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Abstract. Increasing cooperation among health professionals — within and across organizations — require a suitable sharing of clinical information from heterogeneous (electronic) documentation. Information originates from healthcare activities and may be organized within record systems in relation to health issues, episodes of care, episodes of illness, etc. Implementation of record systems depends on tasks and attitudes within each particular healthcare environment, that determine (i) the balance among functions of the record system, e.g. supporting human memory and decision making, supporting workflow management, recording circumstances about stored data, (ii) the particular organization of a record, (iii) the details of clinical statements that should be explicit or understood. In this paper we present a set of features of record systems and of their context that affect sharing of clinical information.
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1.  Introduction

Rationalization of healthcare provision — supported by the information and communication technologies — relies on multiple usages of the same clinical information, both for several tasks of an user and for cooperation among health professionals [12, 13]. 

The evolution of organizational models towards continuity of care, including intense cooperation between hospitals and primary care, brings together highly heterogeneous Electronic Patient Record (EPR) systems. The organization of clinical information within applications is determined by diverse users' perspectives, hampering direct reuse of data. 

We recently analized various EPR systems — from different healthcare environments in various European countries — and the approaches of several European Projects [1]. We described 5 kinds of attitudes towards organization of clinical information within the record: 

1. pure chronological list;

2. interpretative attitude in record systems oriented towards health issues;

3. workflow-oriented attitude, focussing on interactions and passage of responsibilities among professionals;

4. episode-oriented attitude, focussing on the process of care in one location;

5. process-oriented attitude, including and generalizing the above ones.

Each attitude responds to the requirements of a particular healthcare organization and results in a different typology of record systems. We generalize here our previous results, by producing a schema to explain different perspectives on record systems and to justify the consequences on record organization.  Furthermore, we consider the possible modalities to share clinical information among professionals, from the usage of a server to handle notifications about changes in the life cycle of care processes, to federated health record.

2.  An unified schema on healthcare situations and related documents

We present a schema (fig.1) to show the relations among (i) the activities on a subject of care, (ii) the healthcare situations that are the context for these activities, and (iii) the related documentation, i.e. the possible levels of aggregation of documents into various kinds of record systems. The schema is then organized in three vertical zones.

With respect to similar schemata (e.g. in [22]), here the basic principle is that each record system refers either to a situation of care provision or to a period of life of the patient. 

The schema is explained in the rest of the present paragraph.
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fig.1 High-level model of healthcare activities, healthcare situations and related documentation

(only items relevant for discussion are considered; a diamond represents “part-of”; roles are in italics)

2.1.  The right zone: the activities on a subject of care

On the right zone we represented the activities performed by a “healthcare professional” (or a point of service) according to an implicit or explicit “protocol”, to face a “perceived state” of a “subject of care” (a person or a group). A “state of subject of care” can be any actual illness or a state of risk, that may be seen as a “perceived state”, either by the subject of care or by the healthcare professionals. In turn, the perceived state may assume either the role of “reason for contact” (when it triggers a “contact”), or the role of a “problem” (if used to organize data collection, decisions and thus “problem-related care”). 

2.2.  The middle zone: the healthcare situations

In the middle zone we represent a set of healthcare situations [21, part 2] that may be considered as the context for activities on one side, and thus as the focus for documentation on the other side. The situations show an increasing complexity, from the top to the bottom of the schema:

· at the top, there are (i) the minimal unit of care under the continuous responsibility of the same healthcare professional, i.e. an “elementary unit of care” documented by an “attested transaction” and (ii) the minimal act of communication, i.e. the “communication act” documented by an “electronic message”;

· in the middle zone, the situations are determined by 

· a contact with a single healthcare organization (“contact”), 

· any single problem or health issue (“problem-related care”), 

· all the problems and contacts with a single healthcare organization or an individual GP (“health monitoring”), 

· all the problems considered during a particular interval, determined by a particular state of the subject of care, e.g. a patient’s illness (“interval-related care”);

· at the bottom, there is a class for the entire life of the subject of care (“lifelong care”).

Note that for a general practitioner, the “elementary unit of care” and the “contact” coincide roughly with an encounter.

The class of episode of illness was avoided in our schema, because it may correspond to various “states of subject of care”, according to user’s interpretations. In fact, apart co-presence of diseases, different recurrences of the same disease can be related in different ways to the idea of “episode of illness”, e.g.:

· in asthma, the same disease is manifested by recurrent attacks,

· in ulcer, recurrences of new episodes can appear in the same facilitating environment, i.e. as a unique problem of recurrent ulcers, 

· in pneumonia, completely independent episodes can occur in the same patient,

· in diabetes, a set of complications can be seen as episodes of the same chronic problem,

· in genetic diseases, a latent state can trigger a late episode.

We assume that in our schema we provided the primitives to express the different definitions, as well to deal with care between recurrences and controls. A detailed solution to these issues goes beyond our goals.

Analogously, we also avoided to represent an episode of care, because it can be defined in various ways by different perspectives. According to the point of view of the different professionals involved in the care provision and/or of the managers of facilities, it could correspond to a contact, to the care provided for a specific problem, to the care provided for a principal problem AND certain secondary (related and unrelated) problems, including complications. In the ideal case of shared care, episodes involve a set of coherent activities by different organizations, to face a unique problem, with local sub-problems. In our schema, this is represented by a unique (ideal) situation of “problem-related care”, documented by a “linked EPR instances”, i.e. a folder (implemented with an appropriate mechanism) containing documents from many contacts within the various organizations. Non-coordinated healthcare organizations will have local objectives (not integrated into a common objective) and thus they will see different unrelated problems. They will thus originate independent episodes of “problem-related care” from the same illness, with different time intervals.

2.3.  The left zone: the documentation (EPR and EHR)

On the left zone, the basic documents (electronic messages and attested transactions) are in principle organized into more and more complex folders, i.e. the documentation is organized according to the healthcare situations represented in the middle column. 

Documentation may envisage future actions (orders, intents, plans), register patient’s awareness and decisions (consent, attitudes), provide descriptions, or just notify the occurrence of an event.

The basic descriptive documents arising from activities are:

1. diagnostic reports, e.g. reports describing what has been measured by a device, or observed in an image;

2. activity reports, e.g. the description of what has been done during a performed activity, as in surgical procedures (note that there are also mixed procedures, e.g. PTC colangiography, producing an integrated diagnostic & activity report);

3. attested syntheses / summaries of what has been seen and done, from previous documents. A synthesis can be made either by the sender of a message (e.g. discharge letter) or by the receiver (e.g. a note into the journal about relevant clinical information extracted from the received message, that may be also put into the folder as a blob).

The notifications refer to various kinds of events, such as transfer of responsibilities (care mandates), opening and closing of health issues, changes in the life cycle of procedures.

Symptoms, signs and lab results usually may appear in a record system either as items included into more complex documents (i.e. together with interpretations and recommendations) or as sequences of self-consistent statements.

The local collection of basic documents is called here “Electronic Patient Record” (EPR), whereas the view including many EPR located in different systems is called “Electronic Health Record” (EHR) [10, 11, 21]. 

Note that “integration” of clinical information into an EHR may be accomplished at various degrees, i.e. actual implementation of a record system can be achieved in multiple ways:

· by creating a real synthetic new EPR with most relevant clinical information;

· by updating an individual EPR using clinical information from external sources, either by automatic extraction or through an attested synthesis;

· by collecting selections of clinical information from different sources into the same datawarehouse;

· by including just links to original EPRs;

In the absence of any integration, i.e. if EPRs are actually produced in the diverse facilities, but no effort is made to link them each other by transfer or pointing, an user is obliged to attempt to locate EPRs each time when a real need arises, perhaps with the assistance of the patient or paper-based documents. 

We will analyze the implications of these solutions in the rest of this paper.

3.  Documenting healthcare situations: need for adequate homogeneity

If a computer application needs to process in a uniform way either generic or detailed clinical information from different sources, an adequate coherence in the organization of the documentation is needed. We refer to our schema (fig.1) to characterize a few relevant situations and the related documentation (table 1). 

Documents assigned to the same situation require a suitable level of homogeneity, according to the processing tasks to be performed at that particular level of organization.

Note that homogeneity does not imply that the individual documents must be actually resident on the same physical support and that they are managed by the same application.

table 1. Description of healthcare situations and related documentation

	elementary unit of care
	It is the minimal unit that is under the continuous responsibility of one HC professional, e.g. a visit of a general practitioner (i.e. an encounter), an interactive telecommunication with the patient, a discussion/review of documents. It is documented by an “attested transaction”, i.e. the minimal self-consistent significant unit in a EPR, signed by one professional

	contact
	A contact is the set of units of care that are under the continuous responsibility of the same healthcare organization, as an hospital stay (for a general practitioner — when considered as a HC organization — a contact coincides with an elementary unit of care). It is documented by a “EPR minimal instance”, i.e. the minimal folder (including also copies of sent and received messages) that can be considered as patient record. 

	problem-related care
	Problem-related care may consist of one or more contacts for the same (main) problem or health issue, perhaps faced by many cooperating organizations. It may require the linkage of multiple EPR instances, one for each contact. 

Many situations — as seen by a professional in relation to a preventive activity or an illness — can have the role of problem. An illness may be seen as many coexisting problems.

	interval-related care
	An illness-related interval goes from onset of illness to complete recovery or stable outcome (i.e. after convalescence without further care). The care situation in this interval includes the patient’s process of illness and the care related to a principal problem (and to many possible secondary problems). An illness-related situation without care (and no documentation) is possible, as well as care without illness (e.g. prevention). The cumulative folder is any integration of the EPRs for care related to each problem , plus a possible synthetic repository.

	health monitoring
	A local record is maintained by an HC organization that is in charge of the person’s health (e.g. GP record, diabetic folder, occupational risk folder, data collection for follow-up of preterm newborns, elderly care record).

In particular, a “GP record” contains (virtually or physically) all the documents generated during the encounters, and perhaps copies of messages and links to other records. 

	lifelong care
	It is a virtual EHR (i.e. a theoretical union of all the records generated during all the episodes of care in any healthcare organization) related to the whole existence of the subject of care (the patient’s life, or the materno-fetal unit, or a couple for genetics)


4.  Attitudes about organization of record systems 

In the introduction we mentioned 5 attitudes about organization of records. In §2.1 we presented a schema (fig.1) where a set of situations of growing complexity was related to folders of increasing size. In this paragraph we describe the influence of the attitudes about organization of records on the implementation of actual record systems, according to the users’ needs in particular environments. In fact, different environments (e.g. GP vs. hospital ward) typically focus on different healthcare situations and thus on different kinds of documentation. We don’t consider here paper-based records, electronic scanning of paper-based record, or free-text (word-processor) records.

All the attitudes show a different balancing of clinical and organizational issues and different levels of complexity in representing and reconstructing clinical statements. The different healthcare situations behind each typology set the reference intervals for interpretation of fuzzy time expressions in section headings and in data elements. For example, the words “presenting”, “present”, “current”, “past” (applied to symptoms, complaints, drugs) have a certain amount of ambiguity: they could apply to a medium-long term illness, or to an individual episode of its recurrence, or to the contact, or to a set of contacts for the same problem. The same applies to the idea of “history”. 

With a precise model in mind — and perhaps in future with a more clear vocabulary — a solution of most of the ambiguities should be at reach, allowing a correct computer-based processing.

4.1.  Time-oriented attitude

The minimal structure in the corresponding record systems is a chronological list. 

Every attested transaction has at least an explicit “date of registration”. Possibly the attested transaction should be organized in elementary entries, where each entry should be associated to a precisely represented “date of event”.

Therefore a pure chronological log of unstructured notes for each elementary unit of care can always be present (or derived) in computer-based record systems, e.g. as the clinical journal and the sequence of transactions of a GP.

This kind of record system has no predefined semantic structure, no section headings nor names of data elements that contribute to the interpretation of the individual record items. Each entry must be very close to a complete clinical statement, i.e. all non-obvious details should be explicit in the short form, e.g.:


“1994 / family history of - diabetes mellitus - confirmed” 

Applications in this typology may not be able to handle relations among entries, even if they can be obvious to a human reader.

In absence of widely accepted compositional terminological systems, the clauses are expressed in free text, and/or in a particular (set of) coding schemes supporting all the fragments of the clinical statements (i.e. including status terms about actual subject of information, uncertainty, etc.). Usually there is a lack of agreements on a common set of coding schemes and a common style to build expressions, and therefore information from different systems cannot be processed in uniform way.

Individual items may be marked according to the SOAP approach (Subjective, Objective, Assessment, Plan); for most statements this information is redundant to a professional reader (it can be derived from the nature of the statement itself). Nevertheless, this explicit information can be used as a secondary key by computers. 

Some constraints can perhaps be enforced; for example the presence of a result of a diagnostic activity implies that the life cycle of that activity has a “status = performed”.

4.2.  Attitude oriented to health issues

The record system provides an organization of entries, supporting memory and decision making. In fact, most record systems of GPs are organized by health issues, i.e. collections of nearly complete statements are assigned to health issues. They correspond to a “local EPR” in fig.1, and a list of health issues is a natural function that collects all the names of the health issues and their status. Relations among problems may remain implicit. 

Historical data can be arranged in a chronological order under each appropriate health issue; or there is may be a heading related to the history before the assignment of care mandate (i.e. an history that provides a summary of major events and a family history in the period before the assumption of responsibility by the professional or service). 

Note that for a GP the duties continue after the conclusion of a single episode of care (i.e. until the patient is in charge to him/her); therefore a GP will not have a “history related to the present episode of care” (see next paragraph). Moreover, a GP can consider many problems as simultaneously active during the same period for a particular patient, and the EPR may extend over many episodes of illness.

Usually activities are recognized (as well as some sub-category, as prescription of drugs, laboratory observation) and their life cycle is handled. This implies the handling of the relations between statements with different statuses (e.g. ordered vs. performed)

Combined with the previous typology, this organization allows for three different views: chronological, by problem, by SOAP or by kind of statement (for example, a dynamic view about “all orders still pending”).

4.3.  Attitude oriented to episodes of care 

An episode of care determines the idea of past, present and future within the record. 

A professional in a hospital could record information in relation to the reason for admission and the chronological log of activities (journal) during a series of close stays (planned contacts included in a single episode of care). The use of section headings and subsection headings is common to most records in this typology. Relevant information about the past could be collected from patient or extracted from available documents; a synthesis of information in diagnostic reports received by the clinician may be arranged in the record. The record is closed with final discharge.

For an hospital, the idea of patient record is typically limited to one episode of care (which may include a follow-up in cooperation with primary care). In fact, there is no continuation of mandate after the episode of care (i.e. a set of planned contacts). Therefore there is a “before”, a “during” and an “after” with respect to that episode. Clinical information “before” the episode of care goes either into the (unique) “history related to the present episode” or into a “(unrelated) past history”.

4.4.  Workflow-oriented attitude

The focus of the record system is to document interactions and changes of responsibilities. Each phase of the workflow (i.e. request, negotiation, performance, acceptance of output) features a variable degree of regularity that can be systematized in message standards. Diffusion of standards on messages raises the relevance of this attitude in current computer-based clinical systems. In this case the record system should at least  mimic the paper-based patient file as collection of documents. In fact, a patient file collects not only the local annotations about impressions, decisions and status of performed and planned activities, but also a series of documents generated by the interaction with other professionals, for clinical and administrative purposes. The internal structure of diagnostic reports and attested summaries from previous documents is typically complex and may remain implicit.

4.5.  Process-oriented attitude

This kind of record system integrates clinical and organizational processing, and facilitates quality monitoring. A sequence of activities (and sub-activities) is described in a processable format, in relation to a main problem (and sub-goals) [3, 4, 5]. An activity produces clinical and organizational data, to support the organization of the work, as well as audit and quality assurance. In fact, this attitude allows to relate data (and costs) to clinical actions and their goals and to use "clinical profiles" of the patients to view and organise the data. 

Record systems with a process-oriented attitude are relatively more difficult to implement, as they do not simply mimic paper-based organizations, but are an extension of the other cases. In fact they may be able to consider:

· the temporal evolution of activities;

· the relations among activities and sub-problems and sub-goals, as well as relations of data with “decisions in context”;

· the organization of activities and nested sub-activities into the coherent framework of an episode of care;

· the communication for synchronization of activities by different professionals, also to regulate responsibilities.

Process-oriented record systems could be considered as extensions of an Act Manager (see the A-HCCs in [22]). Act Managers are typically oriented towards the management of the workflow about services of care provision (i.e. mainly to manage planning, scheduling, performing, reporting); the idea of service must be extended to include also activities of information handling, e.g.:

· prescribing, where physicians plan a drug therapy;

· collecting subjective information from the patient;

· producing decisions, impressions and plans from existing documents:

· taking decisions from available data, including making a diagnosis;

· expressing a second impression on data collected by other professionals;

· producing summaries from existing documents:

· write a discharge letter;

· extract relevant information about a given problem (perhaps on request by other physicians).

Moreover, with respect to an Act Manager, a process-oriented record systems must provide additional functionalities for organizing and presenting information.

5.  Sharing clinical information from heterogeneous documentation sources

In §2.3, we defined the attested transactions and the electronic messages as basic documents. In the left zone of fig.1, they are included in folders of growing complexity. Presence of documents with incompatible organization within the same folder hampers optimal handling of clinical information and interoperability of applications. 

In principle, advanced semantic processing [2, 14-19] could allow for rule-based transformations among different views, to reconstruct the virtual clinical statements in the basic documents. Nevertheless this kind of complete integration of clinical information is a huge task, perhaps unnecessary in most cases.

5.1.  What —  structures that may be shared (payload, header, envelope)

For most tasks, it is not necessary to share completely structured data. For example, a document or a significant part of it (e.g. a section) may be indexed or retrieved in effective ways just by processing its header.

In fact, the information to be shared may belong to three kinds of structures:

a) a payload, that could be managed for example as (i) a blob, until an peculiar application is launched for either display or processing it, (ii) a narrative piece, suitable for text-based search, (iii) a page with appropriate XML mark-up, (iv) a structured composition of data elements according to a standard format.

b) a header, that describes some of the following items pertaining to a document or to a section as a whole: the author, his/her organization, the subject of care, the date of recording, the overall level of security, the kind of healthcare event and its date, the kind of document/section. A header —  independently of the availability of its payload — allows

1. to generate a common directory across different legacy systems;

2. to manage security at the level of the whole document or section;

3. to find the pertinent documents, through queries to directories about the documents (i.e. not directly performed on their payload);

4. to guide the presentation of the payload of a document as a blob to a reader;

5. to guide machine interpretation of the payload.

c) an envelope, that provides information pertaining to a particular instance of a document or section, e.g. a pointer to its location (either the original one or to a suitable mirror), or message features such as date of transmission, sender, receiver, etc.

A notification is a particular kind of message, where the payload coincides with the header.

Within each information system, various strategies about sharing of clinical information (i.e. how much information should be made available to whom and why) are possible in principle, for example by using one or more of the following approaches:

1. a collection of documentation-based pointers to 

· access services to data storages of involved organizations, or

· a record of an individual patient, or

· a single document of a patient, or

· a single section within a document

2. servers based on event notifications, with patient-related lists on

· active / inactive health issues;

· current / former care mandates;

· ongoing / former activities;

3. servers based on synthetic information, containing for example HTML or XML pages about: 

· summary of each contact;

· present state summaries, historic overviews;

· care plans;

· alerts;

· motivated extracts.

4. a physically centralised record, e.g. accessible through a web-based secure interface;

5. an set of identical EPR (possibly by the same vendor and with the same object dictionary);

6. a federated record system, based on the mapping from the structured information elements contained in the heterogeneous feeder systems to a reference object dictionary. 

5.2.  Where —  cooperation of local and remote applications

Different healthcare situations require specific levels of integration and interoperability.

Therefore another aspect to consider is the heterogeneity of applications and organizations involved. Cooperation may be requested at various degrees of performance:

1. Inner interoperability and local coherence on views within the same EPR

· how to rearrange the same data (i.e. data on the same patient) under different views, for different tasks; 

· how to preserve coherence for people with the same clinical role (i.e. different doctors, different patients) and across different episodes of the same patient;

2. Outer interoperability across EPRs;

· on similar professional context (e.g. from a GP to another one);

· on different professional context (e.g. inpatients vs. outpatients, different medical specialties, allied professions);

3. Integration across multiple information sources;

· how to include a synthesis/the whole reports of examinations;

· how to select and include relevant data from previous encounters/episodes.

5.3.  Why —  goals for computer-based handling of clinical information

Each healthcare situation requires particular functionalities, and the mechanisms used to assure homogeneity of disparate statements within the same folder must be coherent with these needs. Getting clinical information from external sources is only an intermediate step in a complex chain of information handling. Depending on situations, users may have various goals about handling the clinical content of multiple documents (table 2).

Table 2. Computer-based handling of clinical information [8]

	#
	goal
	computer-based handling of clinical information

	1
	layout-based presentation
	display, print information (without healthcare-specific constructs)

	2
	healthcare-aware presentation
	present information using healthcare-specific kinds of constructs

	3
	reorganization of information
	browse with variable criteria, prepare multiple views, select, index; aggregate data from diverse patients (epidemiology, audit, QA)

	4
	trigger to reference knowledge
	use pointers in look-up tables and knowledge bases (e.g. on drugs, on guidelines, on statistical tables for QA)

	5
	update content
	write and amalgamate information into a different record system


5.4.  How —  needs for standards

Each goal implies a set of requirements on EHR systems, that corresponds to different kinds of standards. In general, standards are inevitable for envelopes and headers.

With respect to goal #1, no additional healthcare-specific standards on payload are needed. In fact, a set of generic transmission standards are nowadays available, e.g. ISO-OSI standards on Open Systems and the W3C standards about Web-based communication (including mark-up languages, as HTML and XML, and their derivatives). 

They allow for transmission of multimedia documents and for their presentation to end-users with appropriate formatting, but they are not aware of healthcare constructs. 

The easier way is to link a file or a part of a document with a precise application, able to interpret it correctly (and display it, and print it).

Receiving applications can find titles and list elements within a document and perhaps they can reproduce the textual content (and multimedia objects, not further considered here) for humans, according to original layout structure, but they are not able to intepret that structure nor the content for further processing. 

Moreover, it is not possible to assure that the sender is providing the minimal amount of information, that could be adequate in the particular healthcare context for faithful interpretation of the data by the receiver.

Some awareness of healthcare semantics is instead required to handle heterogeneous clinical information according to goals from #2 to #5. Controlled phrases or annotations can be used to permit re-use of information at the requested level.

Most standards on healthcare messages are conceived to assure the usage of information according to goal #2. A set of messages was developed by standardization bodies, for particular healthcare needs, e.g. laboratory orders and reports, specialist referrals [9, 7]. Each message is able to preserve the structure of a particular kind of clinical information. In this case semantic expertise is used during development of the standard (to decide the structure of segments and data fields) and by the sender application (to put content under the appropriate container). For presentation of information, no further semantic processing is required to the receiver. No interpretation is required to simply reproduce content under explicit section headings. If information about groupings of record components into record item complexes is preserved, the receiving application can present information according to the original organization and propagate properties from complexes to components.

Awareness of semantics by receiving applications is required for the other goals. In goal #3 applications should be able to handle the relations among the section headings. In goal #4 they should map received section headings with the ones predefined in the knowledge source, then rearrange and transfer a standard content. In goal #5 applications must handle the content, to be sure that it is homogeneous with existing information.

The EHCR-“Domain Term list” standard [20, 21 part 2] provides a simplified set of basic descriptors to assure the correct interpretation of clinical statements, by proper annotations produced by look-up tables at the moment of generating the messages from an EPR. In this way messages may be able to satisfy goal #2 or to present a minimal level of interoperability suitable for goal #3. 

5.5.  When —  operational context and task-oriented structures

If the operational context is well-defined, the environment is spontaneously simplified and integration is facilitated. Let us focus on primary tasks, computer-based usages of clinical information and the corresponding degree of awareness about handling needs. 

Easiness of systematic structuring of basic documents (attested transactions and messages) depends on tasks:

· Primary task is communication. Data can either fit into a simple organization as in structured standard messages (e.g. orders, prescriptions, and claims), or they consist of complex unstructured narrative (referral/discharge letters, reports). The situation is well-defined before sending the individual electronic message, possibly with an international agreement on the set of useful data and their relations. Mandatory data elements in a standard assure the presence of the items needed by the receiver to accomplish safely and effectively its typical task.

· Primary task is organizational effectiveness (e.g. scheduling of internal activities, reminders). Transactions are well defined, and coded data can be used (and reused) to trigger information stored in tables (or knowledge bases). Data needed locally by a single application can be generalized to fulfil widely implemented functions, e.g. consultation of drug data bases. Data elements and their contents must be standardized to allow plug-and-play installation of databases and tables (not for actual communication).

· Primary task is local documentation, even if users may be aware of potential further usages (e.g. when they record a plan). Transactions have a relative freedom, although some constraint is given by expected reuses. Some minimal structure is needed, in order to achieve advanced handling of data. Additional usages are envisaged for “predetermined” tasks (e.g. most activity-related clinical information is either exchanged among different users, as in shared care, or processed by the same user using various applications over time). Independent applications may require to access stored clinical information, or at least the subset needed for patient’s care by different healthcare organizations or by different local applications during the same series of contacts for the same illness. This situation demands for independence of data from applications.

· Primary task is local documentation, but additional usages are not predetermined (e.g. collect data for patient history, during possible further contacts). Transactions cannot be forced towards a precise structure.

In summary, primary uses of information in a particular environment, and planned additional usages, further determine the organization of data within either the transaction or the message, for a particular typology of EPR systems, and also the kind of coding schemes to be adopted, influencing the performance of the corresponding EHRs.

6.  Conclusion

The unavoidable presence of different incompatible implementation strategies for EPR systems — to satisfy users’ requirements in different environments — hampers reuse and interoperability of clinical information into EHR systems. 

Semantic processing could in principle be able to perform adequate transformations among different typologies of record systems, for planned reuse of clinical information, but at huge costs. An EPR can be seen as a set of structured documents, made of interrelated statements. Principles for their organization depend on primary tasks and usages that characterize a particular professional environment and on the modalities of healthcare provision. Understanding these principles enables us to progress in reconstruction of the organization of information within the EPR and of nearly context-independent statements. This is the substrate for semantic conversion of clinical information from one organization to another, i.e. to achieve faithful handling of semantics and interoperability among disparate systems according to tasks. 

Sharing clinical information can be achieved at different levels, i.e. full semantic interoperability is expensive and perhaps unnecessary in most cases. The level that is suitable for a given environment has to be carefully decided by considering a number of criteria, related to tasks, presence of well-defined situations and easiness to structure the documents from involved EPR systems in a uniform way, closeness of expressions to “complete” clinical statements. 
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