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ABSTRACT

It is necessary for modern-day laboratory specialists (clinical biochemists, microbiologists, etc)
to be able to access current scientific information at anytime and anywhere, without difficulty.
Even though there have been dazzling advances in informatics, accessing the necessary in-
formation in existing databases requires remarkable amount of effort and time. Commercial
softwares for personal digital assistants seem to provide an effective solution to this problem.
In this study, the effectiveness of 11 selected commercial software products (Uptodate, eP-
ocrates, Inforetrive, Pepid, eMedicine, FIRST Consult, and 5 laboratory e-books released
by Skyscape and/or Isilo) and the benefits of their use were examined by seven laboratory
experts. The following items regarding the content considered while evaluating the software:
How many tests were included in, for example does the software contain detailed information
for each test on process, method, interpretation of results, reference ranges, critical values,
interferences, equations, pathophysiology, supplementary technical details such as sample
collection, and additional information such as linked references, evidence based data, price,
etc. In terms of technique the following items are considered: how much memory required
to run the software? Is the graphical user interface user friendly? What is the frequency of
new and/or up-date releases? It is obvious that there is no single, unique software product
that can provide solution to all of the above mentioned problems. Interpretation of laboratory
results requires not only easy-to-use software (such as ePocrates and Skyscape e-books) but
an integrated software (such as Uptodate, Pepid, Inforetrieve etc). Methodological informa-
tion is mostly not included in the software evaluated. However, it seems likely these short-
comings will be fixed in the near future and personal digital assistants and relevant medical
applications will become indispensable for all physicians, including laboratory specialists, in
education and in patient care.

Key Words: Personal digital assistants, handhelds, medical software

OZET

Cagdas laboratuvar uzmani (Klinik Biyokimya, Mikrobiyoloji uzmani gibi) herhangi bir yer
veya zaman i¢inde giincel bilgiye kolaylikla ulasmas1 gereklidir. Her ne kadar bilgi teknolo-
jisinde goze ¢arpan bir ilerleme olsa da, gerekli bilgiye ulasim ciddi bir zaman ve ¢aba gerek-
tirmektedir. Kisisel cep bilgisayarlar1 ve bunun i¢in gelistirilen ticari programlarin, ¢dziim
konusunda etkin olabilecegi diisiiniilmektedir.

Bu calismada kisisel cep bilgisayarlar1 ile kullanilan segilmis 11 ticari tibbi program (Up-
todate, ePocrates, Inforetrive, Pepid, eMedicine, FIRST Consult ve Skyscape ve/veya
Isilo tarafindan kullanilan 5 e-book), 7 laboratuvar uzmani tarafindan etkinlikleri yoniin-
den incelenmistir. Bu programlar asagidaki ozellikleri yoniinden incelenmistir: Kag adet
test icerigi oldugu, detayli bilgiye sahip olup olmadigi, sonuglarin yorumlanmasi, refer-
ans degerler, kritik degerler, interferanslar, esitlikler, patofizyoloji, érnek tipi gibi teknik
ayrintilar, kaynakcalara ulasim, kanita dayanirlilik, ticret gibi. Teknoloji ile ilgili olarak
ise, bu programlar1 ¢alistirmak igin gerekli olan hafiza miktar1, grafik destekli arayii-
zlerin kullanim kolaylig1 ve giincelleme sikliklari gibi parametreler incelenmistir.Bu in-
celemeler sonucunda, yukarida belirtilen problemlerin ¢dziimiiniin, tek bir program ile
saglanamayacag1 agiga ¢ikmistir. Kullanimi kolay olan programlar ile (ePocrates veya Sky-
scape e-kitaplar gibi) daha genis kapsamli programlarin (Uptodate veya Pepid, Inforetrieve
gibi) beraber kullaniminin uygun olacagi saptanmistir. Metodolojik bilgilerin higbir pro-
gramda yeterli oranda bulunmadig1 gézlenmistir.Sonug olarak kisa bir zaman iginde kisisel
cep bilgisayarlar1 ve ilgili tibbi programlarin, biitiin klinisyenlerin ve laboratuvar uzmanlari
i¢in steteskop gibi vazgecilmez olacag: goriilmektedir.

Anahtar Kelimeler: Kisisel cep bilgisayarlari, avug-igi, tibbi bigisayarlar
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INTRODUCTION

The wealth of information in biomedical sciences and
its constant change means that it is impossible to keep
traditional information resources up to date. Most
clinicians use mobile devices for a variety of purposes,
including accessing evidence-based guidelines, medical
references, drug references, patient information, and
laboratory assessments. Personal Digital Assistants
(PDAs) are the most popular mobile devices among
physicians (1-4).

PDA, handheld computer, handheld PC, and pocket
PC are the terms that all refer to similar devices with
comparable capabilities. PDAs are compact, handheld
computers that literally fit into one’s palm or pocket.
Handheld computing term was limited to the use of
complicated calculators previously, and they rarely
had data storage option. PDAs are small devices with
a touch-sensitive screen, a dedicated input area or
keyboard, customizable application buttons, and a
multi way (button or mini joystick) navigator to browse
information on the screen. Some devices feature an
expansion slot for memory cards or accessories, a built-
in camera, headphone jacks, speaker, microphone, ports
for infrared, Bluetooth, or Wi-Fi (Wireless Fidelity),
General Packet Radio Service (GPRS), and even built-in
GPS (global positioning system) receivers (1,3).

PDAs run on mobile operating systems such as Palm OS
and Microsoft Windows. These operating systems allow
customization of the PDAs through the installation of
third-party software applications in addition to their
intrinsic functionality. Newton Psion, BeOS, Symbian
0OS, and Blackberry are the other, less popular operating
systems developed for PDAs. Currently available
PDAs are generally equipped with a comprehensive
suite of personal information management software
or the option to integrate with common brands of
such software, note-taking applications, and contact
databases. PDAs can connect to desktop computers and/
or wireless local area networks (W-LAN) using infrared,
Bluetooth or Wi-Fi communication technology. The
desktop synchronization software or additional add-on
applications provide compatibility with popular office
file formats. Most devices feature an e-mail application
to integrate with the current office suites, which allows
users not only to bring critical files with them but also to
synchronize important files quickly and easily between
desktop and hand-held devices (1,3).

Health-care professionals and students must use
their knowledge which is built on ever increasing and
constantly changing information to treat their patients
and should associate the patient data with the most
recent diagnostic and therapeutic recommendations
and management options to make sound decisions.
Traditionally, health-care professionals consulted to
collected personal notebooks and article cut-outs,
pocket manuals, subscripionted journals, medical
reference books, or electronic references on desktop
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computers. To keep these information resources
up-to-date and organized requires a huge amount of
effort and is impractical. PDAs have a great potential
to offer a versatile, rapid, and cost-effective solution
to this problem if appropriate hardware and software
combination could be made (1,3)

In this study, seven clinical experts examined a
selection of optimized PDAs and evaluated 10 software
programs.

MATERIALS AND METHOD

Eleven commercially available softwares were
evaluated. These softwares are UpToDate (UpToDate,
95 Sawyer Road Waltham, MA 02453 United States,
http:/www.uptodate.com), ePocrates (Epocrates, Inc.
1800 Gateway Drive Suite 300 San Mateo, CA 94404,
http://www2.epocrates.com), Inforetrieve (Wiley/
Interscience, New York, NY, USA, 780 http://www.
infopoems.com/), Firstconsult (Elsevier Co.125 Park
Avenue 23rd Floor New York NY 10017, United States
http://www.firstconsult.com), Pepid (PEPID, LLC
1840 Oak Ave. Suite 100 Evanston, IL 60201 USA
www.pepid.com), Skyscape books (Skyscape Inc., 100
Locke Drive Marlborough, MA 01752 http://www.
skyscape.com), Isilo readers (Isilo Com, http:/www.
isilo.com). Skyscapes books included in the study
are: (1) Bakerman’s ABC’s of Interpretive Laboratory
Data, 4th Ed Seymour Bakerman, Paul Bakerman,
Paul Strausbauch Interpretive Laboratory Data, Inc.
(2) Pocket Guide to Diagnostic Tests, Diana Nicoll,
Stephen J. McPhee, Michael Pignone, The McGraw-Hill
Companies, Inc. (3) Mosby’s Diagnostic and Lab Test
Reference, 7th Ed., Kathleen Deska Pagana, Timothy J.
Pagana, Mosby - An Elsevier Health Sciences Company
(4) Ferri’s Best Test - A Practical Guide to Clinical
Laboratory Medicine and Diagnostic Imaging, Fred
Ferri, Mosby - An Elsevier Health Sciences Company (5)
Nurse’s Manual of Laboratory and Diagnostic Tests, 4th
Ed., Bonita Morrow Cavanaugh, F.A. Davis Company.
Isilo is used while reading Interpretation of Diagnostic
test Jacques Wallach, Lippincott Williams & Williams.
Test content, description, interpretation, method
properties, reference ranges, related tests /strategy/panel
test, interferences, equations, pathophysiology, tech info
(collection methodology and guidelines), critical values,
linked references, and evidence based data included
in each software and their price, update frequency,
collaboration-integration, memory requirement,
practicality and other specialties were evaluated
individually and graded ( +++:very good, ++:good, +:
weak, 0: not available).

RESULTS

Keeping the balance between the requirements and the
cost is the most important issue in deciding on which
PDA is appropriate. Table 1 may provide assistance
in selecting the appropriate PDA and applications. It
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Table 1. Personal digital assistants (PDA) specialities and its application

Device PDA, PDA+Telephone (GSM)
Processor Microsoft CE, Palm OS, Symbian OS, Newton, Psion, BeOS etc.
Specialites Size, weight and data entry (touch screen or built-in keyboard)
-Monochrome or color
. -Resolution
Display I
-Indoor and outdoor visibility
-Backlighting and contrast adjustment
-Wifi (Wireless Fidelity), W-LAN (wireless local area networks) Bluetooth and
Communication infrared.
-USB (Universal Serial Bus) connection
Memory and -RAM, ROM
storage -Memory stick (or compact flash, multimedia card etc.)
Battery Type : Lithium polymer (the longest), lithium ion, nickel hydride etc.
Options and Charge duration: Less than 1 hour
specialities
Backup : You should know whether or not you'll lose date and aplications
if the PDA’s battery runs out of power. In some devices, you can protect data
and aplication by storing them in ROM.
Recording -Voice and image recording
Handwriting
recognition
-GPS (Global Positioning System)
-Stylus (comfortable to use and easily stored in device)
-Mp3 pl , radi dTV
Others p3 p a.lyer radio an
-Protection
-Warranties
-Appearance

e-books and e-book readers (Skyscape Isilo books, Atlas, eBooks, Dictionary etc.)

Applications for health
professionals

Patient follow-up (Hospitals programs, diaries etc)

Entegre programs (ePocrates Essential, UpToDate, Pepid, FIRST Consult etc)

should be kept in mind that each additional application
will increase the cost.

Determining how to select the best PDA and its
applications is a controversial issue. There is no unique
answer to this question. Different brands of PDA and
applications are preferred among those even at the same
age, specialization, and education. The selection of the
“best” PDA and its applications eventually depends on
personal preferences (11).

However, following suggestions may be helpful to those
having uncertainty.

L.

Using a PDA with a built-in telephone is very practical.

Besides, these PDAs can be connected to the internet
everywhere. The connection costs are very expensive,
nevertheless (Clue: While connecting to the internet
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through GPRS, you should disable “show image’
option).

Minimum 32 MB RAM and 32 MB ROM and,
Memory cards more than 2 GB should be preferred
(especially if you intend to use up-to-date).

Those who attend to the lectures frequently should
consider the availability of voice recording option
while selecting a PDA.

The dimension and resolution of the screen display
seriously affect the visual quality, especially in those
with hypermetropy.

After deciding on a certain PDA, selection of the
appropriate software is the next important issue. A
comparison of the softwares included in the study is
given in Table 2.

Serdar et al.
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DISCUSSION

PDAs can be used in medicine to realize different goals.
Education: Higher education is more and more rely
on the use of computer technology. PDAs successfully
comply with the concepts of contemporary education
theories and it is not surprising that the students are
among the earliest adopters of PDA use (5-14). Several
programs for junior doctors at the leading US academic
institutions (such as Harvard Medical School and
Georgetown University Medical School) are the early
adopters of PDAs and provide their junior doctors with
PDAs and bundled software (3).

However, large randomized controlled trials comparing
PDA-users with non-PDA-users and with objective
outcome measures, such as performance in in-house or
board examinations, are needed to substantiate these
early observations. Another important aspect of hand-
held computer-assisted learning is the integration of
faculty staff who traditionally more reluctant to adopt
new technology than students (15).

Quality of care: Quality of care can be improved
by implementing clinical-decision support software,
evidence-based medicine, other critically appraised
publications, and alerting systems in PDAs. The use of
PDA-based decision support devices have been reported
to be useful or advantageous in many clinical settings
such as emergency and mass casualty triage, data
management of transplantation patients, management of
patients with stroke, infection control, enforcement of
institution-specific, rational medicine use, and patient
data management (16-20). The usefulness of PDA-based
drug references, including parenteral nutrition, blood
products, and chemotherapy, and drug interaction
checks has been examined in several studies (21-26).
PDA use in data collection and processing: Several
studies in medical specialties including anesthesia,
emergency medicine, family practice, general surgery,
internal medicine, neurology, obstetrics and gynecology,
radiology, and urology, neonatal care unit have
demonstrated that use of PDAs simplify data collection
and assessment of doctor and program performances (27-
31).

The use of PDA improves trial efficacy, quickens data
analysis, and even improves patient safety due to earlier
availability of results of interim analyses.

Others: A significant increase in self-efficacy in the
groups is demonstrated where personal digital assistants
have been used (32). PDA-based medical information
management could even have an environmental effect
that goes beyond paper-saving (33).

The use of PDAs is increasing and today, they are widely
used by clinical specialists, junior doctors and medical
students for a variety of purposes. There is insufficient
study, however, related to the use of PDA by laboratory
specialists.

In our study, 11 different commercial software and
programs which are popularamong laboratory specialists
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were evaluated by 5 laboratory experts. However,
according to our results, there is no unique software
available that combines evidence-based clinical and
laboratory data. Accordingly, it is necessary to keep
several softwares in PDA to meet demands. For example,
combining UpToDate with ePocrates or combining Pepid
with a skyscape e-book could be appropriate.

There are certain problems with the use of PDA. These

problems are itemized below.

1. The screen displays of most PDAs are not really
acceptable due to their dimensions and poor visibility.
The use of PDAs is even more difficult for those with
hypermetropy.

2. The letters, figures, and tables are of low quality in
most softwares (34).

3. Data input process will be slower and more awkward
than with a PC keyboard.

4. There is no commercial software available for
basic medical education (Basic Biochemistry,
Microbiology, etc).

5. Notall software contains methodological information
which laboratory experts require.

6. Battery life tends to be insufficient in most models,
and so, most PDAs need to be charged each day.

7. Use of a PDA as a telephone is difficult due to its
weight, size, and key set.

8. Free access Wi-Fi areas are very restricted in most
places. Internet connection through GPRS is also
expensive in most countries.

9. Memory requirement increases every day due to new
releases (34).

10. PDA and software prices have not been reduced as
quickly as expected.

11. Secrecy of patient record cannot be guaranteed at
present (35).

12. There is a probability of catastrophic data loss (36).
So, PDA should be frequently synchronized with a
desktop computer for back-up.

13. A minor point: the interference between wireless
PDAs and cardiac pacemakers or defibrillators is not
conspicuous at this moment (35).

However, most of these problems are likely to be solved

in the near future.

In conclusion, it can be claimed that the use of PDAs will

facilitate medical applications, constitute an information

base for new learnings, and make learning more pleasant.

Several studies support these arguments. However, most

of the studies reported are not randomized, controlled,

or are in a multicenter design (37). In the near future,
we believe, PDAs will become a crucial tool for the
laboratory experts.

ACKNOWLEDGEMENTS

I would like to thank Ugur KUCUK M.D, UpToDate,
Epocrates, Inc. Skyscape Inc. for providing information
about their products and technologies.

158 Serdar et al.



References [20] Garritty C, El Emam K. (2006) Who’s Using PDAs? Estimates
of PDA Use by Health Care Providers: A Systematic Review of

[11 Lu YC, Xiao Y, Sears A, Jacko JA. (2005) A review and frame- Surveys. ] Med Internet Res. 12: 8 (2):¢7.
work of handheld computer adoption in healthcare. IJ Med Info.  [21] Clauson KA, Seamon MJ, Clauson AS, Van TB. (2004) Evalua-
74:409-22. tion of drug information databases for personal digital assistants.

[2] American Medical School Association, AMSA overview of Am J Health Syst Pharm. 61: 1015-24.
handled devices. http:/www.amsa.org/resource/pda.cfm [22] Grasso BC, Genest R, Yung K, Arnold C. (2002) Reducing er-

[3] Baumgart DC. (2005) Personel digital assistants in health care: rors in discharge medication lists by using personal digital as-
experienced clinicians in the palm of your hand? Lancet. 366: sistants. Psychiatr Serv. 53: 1325-26.

1210-22. [23] Barrons R. (2004) Evaluation of personal digital assistant soft-
[4] Charitou M, Mills L, Baskin C, Steinberg H, Tu C, Kerpen H. ware for drug interactions, Am J Health Syst Pharm. 61: 380-5.
(2005) Personal Digital Assistants: A Review of Their Applica-  [24] Robinson RL, Burk MS. (2004) Identification of drug-drug in-
tion in Graduate Medical Education, Am J Med Qual. 20 (5): teractions with personal digital assistant-based software. Am J
262-Ti. Med. 116: 357-358.
[5] De Groote SL, Doranski M. (2004) The use of personal digital  [25] Miller SM, Beattic MM, Butt AA. (2003) Personal digital assis-
assistants in the health sciences: results of a survey. J Med Libr tant infectious diseases applications for health care profession-
Assoc. 92: 341-8. als. Clin Infect Dis. 36: 1018-29.
[6] Engum SA. (2003) Do you know your students’ basic clinical [26] France DJ, Miles P, Cartwright J, Patel N, Ford C, Edens C,
skills exposure? Am J Surg. 186: 175-81. Whitlock JA. (2003) A chemotherapy incident reporting and im-
[7] Sumner W 2nd, Campbell J, Irving SC. (2006) Developing an provement system. Jt Comm J Qual Saf. 29: 171-80.
educational reminder system for a handheld encounter log. Fam  [27] Bird SB, Zarum RS, Renzi FP. (2001) Emergency medicine resi-
Med. 38 (10): 736-41. dent patient care documentation using a hand-held computer-
[8] Kurth RJ, Silenzio V and Irigoyen MM. (2002) Use of personal ized device. Acad Emerg Med. 8: 1200-3.
digital assistants to enhance educational evaluation in a primary [28] MacNeily AE, Nguan C, Haden K, Goldenberg SL. (2003) Im-
care clerkship. Med Teach. 24: 488-90. plementation of a PDA based program to quantify urology resi-
[9] Kho A, Henderson LE, Dressler DD, Kripalani S. (2006) Use of dent in-training experience. Can J Urol. 10: 1885-90.
handheld computers in medical education. A systematic review. [29] Vincent C, Kim S, Schneeweiss R, Stevens N. (2003) Document-
J Gen Intern Med. 21 (5): 531-7. ing procedures and deliveries during family practice residency:
[10] Johnston JM, Leung GM, Tin KY, Ho LM, Lam W, Fielding a survey of graduates® experiences, preferences, and recommen-

R.(2004) Evaluation of a handheld clinical decision support tool dations. Fam Med. 35: 264-8.

for evidence-based learning and practice in medical undergrad-  [30] Sequist TD, Singh S, Pereira A, Pearson SD. (2003) On Track:

uates. Med Educ. 38 (6): 628-37. a database for evaluating the outpatient clinical experience of
[11] Seago BL, Schlesinger JB, Hampton CL. (2002) Using a decade internal medicine residency training. AMIA Annu Symp Proc.

of data on medical student computer literacy for strategic plan- 1002.

ning, J Med Libr Assoc. 90: 202-9. [31] Carroll AE, Tarczy-Hornoch P, O‘Reilly E, Christakis DA.
[12] Bakken S, Sheets Cook S, Curtis L, Soupios M, Curran C. (2003) (2004) The effect of point-of-care personal digital assistant use

Informatics competencies pre-and post-implementation of a on resident documentation discrepancies. Pediatrics. 113: 450-

Palm-based student clinical log and informatics for evidence- 454.

based practice curriculum. AMIA Annu Symp Proc. 41-5. [32] Goldsworthy S, Lawrence N, Goodman W. (2006) The use of
[13] Scollin P, Callahan J, Mehta A, Garcia E. (2006) The PDA as a personal digital assistants at the point of care in an undergradu-

Reference Tool: Libraries’ role in enhancing nursing education. ate nursing program. Comput Inform Nurs. 24 (3): 138-43.

Comput Inform Nurs. 24 (4): 208-13. [33] Toffel MW, Horvath A. (2004) Environmental implications of
[14] Magos A, Sharma M, Buck L. (2004) Handheld computers in wireless technologies: news delivery and business meetings. En-

clinical practice: are useful in informing and educating patients. viron Sci Technol. 38: 2961-70.

BMJ. 328: 1565. [34] Carroll AE and Christakis DA. (2004) Pediatricians® use of and
[15] McLeod TG, Ebbert JO, Lymp JF. (2003) Survey assessment attitudes about personal digital assistants. Pediatrics. 113: 238—

of personal digital assistant use among trainees and attending 42.

physicians. ] Am Med Inform Assoc. 10: 605-7. [35] Frenzel JC. (2003) Data security issues arising from integra-
[16] Enders SJ, Enders JM, Holstad SG. (2002) Drug-information tion of wireless access into healthcare networks. J Med Syst. 27:

software for Palm operating system personal digital assistants: 163-75.

breadth, clinical dependability, and ease of use, Pharmacothera- [36] James R, Barrett, Scott M. Strayer, Jane R. Schubart. (2004) As-

py. 22: 1036-1040. sessing medical residents’ usage and perceived needs for per-
[17] Goss L, Carrico R. (2002) Get a grip on patient safety: outcomes sonal digital assistants. Int J Med Inform. 73: 25-34.

in the palm of your hand, J Infus Nurs. 25: 274-9. [37] Crelinsten GL. (2004) The intern‘s palmomental reflex. N Engl

[18] Krause A, Hartl D, Theis F, Stangl M, Gerauer KE, Mehlhorn J Med. 350: 1059.
AT. (2004) Mobile decision support for transplantation patient
data. Int J Med Inform. 73: 461-4.

[19] Wu RC, Straus SE. (2006) Evidence for handheld electronic
medication records in improving care: a systematic review.
BMC Med Inform Decis Mak. 20: 6 (1):26.

Turk J Biochem, 2007; 32 (4) ; 154-159. 159 Serdar et al.



