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INFORMATION HANDLING IN HOSPITALS

In a hospital decisions must be made continuously and at many levels. The physician must decide how to arrive at a precise diagnosis and what treatment will be best. The nurse must decide when to actively assist in the healing process. The administrator must set charges for services. The governing board of the hospital must make decisions about investment in new facilities.

Decisions require the interaction of knowledge and infor​mation. The decision-makers' knowledge is acquired through education and experience, but to apply knowledge to a specific case, information about the status of the case is needed. This information is derived from data that describe the patient, or the hospital.

A hospital information system (HIS) takes on the tasks of collecting, storing, manipulating, and presenting the data, helping to generate the information needed to make the deci​sions in a hospital. We partition the presentation of the issues into five sections.

The first section presents an overview of the many func​tions that must be served by HIS and the interactions that exist among these functions.

The section on the history of HIS has a dual role: While presenting the growth of functionality of HISs over time, we also model the growth of the function of an HIS in an individ​ual setting, since each setting presents similar constraints to those experienced by systems development in general.

The third section formalizes the fundamentals of the inter​action of data and knowledge, the generation of information, and the feedback loops that are needed to keep complex sys​tems, as an HIS, functioning and responsive.

Examples of current HISs are given in the fourth section in order to clarify the current state of the art in terms of the required functions, the past systems that affect today's opera​tions, and the underlying fundamentals.

We close with a prognosis of future development, as far as we can justify directions from the current status and existing pressures over a variety of types of hospitals.

Requirements for Hospital Information Systems

Within the hospital setting we find clinical data and adminis​trative data. Since clinical personnel and administrators have differing backgrounds, we also find differing emphases on data selection, its processing, and how the results of processing are used as information to help in decision making.

Clinical and Administrative Information. 

The clinical aspect of HIS is concerned with the well being of the patients, and the administrative aspect of HIS is concerned with the well being of the hospital. To achieve these two objectives there are distinct data requirements, but there are also many interactions. To serve the clinical aspects the data are those needed for health-care personnel, and for the administrative aspect there are financial and resource allocation data.

The two classes of personnel perform many of their func​tions separately. Thus, it is not surprising to find that, when computers are used, the hospital's information processing is often performed on separate computers. Management of the computer systems is then also kept separate, avoiding conflicts about priorities in services and investment. This philosophy also extends to services provided to departments within the hospital, so at times two separate sets of computer terminals are found in a laboratory or a pharmacy. However, whenever a drug is given, it affects both the patient's bill and the patient's health.

At times, to satisfy the demands for recording multiple ef​fects of one action one may find further completely separate systems in the pharmacy and the laboratory. The laboratory system may track the accession of samples and their analysis, and then print the results. The results of the tests are then transmitted to the ward system and their execution reported to the charge collection system. The pharmacy will log the drug orders and schedule their preparation and delivery. The orders and their delivery are posted to the medical record, while charges again go to the charge collection system.

Problems of Separate Operation. 

Much of the detailed data collected, as in the laboratory or pharmacy operation described above, provides information to both the clinical and adminis​trative aspects of a hospital. If the clinical and administrative systems are kept strictly separate, then much effort is re​quired to move information among them.

Having distinct systems within these ancillary areas can integrate the operation there, but does not address the infor​mation needs of the hospital as a whole. Data that are also needed somewhere else may either be copied from the source documents into both systems or copied from one system to another. It is not unusual to see that manual transcription of computer output into another computer system Occurs. The problem is not only cost. Consistency of information tends to suffer in such an environment. We list some typical instances leading to inconsistencies.

The hospital system has received a copy of an order for treatment and adds the charge to the bill. However, the treatment could not be administered to the patient. This is reported by the nurse to the clinical system, but not reflected in the charges.

A drug order is terminated, but the billing continues. The pharmacy reorders the drug based on billing data, when there is actually sufficient stock.

A stat order for a test is sent directly to the laboratory, and no charge is created; the test is not recorded on the dis​charge bill. Later the insurance company questions the reasons for some treatment, which was justified by the test result.

A decision by insurers not to pay for a certain drug may mean that the administration removes that drug from the formulary. Patients currently using this drug suddenly receive an incomplete treatment.

Hospital management has to make a decision about acquiring some new type of equipment to complement existing treatment equipment; it finds that the past usage data are in the billing system, but the data that are needed to project the expected share of usage for the new type are in the clinical system.

Such a list can easily be extended by anyone with working experience within, as well as outside of, a hospital.

Sharing of Information as an Objective. 

We expect a modern HIS to deal with both administrative and clinical data. The objectives of quality and cost-effective health care cannot be satisfied if multiple computer systems operate in isolation.

While distinct systems are still common in hospitals, our view of systems envisages a synergistic approach. Since all components of the hospital eventually share a common goal, it is better to consider the entire set of required information as one database shared among all the functions in the hospital. An essential objective of a database is that data are repre​sented only once in the system, so that there will be consis​tency in the information and hence consistency in decision making (1). We will review the database paradigm later.

Having one hospital information system does not mean that one single, large computer must provide all services, although such an approach is not unusual. We stress here the functions that are required of a system, and not how they might be implemented.

Use of Hospitals

The importance of HIS is due to their critical role in the most costly segment of health care. The importance of information is in its leverage on the individual hospital. Hospitals, in turn, comprise the largest segment of the health-care system.

In 1977, 11% of the U.S. population used hospital inpatient services. This fraction is not changing greatly. There are two factors that partially balance each other:

Increasingly simple health care services are being deliv​ered outside of hospitals. Reimbursement policies are sanc​tioning this trend, so that the number of inpatient episodes is declining, but mainly those that already had a low cost.

More services are required for people with multiple and complex complaints, partially due to the increase in the size of our aged population. Hospital-based services are of major im​portance here.

Table 1 (2) shows that the average number of admissions in the United States for 1977 per 1000 people was 148, and that this amounted to 31,391 admissions and 222,873 patient days. The cost of inpatient services in that year amounted to near] half of the total health care costs (3).

Age is the dominant factor affecting incidence and length hospitalization. A second factor is the region in which people live. In the Western United States, the average rate of admission is only 134 per 1000 people, and the average hospital stay is about 1 day less. Another factor that affects hospital usage is the economic and educational status of the family. About13% of people from poorer and less educated families are hospitalized annually, while only 9% of those who come from high income and college-educated families are. These three factors-age, region, and income and education-are of course, not independent of each other.

Inpatient Costs. 

The cost of hospital services in 1979 was ​about 40% (or $85 billion) of the total spent for health care (estimated at $212 billion). Table 2 lists the 30 disease categories accounting for half of these costs.

The remaining 60% of total health-care expenses are due physicians (about 20%), nursing homes (8.4%), drugs (8%), dentists (6.4%), and all other services. Since physicians' services in hospitals account for about $14 billion, the total amount to be accounted for within hospitals was about $100 billion. This amount is distributed over a wide range of hospitals, from small community facilities to large tertiary-care medical centers. There are about 6500 hospitals in the United States, and this number is diminishing.

All costs in hospitals have been increasing; the average daily basis, or hotel cost went from $95 in 1972 to $180 in 1977 (4). Some part of the increase is caused by a decrease in the average length of stay (LOS), which decreased by about 2 days to 7.1 days per admission in 1977. The decrease in LOS forces services that occur only once per stay to be allocated to fewer days. The LOS has not decreased as drastically in recent years (5). The Congressional Budget Office predicts that Medicare Hospital costs will grow at 13% annually through 1995. This increase is due to inflation (6%), a longer life span (2.2%), and changes in medical care (4.5%).

Sources for Hospital Reimbursement. 

Reimbursement for hospital expenses comes from individuals (8.8%), private health insurance (43.5%), Medicare and Medicaid (35.9%), and military, veterans, local government, and philanthropic sources (11.8%). Since many of these costs are tax deductible the actual amount carried by the government is much larger. The Congressional Budget Office has estimated that the tax subsidy due to non-taxed employer-paid health insurance, tax deductions for major health expenses, and charitable donations to health care institutions amounted to $24 billion in '81.
The small fraction of payments by individuals minimizes consumer pressure on the institutions. Reduction of costs has hence become governmental concern. Total inpatient charges are a product of the population size, the frequency of admissions, the length of stay (LOS), and the daily charges. These factors are related, but often treated in isolation. Recently, the cost per stay has received attention. The cost per stay is com​posed of the LOS times the daily basis or "hotel" charges, plus the services, which the hospital bills separately.

Data, Information Flow, and Storage

Data are recorded facts describing some object or some event. Data originate at many points in a hospital. Much of the data in a hospital is patient oriented, but there are many ancillary data as well (for instance, personnel lists, drug records, and general inventory data).

Data become information when they are presented in a form and at a time that can be used to initiate action. There is an aspect of novelty in information. Collected data can become information when they are transmitted to sites where their contents are previously unknown, for example, a lab report in a ward, or when they are collated (Homer Warner's term) and processed in combination with other data, for example, a summary of drugs given and effects observed on some patient population.

Types of Objectives for Information. 

We can classify the types of objectives for information into three categories: operational, planning, and documentation.

Operational objectives require immediate access to detailed and up-to-date information. Examples of queries for operational information are

Where is patient J?

What drug is patient J receiving?

When is patient J scheduled to be released?

Who will pay patient J's bill?

Planning objectives require analyses that look at the past and project into the future. The planning horizon might be short term or long term. Queries that HIS should be able to answer in this category are as follows:

Does treatment T lead to a better prognosis for this patient than treatment S?

How many free beds will be available for new patients this weekend?

Is the inventory of drug D adequate?
Does ward W have sufficient nursing staff given the num​ber of patients and the severity of their illnesses?

What are the financial and care delivery effects of keeping ward V closed?

A characteristic of planning questions is that they require larger volumes of data, but that the reliability of individual data elements is not as critical.

Documentation forms a third category of requirements. These requirements are often externally imposed, and docu​mentation causes a flow of information out of the hospital. It is futile to question whether such data satisfy the requestors' objectives. Some documentation needs do exist within the hos​pital, if only to provide backup for computer systems.

Documentation is required for treatment continuity with respect to specific patients.

Documentation of treatments by type is needed for medical audit.

Some documentation requirements are for legal purposes. Extensive documentation is needed for hospital accredita​tion.

Other documentation is needed to justify funding or obtain new capital, equipment, or operational support funds from the government.

Now that we have discussed where information is needed, we can survey the flow of data through the systems.

Information Flow. 

Data elements originate where activities are recorded and are directed to points and times where deci​sions are to be made. Admission of the patient, diagnostic tests performed, and treatments administered are the central source of the data. Ancillary data are obtained about person​nel, drugs, supplies, and other activities that pertain to gen​eral hospital activities. Treatment choices, charges, and the long-term medical records are destinations for the data. For hospital management, data are aggregated into budget classes and personnel records.

In general, much more information flows from the clinical to the administrative side than vice versa. The medical record is frequently seen as the final arbiter, not only for clinical decisions, but also when reviewing appropriateness of pay​ments and appropriateness of care. The medical record was not intended for all these tasks, and becomes unnecessarily un​wieldy if it is kept in the traditional paper form while satisfy​ing all requirements placed upon it.

The major body of data about patients that is kept separate from the medical records in most hospitals is billing informa​tion. Although the charges on the bill are closely related to the services provided, the payments that are eventually received from insurance and the patients themselves have little rela​tion to clinical practice.

The clinical and administrative data flow in a hospital in​teract in many places: inventory and supplies, treatment and billing, patient load by category, and facilities investment. Figure 1 sketches some of the information flow in a hospital. The information flow is not equally heavy along all the lines drawn.

Because of distinct responsibilities for hospital administra​tion and clinical care, the traditional storage of the data is distinct: administrative files and medical records rooms. Computer technology makes it feasible to share storage and information, while maintaining distinct responsibilities.

Applications. 

In the operation of hospitals, there are many functions that are conveniently placed on computer systems. Table 3 provides an extensive list of applications, based on the Automated Hospital Information System Workbook (6). The full workbook contains detailed descriptions of all these applications and a matrix that describes 24 available HISs in terms of the extent and the manner in which they support these applications in 1981.

Even the long list in Table 3 is not all-inclusive. It is based on an evaluation and aggregation of existing services that were being offered by vendors to hospitals. Projecting all these applications into the data flow of Fig. 1 would show many more cross-links between the areas.

Interaction of Thsese Flows. 

As shown in Fig. 1, many types of medical and administrative information interact. It is difficult to create separately a system that contains medical data and a system that contains administrative data, install them both in a hospital, and expect to obtain the benefits that was expect to see in a truly medically oriented HIS.

An example of interaction can be found in the description for the epidemiology application (J-3) of Fig. 1. First, monitoring is required to alert the hospital to the possibility of an iatrogenic epidemic. Monitoring compares current infection rates with those observed in the past, say, 1 year ago, possibly adjusting for differences in the patient population. If there is a discrepancy, information is needed about the organism that is causing infections and the set of patients in the hospital in whom infection has been detected. Hospital census information is used to locate all other patients who may have been in contact with the diagnosed patients. Data on staff schedule and surgery procedures from the period of infection are needed to identify staff that may be infected or carriers. Possibly, data on outpatient visits, and the clinical personnel that performed outpatient services at that time, are needed as well.

The result is a set of infection notices to areas and hospital personnel that are determined to be either likely sources of the infection or who have been exposed to the infection, a report of other patients who might also have been exposed to the infection, and the initiation of lab tests for these patients. All findings must be placed into a historical flow sheet in order to provide understanding of the spread of an infection, and even tually directive action at the source. Placing this application into Fig. 1 will illustrate whole new set of data flows the system.

An important interaction point not shown in the figure is the interaction of the medical records created in the hospital and the long-term medical record of the patient. Lack of linkage between the two types of services often means that information about the hospitalization does not enter the long-term ambulatory patient care record (7). Sometimes an abstract of hospitalization is transcribed, but then some information will be lacking.

Administrative Information

Administrative information pertains to the needs for the daily running of the hospital. Reports based on the collected data are made available to management for planning and to outside agencies for monitoring. For these objectives, a large number of subsystems are used (8).

Internal and External Requirements. 

Operational require​ments have the highest priority on the hospital's computer Systems. Bills must be generated accurately and rapidly, suppliers must be paid, supplies must be ordered and logged when received, and personnel must be scheduled. Specific data elements are associated with each application. The applications often reflect the particular operating style of a hospital.

Many administrative requirements are externally imposed. For instance, in many institutions there is currently a need for classification of Medicare patients into diagnosis related groups (DRGs). External requirements are precisely specified to assure comparability among institutions (9).

Hospital management imposes requirements on the administrative system to obtain information for planning. Decisions must be made to direct expansion or contraction of services and personnel, and to assure that funding is balanced with expenses. Access to a variety of data is needed here.

Products. 

We will now define some of the administrative products of an HIS that interact strongly with medical care. External requirements lead to three regular reports.

Discharge abstracts are, among others, required for hospital accreditation. They are prepared in the medical records area. The key information is a classification of the diagnoses. A common encoding used is ICDA (International Classification of Diagnoses, Adapted) (10), which defines about 500 distinct major diagnoses, with fractional digits for classes and subclasses. Many errors have been found in discharge abstracts [for instance, a 22-40% misclassification of diagnoses (11)]. Since the discharge abstract is rarely used for subse​quent medical care, little feedback is applied to correcting these errors.

DRG assignment classifies patients into expected-cost cate​gories. To determine Medicare reimbursement (about 25% of total hospital income) each hospital admission has to be assigned into DRGs. The reimbursement is not determined by the cost or price of the services actually rendered, but is ac​cording to a set payment schedule per admission on the ex​pected cost for stays falling into a specified group. This system is being instituted for Medicare payments from 1983 to 1989. The Department of Health and Human Services (DHHS) has directed that there will also be a similar reimbursement sys​tem for physicians by 1985, but the implementation is greatly delayed.

Current DRG codes are based on the later ICDA-9 coding, organized into 23 major medical diagnostic categories (MDCs) according to body-system-organ, and then subdivided into 467 DRG groups based on medical versus surgical treatment and five predictors, namely surgical procedure, principal diag​nosis, age, complications, and substantial co-morbidity due to prior existing problems or age of 70 or older. There are also three special codes unrelated to diagnosis.

DRG Reimbursement Rules. 

The rules for DRG-based reim​bursement recognize nine regions, each with an urban and rural rate, but these differences are to be eliminated. Not cov​ered is rehabilitation, psychiatry, pediatric, Veterans Ad​ministration, nor Christian Science hospitals and sanatoria. Excluded are capital costs (see below), educational costs, out​patient care, and health maintenance organizations (HMOs), which include hospital service already on a per-capita basis. Included are contracted services for laboratories etc., even though they may be billed separately.

Excluded states are New York and Massachusetts, which are committed to deal with the cost problems themselves. A special category is defined so that the Mayo clinic is excluded as well.

Also excluded are outliers, defined by admissions with a LOS of less than 1 day or a minimum trim point, or LOS greater than a maximum trim point. The trim points are de​fined for specific DRGs. Such admissions are to be reimbursed based on a system of controlled charges. There could be 30% of them based on studies (12), but Medicare expects the cost to be less than 0.5%.

Prices are set according to the MEDPAR file (Medicare Pro​vider Analysis and Review)-a 20% sample of short stay hos​pitals from medicare patients. The total DRG reimbursement is expected to be balanced, as shown in that sample, incre​mented by an annual "hospital market basket" inflation + 1%. Every 4 years a correction is expected due to technology ef​fects, as determined by the Office of Technology Assessment.

The hospital is also reimbursed for fixed costs (up to 110% of the median cost) and capital costs, allocated to each DRG pro​spectively. Allowances are made for uncompensated care, out​patient costs, and some other costs. The amounts are set exter​nally and to be approved by the legislature. The basis for the amounts are historical records, so that initially the reimburse​ments will match the average prior costs, but it is clear that subsequent increases will be hard to justify.

Utilization reviews compare outliers with the appropriate LOS. Before the DRG approach caused hospital administrators to monitor excessive stays, periodic utilization reviews were required to detect unusually high LOSs, and hence excessive charges to the reimbursing agencies. With DRGs, there is a role for utilization reviews to identify abnormally short stays, to assure that patients do not receive inadequate care because of the financial pressure placed on the hospital.

Many administrative functions of an HIS are motivated by financial concerns. Internal and external pressures are forcing increased cost consciousness. We review these directions later. The importance of these issues is due to the high fraction of national expenses represented by hospital-based health care, as illustrated earlier.

DRG Development. 

Traditionally, shortening the patient's LOS has not been beneficial to hospital budgets. A patient who stayed long used fewer services over the extended stay and was still charged a standard hotel fee for each day. The introduction of DRG reimbursement is intended to change this.

The DRG classification system was derived from some experiments and studies. It was originally based on ICDA-8, and 83 major MDCs. These were subdivided for analysis into 383 DRG groups based upon LOS, secondary diagnosis, first and secondary surgical procedure, age, and types of service required. Similarities were set by a Yale-based study group, using charges rather than true costs. Within each DRG, the I is expected to be similar.

The extent to which DRG-based reimbursement will remain a driving force in U.S. health care is open to question. There are many questions about its fairness and effectiveness. The apparent simplicity of fixed prices is questionable when the rules for implementation are promulgated (13).

Hospital Management Information. 

The effective management of a hospital requires that resources, people, space, equipment, supplies, and the like be available as needed, but not unnecessarily idle. Much of the required information is brought together in the financial reports to be provided by an HIS.

An important motivation for improved cost accounting in hospitals is the changes being made in the federal and state reimbursement policies for inpatient services. In principle,   not-for-profit hospitals account for all their costs, distribute the costs by categories to the patient services that were provided, add a fraction for overhead, and bill the total to the patients receiving these services. Charitable cases and unrecoverable charges are allocated to overhead.

Since many cost items are difficult to associate with specific patients, their costs are accounted to the general daily hospital cost category. The cost per patient per bed (the hotel cost) excludes costs directly related to treatment, which are charged separately. Such items are drugs, laboratory tests, and other medical services. The rates for hotel costs and other services are set by the individual hospital to reflect its costs. The reimbursing institutions, often the government, audit the costs to make sure that the allocation is reasonable and limited approved items. In teaching hospitals, a careful separation must be made to distinguish costs related to education versus costs that are justified by direct for patient care.

Accounting for Cost. 

The change to DRG-based reimbursement means that the individual hospital no longer has to justify its own costs in order to set its charges. The impression  that now there is less need for cost accounting, however, is wrong; in fact, the opposite is true. Once, cost accounting was needed only to arrive administratively at a basis for the price charged for services. Items not easy to account for were lumped into overhead. Furthermore, management could ma​nipulate the prices in order to attract or discourage the use of certain services, independent of their cost.

Whereas the actual, precise costs could be largely ignored by hospital management, now the costs have to be tracked and surveyed if a hospital is to keep its cost below the reimburs​able level. A hospital that lets its costs exceed those levels will soon have financial problems.

A hospital will want to classify patients having borderline or multiple diagnoses into the better-paying DRG category. A number of computer programs are now available to adminis​trators to find the best DRG assignment. The Health Care Financing Administration (HCFA) is concerned with DRG creep and tries to monitor admission patterns to detect aberra​tions.

Since most of the costs incurred in a hospital are caused by physicians' orders, it becomes important to link costs to these orders. Since in the DRG system there are no direct incentives to the physicians, the hospital management has to interact with the medical staff whenever costs for services to some DRG category exceed the norm.

For the hospital there are no direct incentives within DRG to maintain quality of care. Professional review organizations (PRO) are called upon to monitor care quality. Failure to pro​vide adequate care can cause denial of payment.

However, since hospitals compete for patients, motivation for health care quality remains. Admission of patients is con​trolled by physicians, and hospitals that provide a more attrac​tive level of care will be at an advantage.

Dealing with the effects of DRGs implies a level of sophisti​cation rarely seen in hospitals today, and forces a new interac​tion of administrative and medical concerns in hospital man​agement.

Patient Care Information

We limit ourselves to the interaction of the medical record with the hospital information system.

The Hospital Information System and the Medical Record for Patient Care. 

The medical record is the primary repository for all data about patient care. In order to use this information, it has to be brought to the place where it is needed and presented in a way that is useful. The primary place where patient infor​mation is required is in the hospital ward; this could be either at the bedside or at the nurses station.

If the HIS contains sufficient patient-care data, then the HIS can be used to distribute the information to the wards. The use of a computer terminal for patient data has advan​tages and disadvantages. The advantages are as follows:

Rapid recall: Unless the paper record is close at hand, its retrieval can take much time.

Manipulability: Incremental changes can be made, and a new entry can be made to cause multiple effects. A treat​ment order, for instance, can be defined to advise the nurse, pharmacy, and the dietary staff.

Alternative presentation format: The same data can be presented grouped by treatment over time, to provide information for further treatment decisions, or as a snapshot of current status.

The disadvantages include the following:

Limited screen size: Most screens display less than half of the contents of a type-written page.

Awkward flipping between screen pages: Often only one display can be seen on a screen, and typing is required to display other data.

Lack of traditional visual markers: Search through a paper medical record is aided by form size and color.

These items are interrelated. The flexibility in presentation can often more than compensate for the limited screen size. The medical record for a patient who has been in the hospital for some time is long and voluminous, and effective presentation may in itself justify using the computer.

However, physicians are impressively effective in using the physically awkward paper medical record. A study by Whit​ing-O'Keefe and Simborg (14) has shown only four relevant missed observations per inch thickness of medical record. In the traditional record, important observations made by other members of the health-care team may be repeated, underlined, and circled in order to draw attention to them. Different colors of papers give clues to what the information source is-in many cases the knowledge of who prepared information for the record can provide important cues.

On the other hand, a computer can rapidly select a set of information relevant to a candidate diagnosis or treatment and present the information in flowsheet or graphic form. All members of the health-care staff can share the same data in different formats. The drug order is used by the pharmacist in verifying a prescription, and can be helpful in the laboratory when trying to explain outliers in test results.

In long-term care, concise summaries of the current patient status have been found useful. Effective summaries are not easy to produce, since different data are needed for nearly every patient's state and it is easy to miss the exceptional or critical information. Automatic summarization can be pro​duced if sufficient medical knowledge can be encoded (15). We do not yet find them today in HIS output.

Nursing Requirements. 

Most health care in hospitals is car​ried out by nursing staff and their needs must be carefully considered. For instance, most information about the treat​ments administered to the patient is provided by nursing per​sonnel. Concerns about convenience of entry arise. First of all, there should be sufficient terminals available so that physi​cians will not interrupt nurses' activities on the terminals. Entry of treatments should also be convenient.

The HIS also provides communication between physician and nurse. Presentation on the terminal of treatment orders issued permits rapid verification of the treatments given. En​try of nursing or patient-initiated actions requires additional effort.

While diagnosis and prescription data have a long history of formalization and encoding, treatment information is less standardized. Because of lack of understanding, many HISs provide only limited facilities for recording treatments and leave the medical record stored in the HIS incomplete.

The assumption, easily made when reviewing a record, that the patient's treatment matches the orders that were issued is often false. Four possibilities exist:

Order was not carried out

Treatment given differs from the treatment ordered for many valid reasons.

Deviations occur because a patient may refuse to accept a certain treatment or because the nursing staff decides that the treatment is not appropriate at some point.

In emergency situations, unexpected treatments may be administered. Often such decisions involve telephone communications with the physicians.

It is important that all treatment information be logged into the HIS  record so that a complete record of the patient's progress can be provided when needed. Lack of such informa​tion can also mislead management in resource allocation.

Decision Aids. 

Once ward systems are well developed, they can be used to help perform data analysis functions and assist directly in making decisions. Such services are not very com​mon, and we find only a few in Table 3. Useful functions in​clude calculation of digitalis and other drug dosing curves in order to rapidly achieve the desired blood serum level and then maintain that level with a minimum of fluctuation (16).

Requirements for Hospital Management

For hospital management, two alternatives exist for presenta​tion of data for decision information:

Reports. These are produced either periodically or on re​quest and contain all the data for finding the information needed for decision making.

Direct access to stored data in the HIS. This option permits selected retrieval of data as needed and requires having an interactive query language, which permits formulation of ad hoc queries. The capabilities of current query languages in HISs are not yet adequate to let management directly formu​late queries over a data base as complex as is found in a hospi​tal. Intermediaries will formulate the queries and actually generate ad hoc specialized reports.

Only larger hospitals will have a data-processing depart​ment to help management. In smaller hospitals with limited staff, ad hoc reports are difficult to produce and management relies on standard reports provided by the system.

Resource Scheduling, Short-Term Planning, and Rate Setting.

The load on a hospital can vary rapidly. Periodic trends are due to seasonal effects. Changes in the weather, in local eco​nomic conditions, and in migration of the local population will all change hospital utilization patterns. A computer system can be effective in recognizing such trends. Once trends are known administrators can determine whether problems of overload or underload of resources are spurious or due to some new pattern.

Short-term planning deals with variations that occur on a daily basis. Assuring every day that sufficient personnel is on hand or on call is a primary requirement. Projections of the number of available beds for scheduled and unscheduled admissions are a basis for controlling current and future admissions if a shortage is foreseen. Certain facilities, such as surgical suites, CAT scanners, etc. are also subject to scheduling. Perishable supplies must also be monitored. These allocation decisions are delegated by management to administrative units.

Only if short-term variations are well understood and managed, is it possible to plan for long-term trends. Dealing with long-term trends obviously requires attention to factors other than short-term variations.

Long-Term Planning. 

In the presence of an effective administration, the role of management is limited to monitoring longer-term trends. It is here that information for investment decisions is made.

A measure to decide if some resource needs to be increased is the frequency of having inadequate resources on hand versus the volume of underutilized resources. Analysis of the trends of such measures requires an understanding of the hospital as a system, recognition of which patient-care data indicate service requirements, which data indicate that requirements are not met, and data giving the availability of people and equipment. The decisions are aided by having standards of performance for people and equipment, or comparing the measures to those at other similar institutions (17).

Summary

This introduction has provided an overview of the functions that a hospital information system should serve. It is clear that the functions are broad, and their interdependencies are many. We will now review in a historical sense how the requirements raised were dealt with from early days to current time.

We close this section by defining a classification for four types of HIS. They distinguish themselves by alternate organizing of the required functions.

Approaches. 

Each type of HIS provides a distinct solution, but also creates its own problems. The four types presented below follow historical development, but today each of these types may yet be found.

Having simple, freestanding applications represents the earliest approach for the use of computers in hospitals. Individual application systems automate the distinct manual services already in use. The limited scope and the need for clinical knowledge for many of these applications caused many such projects to be developed within the hospital setting often under the direction of the appropriate specialist. Initially little coordination was required, but in institutions in which multiple applications were implemented, they do affect each other. Subsequent integration of such independently developed systems is often problematical. Because of inconsistencies in their interaction with the users, it is rarely feasible to extend these services to the ward. In extreme cases, more than one type of terminal has to be installed in the wards.

A modular approach, in which all application fit into a common framework, was advocated in 1974 by Barnett (18). Here, a common framework is initially defined that constrains the application programs, but provides interoperability. The computer-stored medical record is the major internal interface; another is the presentation of data and queries to the user. It can take a long time to develop all the modules. By the time the final modules are being implemented, the framework itself may already be due for revision or be inadequate to handle the new modules as effectively as those modules that were in existence when the system started.

A competing approach at that time was the total hospital systems approach. Here, a complete system is made available to the hospital and as many items are chosen from the menu as are needed and affordable. Due consideration must be given to mutual dependencies. Large initial investments are necessary, first by the vendor, to develop and test a sufficiently complete product, and then by the hospital, to bring all chosen functions into operation. Total systems are difficult to install because many areas are affected simultaneously. A problem seen here is that by the time a vendor has developed a total system that contains all the modules the hospital might want, technological obsolescence will have crept in.

An approach often considered now is having federated spe​cialized computer systems that operate highly independently and exchange data using a shared communication network. Having distinct systems on the network provides a great deal of independence, since only the network protocols have to be well specified. A disadvantage is that they all provide their own interfaces to the users, so that the user finds that the laboratory system may have a different interaction sequence than the pharmacy computer when entering orders. The cen​sus system may use different codes for patient locations than the medical record system.

A solution, not yet seen in general practice, is to provide with the communication network a subsystem providing com​mon terminal services. One or more terminal interface com​puters translate formats and protocols for the user, even if the systems providing services differ. Although some experience with this approach has been encouraging (19), not enough ex​perience has been gathered with this approach to generally recommend it.

In any approach it will become necessary to revise some of the subsystems, improve initial modules, or make changes to the hardware supporting the HIS. Such tasks are simpler for the freestanding programs, but have been painful in any approach.

In the next section we will recapitulate history by review​ing initial applications, which were of necessity freestanding.

HISTORICAL DEVELOPMENT OF HOSPITAL INFORMATION SYSTEMS

The motivation to improve the processing of data within hospi​tals initially followed the spread of automation in business in general. The first functions to be automated were administra​tive tasks in which success seemed assured. Since most of the data in a hospital are related to medical functions, the impact of these systems on the total hospital function was minor. In many institutions, some functions were subcontracted to out​side vendors. For example, a bank may prepare the payroll, a billing service may prepare the bills and collect the receipts, and an outside laboratory creates charges as it performs the tests under contract.

Coping with increased demands for information is difficult when the services are dispersed. Either more services have to be purchased and more forms have to be completed in the hospital to provide the data, or more work has to be performed directly in the hospital.

In the early 1960s, it was recognized that information processing tasks in hospitals were already taking 20~30% of working time of hospital personnel (20). At the same time demands for recording and using data were increasing. Since personnel costs are the single largest budget item in the operation of a hospital, allocating more personnel was intolerable. It was obvious that use of automation to achieve even a small reduction in the time needed to generate information could produce considerable savings for a hospital. It took some experience to determine that these savings are not easy to achieve. The complexity and diversity of the tasks in a hospital mean that savings at one point are not immediately translated overall savings for the institution.

We will now survey the applications in the order that they were historically considered for hospital implementation, since here too Haeckel's biogenetic law holds: "Ontogeny racapitulates phylogeny."

Billing Functions

The need to bill patients is a basic requirement for a hospital and an application which appears to be well understood. Yet, hospital billing has been a troublesome application. For many patients the cost of hospitalization is covered by multiple insurance companies, while the remainder is due from the patient. In order to generate proper bills, coverage rules for the various insurance plans have to be defined and interpreted by the billing program. Sometimes, when one agency unexpectedly declines to pay for some treatment or procedure, that charge has to be added to the bill for a secondary insurance. Since delays in receiving reimbursements due to any delays in billing are costly, it is not feasible that the second bill be held up until the first bill has been paid. It is also important to notify the patient at discharge about the patient's financial obligations; a patient, once successfully treated and no longer dependent on the hospital, may regard hospital bills more as an annoyance than as an obligation. Repossession of health is not a threat made by hospitals.

Hospital bills are often incomprehensible to the patient. The charging systems that provide data for the bills depend on codes to avoid the use of long and complex medical terms, but their use on bills causes a loss of information for the patient. Furthermore, a single hospitalization often causes multiple bills to be generated: in addition to the hospital "hotel" and charges bill there may be charges from outside laboratories and direct billing by the patient's physician. Receiving multiple and inadequate bills provides a lack of incentive for prompt payment and has caused many hospitals considerable grief.

An important output for the collection department of the hospital is the aged receivable listing, which indicates which patient bills are overdue, by category of lateness. Such information is necessary to remind creditors. If the listing is up-to-date, an aggressive follow-up can be carried out, leading to reduced losses. If the billing and receipt information is obsolete or erroneous, the hospital's collection efforts will lead to resentment by patients and eventually by the hospital's staff, who have to deal with the patients. Turning late payments over to external collection agencies is both unpleasant and costly.

Census

Knowing which patients are in the hospital, where they are located, who their physicians are, and so on, is the next func​tion to be considered for implementation. Prior to having com​puters, the census was often posted on a board in a central location to facilitate access by all.

The census provides a reference base for billing, laboratory tests, pharmacy orders, and many other applications, which if they did not have access to the census file, would have to create duplicate records about the patients. These applications may need other data about the patient in addition to the basic identification data. A feature of census applications is that they are limited to data that are likely to remain static during the patient's stay.

The information is updated by keeping records of admis​sion, discharge, and bed transfer of patients. Maintenance of the census of the hospital is performed by the A-D-T function. A descriptive master file has to be kept about each bed and location. The assignment of patients to beds and wards should avoid conflict. Gender, age, smoking, and the severity of ill​ness are all factors that are important when placing a new patient in the hospital.

Early A-D-T systems required completion of paper forms and transcription of data into computer files. Patient trans​fers, typically initiated on the wards, required telephone calls to the people entering the data. Today, admission invariably uses keyboards and visual display terminals (VDTs). Having a second display is useful, since it permits the patient to partici​pate and verify the data that are being entered.

New data are either posted to a central patient-oriented file, which can be read by the other applications, or transmit​ted to all subsystems that require the data. Areas that do not have computers receive printouts.

The size of the census file is relatively small, limited by the number of beds of the hospital. While the billing file retains information long after the patients have left, and the medical record remains valid even longer, the census can be cleared soon after a patient is discharged. At that time, the A-D-T information has been included in the other applications.

Automation of A-D-T functions can have considerable bene​fits. Avoiding the transcription of data from the admissions desk to the many offices which need the information, and from medical records to the telephone operator, reduces delays and labor.

Transmission of A-D-T data can trigger further activities.

When admitting or preadmitting patients, the clerk sends the patient's identifying data to the medical record sys​tem so that any past medical record is searched for and retrieved from archival storage.

Hospital housekeeping is notified when a bed becomes free so they can prepare it for reuse. In turn, they inform admissions when the bed becomes available again for patients.

In times of high census, predictive functions can be applied to estimate bed availability.

For voluntary admission, one can inform people when they might be admitted into the hospital, while keeping an adequate margin for emergency admissions.

Preadmission also permits improved resource scheduling.

Ancillary Departments

Heavy processing loads occur in many ancillary departments so that those areas are candidates for early computerization well. Frequently, development of central and ancillary systems occurred separately.

Separate Systems. 

Separate computers in ancillary departments have the advantage that they can be updated and maintained independent of the main system. Only the communication interface has to be retained. Data that are local (for instance, scheduling information for laboratory instruments) do not need to enter the main hospital information system. When the main hospital computer is shared by ancillary departments, transfer of information is simpler and more rapid but the complexity of system maintenance increases.

The independence of many ancillary departments enable them to deal with their needs by installing their own computers, often before the hospital itself was able to go beyond billing. Clinical laboratories in particular were early users of computers, but pharmacies and blood banks often were not far behind. Radiology departments acquired systems oriented toward word and image processing. Only central supply departments have rarely installed their own computers, but depended more on existing systems to service their purchasing and inventory requirements.

Clinical Departments. 

Many other clinical departments have their own requirements. Common functions are scheduling, and such scheduling, for instance, for surgery, must be coordinated with other activities scheduled for patient. Table 3 lists several such functions, but also shows that many feasible clinical functions did not yet exist in the systems that were being surveyed.

Emergency. 

The emergency department is often a special case. In emergency, both admissions and clinical services are being performed. It is often not known when a patient is being admitted whether the patient will become an inpatient or an outpatient. Information routinely expected during admission such as the patient's name, admitting diagnosis, and insurance coverage, may be lacking. The admissions process in the emergency has to be a trade-off between obtaining as much relevant information as possible and avoiding delay in treatment (21).

In many urban settings, emergency departments function also as outpatient clinics. In those situations, there is a strong desire to have a medical record available before treatment is initiated, and also to ensure that required information for later billing is obtained. This medical record is not part of the inpatient data managed by the HIS.

It remains essential that the delay for a formal admission process can be bypassed when a real trauma case arrives. The variety of demands in emergency are hence such that this remains one of the least well-served departments in most HISs.

Sharing Information. 

It is obvious that communication between the HIS and any computers in the ancillary departments is essential. The system of these departments depends on information as given in the census and generates data for billing and medical records. It is also desirable to share data between departments. For example, corrections to the results of some laboratory tests can take into account drugs that a patient is currently receiving.

Sharing of information has been inhibited by separate de​velopment of central and ancillary systems. If the ancillary departments have access to the central data bases, the tedious-ness of data entry can be greatly reduced. Alternatives are provided by having, and using, communication networks be​tween the computers.

There are many smaller ancillary departments in a hospi​tal as well. Many of them do not have the workload to justify major computer acquisitions. Some may have heavy workloads, but their task is difficult to manage on a freestanding basis.

Ward Terminals

The major interface of information systems with the practice of medicine is found on the wards. Here the past medical his​tory of the patient can be reviewed, orders can be entered and rapidly communicated to other departments, treatments can be scheduled, and administration and response to treatments can be recorded.

The central objective here is getting information about the patients and affecting the patients by the decisions made by the medical and nursing staff Since about 85% of a hospital budget is in nursing, the economic leverage is greatest here. Nursing personnel costs comprise 55% of nonphysician man-power costs.

Unfortunately, the complexity of activities on the wards also created many problems here. Many early systems failed on the wards, or could not be transferred to other institutions. Some of the problems encountered are now being mitigated by improved technology.

Pre-VIDT Systems. 

Early ward terminals were awkward to use. Using modified typewriters or teletypes for data entry and output required ward clerks to perform all interactive opera​tions. Placing intermediaries between the care providers and the computer increases costs, errors, and delays.

Some systems attempted to avoid typed entry. One type of ordering system required that the nurse group together pre​-punched cards identifying the patient, the treatment, and the person who ordered the treatment; the information repre​sented by cards was then transmitted to the central computer. Another system provides a console with more than a thousand keys, one for every type of order.

One system in use today (DIOGENE) uses a central tran​scribing staff (22). Orders and information requests are trans​mitted by telephone to the small, specialized staff who are at ease with the system and handle requests rapidly. The results are printed on the wards.

Farly Shared Systems. 

Early systems with video-display ter​minals on the wards were developed in the late 1960s and installed in the early 1970s. Each of the major computer man​ufacturers, for example, Burroughs, Control Data Corp., IBM, Honeywell, and NCR, invested major resources to provide sys​tems for hospitals. All of them subsequently withdrew wholly or in part because it did not appear that they could reach sufficient acceptance and hence profitability. Each of these systems had certain strengths, but they rarely covered all needed areas for hospital service in an economic fashion. Table 4 lists some of those systems (23,24).

Of these early medically oriented hospital information sys​tems, the Technicon system has seen the widest dissemina​tion. It has been adapted to changing terminal technology and is still being marketed. It provides one of the strongest models of what one should expect when installing a large centrally operated hospital information system.

Systems such as the Technicon system stress the communi​cation requirements in a hospital. Data for the medical record are a by-product of orders and responses. The record kept for the patient contains admission information, treatment orders, laboratory findings, and treatments given, including drugs given to the patient. Nurses may add notes to aid the continu​ity of care between shifts.

The centralized large systems required large computer sys​tems. To gain economy of scale, it was often envisaged that the computers would be shared. The computer itself is placed out​side of the hospital, in an economical and protected location. Sharing, however, increases the communication cost and, more significantly in an era of reduced hardware prices, the management cost. Today, systems originally designed for sharing are often dedicated to a single institution, so that they avoid many of the costs due to sharing.

Order-Entry Systems. 

The problems experienced by these large systems affected the subsequent generation of HIS. In​stead of attempting to affect the medical practice in a hospital, the successors concentrated on collecting order information for charge collection. These systems were often purchased and installed without substantial involvement by medical or nurs​ing personnel. The simplest of these systems provided no feed​back and just collected information for subsequent billing. Ad​mission and discharge data, and records of receipts, were collected as well. This information was compiled on a daily basis and entered into conventional billing programs.

When order-entry systems were installed in smaller hospi​tals, the billing programs were run at remote computers oper​ated by specialized companies. As communications improved in the late 1970s, most of the data transmission from the sys​tems within the hospitals to the remote computers was per-formed using communication lines. The voluminous reports produced by such systems were too large for transmission and would also require powerful printing capabilities at the hospi​tals. The resulting reports were printed centrally and then shipped by couriers or mail back to the hospitals. Several of these systems were developed by organizations that owned hospitals, and some of them were eventually sold to larger system vendors.

As adequate computers became more economical, the in-hospital systems used originally for order-entry started to do an increasing amount of processing, so that at least simple information loops would be closed within the hospital. Specifi​cally, census information and summary bills of patients to be discharged were produced within the hospital. Being able to provide critical information within the hospital lessened the requirements for rapid production and shipping of bulky re​ports and made the overall services more economical.

A continuing trend in the hospital computer services area is to move more and more functions to the computers within the hospital. The improved feedback that in-hospital operation makes possible reduces the costs due to errors but also means that the hospital needs to employ more computer-knowledge-able personnel. The in-house computer system may still be provided by an outside vendor, but the vendor's remote equip​ment is mainly used for specialized functions (perhaps check printing and governmental reports). It may also be available for backup.

Current HISs. 

Developments based on order-entry systems, as well as some new ventures, now provide the range of ser​vices envisaged earlier for total hospital systems in a reasona​bly economical fashion. Experiences gained in the shared sys​tems have shown which services are effective on a ward. Technological advances have reduced the acquisition and op​erational cost of the systems.

Today the wards typically have two or more VDTs and an associated printer, so that the paper medical record can re​main locally up-to-date. Rapid interaction can be provided, and availability of the system is typically well above 95%. Problems occur due to communication system failures, errors in overly complex software, and in the central hardware.

Bedside Terminals. 

Interaction can be more intense if termi​nals are provided by the bedside. The cost and space require​ments of bedside terminals have inhibited general acceptance of this approach. As an alternative, terminals on carts have been proposed, which can be wheeled to the bedside and plugged in, but these have not found broad acceptance either. Terminals do exist on specialized treatment carts that can be brought to the patient's bedside.

If a hospital has a flexible and general communication sys​tem it may only be necessary to provide a keyboard by the bedside. The TV display, which is otherwise used for patient entertainment, is then switched to display computer output. However, standard TV monitors do not provide very good im​age resolution and may have to be replaced. Another disadvantage is the loss of privacy if there are roommates sharing the TV set. Also, some information may be upsetting to I patient and is best not displayed in that manner.

Current Developments. 

Today it is becoming technologically feasible to provide computer terminals on wards with a substantial amount of local computing power, but existing systems do not have the capability to distribute functions effectively to these terminals. The expectation remains that if communication load and dependency on remote software can be reduced, both reactivity and availability of systems on ward can be improved.

Long-Term Care Support

The information collected during the patient stay in the hospital is useful when planning subsequent rehabilitation and long-term care. The effectiveness, and perhaps more importantly the lack of effectiveness, of a certain treatment is important input for future care plans. The intensive testing performed routinely on inpatients provides a base point to judge further progress. Without such transfer of information, extra costs and delays will be incurred in establishing a baseline long-term care.

Transfer of Care Information. 

In order to transfer such information effectively between institutions, it would be useful to have standards for information transfer. Unfortunately, such standards exist today only at inappropriate levels. Low-level standards exist for character coding, diagnosis codes, and communication protocols. Conceptual guidance is provided for ambulatory records (25). Neither of these specifications is adequate for the task. Standards are being developed for the transmittal of laboratory data (26).

Medical data are often encoded, since the English terms are unwieldly and not well standardized. Coding is effective for sharing information for which classifications have been developed. They are not effective for qualitative indicators such as severity of an illness and the prognosis for recovery. Terminology differs greatly between institution and the differences are greatest when we talk about transfer from primary health care to secondary or tertiary institutions. The best we can expect in the short range is to have programs that can take the medical record produced at one institution and provide a suitable abstract to prime the medical record in another institution. Unfortunately, writing programs that use this technique without having widely accepted standards will be too costly unless there is a frequent transfer of patients between the pair of institutions involved.

We will now describe some interfaces that should be served by an HIS data system.

Rehabilitation. 

Rehabilitation is typically a direct extension of the hospital stay. Readmission to the hospital is also frequent. The entire hospital medical record should be available during rehabilitation, and augmented with the record of rehabilitation treatments and their effects. Data recording conventions during rehabilitation have been even less thorough than those enforced in hospitals. If a patient is then readmitted hospital care, there is often a gap in knowledge and an apparent discontinuity in care.

Ambulatory Care Systems. 

After release from a hospital, care is best continued by the patient's regular physician. Where the physician participated in the hospitalization, conti​nuity of care exists, even if no continuity of the record is maintained. Some institutions, particularly HMOs that are respon​sible for continued care and specialty clinics, routinely obtain computerized hospitalization abstracts and merge them into their files.

Continuity becomes a major issue for patients who are re​leased but require long-term follow-up. Important instances are transplant patients, patients who have suffered cardiac infarctions or strokes, and patients who underwent cancer therapy. There are many holes in the health care system that permit interruption of care for these patients.

Management Support

We distinguish management from administrative support by an emphasis on planning and decision making versus opera​tional activities. Traditionally, HIS have not served hospital management directly. Hospital management has relied on general recipes and past local experience.

As much of the data needed for planning is becoming avail-able within the HIS, it is natural that management will begin to utilize such data in planning. Since decision-making sup-port for medicine is becoming a routine service of the HIS, we can expect that these systems will also be able to serve man​agement.

FUNDAMENTALS OF HOSPITAL INFORMATION SYSTEMS

We will now recapitulate those topics that are fundamental to information systems in hospitals. Central of course is an un​derstanding of information and data issues, and their com​munication.

Information versus Data

We will first try to clarify the important differences between information, knowledge, and data. We can enter data, store data, and process data. Selecting the right data for processing and performing data analysis require knowledge. Knowledge is acquired by people through training and experience, and may be encoded in expert or knowledge-based systems. Cur​rent HISs are not knowledge based, so that personnel must supply the knowledge needed to control the functions of an HIS.

When the data are used to initiate actions and perform actions with a higher degree of confidence than would other​wise be possible, we have created and used information. Infor​mation and the actions affected by information are the end objective of our medical information systems. There are many paths to obtain information, but a system designer must keep objectives at this level in view.

In order to generate an action, there has to be a decision-maker with the authority to carry out the activity. Providing information to a person who cannot effect change is only frustrating. In information system design, it is necessary to iden​tify the person who will benefit from the information.

The actions initiated by the decision-maker will change the state of the world. These changes will be observed, recorded, and entered as data into the systems. Subsequent requests for information will reflect those changes, and cause new deci​sions to be made.

There is also a knowledge loop. As the decision-maker learns from the effect of the actions, the actions may change as well. If the knowledge is transmitted to others, by memos, papers, books, or perhaps by encoding in knowledge-based sys​tems, the new knowledge can be applied to instances outside of the local system.

Medical Information. 

We now apply the concepts of data, knowledge, and information to the hospital domain.

In reviewing a patient's chart, the physician selects certain test results and this information leads to a new drug order. This action will have multiple effects: the inventory in the pharmacy will be reduced and, eventually, the state of the patient will change, as evidenced in later test results. Both outcomes will be recorded.

In medicine the benefits of information depend greatly on its timeliness. We want the information to be available when it is of greatest benefit to the patient; however, the person who is able to make the decisions and take action has to be present.

If the decision involves the physician, it is important to schedule the production of information so that it is ready be​fore the regular rounds. If the information is not ready, a further delay of several hours may not mean much. The bene​fit of rapid transmission of results is due to the communication function of an HIS.

To the extent that the patient's recovery depends on the treatments provided in the hospital, we can expect that the patient's stay will depend on the speed with which the treat​ments are initiated. A rapid presentation of information, and subsequently a rapid communication to the areas that initiate treatments, will reduce the length of stay and hence increase the productivity of the hospital.

We can assign a high economic value to the function that directly affects the patient. There will be some functions in an HIS for which no direct economic benefit exists. Obviously the functions that mainly collect data will, by themselves, have high costs and few benefits. In that case, some benefits have to be imputed to having the data available. In the next subsec​tion we will discuss approaches to estimate the benefits of having data available.

Administrative and Management Information. 

The hospital information system also has to provide administrative and management information. Having a complete profile of the patient makes it easier to predict utilization of services, length of stay, and potential for complications. This information can in turn be used to predict resource consumption in the hospi​tal. For reimbursement it can also be important that services provided are documented so that health-care costs can be prop​erly allocated.

Organization and Information. 

To permit information to be exploited, it must reach the individuals in the hospital who can act on it. At times, it is necessary to change the organiza​tion and the level of authority of individuals in the system so that the HIS can be effective. A good hospital system that provides reliable information will allow delegation of decision-​making tasks to people for whom that responsibility would previously have been troublesome. Without some delegation, it may happen that as a computer system increases productiv​ity, the load on individuals who were previously responsible for certain types of decisions becomes excessive, while lower-level personnel are underutilized.

Data Sources for Information. 

When information needs are identified, the sources for the data and the transformation functions required to provide that information have to be de​termined. The traditional sources for data have been discussed in the first section; they are the physicians, nurses, and admis​sion personnel who interact with the patient. There are other potential sources of data that are underutilized. A detailed history may be obtained from the patients themselves. For long-term chronic diseases, the family may provide important data and help in obtaining a complete picture of the patient. Previous medical records contain another component of the patient's picture and can contain data that are easily forgotten or not considered relevant by a patient who is concerned only about a current problem.

Abstraction

Since patients and hospitals are complex entities, they are impossible to describe fully, and the data that we manage in our systems deal often with generalizations and abstractions. An example of an important abstraction is the patient's diag​nosis; it replaces a complex configuration of signs and symp​toms.

Choosing the level of abstraction of data for computer pro​cessing is an important question, although rarely explicitly raised. In general, data are entered into an HIS at the same level that data were kept in the paper records. Some of the observations may be very detailed (laboratory measurements, for instance), but abstract diagnoses are entered as well. A patient's workup contains data at many levels.

The interaction of administrative and clinical data occurs often at higher levels of abstraction.

Quantification of Data and Information

In order to deal in a rational way with information systems, we have to be willing to measure the data and information that we are handling. Metrics for the measurement of data are as follows:

The number of items of data

The average expected size of the data

The range of sizes, or the standard deviation, of the data sizes to be expected

The length of time the data remain valid

The length of time the data remain useful

These parameters permit us to estimate storage cost to keep the data, the transmission cost to transfer the data, and also the data-processing cost, to produce information. Data are transferred both within the computer system and among com​puter systems that take part in health-care support.

In order to make economic decisions about alternatives in system design, we also have to estimate the benefit of the data. Then the decisions can be related to the value of the generated information. The estimation of benefits is tedious, as shown below. At times it may be easiest to assign an arbitrary value and justify the collection and storage of data on that basis. If, eventually, questions about the value of stored data arise, the benefit parameter may be changed, but the principles of the computation will not be affected. The processing of data can be directly related to its use, if it is initiated by the users.

Extreme precision in cost-benefit analysis is rarely neces​sary. In the end we are making only simple, binary decisions. To collect or not to collect the data is a primary issue, since col​lection and input of data are costly. Collected data are best kept, and the decision is then only to keep the data in active storage or in more economical archival storage. Since the costs and the corresponding benefits differ by orders of magnitude, a reasonable approximation is often sufficient to make such de​cisions.

Information Benefits. 

Even an approximation of the value of data can require much effort. The value is the sum of many small-expected benefits for each of the candidate data ele​ments.

First, an estimate is needed to determine what data are likely to be available. Sources of data are identified, and then the quantities being collected per patient are estimated. Since the population is heterogeneous, the process is performed sep​arately for each group, perhaps by diagnosis. To obtain the volume to be stored a retention period is assumed.

For each data element, one has to estimate the probability of requiring it over each year of the patient's remaining lifetime. Then the benefit, in some dollar equivalent, has to be estimated for each instance of use of the data. Additional benefits may be imputed for research purposes.

Appropriate Presentation

Appropriate presentation of information to the decision-maker is essential if the results of computation are to be used. The information has to be present at the place and at the time the decisions are to be made. We will describe the presentation issues with some examples.

For Clinical Staff. 

Unless terminals exist at the bedside, it is nearly essential that a paper abstract that can be taken to the bedside be provided. An abstract can provide spaces to note the decisions, orders, and prognosis for the patient. Such a printout then becomes a turnaround document with data to be entered at the end of the encounter.

The use of turnaround documents has been very effective in the few sites where attempted (27). The turnaround document will, for instance, provide the following:

List all current medications, so that they can be continued or altered. The list should have some free lines for new medications.

Tests which are appropriate to a patient of a given diagnosis and status can also be listed. This prompt only needs to be checked to indicate that they should be performed.

An indication when the patient should next be seen can also be elicited.

A request to enter the prognosis, that is, the expected change of patient status at the next visit.

The last item is actually the most desirable information. It permits feedback to patient and physician, and as such closes a critical knowledge loop.

The form itself, with its particularized information, may do much to remove the dullness associated with forms and other types of instruments for monitoring patient care.

In Ancillary Areas. 

Specialized presentations are beneficial in many ancillary areas. The requests for services are often voluminous, so that lists of orders made or in progress are helpful. In a pharmacy printing of labels with an order can reduce transcription. Printing and scanning of bar codes can reduce errors when filling orders.

Ad hoc access to the data is needed to deal with problem situations. Inquiry may also be provided for the requestors. Tentative laboratory results can be useful in critical situa​tions, but must be identified as such. All inquiries must be logged to maintain an audit trail of the information flow and permit review of actions taken.

Administration. 

A reliance on reports characterizes the pre​sentation of information for administrative functions. Some on-demand services are important: Locating personnel or equipment for emergencies, printing of bills; and census access are examples. Since these functions have a long history they were already reviewed in the historical section.

Management. 

As stated earlier, the planning function of management is poorly served today. Rapid access to a variety of information and the application of analysis routines to se​lected data are required. The best we see today is that informa​tion from an HIS is transferred to a workstation. These tools such as graphics and spreadsheets can be used to present com​plex relationships and make projections for investment deci​sions.

Data-Base-Oriented Systems versus Message-Based Systems

In understanding a hospital information system, there is one distinction that is sufficiently important that it leads to quite different rules of data management. We identify the two types as a data-base-oriented paradigm versus a message-based par​adigm. Modules developed under one paradigm cannot, with​out major adaptation, be incorporated into a system using the other paradigm. We will characterize their operation, and their advantages and disadvantages.

DataBase Orientation. 

The data base paradigm is based on the concept that there exists a common resource, namely a pool of data, with access shared by all those needing or gener​ating information. Database technology, as it applies to health care, is further described in Wiederhold (1).

Sharing of data guarantees consistency, since the latest information will always be available in the pool. Management can rapidly obtain an overview and perform ad hoc inquiries to deal with novel situations and decisions.

A database, when used as a central repository available for inquiry to all, must be reliable, highly available, and backed-up to avoid failures. It will be the focal point for the HIS. Typically some centralized staff, a database administrator, is entrusted with its well being.

Message Orientation. 

The message-based paradigm is based on the concept that data are communicated to the place where the need exists. The messages may be initiated by the sender, or data may be requested when needed.

The systems participating in a message-based system all have their assigned responsibilities, and carry out their tasks as best they can. Their interaction occurs by messages over a network, as described in texts on communication. The distri​bution of responsibility and authority partitions the informa​tion tasks into more specific areas. The management of these areas is typically less technically inclined, but more involved in the health care process.

System reliability is a concern here as well. Messages must be acknowledged and resent when lost. In order to retain local operability when subsystems fail, many data are kept repli​cated in the local systems. Having replicated data requires periodic verification of consistency.

The Alternatives. 

We can illustrate the alternative para​digms in a census application.

With use of a database approach, the program will update the database with each new piece of admission, discharge, and transfer (A-D-T) information. A backup is also created at the same time to assure restorability in case of failure. Unless duplicate computers are used the census data will not be avail​able during a failure. Each time that census information is needed for some task, the task requests the data from the data base; such requests may be by other applications sharing the computer or by messages from remote sites. The census pro​grams do not get involved in processing the requests.

Using message-based operation, the A-D-T program will send a message to the computers of all the affected depart​ments for each admission, discharge, and transfer of a patient. Once a day (or night) a complete census is transmitted to those computers, so that errors due to loss of messages are reset. The billing system may only be updated at that time, and remain inconsistent throughout the remainder of the day. An applica​tion that does not need to be kept up-to-date, such as funds management, may, if it needs a specific piece of information, send an inquiry to the census computer.

The message-based approach often cannot be fully imple​mented. For departments that do not have their own com​puters, some database must be kept up-to-date to respond to the inquiries. If that database is kept within the census ma​chine, a potentially costly requirement for availability and reliability is placed on that machine. Similar expectations ex​ist for all other computers in the systems that permit outside access to data.

To assure some central focus of responsibility for reliability, there may yet be a central database. The alternative is that the subsystems provide pairwise backup for each other, but now the assignment of responsibility and authority becomes complex.

Functions

In order to estimate the benefits of the medical information system and any of its components, the expected functions have to be considered. Table 3 provided a listing of these functions; we can expect that other uses of HISs will develop in the fu​ture. Each of these functions requires computations, and the computations add to the system cost.

The decision to implement a function now can be evaluated on a function-by-function basis; elements to be taken into ac​count include the following:

The cost of obtaining data that are not already in the sys​tem

The cost of transmitting and entering that data

The cost of storing or maintaining data within the com​puter system for the required retention time

The cost of transmitting data to the computers where the processing will take place

The computational cost of the actual processing

The cost of transmission and distributing the results to the places where they are needed

The cost of presenting the results on VDTs or printers

The cost to the readers of obtaining the results

It is often the first and last items that are the most costly in the system. Automatic data acquisition can reduce the cost of the first item. Intelligent data reduction, good presentation, and selective production of results can reduce the cost of pre​senting the information to the provider.

Evaluation

The continuously changing health care environment makes it necessary for a regular review to take place, even in well​ established systems. Often systems gradually lose their effec​tiveness. But the cost of changing operational systems is great, so it is reasonable to live with a system for a long time, until the point arrives when a major change is warranted.

Evaluation measures the need for change. The cost of change, if adequately predicted, provides the inertia against overly rapid system changes.

Feedback for Evaluation. 

In order to have an evaluation, continuous feedback must be encouraged from the users. Users adapt rapidly to awkwardnesses and failures in the system, so an attempt at an evaluation after a long interval of system operation, by sending a questionnaire to the users, will not provide very useful insights. Having on every form and on every screen an option to enter a gripe and responding and tabulating rapidly the findings found therein is an encourage​ment to the users. Such evidence of concern will also provide immediate benefits in terms of acceptance and cooperation.

Changing Systems. 

If the evaluation shows that problems exist within one or a few modules, then these are candidates for replacement. It is not always easy to identify the modules affected by a change within a system. Many existing systems are organized in a manner that inhibits convenient replace​ment.

Incremental improvements should always be possible. If a system has been obtained from a vendor, such maintenance changes should be expected and be part of the maintenance agreement with the vendor. When systems are maintained in-house, active involvement of the medical and nursing staff can provide the feedback necessary to keep systems up-to-date.

CURRENT HOSPITAL INFORMATION SYSTEMS

The information requirements of a hospital may be provided by services ranging from locally developed and maintained programs, running on hospital-owned or leased computers, to systems managed by outside service organizations. The total expenses in the United States for these services have been estimated to be $2.35 billion in 1984, and is expected to double by the end of this decade (28).

Ad hoc approaches to data processing are being replaced by hospital information systems. In 1984 there were at least 157 vendors of hospital information systems, but only 24 had revenues of $10 million or more; the remainder exist mainly in specialized niches or perform service functions (29). Some of the large companies mainly sell hardware and software systems. The largest number of vendors focuses on providing services to hospitals from remote locations, so that the hospital has little involvement outside of data entry and distribution of reports. A number of these service companies optionally provide some remote querying.

The cost of moving along with the rapidly changing technology and the increasing economy of long-range data transmission has caused a centralization in the service industry We show in Table 5 some of the more medically oriented systems which are now available (30). The application count is based on assessing the provided services against a list of 169 applications; one company covered 75% of these, but most scored lower. The count is not weighed to account for the quality of the provided services. The number of available applications keeps increasing, and sometimes reflects the age of the systems more than an inherent capability. The table includes a number of service companies.

Progress in technology has given rise to a number of companies that no longer try to provide hospital services from centralized locations, but attempt to sell turnkey systems to hospitals. The hospital may pay for adaptation to their needs, but once a system is delivered and accepted, the system becomes largely the responsibility of the owning hospital. There may be contracts to keep the systems au courant in regard to changing government and tax requirements. Any special new functions desired by the hospital require negotiations about price and delivery time, and are often difficult to accommodate and costly.

The choice of offerings for hospital information systems is still quite varied, but some direction is clear. A definite trend due to reduced hardware costs, is to move more functions into the hospital. Large, shared systems, operating from remote locations, are declining in importance.

Developing Software In-House

Although in-house hardware is becoming affordable for hospitals, in-house software development is becoming increasingly costly. The difficulty of keeping trained and knowledgeable personnel in a hospital setting makes internal development on amplification of hospital information systems risky. Such a difficult task can be undertaken only by financially and technically strong institutions.

The major hope in this direction is the development of effective modular technologies, so that when an institution desires to be innovative in one area, it can just replace an existing module. When this module is proven, it can make this module available to other hospitals with similar needs. Modules may be traded among hospitals or financial reimbursement may be sought.

For a hospital to set equitable prices on software that it has developed is difficult. Even more problematic is the degree of service and warrantees that an institution purchasing such a module can expect. It may be necessary to deal through inter​mediate companies in order to manage the risks of selling and purchasing computer software- an activity far outside of the traditional objectives of a hospital. Some corporations that op​erate multiple hospitals have set up specific divisions to man​age such activities.

The Veterans Administration DHCP. 

The most ambitious ef​fort of this type is the development of the Distributed Hospital Computer Program (DHCP) for the Veterans Administration (VA) Hospitals (31). During 1984 and 1985, it has disseminated a MUMPS-based modular HIS in 169 of its about 300 hospitals and clinics. There is a common database and a data​base system (FileMan), written so that it is portable to a vari​ety of equipment, equipment sizes, and operating systems.

A small number of support centers in the VA develop the software modules in cooperation with user groups. Electronic mail is a critical aspect of communication in the groups and in the hospitals. The CORE modules being installed are, in order of installation: patient registration, admissions-discharge-transfer; outpatient scheduling, outpatient pharmacy, labora​tory, and inpatient pharmacy.

More modules are under development; as of now there is only a partial medical record.

All HIS management is decentralized. Management at the local facilities makes the decisions about installation and use. The size of the customer base provides the justification for the effort. The hardware is made available from a centralized budget, providing a powerful incentive to cooperate.

The DHCP system is available in the public domain. By providing copies of the system essentially for free the VA does not incur maintenance obligations. Cooperative efforts are un​derway with other organizations, and DHCP is a primary candidate for the Department of Defense Triservice Medical Infor​mation System.

Specific HIS

In this section we will give an overview of some typical hospi​tal information systems in operation today.

The Technicon MIS. 

The Technicon Medical Information System is one of the oldest comprehensive systems still effec​tively marketed and available today. It now can provide a large number of services, and is characterized by a great de​gree of maturity. The Technicon system typically runs on a duplex installation of large IBM computers. Having two com​puters provides rapid backup if one computer should fail. When both computers are operational, the other computer can be used for tasks that do not involve direct interaction with stations in the hospital, such as billing, report generation, and system development and maintenance.

Depending on the size of the central machine, a Technicon system can support hospitals to a total equivalent of several thousand beds. Because of this high capacity, one computer installation can serve multiple hospitals in its neighborhood.

The hospitals are connected via high-speed (50,000 baud) dedicated telephone lines to the central computer. These lines are laid out to use different routes in order to minimize the probability of total failure due to a physical disruption (say an accident that takes a transmission pole down). Within a hospi​tal, a switching station connects the telephone lines to a net​work within the hospital, leading to stations at all the wards. The ward stations may have one or more VDTs and at least one printer. The VDTs present menus from which the users make selections.

The high-speed communications permit many menus per second to be presented. Figure 2 sketches the way the Techni​con menu sequence interacts with the user. Touching the bul​let with a light pen initiates a transmission back over the network to the main computer, which then will bring a succes​sor screen to the VDT. The demands for rapid interaction have motivated the Technicon system designers to use a simple op​erating system, so that they may control the computer and most of the interaction directly. Because of the highly special​ized software, the system is maintained largely in assembly language, although specialized routines exist to design screens and interaction sequences (32).

Dynamic Control POMC. 

A similar system, intended for in​stallation within medium-sized hospitals, is provided by Dy​namic Control Corporation under the name Patient Order Management and Communication Systems. It was developed in cooperation with Coral Gables Childrens Hospital, and is now also distributed by IBM, although it appears that it is not actively marketed.

The system is delivered as a turnkey installation. Catalog files to control access, data categorization, and communication can be changed by the users, and display formats can also be altered. The hospital is not expected to have a data-processing staff, and any desired functional changes to the system are negotiated with the vendor.

POMC provides ward terminals for data entry and rapid communication through the hospital. Again, it stores only a very limited medical record. Since this system operates on a computer kept within the hospital, the communication costs are considerably less. The selection of menu items on the VDT is performed by typing single characters corresponding to menu lines presented on the screen. Since the computers used here are not as large, the system is not quite as fast to respond as a large centralized computer might; on the other hand, the system will not slow down due to congestion and interference from intense use in other hospitals.

EBM/PCS. 

The IBM product called Patient Care System (PCS) provides a framework for comprehensive hospital infor​mation system services. It is based on the premise that a stan​dard defined medical record and interfaces for medical trans​action programs can permit the development of relatively independent modules, which in total will provide a powerful hospital information system. In PCS the medical record receives more emphasis than in the two systems discussed above. The medical record is seen as a database that unites all the functions in the hospital, and also provides a long-term record of the patient's stay.

PCS is built on top of a very general database, communication, and transaction management system-IMS. Within this system the desired hospital applications are placed. The system is typically obtained through an intermediate vendor, who provides a number of basic applications with the system. The hospital data-processing staff can append their own applications, but often all, or at least most, will be obtained from others. Candidate suppliers of further applications are other hospitals and hospital associations. These may charge for such modules to reimburse them for their investment in application development.

There is hope that this marketplace will provide better quality and choice than a single vendor could provide. Several vendors, both for-profit and not-for-profit organizations, now provide modules. In many cases, the hospital will have to adapt at least part of the systems they obtain. A module written within one institution will not fit other institutions precisely. A careful decision must be made to first obtain the best fitting module, assure its reliability, and adapt either the institution or the module.

An institution that does not find some module adequate may try to produce it in-house. Internal development as described in the Current Hospital Information Systems section is risky for an institution that does not have broad system and systems management competence. There is also the danger that a hospital may decide to market such a module to recover any unexpected costs. The chance is great that a module, even when acceptable in-house, will initially fail at another site. Even if the module is accepted at another site it will require costly maintenance support, a difficult task for a hospital.

The benefit of a system composed of modules is flexibility. With flexibility come risks, and to prevent failures, requirements for management attention to prevent poor decisions by the systems staff. The associated personnel costs must be considered if this path is chosen.

Scope and Limits of Current Systems

The three systems described provide an overview of current approaches, although we did not cover systems in which the work is divided between a central service bureau and remote hospitals. But also in those systems growth, specifically into medical application, is limited by the complexity of the sys​tems.

Most hospitals of more than moderate size use computers to some extent, but many of these users are concentrated in func​tions relating to order entry and to billing only. These func​tions can be served without much medical involvement, in fact without any interaction outside of admissions and billing. Re-porting and financing needs are accommodated routinely in these systems, although not always adequately.

Searching for a Standard HIS

Now that we have developed a feeling for the demands to be placed on an HIS, and some of the capabilities of available systems, we can consider how these demands may be satisfied. Ideally there exists a standard HIS that has modules satisfy​ing all the desired functions. Unfortunately, the services pro​vided by hospitals and their organization differ significantly.

The large number of interactions makes it also difficult to simply omit some functions from an HIS and operate with a reduced configuration. The Historical Development section re​viewed some of these dependencies.

The number of relevant applications in a hospital and the complexity of the interconnection make it essential for the hospital to obtain an HIS to suit its specific needs. Formulat​ing these needs into system requirements is a task beyond the capabilities of the regular hospital staff. Information obtained from outside vendors can provide a basis for the expectations management will have.

While some early systems were developed inside hospitals, most of these systems have now been taken over for mainte​nance and dissemination by commercial vendors. Other sys​tems have been developed from the outset by commercial ven​dors, often in close association with a few hospital sites. The Historical Development section reviews this process and the Current Hospital Information Systems section describes some current offerings.

Problems of Transferability. 

Once a system has been selected the prior, possibly manual, systems must be replaced by the new HIS. The introduction of a new system into a hospital setting has always been problematic. The information flow established in one institution tends to differ from the informa​tion flow in another institution. An HIS must match the flow of the institution or the institution must change its pattern of operation.

Selecting modules to match the hospital is a solution. Some care must be taken when choosing modules from the menu of applications. When distinct applications are selected out of a large menu, it is sometimes hard to realize the dependence of information of one application on another. Also, applications with identical objectives may not link identically into the in​formation flow of the hospital.

Within the applications listed in Table 3 one finds a great diversity and some systems will combine applications and functions in different ways than have been shown here.

The purpose of defining standard descriptions was to enable hospitals to compare and select offerings in an objective fash​ion. Having an extensive catalogue enables the hospital to decide which applications are essential, which will have to be added, and which the hospital can do without.

These decisions are not easy to make. Priorities will differ among the various user groups.

Site Surveys. 

To help decide what applications are needed, one might poll the potential users, for instance the medical and nursing staff. However, such a poll will include applica​tions that do not have a corresponding function in the manual system. Inexperienced staff will base value opinions on an imaginary model of the system-one that may be far removed from reality. Without experience and a sense of costs, a survey of staff may generate only a wish list.

With a new application come concomitant obligations to support the application by providing both financial assistance and the data entry effort. Without an initial educational phase involving all categories of hospital personnel, the design of a hospital information system is apt to be frustrating.

Problems of Implementation of an HIS

It is rarely possible to install an entire HIS system at one single point in time. Since any application and its users will need some adjusting the staff of a hospital and its vendor would be overwhelmed if many functions were to be placed into operation at one time. A careful schedule must be devel​oped.

A phased installation is likely to follow the sequence seen in the Historical Development section. Old systems must re​main operational while new systems are installed. Often they require the same information. Until the new system is com​plete, duplicate entry may be necessary.

For many hospitals, the generation of bills has been the initial application area. Charges to the bills initially still use paper slips and carbon copies. Subsequently, automation of admission and discharge activities provides information for billing and also a database for many other functions. Having information on bed occupancy permits better scheduling of housekeeping personnel. If the admission diagnosis is avail​able, nursing management can use the information for its staff scheduling. If occupancy is high, current occupancy and ex​pected LOS provide a basis for controlling future admissions.

Installation of terminals on the wards provides the major interface with the medical functions of the hospital. Initially these terminals will be more consumers of data than producers of results. Through the rapid transmission of orders, which is possible by having electronic connections between the wards and the laboratory or the pharmacy, immediate benefits in patient care can occur. Delays avoided in treatment delivery are often directly translated to a reduced length of patients' stay. Rapid delivery of services is also perceived as an im​provement in the quality of the institution (33).

User Acceptance. 

Much concern in the medical computing literature has been given to problems of user acceptance. An important aspect is the overall coherence of the institution. If hospital management involves members of the medical and nursing staff in its planning then one initial barrier is avoided. Education and time for education must be provided to permit staff to become knowledgeable.

Even then frustrations are sure to occur during implemen​tation. Duplicate data collection increases work and confusion. System failures can frustrate decision-making. Failure to in​teract with the system as the designers envisaged causes de​lays where improved performance was expected. Changes in documents require new procedures of searching and filing.

The situation is worse when users are already suspicious. There have been instances in which hospital administrators have imposed systems without prior discussion with the staff. In some hospitals, it seemed that hospital administrators have been afraid to interact with the medical establishment to the extent that they hired additional personnel on the wards in order to operate the terminal. The indirection reduces the ben​efits and increases the cost. Having mainly den cal personnel using terminals also increases the psychological inhibition for professionals to use the system. Furthermore, clerical person​nel are less likely to complain about system problems, so that improvements are less likely to occur.

In the end, acceptance by professionals depends largely on the perceived benefits versus cost to the user. For independent physicians who admit their patients to community hospitals, while remaining their primary care providers, the benefits are minor. Since these physicians tend to have only a few patients on the ward at a time, the cost of learning to utilize the system will be high versus the benefits they can obtain. However, if the systems are reasonably easy to use, the majority of them will follow the hospital's direction and cooperate if it appears to be of benefit to the patients and the institution.

"Easy to use" means that the time needed to recall the patient's record and to enter orders is not much longer than the time needed without the HIS. Terminals with visual dis​plays, high response rates, convenient data entry, and located near the patients are essential to achieve user cooperation. Unacceptable are requirements to remember and type com​mand sequences, or scroll through many display screens hav​ing little information content.

Message Communication. 

Informal communication is an im​portant activity in a hospital. The reduction of direct face-to-face interaction when computers are used can be a serious loss. An effective computer-based message system, which does not impose structure upon communication paths and contents, can replace a fair fraction of such informal communications. The need and the benefit of an electronic message system is rarely realized when an HIS is considered. Because of the lack of initial demand and evaluation of message communication ser​vices, most HISs provide either none, or very weak, services in this area.

After Implementation

Once the hospital information system is running, it must be exploited, maintained, adapted, and evaluated. Some constant level of attention must be devoted to these systems, otherwise they will soon become a liability rather than a benefit.

Benefit Realization. 

A successful implementation of the HIS will not automatically yield all expected benefits. Major bene​fits will only be available to those hospitals that actively inter​vene to effect them (33). Benefits have been grouped into three areas: (1) fallout, (2) spin-off, and (3) realizable.

Fallout benefits occur automatically as a direct function of a well-designed and successful system. Rapid communications and data processing are typical fallout benefits.

Spin-off benefits occur automatically with limited management intervention. A department, which is relieved of the need to prepare a manual report for another department, be​cause the other department can access the information di​rectly, experiences a spin-off benefit.

The realizable benefits require management intervention to effect them. An example is displaced time: personnel time savings occur in small amounts. With many people on the staff; a reassignment of responsibilities enables aggregation of these time savings so that the amount becomes sufficient to make a difference. Only when productivity is increased or the payroll is reduced will the benefit be realized. The process of intervention is called benefits optimization.

Benefits Optimization. 

Optimizing the benefits requires a number of steps. In order to initiate the process in a hospital, there has to be a model of how this hospital operates and where benefits are apt to occur. Expectations of changes of work effort have to be transmitted to the staff that will be affected. Once a system is installed, the correctness of the expectation has to be verified and, if indeed such savings oc​curred, then some organizational changes must be made. A redistribution of responsibilities can involve performing tasks on other shifts. Personnel reductions are most likely for those periods and tasks that involve many people, since it is easier to aggregate the savings to an extent that they can be realized.

If the expected savings do not occur, an analysis is in order to determine why the system does not function as expected. Often, there are minor tasks that were overlooked in the de​sign of the HIS, which now may take a larger effort, since they are not integrated into the system. It is best if these are inte​grated as well, even if they do not provide benefits relative to the pre-HIS environment.

Utilization of the System. 

A system that does not provide benefits will see minimal use and a system that is largely unused will be able to provide fewer benefits. This destructive cycle must be avoided. When systems are installed in a hospi​tal, it is important to track the utilization and to determine rapidly if certain failures of data collection or interrogation occur, and in what pattern they fall. Once the problems are defined, they may be easy to diagnose. Treatment may be more complicated. If the system is not being used for rational rea​sons, it is best to go back and review what the objectives were and whether the imposition of the system is worth its benefits. If the benefits are significant, then it should be possible to marshal the resources in order to overcome the problems; al​though solutions such as hiring more qualified personnel or providing a better computer are not always easy to accom​plish.

Need for Flexibility and Changeability. 

In order to deal with the changing world of health care, the HIS has to remain adaptable. Sometimes required changes are obvious, particu​larly when they are imposed by outside agencies. When a sys​tem becomes less useful because of gradual internal changes, the problem can be hard to recognize.

The problem is that people will adapt themselves to unsat​isfactory systems. A rapid change may cause complaints. A gradual reduction of performance or relevance of results may  never be recognized. The HIS will not automatically adjust itself as demand patterns change.

Operational staff rarely have the time and incentive to go around looking for problems. Some indications of potential problems can be monitored automatically: greatly increased data entry times, reduced frequency of user inquiry into the system for information, and greater error rates in entered data all point to problems.

Few hospitals today have the staff to deal with the issues of maintaining the relevance of the HIS. While the importance of long-term adaptation is clear, short-term problems tend to de​mand priority. Since the cost of information processing is a significant fraction of hospital information costs continuous monitoring to determine what changes and improvements are necessary can easily pay off. It may be necessary to bring in outside consultants, but when the important task of long-term planning is delegated, much useful continuity may be lost.

Problems of Evaluation. 

To aid in adapting to change, there should be tools built into the system that evaluate the system into various levels. We have already mentioned the measures at a lower level, namely the intensity of utilization. At higher levels, one may want to measure the effect of the system on the medical process. In order to measure the effect on medical output, outcome comprehensive studies are necessary.

THE FUTURE OF HOSPITAL INFORMATION SYSTEMS

In the previous section we considered dealing with current hospital information systems and found problems in effec​tively satisfying the variety of requirements outlined in the first section. But systems and requirements keep changing. In this section we will concentrate on the changes that we see occurring due to factors that already exist today. We will not extrapolate beyond visible boundaries.

We can distinguish two types of pressures on HISs: there is a pulling effect as administrators and health-care personnel increase their demands, and there is a pushing effect due to technology, since once new techniques have been shown to be feasible pressure to disseminate and implement them arises.

Human Factors

The increase of knowledge that is needed to operate in the modern hospital forces the adoption of modern technology. The pressures on health-care personnel to perform reliably and productively stimulate demand for information technologies.

The ubiquity of computers generates expectations by many that they will be helpful. The model seen by users is one of direct interaction through terminals. Only few hospitals pro​vide an HIS that satisfies such expectations.

Active use of an HIS in health care first of all implies a high degree of human interaction with the system. The systems have to be nearly always available, they have to respond rap​idly, required information must be easy to specify, and the information presented has to be up-to-date and reliable. These requirements arise early in the system's growth. As soon as a census function is placed on a computer for retrieval, some degree of interaction becomes desirable because a census ~s valuable only if it is up-to-date.

Health-Care Knowledge. 

Even when an HIS provides all the required data, there remains the problem of recalling the knowledge that is needed to deal with the problems presented. Here new systems technologies are needed. The HELP system is an HIS that permits the encoding of advice rules (34). Bay​esian evaluation of conditions helps with decision making. Other systems, such as PROMIS (35), are also being expanded in that direction.

The demands also cause more specialization of health care professionals. Here an HIS can help directly, by providing a data base from which users can obtain the information needed for their domain of expertise.

Increased Sharing of Data. 

Extending the hospital informa​tion system into broader health-care activities changes its op​erating paradigm from simple communications to data shar​ing. When data are shared, the user of the data will expect the information to be correct and up-to-date. The departments in the hospital that have assigned operating authority, such as the laboratories and pharmacies, etc., will be responsible for keeping the corresponding portions of the data base up-to-date. As the responsibilities associated with ownership of data are delegated to labs, the pharmacy, clinics, and so on, man​agement styles will change as well. Fighting for central con​trol will cause frustration and isolation.

As data are accessed directly by the users, the quality of shared data will be more visible. Identification of data owner​ship permits shorter linkages in the feedback, which are criti​cal to quality control.

Factors Influencing Change

Both medical and administrative requirements drive the de​velopment of hospital information systems. Although the forces may be at times divergent, it is clear that hospital ad​ministrative data are meaningless without the medical compo​nent, and that the consistent collection of medical data re​quires administrative support.

Internal Factors Influencing Change. 

Accurate tracking of the activities that comprise patient care will permit better cost accounting throughout the hospitals. A great extent of factual data will be needed to resolve differences when groups argue for allocation of funds. Hospital administrators may feel that a certain type of medical service is overutilized, and will need facts to support the contention. Medical staff may have the impression that the pricing of certain services, which they wish to use more often, does not reflect their true cost. Again, having facts on hand can reduce strife and rationalize politics.

Improved knowledge on the physicians' side of the capabili​ties of computer systems will put pressure on hospital admin​istrators to provide up-to-date and modern computing facili​ties. When this implies the acquisition of costly data collection or hardware, it may be impossible for hospital administrators to accommodate such wishes. Often such requests will require only improved use and perhaps new software. For software, one continues to look at vendors. In the long range, only ven​dors who are able to be responsive to the demands of hospitals will be able to survive in this field.

External Factors Influencing Change. 

The factors forcing change on HIS are predominantly due to desires for cost con​trol. The precise form will change over time, as views about the effectiveness and feasibility of alternate methods change.

We can expect that any mandated requirements will re​quire detailed accounting. Under the DRG scheme such ac​counting has to be related to disease category. As indicated earlier, since physicians control most of the cost, they will be held increasingly accountable and will demand a level of qual​ity and clarity of record-keeping not seen earlier. The linkage to health care functions will have to increase.

Improving the Systems. 

We see administrative and medical demands pressing for improvements in the systems. Typically, much effort is required to integrate a good idea into an opera​tional HIS. The level of expertise required includes an under​standing of the general operation of the HIS and detailed knowledge of all the interactions among program modules. The people who have that type of expertise rarely have the health-care expertise to contribute to significant applications.

Traditionally, large programming tasks are preceded by a specification phase, in which systems analysts provide much detail about the new applications and ways to deal with all conditions that can occur in the operational environment. Pre​paring technically precise specifications is outside of the scope of health-care personnel. New techniques of software develop​ment must be tried when exploring new areas for HIS involve​ment.

Mutual understanding and cooperation is one prerequisite for innovation. Sample systems, developed by health-care per​sonnel on personal computers, can provide useful models of applications, and can be developed without understanding the internals of an HIS. Such programs can obviate the need for specifications when shown to a responsive data-processing staff.

The use of standards in modular systems will make a distri​bution of software development possible and reduce depen​dence on single sources.

Technological Factors

Not all demands for changes to HIS are generated by the us​ers. Improvements in technology force system changes in order to stay in concert with the field. Just as it is costly in terms of risk to lead the field, there is cost of incompatibility and in​competence as the world passes by. We will discuss some of the trends affecting HIS concepts now.

Distributed Systems. 

Increased use of hospital information systems and their merging with medically oriented systems increases their complexity. Large, complex systems become difficult to maintain. A wholesale change of the central sup​port systems for a busy HIS is frightening to contemplate. The use of modular software helps, and often new computers are compatible with older ones. Yet, at some point the entire structure may have become unsuitable.

A viable alternative to modular software is to use multiple, distributed computers. This approach was the final choice in the summarization of the first section. By having specialized systems, for example, hardware and software combinations to carry out specific functions, the functions can be somewhat isolated from other activities in the hospital. Now the module interfacing standards become external standards, standards of communications and data protocols. Hospital systems using distributed hardware are still relatively novel.

Interactive Software. 

The interaction at the terminals will move much more to selection procedures using not only light pens or fingers, but voice-triggered selection as well. The menus will graduate from the simplistic tables shown in Fig. 2 to more innovative, graphical representations. Rapid interaction will be provided by having considerable computing power within the terminal.

A Prognosis by Hospital Class

The adoption of HIS technology will continue to differ by type of institution.

Large Hospitals. 

Large health-care institutions will be able to maintain a sufficient staff to control their own hospital in​formation systems. Since most large hospitals support specialized functions for tertiary care activities, their demands tend to be somewhat unique, although rarely as much as they would like to believe. These centers often have complex finan​cial arrangements with schools, other hospitals in their area, and governmental institutions. To accommodate their needs, it may well be necessary for them to keep their own staff since they cannot rely heavily on vendors nor on contributions by other similar hospitals.

Sharing over Multihospital Institutions. 

Community hospitals and moderately sized institutions will have to depend greatly on shared services, although the equipment is moving into the hospitals. Membership in some hospital organizations can help them acquire these services at a reasonable rate and also acquire the consultation and the systems advice needed in order to make decisions. It is in this arena that standardiza​tion will show its greatest benefits.

Systems for Small Hospitals. 

Smaller institutions will de​pend largely on turnkey systems provided by vendors. Few specialized accommodations will be made. Since the simple billing, the order entry, and the reporting functions are now mature, those will be the primary functions available to the small institutions. Medical records will not be a major part of the services provided for these institutions, except as needed to document reimbursement requests.

Health Maintenance Organizations (HMOs). 

The growth of HMOs may place new demands on HISs as well. The responsi​bility for the health care of the patient no longer rests continu​ously with a single individual; it becomes an institutional concern. It now becomes important to integrate the findings of all previous encounters into a consistent record. The hospital medical record is only one component, although one that is often relatively large, because it covers major critical episodes of the patient's health history.

An integrated record might reside in a health maintenance organization. Today we find only selected information, ab​stracted from the HIS, in the files of HMOs. That abstract represents, however, a high cost to be paid by the HMO.

Access by the Community. 

As access to computers increases, more physicians will expect to have access to the data base being maintained on the hospital with which they are associ​ated. Some hospitals provide such services now, so that the medical record is shared between the hospital and the pa​tient's physician.

Although obvious barriers exist for full community access to the medical database, we can expect that such sharing will increase. A hospital that can provide quality information ser​vices will be considered a more attractive hospital to deal with, and will be preferred both by its patient population and by the physicians who control much of the admitting process.

Likely Outcome

We do not expect hospitals to show much technological leader​ship in the future. Whereas a decade ago the hospital was often a unique environment filled with innovative people and suffused with technological promise and excitement, this as​pect is less prevalent today. There will continue to be islands of innovation and activity. The pressure of cost containment, accounting, and reduced expectations will not permit the same breadth of activity.

The interaction of administrative and health-care de​mands, with increasing technological capabilities, will con​tinue to push the development of hospital information systems. The participants are becoming increasingly sophisti​cated. We expect that in most instances we will find in devel​opment a reasonable balance between the short-term practical demands and long-term scientific developments.
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