inpatient episode while other hospitals classify it as outpatient care. Further agreements regarding codification and nomenclature are required.
In 1996, the U.S. government enacted a process into law that will regulate the adoption of national standards for health-related electronic transfers. The Health Insurance Portability and Accountability Act of 1996 (HIPAA) outlines a process to achieve uniform national health data standards and health information privacy in the United States. All health plans, health care clearinghouses, and those health care providers who elect to conduct the specified transactions electronically are required to comply with the standards, including unique identifiers for individuals, employers, health plans, and health care providers for use in the healthcare system. The final rule of HIPAA National Provider Identifier Standard was made in the year of 2004 by the Department of Health and Human Services.
[bookmark: _Toc384212718]Managerial Implications
To achieve success in quality improvements, healthcare managers must have a long-term view when planning their information systems. In order to ensure that an information system supports both the process of quality improvement and the measurement of outcomes, the conceptual framework in Table 1 should be adopted. It is always more complex to develop clinical information systems and integrate these systems with administrative information systems than merely expanding business and financial systems. 
[bookmark: _Toc384212719]Leadership and Involvement
Any information technology plans developed to support a healthcare organization's quality improvement strategy should reflect top management's leadership and determination. Managers should also work to ensure that all groups who will be affected after the implementation of plan are involved. The plan should demonstrate a balanced perspective of all stakeholders, including administrative groups, clinical groups, patients, health plans, the community and the government. These different perspectives should be specifically stated in writing and evaluated as part of the planning process. Managers should specify clearly how that plan will benefit all the organizational groups, and these benefits must be marketed actively.
Studies have shown that for information systems to support a quality strategy, employee involvement is critical (Damodaran, 1996). For example, end users should be involved when adopting the use of computers in nursing diagnoses. Clinicians should be included in the process of developing computerized patient records. If clinicians are not aware of the connection between information technology and the quality of patient care, they will hardly participate in the process. The managers’ attitudes should support the clinicians and make sure they can get computer access everywhere they need at the hospital. For example, a physician can access and enter information at the nurses' station without the intervention of a nurse or unit secretary.
In the diagnosis and treatment processes, computer-clinician interactions need to be flexible enough to allow an individual to maintain control and feel in charge. When VA Pittsburgh Healthcare System implemented the operating room scheduling system, individual scheduler was given control over their own schedule options based on personal risk tolerance and knowledge of the specific factors that might impact the procedure, although the decision support system can provide historical data about durations of a particular procedure as well as a statistical evaluation of it.
Computer-clinician interactions must also be efficient. For example, if patient care guidelines on an online information system are not provided quickly and easily, physicians will have to rely on their own experience, especially in emergencies. The user-friendliness of an information system can never be over-emphasized.
In an increasingly competitive industry, the views of the patient are becoming more and more important. However, collecting data on quality outcomes is difficult when it relies on patients, because patients sometimes have their own understanding of quality healthcare service, rather than the standard healthcare providers adopted in measurement. Epstein et al. distinguish between patients' perceptions of quality and patient satisfaction, where patients' perceptions of quality include the sense of whether their needs and expectations were met, regardless of the satisfaction level (Epstein, Laine, Farber, Nelson, & Davidoff, 1996). Patients might not understand the entire spectrum of ideal treatment outcomes for a specific disease process.
[bookmark: _Toc384212720]Goals and Standards
Organizational goals and standards should be established for both the administrative and clinical processes. Managers must first focus on outcomes. The decision of what outcomes to measure determines the types of data that should be collected and maintained. For instance, if a manager wants to measure the outcomes of administrative activities, then the cost efficiency the hospital obtained can be important, which means that data on expenditures and revenues are required to be collected and maintained (Quadrant II). In the clinical information system, the standards for quality patient care and patient satisfaction outcomes also determine the type of data that should be maintained.
[bookmark: _Toc384212721]Achievement of Goals and Standards
Managers should also plan, implement and integrate information technologies that can improve quality and efficiency in all processes. For example, an organization should provide online medical records as well as other clinical information such as laboratory results and imaging.
The four quadrants in Table 1 demonstrate the close relationship between the clinical and administrative outcomes from a quality management perspective. Therefore, healthcare organizations should anticipate networking between the clinical and administrative information systems, and make sure they are compatible. This can be best achieved when a specialized outside vendor is used, since such expertise can rarely be present from within an organization.
[bookmark: _Toc384212722]Data Collection and Maintenance
Methods to evaluate the outcomes of the various processes must be developed. These can affect the type of data that need to be collected and the design of databases and records. Data quality is particularly crucial because the resulting information will be used to make important decisions. Transcription errors must be avoided when entering data into the system. Data must be maintained in order to provide performance measures over the long-term for various clinical and administrative processes and generate clear historical track records.
If a quality improvement team uses poor data to report outcomes, some opposition in the organization will take advantage of it as an excuse to criticize and disobey the quality improvement process. This is also another reason why involvement of all groups is important. Clinicians must be involved when deciding the standards and types of data need to be collected and maintained in their particular areas of expertise. The system can then be instructed to generate an appropriate and standardized database that can be used to compare actual outcomes.
Policies and guidelines regarding the confidentiality of patient information need to be developed and enforced. An effective supervisory and legal structure should be built to provide sanctions against detected abuse of information. The prospective evolution of security management technologies should be taken into consideration when the system is designed. Access to records should be restricted. 
 Ideally, information technology can provide more protection of patients' privacy than paper documentation systems. Password and audit trails can protect patients’ privacy. Deterrent alerts, reminders and ethical education of the users are also very effective in enhancing their behavior.
[bookmark: _Toc384212723]Training
Computer training is essential. For example, the successful implementation of a bedside information system requires the preparation, involvement and commitment of all the nursing staff. Training the nursing staff in information technology is the major educational process. In order to design an appropriate training program, managers must understand the users’ thoughts about the new technology and try to anticipate how it will impact patterns of behavior.
Because physicians are often not employees of a healthcare institution and because they have little time to deal with new tasks, special appeals must be made to involve them in any training program. These appeals should reflect the benefits information technology could bring to them, for example, how it can save time and achieve quality patient care. This can also in turn enhance the various groups' feelings of involvement in the development of information technology, as stated earlier.
[bookmark: _Toc384212724]Conclusion
Undoubtedly, there is a tremendous potential for information technology to improve the quality of healthcare. However, progress in implementing information technology within healthcare institutions continues to be rather slow compared to the advancement in the technology itself. The challenges of human acceptance of information technology and managerial ability to overcome technological complexities are likely to be the major barriers to significant progress. Yet, careful planning supported by necessary investment, adoption of clear and specific action guidelines and persistence and patience can lead to success.
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