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Research Questions
1. What is the clinical effectiveness of electronic tracking and identification
technologies for the prevention of medication, diagnostic and surgical errors in
the healthcare setting?

2. What is the cost-effectiveness of electronic tracking and identification
technologies for the prevention of medication, diagnostic and surgical errors in
the healthcare setting?

3.  What are the evidence-based guidelines regarding the use of electronic
tracking and identification technologies for the prevention of medication,
diagnostic and surgical errors in the healthcare setting?

Key Findings

One health technology assessment, seven systematic reviews, one systematic review
with meta-analysis, one meta-analysis, two randomized control trials, 14 non-
randomized studies, and two economic evaluations were identified regarding the
clinical and cost effectiveness of electronic tracking and identification technologies for
the prevention of medication, diagnostic and surgical errors in the healthcare setting.
In addition, three evidence-based guidelines were identified regarding the use of
electronic tracking and identification technologies for the prevention of medication,
diagnostic and surgical errors in the healthcare setting.

Methods

A limited literature search was conducted on key resources including PubMed, The
Cochrane Library, University of York Centre for Reviews and Dissemination (CRD)
databases, Canadian and major international health technology agencies, as well as
a focused Internet search. Methodological filters were applied to limit retrieval to
health technology assessments, systematic reviews, meta-analyses, economic
studies and guidelines. Where possible, retrieval was limited to the human population.
The search was also limited to English language documents published between
January 1, 2012 and February 28, 2017. Internet links were provided, where
available.

Selection Criteria

One reviewer screened citations and selected studies based on the inclusion criteria
presented in Table 1.

Table 1: Selection Criteria

Population ‘ Patients in the healthcare setting (including acute and long-term care)

Intervention Electronic tracking and identification technologies (i.e., 1D and 2D barcoding, radiofrequency identification
technology, real-time location systems) used for prevention of medication, diagnostic and surgical errors,
e.g.

» Tracking surgical device location (e.g., surgical sponges, surgical tools) during surgery;

» Verifying correct medication, dose, and route of administration of pharmacological or nutritional

therapy;
» Verifying location of surgical site and correct procedure;
* Monitoring administration of contrast dyes or substrates, registering contraindications (e.qg.,
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implantable devices), and verifying protocols during medical imaging procedures;
« Verifying identity during reading of medical imaging scans

Comparator Q1 & 2: Alternative electronic patient identification systems;
Manual tracking or identification methods;
No tracking or identification method

Q3: No comparator

Outcomes Q1: Clinical effectiveness (e.g., prevention of treatment errors, improved clinical outcomes, reduced time to
treatment, length of stay, re-hospitalization rate, ICU admissions, quality of life, mortality [overall and
treatment related]);

Harms (e.g., increased time to treatment due to technical errors, interference of tagging system with
procedure)

Q2: Cost-effectiveness outcomes (e.g. cost per quality-adjusted life year, cost per health benefit gained)

Q3: Evidence-based guideline recommendations

Study Designs Health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, non-
randomized studies, economic evaluations, evidence-based guidelines

Results

Rapid Response reports are organized so that the higher quality evidence is
presented first. Therefore, health technology assessment reports, systematic reviews,
and meta-analyses are presented first. These are followed by randomized controlled
trials, non-randomized studies, economic evaluations, and evidence-based
guidelines.

One health technology assessment, seven systematic reviews, one systematic review
with meta-analysis, one meta-analysis, two randomized control trials, 14 non-
randomized studies, and two economic evaluations were identified regarding the
clinical and cost effectiveness of electronic tracking and identification technologies for
the prevention of medication, diagnostic and surgical errors in the healthcare setting.
In addition, three evidence-based guidelines were identified regarding the use of
electronic tracking and identification technologies for the prevention of medication,
diagnostic and surgical errors in the healthcare setting.

Additional references of potential interest are provided in the appendix.

Health Technology Assessments
1. Technologies for mitigating risk of retained unintended foreign objects after
surgery. HTA special report. ECRI. 2016
Note: Subscription required

Systematic Reviews and Meta-analyses
2. Hutton K, Ding Q, Wellman G. The Effects of Bar-coding Technology on
Medication Errors: A Systematic Literature Review. J Patient Saf. 2017 Feb
24.
PubMed: PM28234729
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3. Schnock KO, Biggs B, Fladger A, Bates DW, Rozenblum R. Evaluating the
Impact of Radio Frequency Identification Retained Surgical Instruments
Tracking on Patient Safety: Literature Review. J Patient Saf. 2017 Feb 22.
PubMed: PM28230583

4. Lapkin S, Levett-Jones T, Chenoweth L, Johnson M. The effectiveness of
interventions designed to reduce medication administration errors: a synthesis
of findings from systematic reviews. J Nurs Manag. 2016 Oct;24(7):845-58.
PubMed: PM27167759

5. Coustasse A, Cunningham B, Deslich S, Willson E, Meadows P. Benefits and
Barriers of Implementation and Utilization of Radio-Frequency Identification
(RFID) Systems in Transfusion Medicine. Perspect Health Inf Manag.
2015;12:1d. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4558481
PubMed: PM26396555

6. Khammarnia M, Kassani A, Eslahi M. The Efficacy of Patients' Wristband Bar-
code on Prevention of Medical Errors: A Meta-analysis Study. Appl Clin Inform.
2015;6(4):716-27. Available from:
http://www.ncbi.nIm.nih.gov/pmc/articles/PMC4704040
PubMed: PM26767066

7. Maaskant JM, Vermeulen H, Apampa B, Fernando B, Ghaleb MA, Neubert A,
et al. Interventions for reducing medication errors in children in hospital.
Cochrane Database Syst Rev. 2015 Mar 10;(3):CD006208.

PubMed: PM25756542

8. Keers RN, Williams SD, Cooke J, Walsh T, Ashcroft DM. Impact of
interventions designed to reduce medication administration errors in hospitals:
a systematic review. Drug Saf. 2014 May;37(5):317-32.
PubMed: PM24760475

9. Tsao NW, Lo C, Babich M, Shah K, Bansback NJ. Decentralized automated
dispensing devices: systematic review of clinical and economic impacts in
hospitals. Can J Hosp Pharm. 2014 Mar;67(2):138-48. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4006759
PubMed: PM24799724

10. Snyder SR, Favoretto AM, Derzon JH, Christenson RH, Kahn SE, Shaw CS, et
al. Effectiveness of barcoding for reducing patient specimen and laboratory
testing identification errors: a Laboratory Medicine Best Practices systematic
review and meta-analysis. Clin Biochem. 2012 Sep;45(13-14):988-98.
Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4518452
PubMed: PM22750145

Randomized Controlled Trials
11. Khan SA, Khan S, Kothandan H. Simulator evaluation of a prototype device to
reduce medication errors in anaesthesia. Anaesthesia. 2016 Oct;71(10):1186-
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90.
PubMed: PM27501409

Damhoff HN, Kuhn RJ, Baker-Justice SN. Medication preparation in pediatric
emergencies: comparison of a web-based, standard-dose, BMCA-enabled
system and a traditional approach. J Pediatr Pharmacol Ther. 2014
Jul;19(3):174-81. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4187533

PubMed: PM25309147

Non-Randomized Studies

13.

14.

15.

16.

17.

18.

19.

20.

Lazzaro A, Corona A, lezzi L, Quaresima S, Armisi L, Piccolo |, et al.
Radiofrequency-Based Identification Medical Device. Surg Innov. 2017 Jan
1;1553350617690608.

PubMed: PM28178883

Cochran GL, Barrett RS, Horn SD. Comparison of medication safety systems
in critical access hospitals: Combined analysis of two studies. Am J Health
Syst Pharm. 2016 Aug 1;73(15):1167-73.

PubMed: PM27440623

Wang BN, Brummond P, Stevenson JG. Comparison of barcode scanning by
pharmacy technicians and pharmacists' visual checks for final product
verification. Am J Health Syst Pharm. 2016 Jan 15;73(2):69-75.

PubMed: PM26721536

Bowers AM, Goda K, Bene V, Sibila K, Piccin R, Golla S, et al. Impact of Bar-
code Medication Administration on Medication Administration Best Practices.
Comput Inform Nurs. 2015 Nov;33(11):502-8.

PubMed: PM26509409

Sakushima K, Umeki R, Endoh A, Ito YM, Nasuhara Y. Time trend of injection
drug errors before and after implementation of bar-code verification system.
Technol Health Care. 2015;23(3):267-74.

PubMed: PM25669212

Bonkowski J, Weber RJ, Melucci J, Pesavento T, Henry M, Moffatt-Bruce S.
Improving medication administration safety in solid organ transplant patients
through barcode-assisted medication administration. Am J Med Qual. 2014
May;29(3):236-41.

PubMed: PM23873893

Ching JM, Williams BL, Idemoto LM, Blackmore CC. Using lean "automation
with a human touch" to improve medication safety: a step closer to the "perfect
dose". Jt Comm J Qual Patient Saf. 2014 Aug;40(8):341-50.

PubMed: PM25208439

Pereira JA, Quach S, Hamid JS, Quan SD, Diniz AJ, Van Exan R, et al. The
integration of barcode scanning technology into Canadian public health
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21.

22.

23.

24,

25.

26.
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immunization settings. Vaccine. 2014 May 13;32(23):2748-55.
PubMed: PM24252700

Steele C, Bixby C. Centralized breastmilk handling and bar code scanning
improve safety and reduce breastmilk administration errors. Breastfeed Med.
2014 Nov;9(9):426-9.

PubMed: PM25243824

Bonkowski J, Carnes C, Melucci J, Mirtallo J, Prier B, Reichert E, et al. Effect
of barcode-assisted medication administration on emergency department
medication errors. Acad Emerg Med. 2013 Aug;20(8):801-6.

PubMed: PM24033623

Cochran GL, Haynatzki G. Comparison of medication safety effectiveness
among nine critical access hospitals. Am J Health Syst Pharm. 2013 Dec
15;70(24):2218-24.

PubMed: PM24296844

Miller K, Akers C, Magrin G, Whitehead S, Davis AK. Piloting the use of 2D
barcode and patient safety-software in an Australian tertiary hospital setting.
Vox Sang. 2013 Aug;105(2):159-66.

PubMed: PM23600799

Nuttall GA, Abenstein JP, Stubbs JR, Santrach P, Ereth MH, Johnson PM, et
al. Computerized BMCA-based blood identification systems and near-miss
transfusion episodes and transfusion errors. Mayo Clin Proc. 2013
Apr;88(4):354-9.

PubMed: PM23541010

Galbraith W, Shadid J. Compounding & dispensing errors before and after
implementing barcode technology in a nuclear pharmacy. Int J Pharm Compd.
2012 May;16(3):253-6.

PubMed: PM23050303

Economic Evaluations

27.

28.

Sakowski JA, Ketchel A. The cost of implementing inpatient BMCA medication
administration. Am J Manag Care. 2013 Feb 1;19(2):e38-e45.
PubMed: PM23448113

Etchells E, Koo M, Daneman N, McDonald A, Baker M, Matlow A, et al.
Comparative economic analyses of patient safety improvement strategies in
acute care: a systematic review. BMJ Qual Saf. 2012 Jun;21(6):448-56.
PubMed: PM22523319
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Guidelines and Recommendations
29. Blood transfusion [Internet]. London: NICE; 2015 Nov 18. [cited 2017 Mar 7].
(NICE guideline 24). Available from:
https://www.nice.org.uk/quidance/ng24/resources/blood-transfusion-
1837331897029
See: Electronic Patient Identification Systems

30. Leung M, Bland B, Baldassarre F, Green E, Kaizer L, Hertz S. Safe
administration of systemic cancer therapy. Partl: safety during chemotherapy
ordering, transcribing, dispensing, and patient identification [Internet]. Toronto:
Cancer Care Ontario; 2012 Jul 9. [cited 2017 Mar 7]. (Program in evidence-
based care practice guideline report no: 12-12-1). Available from:
https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileld=154923
See: Patient identification, page 4

Infusion Pumps, Table 2, page 9

31. Snyder SR, Favoretto AM, Derzon JH, Christenson RH, Kahn SE, Shaw CS, et
al. Effectiveness of barcoding for reducing patient specimen and laboratory
testing identification errors: a Laboratory Medicine Best Practices systematic
review and meta-analysis. Clin Biochem. 2012 Sep;45(13-14):988-98.
Available from: http://www.ncbi.nIm.nih.gov/pmc/articles/PMC4518452
PubMed: PM22750145
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Appendix — Further Information

Previous CADTH Reports
32. Electronically generated medication administration and electronic medication

administration records for the prevention of medication transcription errors:
review of clinical effectiveness and safety [Internet]. Ottawa: CADTH; 2016
Dec 8. [cited 2017 Mar 7]. (Rapid response report: summary with critical
appraisal). Available from:
https://cadth.ca/sites/default/files/pdf/htis/2016/RC0831%20Medical%20Transc
ription%20Errors%20Final.pdf

33. Automated counting technology for surgical counts: clinical effectiveness, cost
effectiveness, and guidelines [Internet]. Ottawa: CADTH; 2015 Apr 1. [cited
2017 Mar 7]. (Rapid response report: summary of abstracts). Available from:
https://cadth.ca/sites/default/files/pdf/htis/apr-
2015/RB0826%620Surgical%20Counts%20Final.pdf

34. Minimization of medication administration errors for inpatient care: best
practice and guidelines [Internet]. Ottawa: CADTH; 2011 Jun 7. [cited 2017
Mar 7]. (Rapid response report: summary of abstracts). Available from:
https://cadth.ca/sites/default/files/pdf/htis/june-
2011/RB0373 Medication_Delivery Systems_Final.pdf

35. Technologies to reduce errors in dispensing and administration of medication
in hospitals: clinical and economic analysis [Internet]. Ottawa: CADTH; 2010
Sep 1. [cited 2017 Mar 7]. (Health technology assessment, CADTH technology
overview). Available from: https://cadth.ca/technologies-reduce-errors-
dispensing-and-administration-medication-in-hospitals

Clinical Practice Guidelines — Uncertain Methodology
36. Toolkit for Using the AHRQ Quality Indicators. How To Improve Hospital
Quality and Safety. 2016
https://www.ahrg.gov/sites/default/files/wysiwya/professionals/systems/hospital
[qitoolkit/combined/d4b_combo_psi05-foreignbody-bestpractices.pdf

Review Articles
37. Rebello E, Kee S, Kowalski A, Harun N, Guindani M, Goravanchi F. Reduction
of incorrect record accessing and charting patient electronic medical records in
the perioperative environment. Health Informatics J. 2016 Dec;22(4):1055-62.
PubMed: PM26470715

38. Keiffer S, Marcum G, Harrison S, Teske DW, Simsic JM. Reduction of
medication errors in a pediatric cardiothoracic intensive care unit. J Nurs Care
Qual. 2015 Jul;30(3):212-9.

PubMed: PM25426646

39. Patel S, Loveridge R. Obstetric Neuraxial Drug Administration Errors: A
Quantitative and Qualitative Analytical Review. Anesth Analg. 2015
Dec;121(6):1570-7.

PubMed: PM26579659
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40.

41.

42.

43.

44.

45.
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Bubalo J, Warden BA, Wiegel JJ, Nishida T, Handel E, Svoboda LM, et al.
Does applying technology throughout the medication use process improve
patient safety with antineoplastics? J Oncol Pharm Pract. 2014 Dec;20(6):445-
60.

PubMed: PM24356802

Weyers W. Confusion-specimen mix-up in dermatopathology and measures to
prevent and detect it. Dermatol Pract Concept. 2014 Jan;4(1):27-42. Available
from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3919837

PubMed: PM24520511

Ajami S, Rajabzadeh A. Radio Frequency Identification (RFID) technology and
patient safety. J Res Med Sci. 2013 Sep;18(9):809-13. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3872592

PubMed: PM24381626

Fleischman EK. Innovative application of bar coding technology to breast milk
administration. J Perinat Neonatal Nurs. 2013 Apr;27(2):145-50.
PubMed: PM23618935

Gerhart D, Jr., O'Shea K, Muller S. Advancing medication infusion safety
through the clinical integration of technology. Hosp Pract (1995 ). 2013
Oct;41(4):7-14.

PubMed: PM24145584

Glover N. Challenges implementing bar-coded medication administration in the
emergency room in comparison to medical surgical units. Comput Inform Nurs.
2013 Mar;31(3):133-41.
PubMed: PM23321481

Additional References

46.

Cohen MR, Smetzer JL, Westphal JE, Comden SC, Horn DM. Risk models to
improve safety of dispensing high-alert medications in community pharmacies.
J Am Pharm Assoc (2003). 2012 Sep;52(5):584-602.

PubMed: PM23023839
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