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Implementing an Efficient Electronic Health Record
Electronic Health Records (EHRs) are becoming more than just electronic patient documentation systems; they are evolving into tools that assist physicians in managing the patient care tasks they perform for major types of patients they see. These systems allow providers to analyze, manage and optimize the work that has to be performed, as well as to direct and to delegate it to others. EHRs based on a Workflow Management System (WfMS) accomplish this by offering a way for the user to customize workflow to practice specialty, to local clinical and administrative processes and to user preferences. If an EHR can be instructed to do tasks in a customized sequence – automatically – based on who the patient is, why they came to the office, what care needs to be provided, when and where care needs to be provided, and how it best fits the office staffing, the EHR is not just a patient documentation system, it is an EHR Workflow Management System.

Workflow Management versus Mere Workflow

Most EHRs have basic task management functionality, yet very few are built upon a user-controllable WfMS “engine”. “Workflow systems” and “Workflow Management Systems” are frequently confused and poorly differentiated, yet there is an important distinction. This distinction is particularly important to know if a physician is planning to automate his or her office and is in the market for an EHR. A WfMS is a software application that stores and executes workflow (or process) definitions to create and manage workflow processes by facilitating interactions among users and applications. Users usually interact with workflow systems, not the WfMSs used to implement them. It is the underlying WfMS that allows a workflow system to be flexibly tailored to local processes and user preferences, and to be easily monitored and maintained by the user, not the computer software vendor. The less a user is dependent upon their EHR software vendor, the faster changes can be made and the less maintenance cost there will be. 
A useful analogy may be made between a database management system and a WfMS. A database usually comes with a database management system that is used to execute and manage it. The database management system creates, executes, monitors, and edits the database, but is not itself the database. During database execution, users and applications create, update, and delete data. Similarly, a WfMS creates, executes, monitors, and edits a workflow system, but is not itself a workflow system. The main advantage to a practice obtaining a workflow-based EHR and a WfMS – together – is that the practice can further customize the EHR workflow system to reflect its changing clinical needs, personal preferences, and business requirements as experience with the EHR reveals more efficient ways of delivering patient care. 
The Process Definition 
At the heart of an EHR WfMS is the workflow (or patient care delivery process) definition, which is used by a workflow engine to drive the EHR’s specific behavior for each type of patient and office encounter. The process definition should be modifiable through a set of user-accessible (not programmer-dependent) process definition tools. These tools might include a graphical editor that allows a trained user in the practice to define or modify EHR workflow at a very “high” level (without requiring them to do any programming) – in effect modifying the EHR’s workflow behavior. Unless an EHR has such a high level tool that can determine EHR behavior, it isn’t a WfMS. The key concept is an EHR user-oriented, high-level tool to modify EHR workflow automation behavior. 
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Figure 1 – Process Definition Tool


Let’s illustrate with an actual WfMS-based EHR; the EncounterPRO EHR from EncounterPRO Healthcare Resources (Atlanta, GA). Figure 1 is a workflow (process) definition screen from the EncounterPRO EHR. In this example, the process definition drives the sequence of user screens presented to the clinical staff for an established adult patient sick visit in a family practice setting. In this case the screen sequence is: (1) Get patient, (2) Take vital signs and obtain a chief complaint, (3) Review allergies, (4) Review medications, (5) Review of systems (6) Examination, (7) Evaluation and management code generation, and (8) Encounter approval. This particular process definition automates user interaction, reducing selection of specific screens and time-consuming, real-time manual selection of the screens needed from the thicket of menus, tabs or popup lists that most other EHR systems present. Rather, this particular WfMS-based EHR presents the correct screen given the context of the user’s tasks. 
Process definitions can be edited by the user (initially with the help of the EHR vendor’s training personnel) as part of the “go live” definition process and then modified as needed as practice workflow requires change later on. Process definitions are used by the WfMS engine in the same way that “rules” are used by an “expert” system.  

The WfMS engine “reasons” (based on its logic about who, what, why, when, where, and how) in order to save the user work. Who is the user? Dr. Jones, Dr. Smith, Clinical Specialist Jackson or Physician Assistant Kelly? What is their role in the office? Physician, clinical specialist, staff nurse, technician? Why is the patient here? Well child checkup? Chronic disease management? Seasonal flu? When is “now” relative to what has been accomplished in the visit so far and what remains to be done in order to complete this encounter. Where is the user? Exam room, tech station? How does this specialty accomplish its tasks? 
Each step in the process definition corresponds to a specialized data presentation, acquisition or transformation task. The process definition describes the event that triggers the screens presented, as well as any information that is displayed and the system “behavior”. For example, the Review of Systems screen allows the nurse to do just that, review the patient’s systems. It is triggered automatically in the right work location by the completion of the preceding screen (or by the nurse logging into the EHR in the exam room in the presence of the patient after all the preceding tasks in the process definition have been accomplished).
Note that the process definition does more than merely drive a sequence of screens with respect to a single user; rather, it drives a sequence of activities, some visible as screens, others not (printing, automatic messaging and so on), across a team of patient care providers who each fulfill their specific role as nurse, technician, receptionist or specialty provider. A patient care specific work flow spawns many such “screenless” tasks, such as printing patient education or instructional materials, automatically inserting a work item into each provider’s worklist or communicating with other applications such as devices (ECG machines, diagnostic devices that acquire patient vital signs), intra-office programs (billing, patient interview) or communicating with the outside world (laboratory, eprescribing and so on).

Thus, EHR WfMSs require and presuppose integration of applications with applications (such as communication from scheduling to patient charting and order entry and then on to billing, or between a medical device and the EHR), integration of applications with users (such as retrieving data from already existing systems), and integration of users with users (as in this example, in which the nurse’s tasks precede the physician’s tasks and information is forwarded from the nurse to the physician. In a more complex and realistic scenario, the physician might delegate additional tasks to the nurse and monitor them.)
Person Versus Time EHR Workflow 

The following four categories of EHR workflow are useful in broadly construing EHR workflow capabilities. 
Different Person/Different Time Workflow 

This is the classic workflow that most people think of as workflow. The nurse enters vitals information, which is forwarded to the physician who reviews it and other data, and then delegates tasks back to the nurse. This is series-oriented workflow, much like auto assembly-line models.
Table 1 – Person versus Time Workflow
	
	Different Time
	Same Time

	Different Person
	Forward info

Delegate task

(Data forwarded from nurse to physician, orders forwarded to nurse)
	Shared mental model

(Staff sees whose patients wait where for what tasks, how long, who is responsible)

	Same Person
	Alerts, reminders, To-do items
	Correct screens, content, options presented automatically


Different Person/Same Time Workflow

The WfMS workflow engine “knows” what activity started where and for how long, as well as who is responsible; this information can be fed into individual worklists and onto a universally available patient (workflow) status screen (Figure 2). Everyone can see which patient has been waiting where, for what task, for how long and who is responsible to complete the task. This screen functions much like the radar screen in an aircraft control tower, only it is patients and tasks being tracked, rather than airplanes. By continually updating a universally accessible workflow status display of system state – a universal worklist tagged with information about location, time, and responsibility – all EHR providers can maintain a shared mental model. More importantly, they can act with respect to that model under the assumption that others have the same mental model of what needs to be done, where, and whose job it is to accomplish it.
Same Person/Different Time Workflow

Not only can a provider send information or delegate tasks to another provider, but a provider can delegate tasks to themselves – often as a reminder that some related task needs to be performed, perhaps later. This is much the same as people sending an email to themselves or leaving a message on their own answering machine or adding a reminder to their electronic personal information management system. 
Same Person/Same Time Workflow

This kind of workflow does not come as naturally to mind as the classic different person/different time workflow, but it can be critically important in a “user friendly” EHR. Just as process definitions can be used to forward tasks from person to person, process definitions can also be used to drive the individual screens that a single user interacts with during the delivery of a series of related patient care activities. Instead of having to navigate through thickets of deep, hierarchical menu trees or drilling down through complicated dialog boxes or scrolling through long pick lists, the information that has been gathered or deduced so far (what is the encounter type, who is logged in, what is the next step in the process definition) determines the right screen, includes the right content (data, orders) on that screen, and displays the content in the most appropriate format (such as a list sorted by category or alphabet, based on the user’s preference). For example, if the patient is a “cardiac” patient and the reason for visit (chief complaint) is chest pain, the list of drugs on the drug pick list can be dynamically and automatically limited to those drugs commonly prescribed for cardiac patients only. This allows the provider to find the drug more quickly and can often limit the list to one page, rather than several pages of drugs if such choice tree “paring” is not automatically performed.

A Workflow Management Productivity Survey 

In a survey of 200 practices using an EHR WfMS (the EncounterPRO EHR WfMS), of the thirty-six that responded, twenty practices had pre-existing operations; therefore they could compare their before and after experiences. The average practice had been on an EHR WfMS for 2.7 years, had 3.76 physicians, and 17.5 total staff. Their specialties included: pediatrics (55%), family medicine and internal medicine (35%), obstetrics/gynecology (5%) and multi-specialty (5%). The survey was a self-assessment survey that covered the categories of usability, revenue, expenses, time and quality. Here are some of the results.  

Usability 

Practices typically achieved competency in five weeks; 85% had achieved a paperless office (except for printing paper destined for the outside world or scanning incoming documents). These offices took an average of eleven weeks to achieve this paperless state. Equally important, 100% of group practice physicians used the WfMS-based EHR.

Revenue (and related figures) 

Visits per day increased 13.5%; exam room availability increased 34%; charges per visit increased by an average of $17 per patient; billing increased 30%; denied claims decreased (on average) by 61%; practice revenue increased an average of 24%.

Expenses (and related figures) 

Total staff decreased from 17.5 to 16.7 full time equivalents; the staff to physician ratio decreased 12% (which is good because physicians generate revenue while staff generates expenses); transcription costs decreased an average of 67%; and (in conjunction with the previously described increase in revenue) the estimated payback period for EHR software and hardware was only fifteen months – a little over a year after “go live”. This fast payback reduces “risk” to practice survival, often associated with implementation of an EHR from vendors without easily customizable workflows.

Time and Quality 

Time and quality have a very interesting relationship. Before the quality management movement, most people assumed that one must increase the amount of time spent on a product or service in order to increase its quality, but experience has shown this is not necessarily true. More to the point, patients see timeliness and convenience as important elements of the quality of care provided. If a patient doesn’t have an extended wait and the overall encounter is shorter and allows them to get back to their jobs or lives sooner, this is perceived as increased quality of care. The practices surveyed estimated a 13.5 minute decrease in patient wait time; a six minute decrease in charting time; and a 16 minute decrease in overall encounter length. The amount of time to return a phone call, to answer a question or to refill a prescription decreased by two hours and 45 minutes and four hours, respectively (which has a profound effect on the efficiency and availability of receptionist and staff nursing personnel). Finally, in spite of a higher volume of shorter visits, immunizations increased by 25% (in the pediatric practices responding) and quality review scores increased by 17%, and the practice could document these increases. This will become ever more important as pay-for-performance (P4P) initiatives become more widely available.

Productivity with EHR – Why Did It Increase? 

The most important reason that EHR productivity increased is that encounter length decreased, freeing up resources to see more patients. Consider this hypothetical and simplified example. If average encounter length is 30 minutes, then resources such as waiting and exam rooms as well as staff, are tied up during that entire time. However, if encounter length is reduced to 15 minutes, then many resources (such as exam rooms) are freed up and can be used for another patient. Shorter visits make possible (but do not assure) greater patient volume. This leads to the question, “Why did the encounter length decrease?” Three reasons emerged from the study of EncounterPRO EHR practices: decreased non-value- added EHR activities, increased parallelism among value-added EHR activities, and better coordination among EHR activities.

Value-added activities are typically those that someone will pay for. To use a manufacturing example, an automobile buyer may willingly pay for a leather interior but will be loath to pay for fixing a defect that shouldn’t be there in the first place. Total time spent on a patient encounter is the sum of value-added and non-value-added EHR activities performed. EHR value-added activities include entering data that may be used in a future decision or making a decision that affects the welfare of the patient and which to a great extent determines the level of service that may be billed and reimbursed. Non-value-added activities include navigation from EHR screen-to-screen or looking through long drug or other pick lists or searching for the next person to hand over the next activity in the encounter. If the time to accomplish these non-value-added activities can be minimized or eliminated, the total encounter time is reduced.

Process definitions can be used by EHRs with embedded, user-accessible workflow management engines to accomplish exactly this. Instead of providers having to proceed through multiple point and clicks to search for the next data or order entry screen, the workflow can be controlled by the process definition and the user merely needs to click ‘OK’, ‘OK’, ‘OK’…. (Of course, a user always has the option of jumping out of an executing definition to manually access a different screen than the one presented if the patient encounter deviates from the normal workflow). Over time, with user (as opposed to expensive vendor-dependent) process definition refinement, such departures from programmed workflow diminish. Similarly, instead of a provider having to find the next provider who will accomplish the next activity, the workflow engine can do this instead, perhaps by forwarding items into a user’s To-Do list or notifying them discretely or updating the status to the practice workflow summary screen of pending tasks.

Reduction of non-value-added activities can go only so far in reducing encounter length. Once the non-value-added activities are minimized or eliminated, there are still value-added activities, and these cannot be eliminated without reducing the overall value to the patient. However, many value-added activities can be accomplished (at least partially) in parallel rather than in series. While it is true that the patient can only be in one place at one time, and this imposes a certain requirement for the serial accomplishment of activities that require interaction with the patient, there are preparatory portions of patient care activities that can indeed be accomplished in parallel – if only the people needed to accomplish them can be informed of the need as early as possible in the patient encounter.

Printing and assembly of educational materials to be delivered to the patient during the physician encounter or upon discharge is one example. Setting up trays of materials necessary for obtaining a specimen or administering a vaccination being completed before the physician even leaves the exam room is another. While the physician is seeing the patient, orders can be entered and forwarded into To-Do lists or onto real-time task status screens and staff can accomplish these preparatory steps in parallel to the patient exam. When the physician walks out of the exam room, procedure trays are ready and staff members are waiting at the door to accomplish the next value-added part of the patient’s encounter. As efficiency improves, a lot is happening quickly and at the same time. This is where the real-time task tracking capabilities of a WfMS-based EHR become especially critical.

The workflow engine, in executing process definitions, keeps track of what activity is waiting (pending), how long it has waited (elapsed time), where it needs to be performed (location) and by whom. This information can be fed to both To-Do lists and one practice status screen available to all EHR providers. Any provider with slack time can pick up an appropriate task, expediting the completion of the encounter.
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Figure 2 – Real-time Activity Status

For example, the office status screen (Figure 2) shows rooms, tech station, nurse station, exam room and so on. In room one Jessica Dalwart is waiting for vital signs and several other tasks to be performed. Each task pending completion is tagged with a continually updated number representing the total number of minutes that have elapsed since that task was posted to the office view, which can be used to prioritize tasks when many are competing for attention. Patients are color coded according to physician; tasks are color coded according to who or what role is responsible for completing the task. At a glance, a nurse can see all pending nursing tasks and a physician can see all his or her patients. This is particularly helpful if a pool of nurses is serving multiple physicians in a multi-physician group practice.
The office view supports all the providers in building and creating a shared mental model of everything that needs to be done on a moment-by-moment basis. In this particular case, the status screen is “hot” in that a provider can select a task (such as vitals) and the EHR will take that provider directly to the relevant EHR screen needed to accomplish that task. This allows new or part-time or agency fill-in staff to concentrate on the task rather than “learning how the EHR system works”. When the task is completed, the workflow engine removes the task from the status screen (or the To-Do list, if that was the means by which the task was selected and accomplished).

The logs created by such systems are also useful for periodic staff review of workflow bottlenecks that seem to develop in particular types of patient encounter workflows, so that they can discuss how to change the sequence or people or location of the tasks in order to enhance workflow. Then the staff restructures the workflow themselves using the embedded WfMS engine of the EHR without having to communicate the changes to the EHR vendor and wait on them to program the changes and pay a large fee for them to do it. This may involve resequencing EHR screens or simply changing the elements or arrangement of those elements on an existing screen (such as adding a new field or data variable).

Realistically, the EHR WfMS survey results do not mean that EHR WfMSs are sufficient by themselves to empower such dramatic productivity improvements. However, EHR WfMSs are tools that can enable a motivated and committed staff to accomplish improvements. Investment in a WfMS-based EHR has its largest positive effect when work teams already strive to share information, distribute decision making, and improve processes (an EHR WfMS simply gives them better tools to accomplish the objectives they have already set). Thus, successful workflow management is highly dependent on social factors and practice leadership, but an EHR WfMS should make the process simple, easy and fast so that complex workflow enhancements are practical for the users to accomplish. Then the majority/minority rule applies. A majority of the time process instances are simple, easy, and fast (generating the greatest output for the least input, thereby greatly increasing productivity). In the remaining minority of the time, the productivity increase may be less, but at least there are no show stoppers!

Conclusion 

The earliest EHR systems were developed primarily to automate patient charting functions. If an EHR cannot chart patient data, then it scarcely seems to qualify as an EHR at all. Next, additional functions and capabilities were added in a drive to eliminate paper (except for that which must be scanned in from the outside world or printed in order to communicate). However, even when the paperless office is achieved, this does not mean that the paperless office is efficient. The availability of WfMS-based EHRs brings us to that next step in the evolution of the EHR development, in which we have not only gotten rid of paper but inefficiencies as well. EHR WfMSs have already begun to impact the EHR market. Each of the first three Health Information Management and Systems Society’s Davies Awards (2003, 2004 and 2005) included physicians who relied on a WfMS-based EHR (the EncounterPRO EHR) to achieve remarkable improvements in volume, billing, cost, and convenience – for themselves and their patients. 
When looking at an EHR, one may wonder whether or not it is an EHR WfMS; simply ask this question: Who or what is the workflow engine? If the answer is “who”, this is bad, because “who” is a person; a potentially expensive professional who should not be wasting their time pursuing non-value-added EHR activities. If the answer is “what”, this is good, because “what” is a much less expensive inanimate object; the computer. If the computer can accomplish non-value-added activities and help coordinate value-added activities, then workflow is likely being automated by a true Electronic Health Record Workflow Management System.
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