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Abstract

The paper presents the outlines of a general framework for guideline-based management of workflow in healthcare organizations. The framework has a number of special features. First, it enables us to represent in formal terms assignments of work-items both individuals and to teams. Second, it can do justice to the fact that the functions specified in guidelines are often not clearly demarcated from each other, allowing more specific functional representations to be constructed in relation to contexts of application based on specific patient cases and specific healthcare organizations. Finally, the framework is designed to do justice to the fact that the actual realizations of workflow processes may deviate from the norms set forth in guideline definitions. This means that the framework has features which make it more likely to be accepted by healthcare professionals than are standard guideline-based careflow management systems.

1 INTRODUCTION 

Information overload, the constraints of timeliness, and the high human and financial costs of medical error mean that physicians cannot practice high quality evidence-based medicine without the aid of decision support systems at the point of care (Cartwright et al 2002). Guideline-based recommendations need, therefore, to be integrated into the management of site-specific health-care processes (Sim et al 2001; Wald et al 2001). (Poulymenopoulou et al 2003) have noted that designing healthcare processes around patient needs and incorporating efficiency considerations has led to an increased interest in process-oriented healthcare information systems based on workflow technology of a sort that is easily adjustable to changes in resource availability and in organizational structures. 

Computer-interpretable models based on task-based clinical guidelines and protocols have been implemented within the context of clinical workflow in a range of different fields. These include stroke (Quaglini et al 2001), post-stroke rehabilitation (Panzarasa et al 2002), diabetes (Barahona et al 2001), and radiation therapy (Karlsson & Eklund 2001). (Quaglini et al 2000, 2000b) have formulated careflow models in terms of Petri Nets, pointing out that guideline implementation should serve not only the issuing of simple reminders but also as an organizer that facilitates health care processes in an environment within which responsibilities are widely shared and in which health care professionals may be non-compliant with guidelines for a variety of reasons. (Stefanelli 2001) has argued that a guideline should be viewable within the context of a specific healthcare organization (HCO) in such a way as to yield a system for management of work activities across the organization (Stefanelli 2002). Different European studies have shown the positive results that can be gained from using commercial workflow systems which satisfy some of these requirements (Haux et al 2003, Lechleitner et al 2003, Muller et al 2001). 

2 TEAM-ENABLED WORKFLOW SYSTEMS

Workflow systems typically employ a tripartite categorization of cases, work-items and resources. A case is a specific situation in which the workflow system is applied; a work-item is a task to be performed in relation to a given case; resources are the persons and facilities needed to execute given work-items, their ability to do this being represented as a role.

Existing applications standardly assign work-items not to teams but to specific workers. An application may in some way recognize that teams exist, but it is pre-selected single members of teams who are called upon to execute of specific work-items at specific times. In reality, however, team-work – and the flexibility that goes together therewith – is one of the key characteristics to be exploited by a workflow system. The teams within a given HCO have collective functions and they may be collectively responsible for their execution. To put it simply: doctors, nurses, technicians and assistants work in tandem, and current workflow models do not do justice to this fact. 

Aalst and Kumar have proposed a reference model for team-enabled workflow systems. They describe a team as a collection of resources, each team having collective roles. They provide a concept of team_type, which refers to a structure which corresponds to a collection of resources. Each work-item is then associated not with an individual agent but with an instance of team_type. For example, a group of internists, nurses and nurse assistants in the outpatient ward of a tertiary hospital is an instance of team_type, and so is the surgical team in the operating theater.

Here we propose a general framework for guideline-based HCO management within which it will be possible to understand in formal terms what it is to assign work-items to teams and to individuals. In addition the framework is designed to do justice to the fact that the actual realizations of workflow pro​cesses may deviate from the norms set forth in the process definitions themselves. The implementation is stratified, so that it lets us define different levels at which an organization’s implementation of the clinical guidelines can be described.

3 PARTITIONS, VAGUENESS AND APPROXIMATION

Different partitions are needed to throw light on different aspects of an HCO and of its workflow processes at different levels of granularity. At the same time a framework is needed within which these different partitions can be manipulated simultaneously. To do justice to these matters we employ the Theory of Granular Partitions (TGP) put forward in (Bittner & Smith 2003, 2003b, 2003R). A partition, from the perspective of TGP, consists of a network of cells and subcells, the latter being nested within the former; the cells, in turn, are projected onto objects or onto cells of other partitions. Thus, the theory of granular partitions has two parts: a theory which relates cells to the partition structures they form, and a theory which projects cells and subcells onto objects or cells.

The hierarchy of available human resources, the functions they perform, as well as the physical facilities at the disposal of an organization – all of these determine cross-cutting partitions of the HCO which are needed for a complete ontology of team-based workflow. When a particular human resource, for example nurse A, is entitled to carry out a particular function F, then the cell labelled nurse A in the corresponding partition of human resources is projected onto function F in the partition of responsibilities. When we assess how A exercises this function, then we have a new partition, where the cell labelled nurse A is projected onto processes actually performed. In this paper, we deal with both functions and processes, but we develop our implementation only in relation to the former.

The functions represented in a guideline-based workflow model are of course not always instantiated fully accurately in actual behavior. This factor is complicated in the presence of team-based workflow organization by the fact that functions may be assigned not individually but collectively. If the benefits of genuine team-work are to be realized, then such assignments must be flexible. TGP provides the machinery to handle this problem by conceiving the ways in which the abstract specifications contained in guidelines are assigned to the functions exercised by actual healthcare teams in terms of a theory of what we shall call reference partitions. 

When we assign a function F to team T, with members A, B, C it is not ex ante clear whether F will be performed by A, by B or by C. It may be that A performs the function alone, or in collaboration with B, or that B performs the function alone, or in collaboration with C. All of these possibilities should be left open in a team-sensitive framework for task-assignment. At the same time it should be recorded for example that C is excluded from performing the given function except under the supervision of A or B.

To this end we need to recognize that certain partitions, for example partitions of physical plant or individual human resources, are not subject to this sort of indeterminacy, and this means that they have the capacity to be used as reference partitions in a way which allows us to describe the team-based assignments in the way required. 

Compare the way we use the reference partition defined by the borders of the fifty states of the USA in describing the location of an area of high pressure in a weather forecast. The boundaries of the separate states are well known and well defined, and we can use this fact to specify the location of the area of higher pressure even though we do not know exactly where it is, for example, by asserting that it overlaps with Texas and Arizona but not with any other state. 

The same idea can be used in giving an account of the way responsibilities are assigned to the mem​bers of a team within an HCO. Here, the ex ante boundaries of the functions associated with any given mem​ber of the team are vague. The ex ante boundaries of the actual healthcare processes which will be​come associated with the functions mentioned in a clinical practice guideline are also vague. But the complete list of responsibilities in the organization, and the complete list of the functions determined by the guideline text, are crisp and so can be used to determine reference partitions which can be used to specify the functions of the team of human resources in the organization in a formal way which yet does justice to the flexibility of team-based organization.

Consider the assignment of responsibilities of nurse A within her team with regard to a given case on a given occasion. For each given healthcare function F we can distinguish three alternatives: A is assigned the function F, A is allowed to perform the function F, and A is excluded from performing the function F. In partition-theoretic terms these three alternatives can be described as follows. The assignment of A to the space of functions is analogous to the location of the area of high pressure to the reference-map of the USA. When A is assigned the function then A’s assignments project onto the cell F with what we shall call full overlap (fo); when is is allowed to perform the function they project onto F with partial overlap (po); when A is excluded they project with no overlap (no). (See Bittner & Smith 2003 for the formal treatment of TGP, and Bittner and Stell for the relation between TGP and the theory of Stratified Rough Sets.)

If F is a collective function which needs to be carried out  by nurse A together with other (more or less specifically determined) members of her team, then this introduces a further factor, which incorporates the notion of vagueness which we deal at the end of the descriptions of the partitions. 
4 GUIDELINE-GENERATED PARTITIONS
Each guideline implementation presupposes a number of partitions of the corresponding HCO:

of its physical structures, 


of its human resources, 

of the tasks capable of being performed by these human resources, 
of the tasks recommended in the guideline itself
Such partitions will standardly be hierarchical (See Figure 1). Thus the physical structure will standardly be divided into different departments:

of internal medicine, of surgery, of cardiology, and so on.
The department of internal medicine may in turn be subdivided into:

outpateint wards, procedure room, inpatient wards, intensive care unit, etc. 

The healthcare teams in the organization might consist of:

internal medicine team A, internal medicine team B, general surgery team , cardiology team, etc.
Internal medicine team A might itself consist of: 

physician, resident C, resident D, nurse staff E, nurse staff F, nursing student G, etc.
Similarly, the tasks performed by human resources in HCO can be divided into:

diagnostic procedures, therapeutic procedures, etc.

Diagnostic procedure can be further subdivided into:

medical history taking, phyiscal examination, laboratory procedures, etc.

The NIH hypertension guideline for its part divides the tasks of hypertension management into:

blood pressure measurement, classification of blood pressure, cardiovascular disease risk determi​nation, advice: benefits of lowering blood pressure, ambulatory blood pressure monitoring, self-meas​ure​ment of blood pressure, patient evaluation, treatment, management of special situations with hyper​tension, improving hypertension control and community program management.

Here for example the item cardiovascular disease risk determination can be further subdivided into:

classification of blood pressure, determination of major risk factors and determination of target organ damage.
5 IMPLEMENTATION FORMALISM
The respective roots of the four trees corresponding to the four partitions mentioned above are:

hospital (physical plant)
human agents
tasks of human agents
tasks mentioned in the guideline
Based on these partitions, we create a team-enabled workflow model relative to the NIH Hypertension Guideline along the following lines, moving from coarsest to finest level of granularity. First, we define the collective roles of the team. We consider the internal medicine team A for this purpose, which consists of physician, resident A, resident B, nursing staff A, nursing staff B, nursing student A and nursing student B. 

G1: At the coarsest level of granularity we do not consider the interior structure of the team at all. Rather, the system records merely the fact that the given team is able to perform the functions mentioned in the given guideline within the given organisational set-up. Note that nothing here is specified indeterminately: what is missing is relevant sorts of detail. The only partition which is vague at this level is that of guideline functions, since it is characteristically difficult, when dealing with functions listed in guideline texts, to determine where, in relation to each other, they begin and end. Thus for example the Medical History Taking can involve the taking of a quick history of symptoms related to hypertension or it might include an entire personal history including sleeping and drinking habits, past history of other pathologies, history of medications, family history, history related to socio-economic factors, and so on. Similarly, guideline recommendations such as: perform cardiovascular physical examination are vague, since they do not mention what kinds of examinations (for example inspection, palpation, percussion, auscultation) need to be performed in any given case, and nor do they specify whether these need to be carried out on each visit or on every third visit or when certain symptoms arise. The NIH Hypertension guideline does not provide precise specifications as concerns these matters, leaving an element of vagueness which has been left to the decision of health-care practitioners and teams. Some guidelines, for instance those pertaining to prenatal care, might involve more precision than the NIH hypertension guideline. Thus they might specify precisely which physical examinations need to be performed. Even in such cases, however, there is no maximum limit of such examinations, and even the minimum limit might be not very precisely specified; a characteristic which defines rought sets.

G2: Moving to the next level of granularity in partitions of NIH hypertension guideline functions, we create a list of the functions and subfunctions related to hypertension management. Thus we recognize certain functions present in the guideline as part of the coarse-grained functions mentioned above. Cardiovascular disease risk determination, for example, is recognized to consist of:

determination of hypertension, determination of cigarette smoking, determination of obesity, deter​mination of physical inactivity, determination of dyslipidemia, determination of diabetes mellitus, determination of microalbuminuria, determination of age and determination of family history of premature cardiovascular disease.

At this level of granularity, the functions become more precise. It is clear that the blood pressure measurement overlaps with cardiovascular disease risk determination because determination of hyper​tension is one of the parts of the latter. Moreover we know that other parts of the latter, for instance, determination of obesity or determination of diabetes mellitus do not overlap with blood pressure measurement. We find at this level also however new dimensions of vagueness. Thus there is no distinct boundary between treatment and management of special situations with hypertension, or between treatment and improving hypertension control, or between management of special situations with hypertension and improving hypertension control. The function blood pressure measurement can designate different things according to whether it is a subfunction of the complex functions cardiovascular disease risk determination, patient evaluation, treatment, management of special situations with hypertension or improving hypertension control. 

G3: Here we make the granularity finer by taking into account also the physical structure of the hospital – the framework assigns to Internal Medicine Team A not merely specific functions to a specific case, but it assigns also specific physical locations in which these functions are to be realized. As mentioned above, the organization in the given case consists of different departments, which for reasons of simplicity, have been assumed be mutually exclusive. Thus it is assumed that the departments of internal medicine, of surgery, of cardiology, etc., together with the central radiology center, central pathology laboratory, billing section, indents department, etc. do not overlap. We can further classify these departments into their parts. For example, the department of internal medicine can consist of: 

Inpatient Ward 1, Inpatient Ward 2, Procedure Room, Outpatient Ward, and so on.

The boundaries between the physical structures are determinate; that is, one can easily demarcate where the Inpatient Ward 1 ends and where the Outpatient Ward begins; it is determinate also that both of these are parts of the larger physical structure called the Department of Internal Medicine. In an uncomplicated outpatient functions like blood pressure measurement would be carried out in the Outpatient Ward and so would the determination of cigarette smoking, determination of Obesity, and so on. On the other hand, the function: determination of dyslipidemia function would contain parts

medical history taking for determination of dyslipidemia, 

physical examination for determination of dyslipidemia, 

blood collection for determination of dyslipidemia, 

advice: determination of blood lipid profile for determination of dyslipidemia, and so on,

and while the first two of these functions would be performed in the Outpatient Ward, the last two need to take place in the Central pathology laboratory. 

G4: The organization of the human resources present in the HCO has a hierarchical structure, being divided into subtrees under the headings: Physicans, Nurses, Technicians, Laboratory Attendants, Nurse Students and so on. To create workflow models which do justice to the existence of teams of human resources we need to find a way to assign functions to individuals in such a way that the flexibility characteristic of team-work is guaranteed. This does not mean that individualized roles do not exist; rather they should be seen as particular cases of team-based assignments. When functions are assigned to the members of a team, then they are done in such a way as to allow for the possibilities of partial or full over​lap along the lines hinted at in our discussion of TGP above. Blood pressure measurement, for example, is a function which can be carried out by each of the members of Internal Medicine Team A acting alone. This will accordingly be a function that is assigned for each member with full overlap. When we move to finer granularities, however, then different conditions apply. Thus while blood pressure measure​​ment in the Out​patient Ward for an uncomplicated case of hypertension can be carried out by all team members, blood pressure measurement in Inpatient Ward 1 in a hypertensive patient with cardiac failure could not be carried out by nursing student A or nursing student B, but only by physician, resident A, resident B, nursing Staff A or nursing staff B. Certain procedures involve more than such allocations of functions, they involve cooperation between human resources in the performance of the same function. Such partiticipation might be implicit or it might be made an explicit part of the guideline implentation. A routine referral of each patient by resident A to nursing staff B in Outpatient Ward for blood pressure measurement would mean that this function has different subcomponents, which are not specified in the guideline:

Case referral by resident A to nursing staff B for blood pressure measurement (Explicit / Implicit)

Blood pressure measurement by nursing staff B (Explicit)

Case referral by nursing staff B to resident A after blood pressure measurement (Explicit / Implicit) 

Reporting by nursing staff B to resident A of finding of blood pressure measurement (Explicit)

Interpretation by resident A of finding of blood pressure measurement (Explicit)

Monitoring by physician of blood pressure measurement (Implicit)

These functions can be implicit or explicit. A function is implicit where, for example, a routine case visits Out​patient Ward and is issued a token which has the implicit significance that he has been referred by Resi​dent A to Nurse Staff B. It is explicit where this fact is explicitly mentioned by Resident A. The monitoring by Physician of blood pressure measurement in the outpatient ward is largely implicit in the sense that, while he is responsible for any mishaps during the performance of functions in the outpatient ward, this performance is not directly monitored by him.

6 VAGUENESS REVISITED

We have discussed a workflow system with hierarchically organized tree struc​tures (granular partitions) which support the team-based assignment of the functions specified in guidelines and the tracking of the performance of these functions by human resources in a given HCO. Some of these parti​tions consititute  re​fer​ence ontologies in relation to which the specifications carried by other partitions can be defined in such a way as to accommodate for example the flexible assignment of functions that goes along with team-based management. The problem we face in the context of guidelines (and of medical texts in general) is that, when dealing with the functions to be performed by healthcare professionals, it is often not possible to assign them in a determinate fashion to well-defined cells within a partition. Rather, there are overlaps, re​flect​ing the complexity of the corresponding medical reality, where we would need a plurality of parti​tions in order to capture the ways in which these overlaps are reflected in specific areas. To do justice to all of this complexity we would need partitions corresponding to each pathology, to each underlying pathophysiology, sym​ptomatology, and so on, in addition to the partitions of HCO structure and human resources men​tioned above. Given such com​plexities, we have been able here only to sketch a framework within which we can use reference partitions as a means to specify via approximation cases where for example functions are assigned with partial overlap. 
A framework of this sort is indispensable, given that the ways in which the functions recommended in guideline texts are specified and assigned, if we are to build workflow systems which would be accepted by the medical community.









Figure 1 Granular Partitions relevant for implementation of clinical guidelines by healthcare organizations
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