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Abstract Handheld computers have become a valuable and popular tool in various fields of
medicine. A systematic review of articles was undertaken to summarize the current literature
regarding the use of handheld devices in medicine. A variety of articles were identified, and rele-
vant information for various medical fields was summarized. The literature search covered general
information about handheld devices, the use of these devices to access medical literature, electronic
pharmacopoeias, patient tracking, medical education, research, business management, e-prescrib-
ing, patient confidentiality, and costs as well as specialty-specific uses for personal digital assistants

(PDAsS).

The authors concluded that only a small number of articles provide evidence-based information
about the use of PDAs in medicine. The majority of articles provide descriptive information, which is
nevertheless of value. This article aims to increase the awareness among physicians about the poten-
tial roles for handheld computers in medicine and to encourage the further evaluation of their use.
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Since the introduction of handheld computers or per-
sonal digital assistants (PDAs) in the early 1990s,
they have become increasingly popular for a variety
of medical applications. This article reviews the cur-
rent literature regarding these devices, with an
emphasis on identifying the potential roles for PDAs
in medicine and the evidence to support their use.

Background

The prevalent use of PDAs in medicine has stimulat-
ed studies of the potential market and role for these
devices in clinical medical practice. Analysts predict
that by 2004, 20% of physicians will use handhelds
for e-prescribing, ordering and checking lab tests,
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capturing charges, and dictating notes.! An early
study by Labkoff demonstrated that PDAs clearly
had a potential role in medical practice.? A cross-sec-
tional survey of 250 family physicians in 1995 deter-
mined that physicians are interested in computer-
based information about medications, patient educa-
tion material, and treatment recommendations.’ In
this survey, 84.5% of all physicians and 94.1% of
physicians younger than 40 years of age stated that
they would consider carrying a handheld computer.®

Currently available PDAs do not have the functional-
ity to manage complete electronic medical records or
store large graphics, but they have been identified by
users as excellent tools for managing clinical informa-
tion and accessing it at the point of care.> However,
many physicians and information technology profes-
sionals are unaware of the variety of potential uses.
Although an increasing body of published literature is
emerging, it seems to be diffusely spread through a
broad spectrum of general and specialty medical jour-
nals. This article provides an overview of current lit-
erature pertaining to applications of handheld devices
in medicine. We believe that such a review is impor-
tant to increase awareness of this technology and to
assist clinicians in making decisions about incorporat-
ing PDAs into their practice.
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Methods

We undertook a systematic review of recent articles to
summarize the current literature covering the use of
handheld devices in medicine. OVID, a computerized
bibliographic record database, was used to identify
eligible articles. MEDLINE between 1998 and October
2001 and PREMEDLINE up to June 2002 were used,
applying the text words “personal digital assistant,”
“PDA,” “microcomputer,” “palm,” “handheld,”
“wireless,” and a combination of these search terms. It
was noted that several important articles on handheld
devices were not identified with the search strategy
mentioned above. Investigation of indexing revealed
that the majority of articles on PDAs are assigned to
the subject headings “Microcomputers” and
“Computer peripherals.” As the National Library of
Medicine does not yet have a subject heading for
PDAs, indexing into medical subject headings is not
uniform. This fact may explain the perceived lack of
information about handheld computing. Other search
strategies included the review of reference lists and
bibliographies of published work as well as internet-
based reports found by using standard internet search
engines. Our search generated over 119 relevant arti-
cles, about half of which provide information relevant
to medical applications of handheld devices. To pro-
vide a widespread overview of this topic, we includ-
ed subjective as well as objective descriptions. Despite
our efforts to generate a comprehensive literature
database, we subsequently discovered various other
relevant articles, supporting our concerns about
indexing this topic.

Although this review aims to summarize objectively
the current literature, numerous software and hard-
ware products are available that have not been stud-
ied or discussed in the medical literature. To be as
comprehensive as possible we have listed many of
these applications in Table 1, but obviously new
products are emerging on a daily basis. The reader is
referred to the Medical Handheld Software
Collections and University Medical Handheld
resources (Table 1) for up-to-date product lists.

Personal Digital Assistants in Medicine

A frequently asked question is which of the increas-
ing number of PDAs should be used. Various medical
and lay publications review benefits and disadvan-
tages of the different hardware platforms and operat-
ing systems.* Functionality is the first important
question that needs to be addressed before purchas-
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ing a handheld device. If the PDA is meant to replace
a paper planner, the memory requirements are signif-
icantly less than if it is to be used as a clinical refer-
ence.* Memory is an important point to consider
because many medical resources require a large
amount of memory. The recent introduction of exter-
nal memory sources (e.g., memory card, memory
stick) has added to the diversity of choice.

Several different types of PDA are available. They can
be divided into two main groups according to their
operating system: Palm (Palm Inc., Santa Clara, CA)
or Windows CE, now called Pocket PC (Microsoft,
Seattle, WA). Of these, the Palm operating system
(Palm OS) is currently more popular.>® A brief com-
parison of the two operating systems can be found in
Table 2. More medical software applications are
available currently for the Palm OS than for any other
handheld operating system.” The amount of medical
software for the Windows CE operating system is
small but growing rapidly.” PDAs manufactured by
Palm, Handspring Handera, Sony, and IBM, among
others, use the Palm OS. Microsoft's Pocket PC and
Handheld PC are used on Hewlett-Packard,
Compaq, Sanyo, Toshiba, and Casio devices. The
Windows platform offers wider functionality, with
better screen resolution and larger memory, but may
be more difficult to master. The two operating sys-
tems do not interface easily. Thus, when a PDA is
purchased, the following points need to be taken into
consideration: what platform colleagues are using,
the type of platform interfacing best with your
healthcare informatics system, the intended role of
the handheld device, and personal preferences.*?

Basic Functions

The basic functions of PDAs can be quite valuable in
medical practice. These functions include an address
book, a scheduler, a to-do list, and a memo function.
For example, a useful aspect is a scheduler alarm sys-
tem, which can be used as a reminder for appoint-
ments or meetings. To-do lists, schedules and address
books can be categorized to organize and synchro-
nize departmental tasks.®® Computerized dissemina-
tion of synchronized schedules, telephone and pager
lists, and resident training manuals can also be
installed onto the handheld devices.!® The small
touch-screen keyboard or handwriting recognition
system used for data entry is a barrier to the efficient
usage of handheld devices for many people. Wright
et al. showed that adults over 55 years are signifi-
cantly less accurate and slower when entering text
via the touch-screen.!! Even after additional practice
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Table 1 m

A List of Websites Related to Medical Use of Handheld Computers (as of June 2002)

Application

Comment

Medical handheld software collections
HealthyPalm Pilot (www.healthypalmpilot.com)
Handango (www.handango.com)

PalmGear H.Q. (www.palmgear.com)

Memo Ware (www.memoware.com)

Handheld medical publishers
Franklin Electronic publishers (www.franklin.com)

Skyscape (www.skyscape.com)
Handheldmed (www.handheldmed.com)

University medical handheld resources
Technology Application Unit, Mount Sinai Hospital, Toronto
(www.medtau.org)
University of Connecticut Healthcare Center
(http:/ /library.uchc.edu/pda/)
Dalhousie University (http:/ /www.medicine.dal.ca/palm/)
Arizona Health Sciences Library
(http:/ /educ.ahsl.arizona.edu/pda/index.htm)
QUAIL (http:/ /www.portablehealth.com/quail /)
SUNY Downstate (http:/ /ect.downstate.edu/support/palm/)

Document readers

AportisDocMobile (www.aportis.com)
TealDoc (www.tealpoint.com)
Documents to Go (www.dataviz.com)
isilo (www.isilo.com)

Wordsmith (www.bluenomad.com)
QED (www.qgland.de)

Acrobat reader (www.adobe.com)

Access to medical literature

Avantgo (www.avantgo.com)
HealthProLink (www.healthprolink.com)
Ovid at hand (ww.ovid.com)
JournalToGo (Www.journaltogo.com)

Pharmacopoeias

Epocrates (www.epocrates.com)

ABX Guide (http:/ /hopkins-abxguide.org/)
Lexidrug (www.lexi.com)

Mobile Micromedex (www.micromedex.com)
A2Zdrugs, DrDrug (www.skyscape.com)
Physicians’ Desk Reference (www.pdr.net)
AHFS Drug information (www.ashp.org/ahfs)

Patient tracking

Patient tracker (www.handheldmed.com)
WardWatch (www.torlesse.com)

Patient Keeper (www.patientkeeper.com)
Pocket Chart (www.gemedicalsystems.com)
Digital-Doc (www.digital-doc.com)

Specialty specific

Framingham calculator (www.statcoder.com)
Medicalcalculator (Www.netexperience.org)
Med Calc (www.medcalc.be)

Med Math (www.palmgear.com)

A well-organized collection of medical shareware
Collection of medical and non-medical software
Large variety of medical and non-medical software
Database of medical and non-medical references

Electronic book collection for various handheld operating systems
from a variety of publishers

Wide range of proprietary and other medical books

Collection of medical books for Palm and Windows

Handheld computer medical research and links
Numerous links to medical PDA information and sites

Handheld review and numerous links
Reviews, bibliography and links

Research into handhelds for palliative care and anesthesia
Reviews of medical handheld applications

Document reader for commonly used “doc” format files

Document reader for multiple document formats

Allows viewing of Microsoft word processing and spreadsheets files
Document/HTML reader, with free document converter

Document editor and reader

Document editor and reader

PDA reader and converter for Acrobat files

Free program to capture webpages and healthcare publications
Access to pharmaceutical information

Literature searches on a handheld device

Access to downloadable article summaries

Free drug reference database

Free drug database developed by Johns Hopkins University
Customized extensive drug database

Customized extensive drug database

Customized drug databases

2002 Physicians’ Desk Reference

American Hospital Formulary Service

Mobile patient record for Palm OS and Windows CE
Palm-based patient record

Electronic medical record for Palm and Windows
Electronic medical record for Windows CE
Electronic medical record for Pocket PC

Tool for risk estimation of specific diseases
Medical calculator
Medical calculator
Medical formulae

(Table continued on next page)
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Table 1 =

A List of Websites Related to Medical Use of Handheld Computers (as of June 2002) (continued)
Application

Comment

Med Rules (pbrain.hypermart.net)

PregPro, (www.thenar.com/ pregcalc)

Pediatric critical care (www.mverive.com)

ICD 9-Codes (www.aafp.org)

Risk calculator for Hyperlipidemia (www.nhlbi.nih.gov)

Medical diagnosis tools

Calculator for pregnancy related problems
Access tool for evidence-based information
ICD 9-Codes

Tool for risk calculation

Other handheld medical sites

Ectopic Brain http:/ / pbrain.hypermart.net/

RN Palm (http:/ /www.rnpalm.com/)

Dr.Cooper.palm (barmacooper.com/ drcooper.palm/ enframes.html)

Palm-related information and links
Excellent resource for handhelds for nursing
All about Palms for medicine and multinational links

with the touch-screen, many entries still contain
errors. Recent advances in this field include the avail-
ability of portable keyboards and thumb keyboards.
Suzewits gives a detailed description of how to
download and install files from the internet.!> Many
websites provide access to downloadable medical
software applications. Several medical publications
list these websites, but often the internet addresses
are outdated by the time of publication. Willyard
established a list with several popular medical and
general-purpose Palm-oriented websites and soft-
ware archives.> Document readers are important
applications that come packaged with some devices
or as additional software. These enable users to view
text files such as books, medical references and docu-
ments downloaded from the internet. Several ven-
dors offer reader programs, including AportisDoc
Mobile (www. aportis.com) and TealDoc (www.teal-
point.com).!® AportisDoc provides a solution for stor-
ing documents of unlimited size on the handheld
device. Ebell and Willyard review several readers,>'?
but even these relatively recent publications are out-
dated, omitting popular products such as iSilo
(www.isilo.com). iSilo allows the user to easily con-
vert common word processor documents into Palm
format for installation onto the handheld. Table 1 lists
several other document readers and provides several
helpful websites, accurate as of June 1, 2002.

Access to Medical Literature

Access to information at the point of care can be
extremely valuable in view of the growing burden of
new medical information available, the increased
expectations to follow guidelines, formulary restric-
tions, and the time limitations placed on physicians.®
One of the earliest formal studies used the Newton
PDA (Apple Computers, Cupertino, CA) in a residen-

cy training program, for reference information access.?
These devices clearly met an unfilled need, but the
importance of providing comprehensive information
was emphasized. Various software applications allow
access to internet-based literature. Avantgo (www.
avantgo.com) can be used to capture web documents
and health care publications to be displayed on a
PDA.%8 Avantgo is a free software program that can be
installed onto the handheld device and allows the user
to download website information on a daily basis.
Journal websites can be connected to the device and
are updated with each synchronization. Thus,
abstracts as well as full articles in relevant medical
journals can be accessed on the handheld computer.

Most sites are meant for viewing on a fullsize com-
puter screen and are therefore poorly formatted on a
PDA. However, many sites now offer a PDA-opti-
mized version of certain pages.®® HealthProLink
(www.healthcareprolink.com) is a tool to obtain
selected medical journal articles.'* A wireless internet
connection on the PDA helps to access the informa-
tion directly from the website.® OVID is one of the
main search engines for medical literature used by
physicians. With Ovid@Hand (www.ovid.com),
searches can be ordered on the handheld device.
Through a synchronization, abstracts of journal arti-
cles can be retrieved and reviewed. This application
gives instant access to vital information about drugs,
drug interactions, and evidence-based topics—all
with the convenience of handheld delivery.

Many textbooks and handbooks have recently
become available in handheld format for both Palm
OS and Windows CE/Pocket PC. They are available
from Franklin Electronic publishers (www.franklin.
com), Skyscape (www.skyscape.com), and other pub-
lishers (Table 1).
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Comparison of Windows CE and Palm Operation System (Palm OS)

WINDOWS CE

PALM OS

General

Designed to support a wide range of hardware

Different versions required for different central processing units
and different vendors

Used in a variety of settings and different hardware platforms
but not customized for any

Hardware
Compatible with different screens, keyboards, modems, peripheral
devices, etc.

Functions
Can be used for ultra-light notebook PC, Windows terminals,
computers for cars

Programs
Designed to run multiple tasks and programs simultaneously

Software development
More complex, fewer third party applications developed

Usability
More complex, based on standard Windows interface translated
to a small screen

Devices
HP, Compagq, Sanyo Toshiba, Casio, other

Optimized for specific hardware

Only one version, with little variation in hardware

Used only for the specific Palm platform but highly customized for
this function

Many parts cannot be changed such as screen, controller chips, etc

Function limited to PDAs and PDA-telephone combinations

Designed to run limited number of tasks and programs, does not

multitask

Technically less demanding, resulting in many products produced
by independent developers

Simpler to use, developed for a small screen

Palm, Handspring, Handera, Sony, IBM, other

Pharmacopoeias

Drug information databases, or pharmacopoeias, are
ideally suited for formatting onto a handheld device.
An example of rapid dissemination is ePocrates
(www.epocrates.com), which has quickly become
one of the most popular handheld drug databases.
According to the ePocrates company, as of March
2002, more than 500,000 users had downloaded the
program since its introduction in November 1999.
This free medical reference guide for Palm OS
devices provides a comprehensive drug list, adult
and pediatric dosing guidelines, drug interaction
guidelines, retail prices of drugs, and common side
effects.’> Physicians reported that ePocrates saves
time during information retrieval, is easily incorpo-
rated into their usual workflow, and improves drug-
related decision making.!® Greiver, a Canadian physi-
cian, finds that ePocrates is a helpful tool for family
physicians to enter formulary code numbers for med-
ications that are restricted by drug benefit pro-
grams.” Updates can be automatically downloaded
and installed, a significant advantage over older
methods of keeping references up to date.’® In
January 2001 ePocrates published qID, an infectious
disease application designed specifically for hand-

held devices that rapidly attained the same number
of users as ePocrates.!” These databases are available
for free downloading from the ePocrates website,
however users must register with ePocrates, Inc. and
submit basic demographic and practice information.
This information, and even information about drugs
reviewed, may be sold by ePocrates to the pharma-
ceutical industry?’ This database is currently not
available for Windows CE.

The ABX Guide (http:/ /hopkins-abxguide.org) is a
free database developed at the Division of Infectious
Disease at Johns Hopkins University. Antibiotic
information can be searched by organ, pathogen, or
drug for diagnostic and therapeutic information. This
database is regularly updated by experts,® and trans-
ferred to the Palm during a synchronization process.

Many different customized drug databases are avail-
able. Embi provides a list with general drug refer-
ences, antimicrobial drug references and general
medical references, including brief descriptions
about the database and its cost.”> References to further
pharmacopoeias and a brief description can be found
in Table 1. An evaluation of different pharmacopoeias
in the setting of an intensive care unit compared sev-
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eral handheld pharmacopoeias in a clinical environ-
ment. Handheld drug references were found to have
the potential to meet point-of-need requirements in
critical care, but significant differences exist in avail-
able products in terms of content and ease of use.?!

Patient-tracking Applications

Patient data management and sign-over between
physicians is an area in which the risk of errors is high
and in which PDAs may play a significant role.
Documents containing patient information can be
transferred from the computer desktop onto a hand-
held device or created directly on the handheld device.
The data and changes that are made to the database
can be transferred to the PDA with subsequent syn-
chronizations.” Infrared beaming allows transfer of
data between PDA users. A study by Lapinsky et al.
using focus group analysis of PDA users found that
patient-care data management using a handheld
device was not considered valuable, unless it is inte-
grated into the hospital computer system.?? However,
the long-term goal of integrating e-prescribing, physi-
cians’ notes, radiology, and laboratory handheld
capacities for physicians in outpatient clinics as well as
in hospitals will dramatically improve functionality.®

Handheld devices have been used to monitor patients’
health and to keep medical staff informed about the
patient’s condition. Many customized patient-tracking
programs are available. Patient Tracker (www.hand-
heldmed.com) gives the user the option to enter
patient records, including demographics, laboratory
results, medication/allergy lists, test results, and radi-
ology reports. It is available for Windows CE as well as
for Palm OS. WardWatch (www.torlesse.com) was
designed specifically for Palm organizer to aid med-
ical staff involved in ward rounds. It is intended to be
used for recording investigations, medications,
dosages, and consultations. Medical PocketChart
(www.gemedicalsystems.com) is an electronic medical
record keeper for Windows CE.

The purpose of a handheld implementation program
published by Szynal was to optimize the admission
condition of candidates for transplant surgery.*
Before the handheld program was applied, some
patients suffered serious consequences when their
deteriorating health was reported too late. A series of
questions, developed by the university medical staff,
was programmed for the handheld device.
Information entered daily by the patient is electroni-
cally sent to the university on a regular basis, using a
built-in computer modem. This program was found
to be highly beneficial.
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Shiffman et al. found in a trial with randomly select-
ed pediatricians that handheld computers providing
guideline-based decision support are associated with
increased adherence to guideline recommendations.
However, there were no significant differences in
immediate disposition or subsequent emergency
department visits.?®

Sophisticated handheld systems have been devel-
oped by the group at Cedars-Sinai Medical Center in
Los Angeles. A clinical alert system identifies serious
or life-threatening clinical events, using a config-
urable, rule-based analysis of a clinical information
system.? Alerts are transmitted wirelessly to the clin-
ician’s PDA. No outcome evaluation of this system
has been performed. More recent developments
include PDA-based wireless access to a clinical data
repository, using the Palm VII wireless device.” This
method allows searchable access to select clinical
data. Although effective, this system was limited by
bandwidth and resolution issues, which will be
addressed by improving technology.

Medical Education

Electronic data collection is becoming increasingly
important to manage information in the medical edu-
cation environment. Handheld devices have been
used for the evaluation of training for medical stu-
dents, to help monitor students’ clinical experience,
and to ensure that students are benefiting from the
provided teaching.?® Because a large amount of infor-
mation needs to be collected, many institutions use
an electronic method for data collection.?®?’ Patient
contacts can be entered onto a handheld computer
spreadsheet by the students, sorted automatically,
and evaluated easily.?®* Handheld computers have
been found to be a practical and feasible way to iden-
tify gaps in the student’s education and experience so
that action can be taken to address them. Because it is
possible for the students to take the handheld com-
puter into settings where they come into contact with
patients, reporting of contacts is maximized.?
Sullivan et al. describe a project in which handheld
devices were integrated into a family medicine clerk-
ship to document patient contact and educational
experiences.® Preliminary results suggested that this
effort is an effective way to use current technology to
enhance student learning and program evaluation.
Another advantage is that additional software can be
added, providing reference material that can be
accessed during clinical training.? Because signifi-
cant resistance still limits the implementation of
mobile technology among caregivers, an early intro-
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duction may be an important factor in preparing
future physicians for technologic innovations.?

In a survey sent to the program directors of all
American Academy of Family Physicians and
American College of Osteopathic Family Practice res-
idency programs in the United States, Chriswell et al.
found that of the 50% who responded, two-thirds
were using handheld devices in their residency pro-
grams. An additional 14% had plans to implement
PDAs within the following 24 months.*!

A handheld computer procedure log for tracking res-
idents” procedural experience is an important tool to
ensure an adequate educational experience.*> A num-
ber of studies describe procedure logging in different
areas of medicine with handheld devices. Garvin et al.
evaluated the use of handheld devices in family med-
icine for procedure documentation. Implied in their
article was an overall cost saving to the program due
to increased efficiency.*® Bird and coworkers found
that the use of a handheld device was associated with
an increase in first-year emergency medicine resi-
dents’ documentation in three of 20 procedures.> The
mean number of procedures, encounters and follow-
ups performed per resident using a handheld device
was compared with a historical control group. It was
concluded that the overall time savings in using a res-
ident procedure database may result in a transition to
a handheld computer-based procedure log. Logged
procedures can be sent to a central database and ana-
lyzed for residency management.3>* Nicolaou et al.
report that a handheld procedure log has achieved
high reliability and data integrity, low data entry
workload and rapid feedback for residents and the
program director concerning the residents” procedur-
al experience.* This approach was associated with
very low cost, training overhead or complexity.3

PDAs have been used to create the required
Residency Review Committee reports for training in
obstetrics/ gynecology. Data collection and transfer
processes using a handheld computer system syn-
chronized to a central database were shown to be
faster for residents and program directors than
paper-based systems.!

A logbook is an essential component of the assess-
ment of anesthesia trainees in the United Kingdom. It
was shown that this logbook can be replaced by a
handheld device for data collection.?”

Handheld devices are described to evaluate teaching
interactions. A clinical teaching evaluation form was
transferred into a PDA format. Preliminary feedback
indicates that entering evaluation data has prompted

participants to improve and change their teaching pro-
file®® A randomized controlled trial demonstrated
comparability of the hand-held computer method to
the paper-and-pencil method in obtaining survey
information.* Handheld devices also have a role in
the settings of objective structured clinical examina-
tions (OSCE). Written checklists are replaced by pro-
grams installed on handheld devices. The given tasks
and their solutions can be accessed by the observer by
opening drop-down lists on the handheld screen. At
the end of the examination, the data of all participating
candidates are synchronized and transferred to a data-
base on a desktop computer, and immediate, forma-
tive feedback can be elaborated.’ This system allows
rapid statistical evaluation of examination results.

Research

Handheld computers with customized software have
been used for research data collection. Shiffman et al.
describe the use of PDAs for the evaluation of craving
and withdrawal symptoms of patients in a smoking
cessation program.*! Rather than asking patients to
recall their experiences retrospectively, the patients
were able to enter information at the precise moment
in their daily life in their natural environment. The
patient can be reminded to enter information by an
audible beep from the device. Handheld devices have
also been used successfully to collect sociodemo-
graphic characteristics of tobacco use in Bombay.*?
Bourne et al. found electronic point-of-care data col-
lection appropriate, particularly in high-volume, high-
cost surgical interventions such as a total joint replace-
ment.* Caro et al. compared the accuracy of electron-
ic data collection with a paper questionnaire.* They
found that successful implementation depends on
proper training of the respondent in the handling of
the electronic instrument. Lal et al. found that the total
time for the data collection on a handheld device and
downloading to a personal computer was 23% faster
than hand recording and generated 58% fewer
errors.® Pendragon Forms (www.pendragonsoft-
ware.com) is one example of a handheld application
that allows the development of a customized database
for viewing, managing and exporting data. It provides
a fast and easy way to create a data collection system
for the Palm computing platform. The collected data
are transferred during each synchronization into a
desktop Access database for subsequent analysis.

Business Management

It may be difficult for medical staff and assistants to
communicate regarding patient care, meetings, and
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call schedules. PDAs have an important role in
improving business efficiency by improving coordi-
nation of physicians’ schedules, making billing more
time- and cost-effective, and improving physicians’
communication.* Software for coding and billing is
improving and becoming more commonplace.’®
Billing information can be entered by the physician
during rounds in the hospital, transferred to a central
database on synchronization, and viewed by busi-
ness office staff. A program within the PDA instantly
checks charges for accuracy and completeness and
prompts the provider to make the necessary correc-
tions.*” This approach may provide quicker billing
and improve cash flow.* It was shown that upfront
costs, including evaluation, database configuration,
implementation, training, software, and handheld
hardware, still demonstrate return of investment rap-
idly after implementation of a PDA.#

Prescribing / Pharmacy

PDAs integrated into the Department of Pharmacy
have been shown to improve access to patient and
drug information by medical staff and to decrease
medication error rates.* Brody et al. implemented
and evaluated the use of PDAs to document clinical
interventions by pharmacy residents.!* Scientific cal-
culators, drug information databases, and pharma-
cokinetic programs were rated as highly useful.
Using PDAs for reporting clinical interventions was
useful but did not save time compared with paper. It
was suggested that funding for computer program
upgrades should be included in proposals for similar
projects.!*

Patients’ medication profiles, generated by the phar-
macy department and updated daily, and patients’
discharge summaries can be formatted for PDAs.
Through a synchronization between the desktop and
the handheld devices, PDA users are able to obtain
current medication profiles and can access all previ-
ous discharge summaries. The mobile pharmacist has
immediate electronic access to patient and drug
information. On the discharge day, the current med-
ication list and dosages can be directly sent to a print-
er via an infrared port** Grasso states that this
strategy may prevent transcription errors that occur
when the process is done by hand.* However, at the
time of publication of this article the collection of out-
come data about the impact of the devices on dis-
charge medication transcription error rates was not
completed.

Because critically ill patients are at increased risk for
drug-related problems, the pharmacist in the inten-
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sive care unit (ICU) serves as a resource for other
health care providers. Integrating PDAs into patient
care can simplify patient data management and over-
come some of the limitations of the paper format,
such as the inability to automatically sort and ana-
lyze data.® Data are generally clearer and better
organized compared with data on paper forms.

Electronic prescribing via handheld computers has
also become an increasingly popular tool. Thousands
of physicians are now writing prescriptions electroni-
cally and transmitting them to the pharmacy without
manual intervention.’> This approach may reduce
errors caused by illegible handwriting and transcrip-
tion. Parker et al. developed a program for a handheld
device that enables the physician to prescribe medica-
tions according to specific health plan formularies.®
This method markedly reduces pharmacy call-backs
and saves time for the physician and staff. Despite the
challenge of integrating an e-prescribing system into
the hospital setting, the sooner hospitals realize the
potential benefits of handheld devices, the more incen-
tive developers will have to improve technology.

Specialty-specific Applications
Family Medicine

Handheld computer technology may provide gener-
al practitioners with a useful tool for practice man-
agement and at the same time deliver optimal patient
care for the diverse clinical problems that they
encounter. Criswell suggests that handheld comput-
ers seem to be widely accepted in family practice res-
idencies and are currently used for the roles
described above.’! At present, the most active users
of handheld devices are doctors in small group prac-
tices outside hospitals.?> A handheld device is a help-
ful tool in family practice to access evidence-based
information at the patient’s bedside.l” The Framing-
ham calculator (www.statcoder.com) estimates
patients’ risk of cardiac events over the next 10 years
and gives family physicians the opportunity to calcu-
late how much the risk decreases with the cessation
of smoking.!” A medical calculator (www.medcalc.be)
allows the physician to determine the patient’s body
mass, predicted peak flow or other clinical parame-
ters. A pregnancy calculator (PregPro: www.
thenar.com) stores the patient’s last menstrual peri-
od, calculates weight gain, fetal weight, and bipari-
etal parameters and reminds the user to order lab
tests at appropriate times. Many of these medical cal-
culations have been consolidated into applications
such as MedRules (http:/ /pbrain.hypermart.net) or
MedCalc (www.palmgear.com).
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A handheld device is ideally suited for rapid access to
diagnostic codes. Many PDA-oriented websites offer
downloadable complete ICD-9 lists as databases.
However, for the most part, they are cumbersome and
take up a large amount of memory. Family Practice
Management publishes a list with ICD-9 codes that are
most often used in family practice.!?

Pediatrics

Weigle at al. focus on web resources for the PDA to
access pediatric information.® PedsCCM offers an
Avantgo-optimized version of its Evidence-Based
Medicine Journal Club.® The Evidence-Based Journal
Club offers peer-reviewed, structured critical
appraisals of timely clinical research studies in criti-
cal care medicine. PICU Tools is a collection of calcu-
lators and reference guides for pediatric critical care.®

Clinical practice guidelines that are developed using
evidence-based methods encapsulate the current
understanding of best clinical practice. Finding effec-
tive strategies to implement these guideline recom-
mendations is an area of active investigation.
Shiffman et al. showed in a randomized, prospective
trial with private-practice pediatricians that hand-
held computers can be effective in improving physi-
cians’ adherence to a clinical practice guideline.”
Most of the reported dissatisfaction was related to
deficiencies in the user interface. The most serious
complaint was related to the excessive time required
to use the system in a clinical setting. Carroll et al.
describe the design, software and hardware selection,
and preliminary testing of a PDA-based patient data
and charting system in the setting of a neonatal
intensive care unit.*® This system will be the subject
of a subsequent study to determine its impact on
patient outcomes and clinician efficiency.

Pain Management

Handheld devices are a popular tool for patient data
collection and transfer. They have been used for
patients with chronic pain, because they allow physi-
cians to assess and document pain at the point of the
patient’s complaint.>* Data about the patient’s previ-
ous therapeutic regimens can be assessed at the bed-
side. Since the small handheld computer can be car-
ried in the brief case or pocket, data entry can take
place at any time. A number of studies have evaluat-
ed the use of handheld devices in pain management
and palliative care. At present most of these studies
have been submitted for publication or presented in
poster form.%

Critical Care

A qualitative study of handheld devices in an academ-
ic intensive care unit demonstrated that they are con-
venient and functional.®*® The most valuable role was
found to be access to medical reference information
and drug dosing. Training in the use of handheld
devices was identified as an area of possible improve-
ment. Customized software and hardware would
improve the value of these devices. In a small crossover
study, a critical care handbook and its electronic equiv-
alent loaded on a handheld were compared in an ICU
setting. No advantages of either format were noted, but
the handheld device had the potential to carry five
times the information in a smaller format.>

Cardiology

To decrease the time to reperfusion therapy for
patients with acute myocardial infarction, the inter-
pretation of prehospital EKGs is important.
Computer-based applications and wireless technolo-
gy have allowed the transmission of 12-lead EKG
waveforms from remote locations to hospitals. A
study performed by Pettis et al. proved that handheld
devices can be used safely for the interpretation of
EKGs.” It showed that cardiologists make the same
diagnosis when viewing EKGs on a handheld device
as they do when viewing paper displayed EKGs.

In May 2001, the National Cholesterol Education
Program released a new set of guidelines for lipid
testing and treatment. Because calculating the risk for
an individual patient requires the physician to go
through a number of calculations, the National
Heart, Lung and Blood Institute published a free pro-
gram downloadable onto a handheld device
(wwww.nhlbi.nih.gov).

Handheld Systems: Implementation Issues
Patient Confidentiality

Patient confidentiality during use of handheld
devices is an area of significant importance and
potential concern.”® Password protection®?% is the
most commonly used method to protect patient con-
fidentiality. A coded patient identifier® or the last
digits of the social security number!® can be used
instead of the patient’s name. Although handheld
devices have a locking security feature, users must
remember to activate it each time that they want to
secure their computer. Alternatives include Sign-On
(www.cic.com) or TealLock (www.tealpoint.com).
Both programs enable users to program palm-tops to
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lock-out automatically after a user-defined period of
inactivity. These programs offer the ability to use sig-
nature, initial, on-screen buttons or a number pad to
unlock the computer.”

Costs

An important factor that may affect the integration of
handheld devices into the medical setting is cost.
Costs, which tend to vary depending on the package,
include the software, the server, upgrades to the hos-
pital’s network, the handheld units themselves, and
support.’®> One may assume that cost return will
occur through decreasing charting time, fewer errors,
and more time left for patient care, but so far a com-
parison of costs before and after integration of mobile
technology has not been done.!’> Other barriers
include a lack of standards and limited bandwidth
for data transfer.!® Nevertheless, the costs of a hand-
held device are significantly lower per unit than
desktop or laptop computers.

Discussion

Handheld computers have significant potential to
improve medical practice beyond serving as an
address-book or calendar. The increasing implemen-
tation of this technology is impressive, but handheld
devices have not yet become a standard medical tool.
There are three components for successful system
implementation: the technology, the software, and the
people who need to use it. If any of these three points
is not optimized, the system will be established but
not used.® Although hardware and software are
available, they may not be optimized for the medical
environment. Furthermore, the consumer’s interest
may be the limiting factor to a successful system
implementation. Large studies are planned to evalu-
ate the effectiveness of PDA programs for improving
patient care efficiency and reducing medical error.®!

A comprehensive literature search identified a rela-
tively small number of articles providing evidence-
based information about the use of handheld devices
in medicine. Most publications consist of reports of
clinical experience with the use of PDAs or innovative
uses without significant substantiating data. We hope
that this review serves to increase awareness among
physicians about the current and possible uses for
handheld devices in various fields of medicine. We
also hope to provide ideas for further projects.
Although this technology appears attractive, further
studies are necessary to prove benefits in terms of
costs, patient outcome, and clinician satisfaction.

FISCHER ET AL., Handheld Computing in Medicine

Conclusion

Handheld devices offer increasing support to physi-
cians in their daily clinical activity and an increasing
potential for future use. A growing body of literature
supports the use of handheld devices in a variety of
medical settings. With the rapid advances in this
technology, the mobile computer may well become
an essential medical tool.
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