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Biomedical Data. Storage, and Use

After reading this chapter, you should know the answers to these questions:

● What are medical data?

● How are medical data used?

● What are the drawbacks of the traditional paper medical record?

● What is the potential role of the computer in data storage, retrieval, and interpretation?

● What distinguishes a database from a knowledge base?

● How are data collection and hypothesis generation intimately linked in medical diagnosis?

● What are the meanings of the terms prevalence, predictive value, sensitivity, and specificity?

● How are the terms related?

● What are the alternatives for entry of data into a medical database?
1 What Are Medical Data?

From earliest times, the ideas of ill health and its treatment have been wedded to those of the observation and interpretation of data. Whether we consider the disease descriptions and guidelines for management in early Greek literature or the modern physician’s use of complex laboratory and X-ray studies, it is clear that gathering data and interpreting their meaning are central to the health care process. A textbook on computers

in biomedicine will accordingly refer time and again to issues in data collection, storage, and use. This chapter lays the foundation for this recurring set of issues that is pertinent to all aspects of the use of computers in biomedicine, both in the clinical world and in applications related to biology and human genetics.

If data are central to all medical care, it is because they are crucial to the process of decision making (as described in detail in proper seminars N5 and 10). In fact, simple reflection will reveal that all medical care activities involve gathering, analyzing, or using data. Data provide the basis for categorizing the problems a patient may be having or for identifying subgroups within a population of patients. They also help a physician to decide what additional information is needed and what actions should be taken to gain a greater understanding of a patient’s problem or to treat most effectively the problem that has been diagnosed.

It is overly simplistic to view data as the columns of numbers or the monitored waveforms that are a product of our increasingly technological health care environment. Although laboratory test results and other numeric data are often invaluable, a variety of more subtle types of data may be just as important to the delivery of optimal care: the awkward glance by a patient who seems to be avoiding a question during the medical interview, information about the details of a patient’s complaints or about his family or economic setting, the subjective sense of disease severity that an experienced physician will often have within a few moments of entering a patient’s room. No physician disputes the importance of such observations in decision making during patient assessment and management, yet the precise role of these data and the corresponding decision criteria are so poorly understood that it is difficult to record them in ways that convey their full meaning, even from one physician to another. Despite these limitations, clinicians need to share descriptive information with others.When they cannot interact directly with one another, they often turn to the chart or computer-based record for communication purposes.

We consider a medical datum to be any single observation of a patient—e.g., a temperature reading, a red blood cell count, a past history of rubella, or a blood pressure reading. As the blood pressure example shows, it is a matter of perspective whether a single observation is in fact more than one datum. A blood pressure of 120/80 might well be recorded as a single datum point in a setting where knowledge that a patient’s blood pressure is normal is all that matters. If the difference between diastolic (while the heart cavities are beginning to fill) and systolic (while they are contracting) blood pressures is important for decision making or for analysis, however, the blood pressure reading is best viewed as two pieces of information (systolic pressure = 120 mm Hg, diastolic pressure = 80 mm Hg). Human beings can glance at a written blood pressure value and easily make the transition between its unitary view as a single datum point and the decomposed information about systolic and diastolic pressures. Such dual views can be much more difficult for computers, however, unless they are specifically allowed for in the design of the method for data storage and analysis. The idea of a data model for computer-stored medical data accordingly becomes an important issue in the design of medical data systems.

If a medical datum is a single observation about a patient, medical data are multiple observations. Such data may involve several different observations made concurrently, the observation of the same patient parameter made at several points in time, or both. 
Thus, a single datum generally can be viewed as defined by four elements:

1. The patient in question

2. The parameter being observed (e.g., liver size, urine sugar value, history of rheumatic fever, heart size on chest X-ray film)

3. The value of the parameter in question (e.g., weight is 70 kg, temperature is 98.6˚F, profession is steel worker)

4. The time of the observation (e.g., 2:30 A.M. on 14FEB19971) 
Time can particularly complicate the assessment and computer-based management of data. In some settings, the date of the observation is adequate—e.g., in outpatient Biomedical Data: Their Acquisition, Storage, and Use clinics or private offices where a patient generally is seen infrequently and the data collected need to be identified in time with no greater accuracy than a calendar date. In others, minute-to-minute variations may be important—e.g., the frequent blood sugar readings obtained for a patient in diabetic ketoacidosis2 or the continuous measurements of mean arterial blood pressure for a patient in cardiogenic shock.
It often also is important to keep a record of the circumstances under which a datum was obtained. For example, was the blood pressure taken in the arm or leg? Was the patient lying or standing? Was the pressure obtained just after exercise? During sleep? What kind of recording device was used? Was the observer reliable? Such additional information, sometimes called modifiers, can be of crucial importance in the proper interpretation of data. Two patients with the same basic complaint or symptom often have markedly different explanations for their problem, revealed by careful assessment of the modifiers of that complaint.

A related issue is the uncertainty in the values of data. It is rare that an observation—even one by a skilled clinician—can be accepted with absolute certainty. Consider the following examples:

● An adult patient reports a childhood illness with fevers and a red rash in addition to joint swelling. Could he or she have had scarlet fever? The patient does not know what his or her pediatrician called the disease nor whether anyone thought that he or she had scarlet fever.

● A physician listens to the heart of an asthmatic child and thinks that he or she hears a heart murmur—but is not certain because of the patient’s loud wheezing.

● A radiologist looking at a shadow on a chest X-ray film is not sure whether it represents overlapping blood vessels or a lung tumor.

● A confused patient is able to respond to simple questions about his or her illness, but under the circumstances the physician is uncertain how much of the history being reported is reliable.

There are a variety of possible responses to deal with incomplete data, the uncertainty in them, and in their interpretation. One technique is to collect additional data that will either confirm or eliminate the concern raised by the initial observation. This solution is not always appropriate, however, because the costs of data collection must be considered. The additional observation might be expensive, risky for the patient, or wasteful of time during which treatment could have been instituted. The idea of trade-offs in data collection thus becomes extremely important in guiding health care decision making.
2. What Are the Types of Medical Data?

The examples in the previous section suggest that there is a broad range of data types in the practice of medicine and the allied health sciences. They range from narrative, textual data to numerical measurements, recorded signals, drawings, and even photographs. 
Narrative data account for a large component of the information that is gathered in the care of patients. For example, the patient’s description of his or her present illness, including responses to focused questions from the physician, generally is gathered verbally and is recorded as text in the medical record. The same is true of the patient’s social and family history, the general review of systems that is part of most evaluations of new patients, and the clinician’s report of physical examination findings. Such narrative data were traditionally handwritten by clinicians and then placed in the patient’s medical record. Increasingly, however, the narrative summaries are dictated and then transcribed by typists who work with word processors to produce printed summaries for inclusion in medical records. The electronic versions of such reports can also easily be integrated into electronic health records (EHRs) and clinical data repositories so that clinicians can access important clinical information even when the paper record is not available. Electronically stored transcriptions of dictated information often include not only patient histories and physical examinations but also other narrative descriptions such as reports of specialty consultations, surgical procedures, pathologic examinations of tissues, and hospitalization summaries when a patient is discharged. Some narrative data are loosely coded with shorthand conventions known to health personnel, particularly data collected during the physical examination, in which recorded observations reflect the stereotypic examination process taught to all practitioners. It is common, for example, to find the notation “PERRLA” under the eye examination in a patient’s medical record. This encoded form indicates that the patient’s “Pupils are Equal (in size), Round, and Reactive to Light and Accommodation.”
Note that there are significant problems associated with the use of such abbreviations. Many are not standard and can have different meanings depending on the context in which they are used. For example, “MI” can mean “mitral insufficiency” (leakage in one of the heart’s valves) or “myocardial infarction” (the medical term for what is commonly called a heart attack). Many hospitals try to establish a set of “acceptable” abbreviations with meanings, but the enforcement of such standardization is often unsuccessful.

Complete phrases have become loose standards of communication among medical personnel. Examples include “mild dyspnea (shortness of breath) on exertion, “pain relieved by antacids or milk,” and “failure to thrive.” Such standardized expressions are attempts to use conventional text notation as a form of summarization for otherwise heterogeneous conditions that together characterize a simple concept about a patient.

Many data used in medicine take on discrete numeric values. These include such parameters as laboratory tests, vital signs (such as temperature and pulse rate), and certain measurements taken during the physical examination. When such numerical data are interpreted, however, the issue of precision becomes important. Can physicians distinguish reliably between a 9-cm and a 10-cm liver span when they examine a patient’s abdomen? Does it make sense to report a serum sodium level to two-decimal-place

Biomedical Data: Their Acquisition, Storage, and Use accuracy? Is a 1-kg fluctuation in weight from one week to the next significant? Was the patient weighed on the same scale both times (i.e., could the different values reflect variation between measurement instruments rather than changes in the patient)?

In some fields of medicine, analog data in the form of continuous signals are particularly important. Perhaps the best-known example is an electrocardiogram (ECG), a tracing of the electrical activity from a patient’s heart. When such data are stored in medical records, a graphical tracing frequently is included, with a written

the medical record. There are clear challenges in determining how such data are best managed in computer storage systems. Visual images—either acquired from machines or sketched by the physician—are another important category of data. Radiologic images are obvious examples. It also is common for physicians to draw simple pictures to represent abnormalities that they have observed; such drawings may serve as a basis for comparison when they or another physician next see the patient. For example, a sketch is a concise way of conveying the location and size of a nodule in the prostate gland.

As should be clear from these examples, the idea of data is inextricably bound to the idea of data recording. Physicians and other health care personnel are taught from the outset that it is crucial that they do not trust their memory when caring for patients.

They must record their observations, as well as the actions they have taken and the rationales for those actions, for later communication to themselves and other people. A glance at a medical record will quickly reveal the wide variety of data-recording techniques that have evolved. The range goes from hand-written text to commonly understood shorthand notation to cryptic symbols that only specialists can understand; few

physicians know how to interpret the data-recording conventions of an ophthalmologist, for example. The notations may be highly structured records of brief text or numerical information, hand-drawn sketches, machine-generated tracings of analog signals, or photographic images (of the patient or of his or her radiologic or Biomedical Data: Their Acquisition, Storage, and Use. 
This range of data-recording conventions presents significant challenges to the person implementing computer-based medical record systems.
3. Who Collects the Data?

Health data on patients and populations are gathered by a variety of health professionals. Although conventional ideas of the healthcare team evoke images of coworkers treating ill patients, the team has much broader responsibilities than treatment per se; data collection and recording are a central part of its task.

Physicians are key players in the process of data collection and interpretation. They converse with a patient to gather narrative descriptive data on the chief complain. An ophthalmologist’s report of an eye examination. Most physicians trained in other specialties would have difficulty deciphering the symbols that the ophthalmologist has used. illnesses, family and social information, and the system review. They examine the patient, collecting pertinent data and recording them during or at the end of the visit.

In addition, they generally decide what additional data to collect by ordering laboratory or radiologic studies and by observing the patient’s response to therapeutic interventions (yet another form of data that contributes to patient assessment). In both outpatient and hospital settings, nurses play a central role in making observations and recording them for future reference. The data that they gather contribute to nursing care plans as well as to the assessment of patients by physicians and by other health care staff. Thus, nurses’ training includes instruction in careful and accurate observation, history taking, and examination of the patient. Because nurses typically spend more time with patients than physicians do, especially in the hospital setting, nurses often build relationships with patients that uncover information and insights that contribute to proper diagnosis, to understanding of pertinent psychosocial issues, or to proper planning of therapy or discharge management. The role of information systems in contributing to patient care tasks such as care planning by nurses is the subject of seminar N9.

Various other health care workers contribute to the data-collection process. Office staff and admissions personnel gather demographic and financial information. Nurses often develop close relationships with patients. These relationships may allow the nurse to make observations that are missed by other staff. This ability is just one of the ways in which nurses play a key role in data collection and recording. Therapists record the results of their treatments and often make suggestions for further management. Laboratory personnel perform tests on biological samples,such as blood or urine, and record the results for later use by physicians and nurses. Radiology technicians perform X-ray examinations; radiologists interpret the resulting data and report their findings to the patients’ physicians. Pharmacists may interview patients about their medications or about drug allergies and then monitor the patients’ use of prescription drugs. As these examples suggest, many different individuals employed in health care settings gather, record, and make use of patient data in their work.

Finally, there are the technological devices that generate data—laboratory instruments, imaging machines, monitoring equipment in intensive care units, and measurement devices that take a single reading (such as thermometers, ECG machines, sphygmomanometers for taking blood pressure, and spirometers for testing lung function). Sometimes such a device produces a paper report suitable for inclusion in a traditional medical record. Sometimes the device indicates a result on a gauge or traces a result that must be read by an operator and then recorded in the patient’s chart. 
Sometimes a trained specialist must interpret the output. Increasingly, however, the devices feed their results directly into computer equipment so that the data can be analyzed or formatted for electronic storage as well as reported on paper. 
4. Uses of Medical Data

Medical data are recorded for a variety of purposes. They may be needed to support the proper care of the patient from whom they were obtained, but they also may contribute to the good of society through the aggregation and analysis of data regarding populations of individuals. Traditional data-recording techniques and a paper record may have worked reasonably well when care was given by a single physician over the life of a patient. However, given the increased complexity of modern health care, the broadly trained team of individuals who are involved in a patient’s care, and the need for multiple providers to access a patient’s data and to communicate effectively with one another through the chart, the paper record no longer adequately supports optimal care of individual patients. Another problem occurs because traditional paper-based data recording techniques have made clinical research across populations of patients extremely cumbersome. Computer-based record keeping offers major advantages in this regard.
5. Create the Basis for the Historical Record
Any student of science learns the importance of collecting and recording data meticulously when carrying out an experiment. Just as a laboratory notebook provides a record of precisely what a scientist has done, the experimental data observed, and the rationale for intermediate decision points, medical records are intended to provide a detailed compilation of information about individual patients:

● What is the patient’s history (development of a current illness; other diseases that coexist or have resolved; pertinent family, social, and demographic information)?

● What symptoms has the patient reported? When did they begin, what has seemed to aggravate them, and what has provided relief ?

● What physical signs have been noted on examination?

● How have signs and symptoms changed over time?

● What laboratory results have been, or are now, available?

● What radiologic and other special studies have been performed?

● What medications are being taken and are there any allergies?

● What other interventions have been undertaken?

● What is the reasoning behind the management decisions?

Each new patient complaint and its management can be viewed as a therapeutic experiment, inherently confounded by uncertainty, with the goal of answering three questions when the experiment is over:

1. What was the nature of the disease or symptom?

2. What was the treatment decision?

3. What was the outcome of that treatment?

As is true for all experiments, one purpose is to learn from experience through careful observation and recording of data. The lessons learned in a given encounter may be highly individualized (e.g., the physician may learn how a specific patient tends to respond to pain or how family interactions tend to affect the patient’s response to disease). On the other hand, the value of some experiments may be derived only by pooling of data from many patients who have similar problems and through the analysis of the results of various treatment options to determine efficacy. Although laboratory research has contributed dramatically to our knowledge of human disease and treatment, especially over the last half century, it is careful observation

and recording by skilled health care personnel that has always been of fundamental importance in the generation of new knowledge about patient care. We learn from the aggregation of information from large numbers of patients; thus, the historical record for individual patients is of inestimable importance to clinical research.
6. Support Communication Among Providers

A central function of structured data collection and recording in health care settings is to assist personnel in providing coordinated care to a patient over time. Most patients who have significant medical conditions are seen over months or years on several occasions for one or more problems that require ongoing evaluation and treatment. Given the increasing numbers of elderly patients in many cultures and health care settings, the care given to a patient is less oriented to diagnosis and treatment of a single disease episode and increasingly focused on management of one or more chronic disorders—possibly over many years.

It was once common for patients to receive essentially all their care from a single provider: the family doctor who tended both children and adults, often seeing the patient over many or all the years of that person’s life. We tend to picture such physicians as having especially close relationships with their patients—knowing the family and sharing in many of the patient’s life events, especially in smaller communities. Such doctors nonetheless kept records of all encounters so that they could refer to data about past illnesses and treatments as a guide to evaluating future care issues. In the world of modern medicine, the emergence of subspecialization and the increasing provision of care by teams of health professionals have placed new emphasis on the central role of the medical record (Seminar N11. Now the record not only contains observations by a physician for reference on the next visit but also serves as a communication mechanism among physicians and other medical personnel, such as physical or respiratory therapists, nursing staff, radiology technicians, social workers, or discharge planners. In many outpatient settings, patients receive care over time from a variety of physicians—colleagues covering for the primary physician, or specialists to whom the patient has been referred, or a managed care organization’s case manager. It is not uncommon to hear complaints from patients who remember the days when it was possible to receive essentially all their care from a single physician whom they had come to trust and who knew them well. Physicians are sensitive to this issue and therefore recognize the importance of the medical record in ensuring quality and continuity of care through adequate recording of the details and logic of past interventions and ongoing treatment plans. This idea is of particular importance in a health care system, such as ours in the United States, in which chronic diseases rather than care for trauma or acute infections increasingly dominate the basis for interactions between patients and their doctors.
7. Anticipate Future Health Problems
Providing high-quality medical care involves more than responding to patients’ acute or chronic health problems. It also requires educating patients about the ways in which their environment and lifestyles can contribute to, or reduce the risk of, future development of disease. Similarly, data gathered routinely in the ongoing care of a patient may suggest that he or she is at high risk of developing a specific problem even though he or she may feel well and be without symptoms at present. Medical data therefore are important in screening for risk factors, following patients’ risk profiles over time, and providing a basis for specific patient education or preventive interventions, such as diet, medication, or exercise. Perhaps the most common examples of such ongoing risk assessment in our society are routine monitoring for excess weight, high blood pressure, and elevated serum cholesterol levels. In these cases, abnormal data may be predictive of later symptomatic disease; optimal care requires early intervention before the complications have an opportunity to

develop fully.
8. Record Standard Preventive Measures

The medical record also serves as a source of data on interventions that have been performed to prevent common or serious disorders. Sometimes the interventions involve counseling or educational programs (for example, regarding smoking cessation, measures for stopping drug abuse, safe sex practices, and dietary changes to lower cholesterol). Other important preventive interventions include immunizations: 
the vaccinations that begin in early childhood and may continue throughout life, including special treatments administered when a person will be at particularly high risk (e.g., injections of gamma globulin to protect people from hepatitis, administered before travel to areas where hepatitis is endemic).When a patient comes to his local hospital emergency room with a laceration, the physicians routinely check for an indication of when he most recently had a tetanus immunization. When easily accessible in the record (or from the patient), such data can prevent unnecessary treatments (in this case, an injection) that may be associated with risk or significant cost.

9. Identify Deviations from Expected Trends

Data often are useful in medical care only when viewed as part of a continuum over time. An example is the routine monitoring of children for normal growth and development by pediatricians. Single data points regarding height and weight may have limited use by themselves; it is the trend in such data points observed over months or years that may provide the first clue to a medical problem. It is accordingly common for such parameters to be recorded on special charts or forms that make the trends easy to discern at a glance. Women who want to get pregnant often keep similar records of body temperature. By measuring temperature daily and recording the values on special charts, women can identify the slight increase in temperature that accompanies ovulation and thus may discern the days of maximum fertility. Many physicians will ask a patient to keep such graphical records so that they can later discuss the data with the patient and include the record in the medical charts for ongoing reference. Such graphs are increasingly created and displayed for viewing by clinicians as a feature of a patient’s medical record.
10. Support Clinical Research

Although experience caring for individual patients provides physicians with special skills and enhanced judgment over time, it is only by formally analyzing data collected from large numbers of patients that researchers can develop and validate new clinical knowledge of general applicability. Thus, another use of medical data is to support clinical research through the aggregation and statistical analysis of observations gathered from populations of patients.

A randomized clinical trial (RCT) is a common method by which specific clinical questions are addressed experimentally. RCTs typically involve the random assignment of matched groups of patients to alternate treatments when there is uncertainty about how best to manage the patients’ problem. The variables that might affect a patient’s course (e.g., age, gender, weight, coexisting medical problems) are measured and

recorded. As the study progresses, data are gathered meticulously to provide a record of how each patient fared under treatment and precisely how the treatment was administered. 
By pooling such data, sometimes after years of experimentation (depending on the time course of the disease under consideration), researchers may be able to demonstrate a statistical difference among the study groups depending on precise characteristics present when patients entered the study or on the details of how patients were managed. Such results then help investigators to define the standard of care for future

patients with the same or similar problems.

Medical knowledge also can be derived from the analysis of large patient data sets even when the patients were not specifically enrolled in an RCT. Much of the research in the field of epidemiology involves analysis of population-based data of this type. Our knowledge of the risks associated with cigarette smoking, for example, is based on irrefutable statistics derived from large populations of individuals with and without lung cancer, other pulmonary problems, and heart disease.
11. Weaknesses of the Traditional Medical Record System

The preceding description of medical data and their uses emphasizes the positive aspects of information storage and retrieval in the paper record. All medical personnel, however, quickly learn that use of the medical record is complicated by a bevy of logistical and practical realities that greatly limit the record’s effectiveness for its intended uses.
12. Pragmatic and Logistical Issues
Recall, first, that data cannot effectively serve the delivery of health care unless they are recorded. Their optimal use depends on positive responses to the following questions:

● Can I find the data I need when I need them?

● Can I find the medical record in which they are recorded?

● Can I find the data within the record?

● Can I find what I need quickly?

● Can I read and interpret the data once I find them?

● Can I update the data reliably with new observations in a form consistent with the requirements for future access by me or other people?

All too frequently, the traditional paper record system creates situations in which people answer such questions in the negative. For example:

● The patient’s chart may be unavailable when the health care professional needs it. It may be in use by someone else at another location; it may have been misplaced despite the record-tracking system of the hospital, clinic, or office; or it may have been taken by someone unintentionally and is now buried on a desk.

● Once the chart is in hand, it might still be difficult to find the information required. The data may have been known previously but never recorded due to an oversight by a physician or other health professional. Poor organization in the chart may lead theuser to spend an inordinate time searching for the data, especially in the massive paper charts of patients who have long and complicated histories.

● Once the health care professional has located the data, he or she may find them difficult to read. It is not uncommon to hear one physician asking another as they peer together into a chart: “What is that word?” “Is that a two or a five?” “Whose signature is that?” Illegible and sloppy entries can be a major obstruction to effective use of the chart.

● When a chart is unavailable, the health care professional still must provide medical care. Thus, providers make do without past data, basing their decisions instead on what the patient can tell them and on what their examination reveals. They then write a note for inclusion in the chart—when the chart is located. In a large institution with thousands of medical records, it is not surprising that such loose notes often fail to make it to the patient’s chart or are filed out of sequence so that the actual chronology of management is disrupted in the record.

● When patients who have chronic or frequent diseases are seen over months or years, their records grow so large that the charts must be broken up into multiple volumes. When a hospital clinic or emergency room orders the patient’s chart, only the most recent volume typically is provided. Old but pertinent data may be in early volumes that are stored offsite or are otherwise unavailable.

As described in seminars 8, 9, computer-based medical record systems offer potential solutions to all these practical problems in the use of the paper record.
13. Redundancy and Inefficiency
To be able to find data quickly in the chart, health professionals have developed a variety of techniques that provide redundant recording to match alternate modes of access. For example, the result of a radiologic study typically is entered on a standard radiology reporting form, which is filed in the portion of the chart labeled “X-ray.”

For complicated procedures, the same data often are summarized in brief notes by radiologists in the narrative part of the chart, which they enter at the time of studies because they know that the formal report will not make it back to the chart for 1 or 2 days. In addition, the study results often are mentioned in notes written by the patient’s admitting and consulting physicians and by the nursing staff. Although there may be good reasons for recording such information multiple times in different ways and in different locations within the chart, the combined bulk of these notes accelerates the physical growth of the document and, accordingly, complicates the chart’s logistical management. Furthermore, it becomes increasingly difficult to locate specific patient data as the chart succumbs to obesity. The predictable result is that someone writes yet another redundant entry, summarizing information that it took hours to track down.

A similar inefficiency occurs because of a tension between opposing goals in the design of reporting forms used by many laboratories. Most health personnel prefer a consistent, familiar paper form, often with color-coding, because it helps them to find information more quickly. For example, a physician may know that a urinalysis report form is printed on yellow paper and records the bacteria count halfway down the middle column of the form. This knowledge allows the physician to work backward quickly in the laboratory section of the chart to find the most recent urinalysis sheet and to check at a glance the bacterial count. The problem is that such forms typically store only sparse information. It is clearly suboptimal if a rapidly growing physical chart is filled with sheets of paper that report only a single datum.

14. Influence on Clinical Research

Anyone who has participated in a clinical research project based on chart review can attest to the tediousness of flipping through myriad medical records. For all the reasons described in seminar 2, it is arduous to sit with stacks of patients’ charts, extracting data and formatting them for structured statistical analysis, and the process is vulnerable to transcription errors. Observers often wonder how much medical knowledge is sitting untapped in medical records because there is no easy way to analyse experience across large populations of patients without first extracting pertinent data from the paper records.

Suppose, for example, that a physician notices that patients receiving a certain common oral medication for diabetes (call it drug X) seem to be more likely to have significant postoperative hypotension (low blood pressure) than do surgical patients receiving other medications for diabetes. The doctor has based his hypothesis—that drug X influences postoperative blood pressure—on only a few recent observations, however or she decides to look into existing hospital records to see whether this correlation has occurred with sufficient frequency to warrant a formal investigation. The best way to follow up on his or her theory from existing medical data would be to examine the hospital charts of all patients who have diabetes and also have been admitted for surgery.

The task would then be to examine those charts and to note for all patients (1) whether they were taking drug X when admitted and (2) whether they had postoperative hypotension. If the statistics showed that patients receiving drug X were more likely to have low blood pressure after surgery than were similar diabetic patients receiving alternate treatments, a controlled trial (prospective observation and data gathering) might

well be appropriate.

Note the distinction between retrospective chart review to investigate a question that was not a subject of study at the time the data were collected and prospective studies in which the clinical hypothesis is known in advance and the research protocol is designed specifically to collect future data that are relevant to the question under consideration. Subjects are assigned randomly to different study groups to help prevent researchers—who are bound to be biased, having developed the hypothesis—from unintentionally skewing the results by assigning a specific class of patients all to one group. For the same reason, to the extent possible, the studies are double blind; i.e., neither the researchers nor the subjects know which treatment is being administered. Such blinding is of course impractical when it is obvious to patients or physicians what therapy is being given (such as surgical procedures versus drug therapy). Prospective, randomized, double-blind studies are considered the best method for determining optimal management of disease.

Returning to our example, consider the problems in chart review that the researcher would encounter in addressing the postoperative hypotension question retrospectively. First, he would have to identify the charts of interest: the subset of medical records dealing with surgical patients who are also diabetic. In a hospital record room filled with thousands of charts, the task of chart selection can be overwhelming. Medical records

departments generally do keep indexes of diagnostic and procedure codes crossreferenced to specific patients. Thus, it might be possible to use such an index to find all charts in which the discharge diagnoses included diabetes and the procedure codes included major surgical procedures. The researcher might compile a list of patient identification numbers and have the individual charts pulled from the file

room for review.

The researcher’s next task is to examine each chart serially to find out what treatment the patient was receiving for diabetes at the time of the surgery and to determine whether the patient had postoperative hypotension. Finding such information may be extremely time-consuming. Where should the researcher look for it? The admission drug orders might show what the patient received for diabetes control, but it would also

be wise to check the medication sheets to see whether the therapy was also administered (as well as ordered) and the admission history to see whether a routine treatment for diabetes, taken right up until the patient entered the hospital, was not administered during the inpatient stay. Information about hypotensive episodes might be similarly difficult to locate. The researcher might start with nursing notes from the recovery room or with the anesthesiologist’s datasheets from the operating room, but the patient might not have been hypotensive until after leaving the recovery room and returning to the ward.

So the nursing notes from the ward need to be checked too, as well as vital signs sheets, physicians’ progress notes, and the discharge summary. It should be clear from this example that retrospective chart review is a laborious and tedious process and that people performing it are prone to make transcription errors and to overlook key data. One of the great appeals of EHRs is their potential ability to facilitate the chart review process. They obviate the need to retrieve hard copy charts; instead, researchers can use computer-based data retrieval and analysis techniques to do most of the work (finding relevant patients, locating pertinent data, and formatting the information for statistical analyses). Researchers can use similar techniques to harness computer assistance with data management in prospective clinical trials.
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