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Abstract
Displaying the vast amount of clinical data that exist in electronic medical records without causing
information overload or interfering with provider thought processes is a challenge. To support the
transformation of data into information and knowledge, effective electronic displays must be
flexible and guide physicians’ thought processes. Applying research from cognitive science and
human factors engineering offers promise in improving the electronic display of clinical
information.

Objectives—After completing this article, readers should be able to:

1. Appreciate the importance of supporting provider thought processes during both data
entry and data review.

2. Recognize that information does not need to be displayed and reviewed in the same way
the data are entered.

Introduction
Electronic medical records (EMRs) contain an abundance of clinical data, especially in the
intensive care environment. (1)(2) Providers must absorb, integrate, and analyze these data
to make diagnoses and treatment decisions in critical situations. Avoiding information
overload yet ensuring that all pertinent information is provided is a significant challenge
when presenting data in the NICU. In addition to causing frustration and inefficiency, poorly
presented data (and associated information overload) can facilitate errors by decreasing
situational awareness or causing pertinent clinical data to be overlooked. (3)(4) Well-
designed informatics tools should “filter data so that it becomes information, transform
information into knowledge, and ultimately provide clinicians with wisdom based on that
knowledge at the exact time they need it.” (5)(6) A thoughtful approach to EMR data entry
and display supports clinical decision-making and has the potential to decrease errors and
improve quality of care in our vulnerable patient population. (7)
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Data Entry
EMR data entry can be accomplished by various approaches. Structured data entry includes
check boxes, radio buttons, pull-down menus, and other fields that restrict the type of input.
Unstructured data generally are collected in free-text boxes and allow more flexibility.
Although entering data in a highly structured fashion can be useful for the purposes of
research and regulatory reporting and to ensure completeness, structured data entry also has
the potential to cause user dissatisfaction and introduce errors. (8)(9)(10)(11) Patel et al (12)
demonstrated that a computerized interface can impact the questions asked during a clinical
encounter and may impair a clinician’s ability to develop a cognitive model of a patient.

Utilizing technologies such as biomedical device integration, which captures data from
monitors and medical devices for entry into an EMR, can improve the data-entry process by
eliminating delays and reducing errors. (13) EMRs can support integrated data entry and the
notion of a care team by unifying data-entry fields across providers and locations. For
example, rather than establishing separate fraction of inspired oxygen data fields for
respiratory therapist and bedside nurse documentation, a single data field that can be
updated by either provider has the potential to limit the possibility of errors between
different users, avoid confusion by ensuring that the EMR represents a single source of truth
for a patient’s data, and support information sharing among a team of providers. Similarly, if
fluid intake or output, blood product administration, and medications given during a surgical
procedure are recorded in an anesthesia documentation module that is not integrated with the
remainder of the patient’s chart, the information may be missed and could result in patient
harm (such as inappropriate timing of medication administration or missed doses). Data
within a patient’s medical record should be represented in a patient-centric fashion, rather
than in a provider-, location-, or encounter-centric fashion.

Data Display and Review
Patient data can be displayed differently than they are entered. (14) The manner in which
information is presented to clinicians represents another potential source of error. For
example, data displayed in a small time window may give the impression that a patient is
stable when in fact a trend toward a state of extremis is present. Alternatively, a time
window that is too large may hide important granularity of a clinical situation, such as
physiologic changes associated with intermittent shunting across a patent ductus arteriosus.

One theory central to understanding the problem of data display is the notion of “distributed
cognition.” (15) In brief, this term refers to the idea that concepts are distributed among
providers (nurses, respiratory therapists, and physicians), artifacts (paper flowsheets and
computer screens), and environments (the ICU, operating room, and anesthesia recovery
room). In addition to these three elements, the ability to retrieve information from a given
display accurately and efficiently is dependent on the task at hand, previous experience, and
one’s level of expertise. (16)(17) These complexities make development of an “ideal” data
display difficult, because an individual data element does not exist in isolation. Rather, the
display of clinical data must be considered in context (ie, what is the intent in viewing the
data, and what previous experiences and expectations are brought to the task?).

Fragmented data, such as vital signs on one screen and urine output measures on another,
that require care providers to switch between multiple screens to gather information also add
to the cognitive workload of developing a mental overview of a patient’s clinical situation.
(8) On paper, bedside flowsheets bring together several pieces of clinical information in a
single view to help provide a cognitive overview of a patient in the NICU. (3) Capturing the
utility of the paper flowsheet in electronic formis a challenge, in part because the variable,
complex cognitive workflows of neonatologists are not understood completely. Brown et al
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(18) demonstrated this variability by providing neonatologists with paper-based flowsheets
and asking them to identify both a diagnosis and the items on the flowsheet that led to their
diagnostic choice. Although there was high agreement regarding diagnosis, much less
overlap was present in the information the providers identified as clinically relevant. This
discrepancy highlights the challenge in developing electronic displays without fully
understanding clinicians’ internal cognitive representations and thought processes.

This is not to say that it is impossible to improve on existing models of data display in the
NICU. Different visualizations can aid in the ability to trend and summarize numeric data.
For example, sparklines are data-rich word-sized graphics especially useful for identifying
trends that are difficult to discern from data presented in tables. (3)(19)(20)At Lucile
Packard Children’s Hospital at Stanford, sparklines are used to summarize the temporal
relationship between fluctuations in vital signs, respiratory support, and continuous infusion
rates, providing a patient-centric view scaled to the patient’s past and current data (Fig 1).
Growth charts are another instance in which displaying data graphically can be more
meaningful. (21) However, unless graphs are context-specific and scaled to the patient, such
as Fenton growth charts for monitoring weight trends in preterm infants, they can be of
limited utility (Fig 2). More sophisticated visualization tools that allow for examination of
changes in patient status over time for multiple variables are being developed and have the
potential to alert providers of an impending crisis. (22) Patient summary screens allow the
aggregation of patient information from multiple data sources in a single display (Fig 3). On
a single screen, providers can review vital signs, intake and output, continuous infusions,
respiratory support, current laboratory and radiology orders, and pending laboratory/
microbiology tests. Information about the current care team is also available, including
hyperlinks to web-based text paging. In addition, significant clinical events, handoff
information, recent clinical documents, and links to web resources (eg, an application for
radiograph review and a clinical decision support tool for management of
hyperbilirubinemia) are also displayed. The organization of this information into widgets
allows for user-based customization of the display.

Patient summary screens also can be customized by discipline. The neonatal view includes a
sparkline trending apnea/bradycardia/desaturation events and a button for navigation into the
chart of a patient’s mother (Fig 4). In addition to facilitating access to maternal information
by providing single-click access to her chart, pertinent pregnancy and delivery information
documented in her chart is copied automatically to corresponding data-entry screens and
clinical documents in the infant’s chart.

Conclusions
The quantity of clinical data in EMRs presents challenges and opportunities to the design of
informatics tools that display information to providers. Although an ideal display would be
flexible enough to support various thought processes and empower clinicians with
knowledge and wisdom from the data, we remain far from achieving this goal. Applying
human factors research to health care would aid in understanding the “messy details” of
human cognition and guide the development of intelligent electronic displays. (23)
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Figure 1.
Sparklines on a patient summary screen.
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Figure 2.
Pediatric growth chart (left) and Fenton growth chart (right) for the same premature infant.
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Figure 3.
Patient summary screen.
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Figure 4.
Neonatal view of a patient summary screen.
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