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Decreasing Mislabeled
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Mislabeling of laboratory samples has been found to be a high-risk issue in acute care hospitals.

The goal of this study was to decrease mislabeled blood specimens. In the first year after the im-

plementation of a positive patient identification system using barcoding and computer technology,

the number of labeling errors decreased from 103 to 8 per year. The outcome was clinically and sta-

tistically significant (P < .001). Key words: barcoding, laboratory, medical errors, mislabeling,

patient safety, specimen labeling, technology

THE rising concern and attention to pa-

tient safety in health care create the need

for health care organizations to implement,

monitor, and revise practices to promote a cul-

ture of patient safety and avoid errors. Wrong

patient errors can occur in every aspect of

patient diagnosis and treatment. The impor-

tance of proper patient identification is recog-

nized as an essential element in maintaining a

foundation for patient safety.1 The importance

of correct patient identification is recognized

by The Joint Commission as a safety goal.2 Na-

tional patient safety goal 1 addresses the need

to improve the accuracy of patient identifica-

tion when providing care, treatment, and ser-

vices. In addition, this year, The Joint Com-

mission has added new requirements to this

goal, which include either a 2-person bedside
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patient verification process or an automated

identification technology process when col-

lecting blood samples. The College of Ameri-

can Pathologists (CAP) has also recognized pa-

tient identification as a cardinal safety goal.3

Correct patient identification and correct

specimen labeling are critical patient safety is-

sues in health care. The laboratory testing pro-

cess plays a key role in the care of patients

via diagnostics and therapeutic monitoring.4

Errors can occur at any step in the testing

process, and it is estimated that 1 of 4 errors

can have consequences for the patient.5 More

than 160 000 adverse medical events per year

have been suspected in the United States be-

cause of misidentification of patient or labo-

ratory specimen.6 Specimen mislabeling can

cause errors in diagnosis and lead to inappro-

priate treatment and possible patient harm7 as

well as create “near-miss” situations that may

cause emotional trauma to patients.8

PATIENT AND BLOOD SPECIMEN
IDENTIFICATION ERRORS

Proper patient identification and handling

of specimens are crucial steps that can have a

negative impact on patient safety if performed

incorrectly.9 Determining the frequency of
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patient misidentification and specimen mis-

labeling relies on the process of voluntary

reporting systems rather than a systematic ap-

proach such as a prospective study. It is gener-

ally believed that routine error-finding meth-

ods underestimate true error rates6 and that

published error rates are likely to be underes-

timated because of inconsistent or inadequate

detection and reporting mechanisms.10

Frequencies and types of mistakes through-

out the total laboratory testing process have

been described with large heterogeneity in

study design, data collection approach, time

frame, and definition of error.4,11 However,

there is consensus that a majority of errors oc-

cur primarily in the preanalytic phase, which

includes the processes of patient identifica-

tion and specimen labeling.4,11-13

A good source of data on specimen mis-

labeling is from the CAP, which has per-

formed more than 130 studies constituting

the largest database of laboratory errors in this

nation.10 The occurrence of patient identifica-

tion mistakes with regard to incorrect or miss-

ing wristband patient data was found in one

study to be as high as 7% across 217 health

care institutions.14 In a longitudinal analysis

of blood specimen errors, 11.9% of the errors

were due to mislabeling and/or specimen-

requisition mismatch15 and were deemed crit-

ical errors because of direct relationship with

patient identification.

In one large multicenter study, 55% of

specimen identification errors were related

to a primary specimen label error.6 In that

same study, an adverse event resulted in 1

of 18 identification errors. If this rate of ad-

verse event is extrapolated to all the na-

tion’s hospital-based laboratories, the authors

estimate that 160 900 adverse events per

year could result from mislabeled laboratory

samples.6

STRATEGIES TO REDUCE PATIENT
AND BLOOD SPECIMEN
IDENTIFICATION ERRORS

The good news is that reducing patient

and specimen identification errors has been

demonstrated in several institutions. Creating

awareness and monitoring of proper patient

identification via checking wristbands prior

to phlebotomy demonstrated a decrease in

patient identification errors from 7% to 3%

across 217 institutions over a 2-year period.14

In a multi-institutional survey of more than

3 million specimen labels to determine fre-

quency of specimen-labeling errors, it was

found that institutions that actively partici-

pated in quality monitoring had fewer errors

in specimen labeling.16 Data from CAP also

revealed that misidentification mistakes de-

creased from 4% to 1% with ongoing quality-

monitoring processes.10 The implementation

of safety projects such as nursing educa-

tion and online incident reporting also has

been shown to reduce significantly mislabel-

ing errors.15 Another health care institution

demonstrated that tracking and immediate in-

vestigation of errors and timely feedback to

patient care areas reduced mislabeling inci-

dents from 47% to 14%.17 Implementation of

organizational policy addressing accuracy of

specimen labeling also has been shown to be

successful, leading to a 75% reduction in lab-

oratory specimen-labeling errors.18

In addition to implementing labeling poli-

cies and educating staff, perhaps the strongest

intervention to reduce labeling errors is the

addition of barcode technology.8 The Food

and Drug Administration has proposed bar-

coding at the point of care for medication

and blood product delivery.19 The use of au-

tomated patient identification and specimen

collection techniques can be an additional

safety net for routines that are vulnerable to

error, especially when coupled with strong

system designs.20 The clinical applications of

electronic and information technology sup-

port can assist in the identification, control,

and reduction of error rates throughout the

laboratory testing process.21

Barcode technology has been applied

successfully in many aspects of patient

care including identification of laboratory

specimens,22 blood products,23-25 point of

care testing,26,27 and medication dispensing

and adverse drug effects.28 Patient wristbands
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with unique barcoded patient identifiers have

the potential to improve the patient identifica-

tion process throughout the episode of care.

Integrating barcode technology at the point

of care and throughout the entire testing pro-

cess adds to the reliability of conventional

means of patient identification and provides

much potential for decreasing error related to

misidentification.24

METHODS

Planning phase

The goal of this project was to decrease

specimen-labeling errors in hospital patients

who had blood tests ordered. Patients would

benefit through enhanced timeliness of labo-

ratory results, fewer delays in treatment be-

cause of redundant sampling, and comfort by

avoiding redraws of blood specimens. The

nursing and laboratory staff would benefit

through decreased rework in the specimen

drawing and testing process.

Since 1997, this 227-bed not-for-profit acute

care community hospital has used decentral-

ized phlebotomy as part of the patient care

model. All patient care technicians (PCTs)

and registered nurses (RNs) are extensively

trained in the importance of patient identifi-

cation and bedside labeling as well as spec-

imen collection techniques. As part of this

decentralized phlebotomy system, specimen

labels were printed from a central printer in

the nurse’s station and were then sorted by

patient. The hospital’s Lab Variance Commit-

tee reviewed data related to mislabeled spec-

imens, identifying and concentrating on the

areas most closely related to patient safety.

These errors were defined as wrong patient

label on specimen or specimens from mul-

tiple patients placed in the same specimen

transport bag. As a standard procedure, spec-

imens from a single patient were to be placed

in a single transport bag, and it was assumed

that a bag containing specimens with multi-

ple names had another patient’s label applied

erroneously. The specimen label printing pro-

cess at the nurse’s station was identified with

both of these types of potentially serious

errors.

The plan-do-check-act performance im-

provement methodology was used. Despite

actions including changing the font on the la-

bels to enlarge the name, inserting a blank la-

bel between each patient name when print-

ing, and requiring additional staff training and

disciplinary action, blood specimen labeling

continued to be a problem. Staff accountabil-

ity cannot be minimized but blaming individ-

uals accomplished little to make the system

safer and prevent reoccurrence.

Root cause analysis

Adverse event reports were analyzed to de-

termine the type and frequency of errors. In

addition, process steps contributing to the

errors needed to be identified to determine

possible solutions. Unit observations using an

observation tool identified process inputs. A

cause-and-effects analysis was developed to

prioritize the reasons contributing to errors.

The formation of focus groups to review the

data helped to prioritize and target improve-

ment efforts. The focus group determined

that the centralized nature of the label print-

ing contributed significantly to the problem of

mislabeled specimens. The cause-and-effects

analysis highlighted the opportunity to ex-

plore a technological solution to this high-

risk, high-volume, and problem-prone pro-

cess. On analysis, 9 of the top 10 causes were

determined to be addressed by the technol-

ogy of a positive patient identification (PPID)

system. These causes included such issues as

patients with similar or the same last names,

not checking the armband, no armband on

the patient, and the labels not taken into the

room when the blood was drawn.

Because methods to improve the process

and enhance staff education had failed to de-

crease significantly specimen-mislabeling er-

rors, we decided that technology could play

an important role in enhancing the process

and improving compliance. The need for a

phlebotomy and laboratory specimen PPID

system was identified; this system would

enhance patient safety in the process of
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collecting, labeling, and processing labora-

tory specimens, while also improving work-

flow and communications. Considering this

hospital’s existing information system, the

need to select a PPID system that would fully

integrate and interface with the information

system was paramount to maximize opera-

tional efficiencies and minimize duplicate and

redundant data entry. These needs were out-

lined and expanded upon in detail in the re-

quest for proposal .

Process change

The PPID technology changes the pro-

cesses of labeling specimens through print-

ing of labels on demand at the bedside using

a small portable label printer. The labels are

generated from laboratory orders that have

been entered into the order management sys-

tem by the prescribing physician. Orders are

checked for accuracy by the prescriber and

nursing staff who review prescriber orders

prior to the point of care. Positive patient

identification is accomplished through a wire-

less infrastructure by using a portable hand-

held computer that includes a barcode scan-

ner or beside computer with barcode scanner.

The patient’s barcoded identification band in-

cludes name, date of birth, and other identi-

fying information. The labels generated have

barcodes specific to that patient. The com-

puter with scanner and handheld printer is

brought to the bedside, and the patient’s iden-

tification band is scanned to confirm the name

and date of birth. The labels for the tests

print on the handheld bedside printer and

are affixed at the bedside; blood specimen

tubes are rescanned at the bedside following

phlebotomy.

The technology allows for the laboratory

to then scan the specimen on receipt. Be-

cause this organization is fully equipped with

a wireless infrastructure and the technology

is portable, it is adaptable to any other area

of the hospital. Part of the request for pro-

posal and evaluation process was to ensure

that the new technology could be easily inte-

grated into the existing hospital information

system, including the order entry and labo-

ratory systems. As this was determined be-

fore purchase and implementation, integra-

tion was seamless.

Implementation

The completed analysis was presented to

the Lab Variance Committee and key stake-

holders. A capital budget for the hardware

and computer infrastructure for the PPID sys-

tem was prepared and approved for imple-

mentation on 6 inpatient units. A multidisci-

plinary core team and implementation team

were formed. The core team evaluated vendor

presentations and participated in site visits

about PPID technology. Prior to implementa-

tion, the core team determined that the high-

risk area of blood bank specimen labeling,

which was a handwritten process with dou-

ble signatures, should be excluded from this

new process until additional information was

obtained on the success of the program.

One medical-surgical unit was chosen as

the pilot unit. After training all the RNs and

PCTs, this unit implemented the technology

for 1 month and had no blood specimen-

labeling errors in that month. The other

5 inpatient units, composed of 2 more

medical-surgical, an intermediate care, the

psychiatry, and the obstetrics units, imple-

mented the technology the following month

after an extensive educational program. With

the portable nature of the technology, training

classes were held in unit conference rooms

with groups of approximately 10 staff mem-

bers, and training was conducted hands-on,

resulting in high attendance. After a week

of 24-hour support from the Implementa-

tion Team, the units used the technology

independently.

Because of the success of this technolog-

ical solution in the reduction of errors and

high staff acceptance and compliance, the

capital budget for the next year was ap-

proved, expanding the program to the inten-

sive care unit (ICU), neonatal intensive care

unit (NICU), and pediatrics and emergency

departments. Technology was developed,

which attached scanners to bedside comput-

ers for the PPID system rather than having
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to use only the handheld computer-scanning

device. This technology advancement facili-

tated a more efficient implementation pro-

cess for the ICU and NICU where bedside

computers were already in place. Nine

months after implementation on the first pilot

unit, implementation was successfully com-

pleted in the ICU and NICU with continued

positive results.

The system was expanded for use with

blood bank specimens for all units using the

system. Implementation was again success-

fully completed in the pediatrics emergency

and pediatric inpatient department, and a pre-

sentation given to the Board of Trustees on the

process and successful results. This prompted

an out-of-budget approval to expedite imple-

mentation in labor & delivery and newborn

nursery by the end of the fiscal year. To

complete hospital-wide implementation the

capital budget for fiscal year 2009 included

resources to implement the technology for pe-

rioperative services. This completed a well-

planned, phased process of full hospital

implementation.

Resources

The staff resources allocated to this initia-

tive included staff time for observations, data

collection, review and analysis; time for team

members’ participation in Lab Variance Com-

mittee, vendor demonstrations and site vis-

its; training for each unit staff member; and

24-hour support by staff super users during

each unit implementation. The staff training

program was 1 hour in length for each RN and

PCT on the involved units.

This initiative to reduce patient and blood

specimen identification errors had the sup-

port of the executive management team,

board of trustees, physicians, nursing, and

laboratory leadership, and nursing and lab-

oratory staff members. Specifically, a board

of trustee member had success with 6-Sigma

training at his business and advocated for

6-Sigma training for key hospital staff. This

was accomplished in collaboration with his

company and our health system. The pro-

fessional committee of the board reviews all

performance improvement data and specifi-

cally recognized and repeatedly expressed the

need for improvement in laboratory specimen

labeling. The executive management team

was involved in reviewing the performance

improvement data, recognizing the need and

supporting the team’s recommendations for

technology as a solution. The executive man-

agement team, hospital board of trustees, and

hospital system board of trustees approved

and supported the capital and staff train-

ing budget for this important patient safety

initiative.

RESULTS

Performance measurement

The performance measurement tools used

in this initiative were a process map, cause-

and-effect matrix, an observation tool and

summary of results, data collection through

adverse event reports, plan-do-check-act

methodology, and statistical program to assist

in data analysis. The process of phlebotomy

and specimen labeling was mapped as it ex-

isted. A cause-and-effect matrix was used to

rank and prioritize the reasons contributing

to errors. Adverse event reports were used

to determine the number of errors in the

base year period prior to implementation

and in the 1-year period postimplementation.

Statistical software was used for analysis,

and measurement biases in the number

of errors were addressed using 2 different

years of data with the exact same months

preimplementation and postimplementation

to account for variation related to seasonality.

Staff involvement through focus groups

was used to validate the ranking process in

the cause-and-effect matrix and to decrease

biases of management staff.

Baseline mislabeled blood specimen data

were collected for a 1-year period November

2005 through October 2006 as the preim-

plementation period and November 2006

through October 2007 as the initial postim-

plementation comparison period. Mislabeled

specimen data were segregated for the 6 units
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Figure 1. Positive Patient ID Project: Mean Number of Mislabeled Blood Specimens First 6 Units.

that implemented the PPID system and were

analyzed by unit. The Laboratory Variance

Committee continued to review and analyze

each error and the summary data to ascertain

the reliability of the data. The data were ob-

tained through adverse events reports, which

was a paper-based event-reporting system

from prior to 2005 until March 2007. In

March 2007, the adverse event–reporting sys-

tem was transitioned to a Web-based report-

ing system. Events in both systems are entered

by both nursing and laboratory personnel. In

conversion to the Web-based system, consis-

tency in categorizing and tracking of events

by category was maintained. Mislabeled blood

specimens were defined as those having the

wrong patient name or specimens with mul-

tiple patient names in one specimen bag. As

stated previously, blood bank specimens were

excluded from the PPID process during the

first year following implementation.

Data analysis

The criteria for measuring the success of

the project was a decrease in the number of

mislabeled blood specimens and maintaining

the improvement over time. Blood specimen

mislabeling data were analyzed for the 6 in-

patient units. The outcome data include sta-

tistically significant findings of a decrease in

labeling errors from the baseline preimple-

mentation error frequency of 103 to the

postimplementation error frequency of 8. A

crosstab with error count by unit and period

was completed, which shows that errors de-

creased for each unit between the pre- and

postimplementation periods. The largest de-

crease in errors on a unit was from 49 to 1.

The mean number of errors per unit per

month for the preimplementation year period

was 1.49 and for postimplementation year

period it was 0.10. A control chart includ-

ing a trend line demonstrates the decrease

in the mean monthly number of errors be-

tween the baseline preimplementation period

and the first year postimplementation period

for all 6 units combined and the continuing

trend of no errors in mislabeling blood spec-

imens through December 2007 (Figure 1).

To volume adjust the change in the errors,

a mean monthly error rate per 1000 patient

days was calculated. The preimplementation

error rate was 2.02 and the postimplementa-

tion error rate was 0.13. Although a t test to

measure the mean difference in errors in the

pre- and postimplementation periods showed
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Figure 2. All Mislabeled Specimens, 2007-2009.

significant results, it did not meet the assump-

tion of equality of variance. A Mann-Whitney

U Test showed a significant difference in the

mean number of errors for the 2 periods

(P < .001).

DISCUSSION

With the overwhelming success of error re-

duction on the pilot unit, the decision was

made to quickly expand the implementation

to the additional 5 inpatient units. The errors

continued to decline, and within 2 months fol-

lowing implementation, all 6 units had elim-

inated blood specimen-labeling errors. This

demonstrated a significant improvement in

patient safety for the target population. The

goal to decrease mislabeled blood specimens

and make process improvements to ensure

consistent accuracy of patient identification

in the usage of 2 patient identifiers was

achieved. This accomplished the short-term

goal to significantly reduce blood specimen-

labeling errors.

The long-term goals included sustaining

this improvement and expanding the tech-

nology and processes hospital-wide. This was

accomplished using a phased 3-year imple-

mentation. A control chart of all mislabeled

laboratory specimens hospital-wide was used

to demonstrate the success over time in re-

duction of errors as the technology expanded

(Figure 2).

The implementation of this improvement

exceeded both the quantitative and qualita-

tive goals and objectives. The quantitative goal

to decrease laboratory specimen mislabeling

was exceeded because rather than simply a

reduction in mislabeling errors, defined as er-

rors involving wrong patient and specimens

with multiple patient names in 1 specimen

bag, errors were eliminated 2 months follow-

ing implementation for the initial 6 inpatient

units. Subsequently, results have continued to

show significant error reduction for each unit

implemented with only an infrequent error re-

lated to a new implementation or a new staff

member. The qualitative objectives of avoid-

ing unnecessary patient discomfort and incon-

venience for redrawing specimens and pre-

venting delay in treatment regimens, while

eliminating rework on behalf of the nursing

and laboratory staff, were also accomplished.

Acceptance and utilization of the technology

by staff also exceeded qualitative goals and ex-

pectations.

Lessons learned were that implementa-

tion of this technology in a decentralized

phlebotomy model where the nursing staff,

rather than laboratory personnel, perform the
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phlebotomy is unusual and more complicated

requiring extensive education. Success was at-

tributed in part because of the strong advo-

cacy and involvement of the senior director

of nursing and support of executive manage-

ment team. Other obstacles faced included

the costs of capital expenditures and staff paid

time for training and to support implementa-

tion. These obstacles were overcome by phas-

ing implementation over several fiscal years

as a necessity to include the total hospital in

the solution due to the capital and training re-

sources. The need for sufficient numbers of

handheld printers and computers was also de-

termined to be essential. If sufficient equip-

ment is not available, staff will be frustrated

and develop work around processes. Initially,

the number of handheld bedside printers for

the fiscal year 2008 implementation phase

was underestimated, and additional funding

was requested and approved to fully accom-

plish the implementation. Lastly, the impor-

tance of having a strong wireless network in

place was identified because in the beginning

several areas of weak signal were noted and

had to be upgraded.

The initiative leaders, comprising nursing,

laboratory, and information systems leader-

ship, were paramount in the evaluation of

the technological solutions and success of im-

plementations. The senior director of nurs-

ing was the champion who was most visible

in supporting and leading implementation of

this system including being involved in many

of the staff training sessions. The involve-

ment of staff cannot be underestimated in

the success of this project. The nursing staff

participated in identifying problems, explor-

ing solutions, education of staff, and serv-

ing as super users to support implementa-

tion. Staff training and education related to

this technology was conducted on a unit basis

as each unit approached its implementation

date.

This process improvement enhanced pa-

tient safety through a significant reduction in

misidentified laboratory specimens. Through

the elimination of blood sample redraws, pa-

tient comfort was improved and possible de-

lays in diagnosis and treatment were avoided.

It decreased rework for the nursing and lab-

oratory staff. It involved several departments

and many direct care nursing staff members

in implementation, making safety efforts very

visible and tangible and enhancing the culture

of safety.

REFERENCES

1. Parisi LL. Patient identification: the foundation for a

culture of patient safety. J Nurs Care Qual. 2003;

18(1):73-79.

2. The Joint Commission. 2009. National patient

safety goals hospital program. http://www.joint

commission.org/NR/rdonlyres/31666E86-E7F4-423E-

9BE8-F05BD1CB0AA8/0/HAP NPSG.pdf. Published

October 31, 2008. Accessed October 24, 2009.

3. College of American Pathologists. CAP laboratory

safety plan. http://www.cap.org/apps/cap.portal?

nfpb=true&cntvwrPtlt actionOverride=%2Fportlets

%2FcontentViewer%2Fshow& windowLabel=cntvwr

Ptlt&cntvwrPtlt%7BactionForm.contentReference%

7D=patient safety%2Flaboratory patient safety plan.

html& state=maximized& pageLabel=cntvwr. Pub-

lished August 10, 2009. Accessed October 24,

2009.

4. Plebani M. Errors in clinical laboratories or errors

in laboratory medicine? Clin Chem Lab Med. 2006;

44(6):750-759.

5. Carraro P, Plebani M. Errors in a stat laboratory: types

and frequencies 10 years later. Clin Chem. 2007;

53:1338-1342.

6. Valenstein PN, Raab SS, Walsh MK. Identification er-

rors involving clinical laboratories. Arch Pathol Lab
Med. 2006;(130):1106-1113.

7. Landro L. Hospitals move to cut dangerous lab er-

rors. Wall Street J. 2006;:D1. http://online.wsj.com/

article/SB115023520852679334.html#articleTabs%3

Darticle. Published June 14, 2006. Accessed October

20, 2009.

8. Astion M. Right Patient, Wrong Sample. Agency

for Healthcare Research and Quality Case and Com-

mentary. http://www.webmm.ahrq.gov/case.aspx?

caseID=142. Published December 2006. Accessed

October 20, 2009.

9. Wagar EA, Yuan S. The laboratory and patient safety.

Clin Lab Med. 2007;27(4):909-930. doi:10.1016/j.cll.

2007.07.002.

10. Howanitz PJ. Errors in laboratory medicine. Arch
Pathol Lab Med. 2005;(129):1252-1261.

11. Lippi G, Guidi GC. Risk management in the

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



LWW/JNCQ NCQ200094 November 11, 2010 0:14 Char Count= 0

Decreasing Mislabeled Laboratory Specimens 21

preanalytical phase of laboratory testing. Clin Chem
Lab Med. 2007;45(6):720-727.

12. Lippi G, Guidi GC, Mattiuzzi C, Plebani M.

Preanalytical variability: the dark side of the moon in

laboratory testing. Clin Chem Lab Med. 2006;44(4):

358-365.

13. Da Rin G. Pre-analytical workstations: a tool for re-

ducing laboratory errors. Clin Chim Acta. 2009;404:

68-74.

14. Howanitz PJ, Renner SW, Walsh MK. Continuous

wristband monitoring over 2 years decreases identi-

fication errors. Arch Pathol Lab Med. 2002;126:809-

815.

15. Wagar EA, Tamshiro L, Yasin B, Hilborne L, Bruckner

DA. Patient safety in the clinical laboratory. Arch
Pathol Lab Med. 2006;130:1662-1668.

16. Wagar EA, Stankovic AK, Raab S, Nakhleh R, Walsh

MK. Specimen labeling errors. Arch Pathol Lab Med.

2008;(132):1617-1622.

17. Quillen K, Murphy K. Quality improvement to

decrease specimen mislabeling in transfusion

medicine. Arch Pathol Lab Med. 2006;130:1196-

1198.

18. Dock B. Improving the accuracy of specimen label-

ing. Clin Lab Sci. 2005;18(4):210-212.

19. US Food and Drug Administration FDA News. FDA
Proposes Drug Bar Code Regulation. http://www.

medinorma.ch/downloads/fdabarcodeproprule.pdf.

Published March 13, 2003. Accessed October 24,

2009.

20. Kaplan HS. Transfusion “Slip”.Agency for Healthcare

Research and Quality Case and Commentary. http://

www.webmm.ahrq.gov/case.aspx?caseID=50. Pub-

lished February 2004. Accessed October 20, 2009.

21. Plebani M. Errors in laboratory medicine and pa-

tient safety: the road ahead. Clin Chem Lab Med.

2007;45(6):700-707.

22. Hayden RT, Patterson DJ, Jay DW, et al. Computer-

assisted bar-coding system significantly reduces clin-

ical laboratory specimen identification errors in a

pediatric oncology hospital. J Pediatr. 2008;152(2):

153-155.

23. Dzik WH. New technology for transfusion safety. Br J
Haematol. 2006;(136):181-190. doi:10.1111/j.1365–

2141.2006.06373.x.

24. Sandler SG, Langeberg A, Carty K, et al. Bar code

and radio-frequency technologies can increase safety

and efficiency of blood transfusions. Lab Med.
2006;37(7):436-439.

25. Porcella A, Walker K. Patient safety with blood

products administration using wireless and bar-

code technology. AMIA Annu Symp Proc. 2005;614-

618.

26. Rao AC, Burke DA, Dighe AS. Implementation of bar

coded wristbands in a large academic medical cen-

ter: impact on point of care error rates. Point Care.
2005;4(3):119-122.

27. Colard DR. Reduction of patient identification errors

using technology. Point Care. 2005;4(1):61-63.

28. Poon EG, Cina JL, Churchill W, et al. Medication dis-

pensing errors and potential adverse drug events be-

fore and after implementing bar code technology

in the pharmacy. Ann Intern Med. 2006;145:426-

434.

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.




