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Implementing a computerized medical record (CMR)1 [1] has several challenges, the most difficult of which is the physical entry of clinical notes into the computer [2] . The information needs to be entered in a manner that facilitates clinic workflow and allows efficient retrieval and analysis to the degree necessitated by the practice in which the system is implemented. Physicians have tried methods such as the scanning of paper documents, free-text keyboard entry, voice-recognition software, and dictation/transcription. Using the “point-and-click” method of structured documentation offers significant advantages over other entry methods in the analysis and retrieval of structured data. Other benefits are seen with data entry, but the maximum benefit is realized only after significant preparatory work has been performed to shape the tools for each particular user's documentation style. This article provides an overview of structured documentation and suggests some benefits and trade-offs of using these tools. A few of the systems that are currently in use are described.

     1 The term computerized medical record is used in the generic sense to include both electronic medical records and computerized medical records.

Overview

Structured documentation is a note-writing method that provides the ability to share information between automated systems and to retrieve information easily after it is stored. Structure refers to the organizational design of the stored terms that allows a repeatable, standardized format for both expression and retrieval of clinical concepts. Documentation refers to the capture of information for future use. Simple examples include recording codes from the Common Procedure Terminology (CPT) and International Classification of Diseases, 9th Revision with Clinical Modifiers (ICD-9-CM). A more elaborate example is capturing the notes and other information from a set of related patient encounters in a structured format. Doing this in a standardized way allows for easy retrieval and for sharing information among organizations.

Anyone who has created a clinical note overprint or checkbox style form for a multiphysician practice knows the subtle difficulties of creating a documentation tool that is acceptable to all. The ultimate challenge for the developers of structured documentation tools is to create something that allows the flexibility and versatility needed by each physician without losing the ability to facilitate the retrieval of stored information.

The basis of structured documentation is concept orientation. The actual name given to a concept or the way it is presented to the user is not critical so long as the concept has the same meaning to all and is stored in the same manner for all. A standard set of concept-based identifiers is the heart of any structured documentation tool (Fig. 1 ).



Fig. 1.  Example of the concept basis for structured documentation. Three hospitals may name the result of a serum sodium value differently yet still share data if they use a common concept identifier. In this case the common identifier is the LOINC code. 

Controlled vocabularies

Structured documentation tools use controlled vocabularies to help write clinical notes. A controlled vocabulary consists of a set of authorized terms whose goal is to eliminate ambiguity and to facilitate precise communication [3] . The difficulty of reaching this goal increases with the degree of vocabulary expressiveness. Even the relatively simple ICD-9-CM code classification that is used for describing diagnoses is not without ambiguity. There are significant challenges to developing controlled vocabularies to document histories, physical examinations, and other clinical encounters in which robust content is needed to support a variety of documentation styles.

To illustrate the point, consider the House–Brackmann facial nerve grading scale. It has a small controlled vocabulary with six terms, grades I through VI [4] . So long as each term expresses a single concept, the terms can be used to document a note without ambiguity. Many users of the scale, however, may want to clarify why they believe a certain grade is appropriate. For those users, the vocabulary may be designed more optimally to distinguish factors such as facial asymmetry, eye closure, and so forth. Requiring the entry of each component within the grading scale, however, adds a layer of complexity to the tool, diverges from the pure House–Brackmann vocabulary, and increases the difficulty of use. The terminology also would require a more complex organizational structure to eliminate ambiguity because simple lists of terms that can be concatenated to provide a desired note can create redundant combinations that express the same concept.

Controlled vocabularies must contain a sufficient number of concepts to express the users' thoughts. Redundancy and ambiguity are undesirable because each term expresses a concept that is assigned a unique identifier and, in a vocabulary with tens of thousands of terms, would make searching for a specific concept difficult because all the possible ways to express the concept would have to be determined before the search could be complete [5] . Each term should correspond with exactly one concept, and each concept should be represented only once in the vocabulary [6] .

The challenge is to create an organizational structure for the vocabulary that is flexible enough to express the users' thoughts without introducing ambiguity. For example, depending on how the vocabulary author chose to organize the terms, a diagnosis of acute epiglottitis could be categorized as a diagnosis, a disease caused by Haemophilus influenzae type B, an airway emergency, or a disorder of the larynx. The vocabulary must be robust enough to recognize the differences among these concepts by relating the term acute epiglottitis to each of those places in the vocabulary in some manner. Controlled vocabularies use knowledge-based relationships to organize the terms and create links between them.

Two common knowledge relationship schemes that are used in controlled vocabularies are hierarchical and semantic. A hierarchical relationship is known as a “parent–child” relationship or an “is a” relationship. For example, cardiomyopathy is a form of heart disease, and the small intestine is a part of the digestive system [7] . The child terms may inherit many of the properties of the parent terms, so the system knows that the word cold represents a different concept if it was a child of the term diagnosis as opposed to a child of the term sensation of temperature. Semantic relationships link the terms functionally (eg, “A calcium test measures serum calcium,” “A fever indicates infection”) (Fig. 2 ).


Fig. 2.  Examples of two kinds of knowledge-based relationships. Hierarchical relationships are also known as “parent–child” relationships. A child term, such as stomach, may inherit many of the attributes of its parent term, digestive system. 
Controlled vocabularies assign a set of attributes to each term to implement the knowledge-based relationships physically. Some systems may have over 100 attributes assigned to each term. Unseen to the user, these attributes define how a term relates to other terms in the nomenclature, establish hierarchical and semantic relationships among the terms, and provide information about the terms themselves. Other attributes may be used to describe the terms, such as with laboratory data terms that may require normal values to be specified; to designate units of measure; or to record the analyzer used in the measurement.

Benefits of structure

Despite the technical difficulties of developing them, controlled vocabularies allow for a wide range of benefits through automation. Facilitating the sharing of information within and among hospitals and other organizations is the obvious advantage. Although structured tools use different organizational designs and naming conventions, the concepts associated with the vocabularies in disparate systems can be mapped to one another so that data can be shared across systems. No matter what level of data sharing is achieved, the ultimate clinical power of structured documentation comes from mechanisms that are built into computerized health records to trigger events, search for trends and indicators, and carry data forward from one note to another as reminders and to minimize redundant documentation. The actual mechanism of the automation (eg, pattern recognition, expert system rule sets, artificial intelligence) may be irrelevant to the user, but the results are extremely useful.

Automated evaluation and management code calculation based on the Centers for Medicare and Medicaid Services' coding rules and the structured terms entered in notes is a popular feature in computerized health records, but it touches only the surface of what is possible. Triggers can be set up from structured terms that are limited only by the imagination of the user and the level of granularity in the vocabulary: Electronic reference texts can be opened automatically to the appropriate section for review; local protocols or treatment recommendations can be displayed automatically if a particular diagnosis or set of findings are documented; tables of local bacterial antibiotic resistance can be displayed with bacteriology test results; wellness or treatment reminders can be given for screening services or steps in protocols in which patient may be taking part; suggested questions to ask or diagnoses to consider can be surfaced based on documented symptoms, physical exam, or lab values; and so forth. The opportunities for improving the quality of care are numerous and are relatively easy tasks after the clinical information is captured in a structured manner.

Searching for trends has significant implications for outcomes evaluation, population health, and disease surveillance. Whether a structured system is implemented in a single-physician office or across a nationwide network, trend analysis yields benefits. Trends can be sought through automated reports for individual case management on patients known to be “frequent fliers” to the office; disease management to assess treatment algorithms; and panel management for peer comparisons, disease distributions, and so forth. The ability to monitor symptoms or diagnoses across a particular geographic area (even the entire nation) can provide indicators of emerging infectious diseases, early warnings of potential bioterrorism, or measurements of the propagation of an epidemic. Such monitoring is extremely difficult without the ability to share data freely between disparate systems.

Persisting data within a patient's clinical record is helpful for documentation and for clinical reminders. The ability to populate a patient's note automatically with their current medications, allergies, active problems, recent ancillary test results, family and surgical history, and a list of recent hospitalizations facilitates care and minimizes the office overhead caused by record searching. Capturing this data in structured terms eliminates redundancy due to spelling, naming conventions, or other variations and allows for searching across multiple sources for similar findings and historical trends. The opportunities for locating potential study subjects, defining cohorts, and stratifying practice patterns is simple after the data is collected in a structured manner.

The benefits at the point of entry include predefined electronic templates that use the structured terms to document information more rapidly, completely, and legibly than would be done normally on paper. For example, a doctor may want to ask all patients who have ear-related symptoms about hearing loss, vertigo, tinnitus, otalgia, and otorrhea. He or she could build a template, similar to a paper overprint or a checkbox form, that allows for the rapid documentation of those symptoms, including one-click documentation of all five normal findings when there are no abnormalities. Structured templates are exceptionally useful for documenting complete reviews of systems and physical examinations, which tend to be more standardized than histories and more laborious to document adequately on paper. After these tools are integrated into a physician's workflow, the speed and efficiencies that can be gained usually far outweigh the inconvenience and time of initially setting up the templates. Unfortunately, every physician's practice patterns are subtly different enough to require that each physician take part in the development of their own templates. Over time, a small library of templates can be built that cover most of the note writing needs for a practice.

Trade-offs

All the benefits of structured documentation have certain trade-offs. The time required to set up the documentation tools to match individual practice patterns was mentioned previously. Other trade-offs are found at the point of entry. The most common complaint from users of any structured tool focuses on expressiveness: “It won't let me say what I want to say.” The expressiveness of a controlled vocabulary can feel restrictive to some users, and no matter how much content is included in a tool's vocabulary, there will always be a need for some free-text entry. This usually is the case when documenting a patient's history of present illness. No controlled vocabulary contains all the story variations that patients bring to the office. The developers of controlled vocabularies are constantly collecting the information needed to make the vocabulary more expressive without adding ambiguity or redundancy.

Other trade-offs of using structured documentation tools arise from the use of computerized medical records in general. The data-entry device is critical to user acceptance. Some users find tablet or palm computers more amenable to their documentation style than desktop machines, arguing that they do not want to turn their back on a patient to document their notes. Other users engage the patient in the new computerized tool, if they are documenting information at the point of care, or perform their documentation between patients or at the end of the day so ergonomics are not as critical to their practice.

Controlled vocabulary examples

A variety of vocabularies are emerging to describe the various aspects of clinical medicine. ICD-9-CM and CPT code sets are familiar examples of classifications designed to list diagnoses and procedures, but terminologies are evolving for describing measured and reported values as well as patient-encounter information, such as a histories, physicals, and progress notes. This section describes a few of those terminologies.

The Systemized Nomenclature for Human and Veterinary Medicine (SNOMED; College of American Pathologists, Northfield, IL) was developed specifically for codifying patient information in a CMR [8] [9] . It was begun in the 1970s as a tool to apply codes to data in pathology reports but has evolved into a sophisticated hierarchical, multiaxial vocabulary that can be used for codifying content of clinical notes in general. The approximately 150,000 SNOMED terms are categorized into 11 axes:

	   
	Topography

	   
	Morphology

	   
	Function

	   
	Disease/diagnosis

	   
	Procedures

	   
	Occupation

	   
	Living organisms

	   
	Chemicals

	   
	Physical agents, forces, and activities

	   
	Social context

	   
	General linkage modifiers


Terms from each axis can be combined to describe the desired concept so that multiple combinations can be made to represent the same concept. The newly released SNOMED Reference Terminology contains cross-reference information to help decrease the problem of redundant representations of medical concepts.

The Logical Observation Identifier Names and Codes (LOINC; Regenstrief Institute, Indianapolis, IN) was designed for the laboratory community [10] . As noted in the LOINC users' guide, “The LOINC database provides a set of universal names and ID codes for identifying laboratory and clinical test results. The purpose is to facilitate the exchange and pooling of results, such as blood hemoglobin, serum potassium, or vital signs, for clinical care, outcomes management, and research. The LOINC codes are not intended to transmit all possible information about a test or observation. They are only intended to identify the test result or clinical observation.”

Interestingly, LOINC and SNOMED recently have begun collaborating to ensure that their terminologies do not overlap and to build on the strengths of each other. SNOMED soon will incorporate LOINC codes into their Procedures axis, which contains laboratory data.

Health Level Seven (HL-7; Health Level Seven, Ann Arbor, MI) is an American National Standards Institute ANSI standard for health-related data transferring [11] , allowing various computer system developers to build health data interface functionality in a format that facilitates interoperability. Although the message format is standardized, the nomenclature used to fill the messages is not part of the standard. Although HL-7 has been an important step toward interoperability, the lack of a standard language remains an obstacle to further advances. HL-7 version 3 will contain both lexical and semantic links for the information carried in the messages in an effort to improve interoperability.

MEDCIN (Medicomp Systems, Chantilly, VA) contains nearly 200,000 terms that are organized hierarchically within six categories [12] :

	   
	Symptoms

	   
	History

	   
	Physical Exam Findings

	   
	Therapy

	   
	Diagnoses

	   
	Tests


It has a syntax engine that writes a clinical note as the user selects terms, each of which represents a unique concept and has a large list of associated attributes relating it to other terms. Artificial intelligence tools use these attributes to suggest questions to ask patients or provide potential diagnoses for consideration based on the documented symptoms and physical findings. Because terms cannot be combined, redundant concept representations are minimized by close evaluation before being added to the terminology database. The inability to combine terms occasionally leads to cases in which the existing terms must be modified with free text for users to document concepts exactly as desired. To avoid this problem, Medicomp updates the terminology twice each year to incorporate changes in language, documentation techniques, and new terms requested by customers.

The Unified Medical Language System (UMLS; National Library of Medicine, Bethesda, MD) was started by the National Library of Medicine in 1986 to reduce the number of barriers to the use of computers in medicine, specifically because of the lack of a standard language [13] [14] . UMLS is designed as a thesaurus for terminologies to cross-reference their terms with other terminologies, but some argue that it could be considered a terminology itself. With UMLS, disparate controlled vocabularies can relate their concepts so that there can be a degree of interoperability even when different structured tools are used to document clinical encounters.

Future trends

The future model for structured documentation includes an automated system that will place spoken concepts into structure for the user. A large research effort is being made for natural language processing (NLP) [15] [16] . The goals of NLP are to receive spoken sentences, understand them, parse them into concepts, and then store them in the appropriate place in a database. When these goals are realized, the limitations of controlled vocabularies will be overcome. A user will be able to dictate a note into the computer, which will place the narrated note in the medical record, send a formatted letter to the appropriate consulting providers, and simultaneously extract the concepts for storage in the patient's longitudinal medical record and in the practice's data warehouse for reporting and data mining.

Although NLP seems futuristic, computing power is advancing rapidly, and the associated shortcomings of controlled vocabularies are improving through new organizational schema and methods for identifying relationships between the conceptual elements. The next technical milestone that needs to be overcome is the ability to extract concepts from spoken sentences based on contextual relationships. The notion that we may start seeing such tools by the end of the decade is not unreasonable.

How to decide

Structured documentation tools generally are not purchased independently but rather are embedded within CMRs. When considering the purchase of a CMR, one must realize that the most difficult aspect of implementation is physician documentation. Understanding the desired uses of the collected data will allow one to choose a documentation tool that best fits his or her needs. Someone involved in symptom surveillance over a large geographic region may be interested in structuring every bit of data possible, whereas others may want to store only structured diagnoses and ancillary procedure data. The amount of information that may flow in and out of a practice also should be considered because the long-term benefits of automated data sharing are great when compared with the time that office personnel spend handling such transactions.

Some physicians become disillusioned when they begin to understand the level of effort needed to tailor the documentation tools to their practice patterns; the vendor demonstration may have made it look so easy, and the promise of productivity gain may have been emphasized. Thus, each user must understand exactly what will be gained by using the tool, and those gains are certainly beneficial enough to motivate providers to persevere through the initial phases of implementation.

Summary

Structured documentation is a concept-oriented method of capturing clinical information that can be shared readily through automated systems. Standards are evolving for controlled vocabularies that are applicable to various aspects of clinical medicine. Vocabulary expressiveness and the significant preparatory work needed to use structured terms are hindrances to the rapid acceptance of these tools; however, the benefits of increased efficiencies, data sharing, and automated triggers may outweigh the cost of these hindrances. Understanding the basic principles of structured documentation and defining the use of the structured data within a practice allows an organization to select a tool that most closely fits its needs.
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