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Washington Post: Medical Errors Now Third Leading 
Cause Of Death In United States
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Core Laboratory Model

Photo provided by Linoj Samuel, Ph.D., D(ABMM).
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Trend Towards Laboratory Consolidation
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• Specimens processed and Gram stains read 24/7.

• Cultures read out on two shifts.

• Use of multiple contingent and part time staff.

• Demands for higher productivity = increased risk of errors.

• Manual and subjective nature of microbiology testing.

Why Metrics in Clinical Microbiology?
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“You can’t manage what you don’t measure.”

International Federation for Clinical Chemistry (IFCC)  Working Group: Laboratory Errors and Patient Safety.

The WG mission is to stimulate studies on the topic or errors in laboratory medicine, to  collect available data on this topic 
and to recommend strategies and procedures to  improve patient safety.

How Are Others Using Metrics?

Additional Sources:

Plebani M. The quality indicator paradox. Clin Chem Lab Med. 2016 Jul 1;54(7):1119-22. doi: 10.1515/cclm-2015-1080. PMID: 
26641971.

Plebani M, Astion ML, Barth JH, Chen W, de Oliveira Galoro CA, Escuer MI, Ivanov A, Miller WG, Petinos P, Sciacovelli L, Shcolnik
W, Simundic AM, Sumarac Z. Harmonization of quality indicators in laboratory medicine. A preliminary consensus. Clin Chem Lab 
Med. 2014 Jul;52(7):951-8. doi: 10.1515/cclm-2014-0142. PMID: 24622792.
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• Plebani M, Carraro P. Mistakes in a stat laboratory: types and frequency. Clin Chem. 1997 Aug;43(8 Pt 1):1348-51. 
PMID: 9267312.

• Plebani M, Lippi G. Improving diagnosis and reducing diagnostic errors: the next frontier of laboratory medicine. Clin
Chem Lab Med. 2016 Jul 1;54(7):1117-8. doi: 10.1515/cclm-2016-0217. PMID: 27101552.

• Sciacovelli L, O'Kane M, Skaik YA, Caciagli P, Pellegrini C, Da Rin G, Ivanov A, Ghys T, Plebani M; IFCC WG-LEPS. Quality 
Indicators in Laboratory Medicine: from theory to practice. Preliminary data from the IFCC Working Group Project 
"Laboratory Errors and Patient Safety". Clin Chem Lab Med. 2011 May;49(5):835-44. doi: 10.1515/CCLM.2011.128. 
Epub 2011 Feb 23. PMID: 21342024.

• Lippi, Giuseppe, Banfi, Giuseppe, Church, Stephen, Cornes, Michael, De Carli, Gabriella, Grankvist, Kjell, Kristensen, 
Gunn B., Ibarz, Mercedes, Panteghini, Mauro, Plebani, Mario, Nybo, Mads, Smellie, Stuart, Zaninotto, Martina, 
Simundic, Ana-Maria and on behalf of the European Federation for Clinical Chemistry and Laboratory Medicine 
Working Group for Preanalytical Phase, . "Preanalytical quality improvement. In pursuit of harmony, on behalf of 
European Federation for Clinical Chemistry and Laboratory Medicine (EFLM) Working group for Preanalytical Phase 
(WG-PRE)" Clinical Chemistry and Laboratory Medicine (CCLM), vol. 53, no. 3, 2015, pp. 357-370. 
https://doi.org/10.1515/cclm-2014-1051

Additional Sources Continued

https://doi.org/10.1515/cclm-2014-1051
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• 4.9 Identification and control of nonconformities: The  laboratory shall have a 
documented procedure to identify and  manage nonconformities in any aspect 
of the quality  management system, including pre-examination, examination  
or post-examination processes.

• 4.14.7 Quality Indicators: The laboratory shall establish quality  indicators to 
monitor and evaluate performance throughout  critical aspects of pre-
examination, examination and post- examination processes.

According to ISO 15189:2012
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• What tools can you use to monitor quality of work/training in your  
laboratory in real time?

• How far ahead of the curve are you in terms of anticipating problematic  
trends in your laboratory?

• How do you resist the tendency to patch, fix and move on?

• How can you use metrics to positively impact laboratory performance?

Questions
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• How are we as a discipline using metrics?

• Do we have a standardized approach to collection, classification and analysis of
metrics?

• Do we really have the ability to measure the quality of a lab and compare its  
performance to its peers?

• You can’t manage what you can’t measure!

Questions
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• Unlabeled specimens.

• Miss-labeled specimens.

• Specimen labels not matching requisitions.

• Incorrect containers submitted for the tests ordered.

• Numbers of QNS specimens.

• Numbers of hemolyzed blood specimen.

• Numbers of specimens that leaked out of containers.

• Cancelled specimens.

• Lab utilization metrics.

Pre-analytic Metrics
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• Turnaround time.

• Blood culture contamination rate.

• AFB contamination rate.

• Sputum contamination rate.

• Interferon gamma release assay indeterminate rate.

• Molecular assay metrics: Invalid rates and positivity rates.

Other Metrics
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• Urine culture contamination rate.

− CAP Q-Probes study 20051.

− Median institution had contamination rates ~15%.

− Range from 0.8% to 41.7%.

− Low rates associated with specimen refrigeration and patient instruction.

• Evidence Based Laboratory Medicine Practice Guidelines2

− No recommendation for or against is made for delayed processing of urine stored at
room temperature, refrigerated, or preserved in boric acid.

− No recommendation for or against is made for collection of midstream urine without  
cleansing.

− Need more systematicstudies!

Some Common Metrics in Microbiology

_______________________________________________________________________________________________________________________________________________________________________________________________

1Arch Pathol Lab Med-Vol 132, June 2008.

2 CMR, January 2016 Volume 29 Number1.
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• Blood culture contamination rate.

− What is the definition?

• CAP Qprobes: A blood culture was considered to be contaminated if 1 or more of the  
following organisms were identified in only 1 of a series of blood culture specimens:  
coagulase-negative Staphylococcus species, Propionibacterium acnes, Micrococcus  species, 
‘‘viridans’’-group streptococci, Corynebacterium species, or Bacillus species. A  blood culture 
series was defined as 1 or more specimens collected serially within a 24- hour period to 
detect a bacteremic episode.3

− <3% recommended.

− Median laboratory contamination rate was 2.89%3.

− Target rates <2%?

− How do you calculate contamination rates - Lack of consistency in methods used.

Blood Culture Contamination Rate

_____________________________________________________________________________________________________________________________________________________________________________________

3Arch Pathol Lab Med-Vol 129, Oct 2005.
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• At one of our EDs, contamination rate was <3% however:

– Nurses tended to draw multiple sets from single sticks or lines.

– Multiple sets contaminated with coag neg staphylococci.

– Not flagged as contaminant by laboratory algorithm.

– In one quarter, 7/25 patients with such results received inappropriate 
therapy and diagnostic procedures.

– Does blood culture contamination rate really tell us the whole  story?

Blood Culture Contamination Rate
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• Manual decontamination process can be prone to variation.

• ~60% of Mycobacteria are lost during routine decontamination.4

• Harsh decontamination can cause false negative cultures.

• Inadequate decontamination can cause contaminated cultures.

• Failure to review adequate number of fields can lead to false negative AFB  smears.

• What metrics can we use in these settings?

AFB Lab Metrics

__________________________________________________________________________________________________________________________

4 WHO. Laboratory Services in Tuberculosis Control 1998.
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• What is the expected AFB culture contamination rate?

– According to WHO: 2-3%4.

– According to CDC: 3-5%6.
– According to APHL:

– For solid media 2-5%5.

– For liquid media 7-8%5.

• AFB smear/culture correlation.

– Smear positive specimens that are culture negative should be reviewed.

– Percent of smear negative/culture positive specimens should be tracked (60-80% correlation 
suggested).

AFB Lab Metrics

_________________________________________________________________________________________________________________________________________________________________________________

4 WHO. Laboratory Services in Tuberculosis Control 1998.

5 Mycobacterium tuberculosis-Assessing your laboratory, Association of Public Health Laboratories. 2009 Ed.

6 CDC. Mycobacterium Tuberculosis: Assessing Your Laboratory. Centers for Disease Control; 1995.
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• Correlation between Gram stain and culture results can be a useful metric.

– Measure of Gram stain quality.

– May identify issues with culture processing.

– May indicate inappropriate test ordering or specimen collection.

• Limited data on expected rate of Gram stain/Culture results.

• Anecdotal reports suggest high rate of correlation (>90%) between Gram stain and culture
results for specimens that had moderate/many colonies on routine aerobic culture.6

Gram stain/Culture Correlation

___________________________________________________________________________________________________________________________________________________________________________________________________________________

6 J Clin Microbiol. 2016 Jun; 54(6):1442–1447.
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• Errors in Gram stain interpretation can have significant impact on patient care.7

• Interpretation of smears can be subjective especially in the presence of stained debris or 

thick smears.

• Potential for contamination of slides with bacteria from water/reagents.

• Limited data available on the incidence of Gram stain errors in routine specimens.

Gram Stain Error Rate

_____________________________________________________________________________________________________________________________ _________________________________________________________

7 J. Clin. Micro June 2016 Volume 54 Number 6.



ASM.org |  21

• Nancy Goodyear, PhD, Sara Kim, PhD, Mary Reeves, Michael L. Astion, MD, PhD, A 2-Year Study of Gram 
Stain Competency Assessment in 40 Clinical Laboratories, American Journal of Clinical Pathology, Volume 
125, Issue 1, January 2006, Pages 28–33, https://doi.org/10.1309/40WD3015CH1RYH58

• Church DL, Don-Joe C, Unger B. Effects of restructuring on the performance of microbiology laboratories 
in Alberta. Arch Pathol Lab Med. 2000 Mar;124(3):357-61. doi: 10.1043/0003-
9985(2000)124<0357:EOROTP>2.0.CO;2. PMID: 10705387.

• Erik Munson, Timoth Block, Janice Basile, Jeanne E. Hryciuk, Ronald F. Schell. Mechanisms To Access Gram 
Stain Interpretation Proficiency of Technologists at Satellite Laboratories, Journal of Clinical Microbiology, 
Nov. 2007, p. 3754-3758

Gram Stain Errors Using Proficiency Testing

https://doi.org/10.1309/40WD3015CH1RYH58
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• Rand KH, Tillan M. Errors in interpretation of Gram stains from positive blood cultures. Am J Clin Pathol. 
2006 Nov;126(5):686-90. doi: 10.1309/V4KE2FPM5T8V4552. PMID: 17050065.

• Calvin L. Strand, MD, Positive Blood Cultures: Can We Always Trust the Gram Stain?, American Journal of 
Clinical Pathology, Volume 126, Issue 5, November 2006, Pages 671–
672, https://doi.org/10.1309/A3A734C91JHPHWB6.

• Uehara Y, Yagoshi M, Tanimichi Y, Yamada H, Shimoguchi K, Yamamoto S, Yanai M, Kumasaka K. Impact of 
reporting gram stain results from blood culture bottles on the selection of antimicrobial agents. Am J Clin
Pathol. 2009 Jul;132(1):18-25. doi: 10.1309/AJCP0H2DAMBXZUSS. PMID: 19864229.

Gram Stain Errors With Positive Blood Cultures

https://doi.org/10.1309/A3A734C91JHPHWB6
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• Limited data generated using proficiency test results.

• Variation between labs in processing steps and methods used for Gram stain: eg.
methanol vs. heat fixation.

• Error rates with actual patient samples limited to single institutions and positive  
blood cultures.

• Only one study has examined multicenter Gram stain error rates.6

Gram Stain Error Rate

______________________________________________________________________________________________________________________________________________________________________________________________________________

6 J Clin Microbiol. 2016 Jun; 54(6): 1442–1447.
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• Examined error rates for Gram stains from sterile sites that had  discrepant 
smear/culture results that met the following criteria.6

– Moderate/Many bacteria on smear and culture negative.

– Moderate/Many bacteria on culture and smear negative.

• Collected data from four large laboratories serving tertiary care centers.

• Performed routine review of smears that met the study criteria.

Gram Stain Error Rate

_____________________________________________________________________________________________________________________________________________________________________________________________________________

6 J Clin Microbiol. 2016 Jun; 54(6): 1442–1447.
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Smear/Culture Discrepant Results/Site

Site A Site B

Site C
Site D

5%4%

6% 6%

94%94%

95%96%
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Incidence of Errors Among Discrepant Results

91%

9%

Site A
Site B

84%

Site C

55%

45%

Site D

31%

69%

16%
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• Errors were caused by:

– Improper smear preparation: Smear too thick or not enough material  on 
the slide.

– Failure to examine adequate number of fields.

– Artifacts.

• Incidence of errors and the types of errors varied between laboratories
suggesting that diverse issues are involved.

Gram Stain Errors
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• Corrected reports may indicate a failure in routine laboratory processes and  
should be followed up in a timely manner.

– These include:

• Gram stain interpretation errors.

• Errors in organism identification.

− Biochemical.

− Colony morphology.

• Result entry errors.

• Specimen processing errors.

Example: Corrected Reports
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• Single institution study concluded that 6.7% of corrected reports have clinical
impact.

Corrected Reports

_________________________________________________________________________________________

Shan Yuan, Michael L. Astion, Jeff Schapiro. (2005).Clinical Impact Associated with Corrected Results in Clinical 
Microbiology Testing. Journal of Clinical Microbiology, 43(5), 2188-2193. doi:10.1128/JCM.43.5.2188-
2193.2005
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• Nakhleh RE, Zarbo RJ. Amended reports in surgical pathology and implications for diagnostic error 
detection and avoidance: a College of American Pathologists Q-probes study of 1,667,547 accessioned 
cases in 359 laboratories. Arch Pathol Lab Med. 1998 Apr;122(4):303-9. PMID: 9648896.

• Meier FA, Varney RC, Zarbo RJ. Study of amended reports to evaluate and improve surgical pathology 
processes. Adv Anat Pathol. 2011 Sep;18(5):406-13. doi: 10.1097/PAP.0b013e318229bf20. PMID: 
21841408.

• Sharp SE, Elder BL. Competency assessment in the clinical microbiology laboratory. Clin Microbiol Rev. 
2004 Jul;17(3):681-94, table of contents. doi: 10.1128/CMR.17.3.681-694.2004. PMID: 15258098; PMCID: 
PMC452557.

Tracking Corrected Reports
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Does Monitoring Corrected Reports Have an Impact?

Source: Dr. Richard Zarbo
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Goodyear N, Ulness BK, Prentice JL, Cookson BT, Limaye AP. Systematic assessment of culture 
review as a tool to assess errors in the clinical microbiology laboratory. Arch Pathol Lab Med. 2008 
Nov;132(11):1792-5. doi: 10.1043/1543-2165-132.11.1792. PMID: 18976017

• Examined errors detected as part of routine supervisor review.

• Of 101 703 positive culture reports, 786 (0.8%) required 900 corrections.

• 302 (0.3%) of errors were potentially clinically significant.

• Errors from positive culture reports most commonly involved.

– susceptibility (374 [42%]).

– reporting (275 [31%]).

– identification workup (217 [24%]).

Corrected Reports
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• Harrington et al examined error rates in 2229 sterile specimen culture reports spread across 4 
independent full service laboratories.7

• Incidence of errors ranged from 4% to 19% with ~25% of errors having potential  clinical
impact.

• The majority of errors were clerical (69%) but technical errors were more likely to  have 
clinical impact.

• Varied culture review processes may contribute to differences in error rates between  labs.

Corrected Reports

__________________________________________________________________________________________________________________________________

7 Harrington et al. A Multicenter Assessment of Errors in Culture Reports. Poster presented ASM Microbe 2017
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First Steps:

• Developed an mechanism that identifies corrected reports.

• Daily review by laboratory director/manager of corrected reports.

• Investigate each incident and determine whether laboratory was responsible for error.

• Identify staff involved and provide feedback as needed.

• Document and categorize by type of error.

Tracking Corrected Reports in Microbiology
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Tracking Corrected Reports
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• Organism identification errors:

− Corynebacterium reported as Coag neg staph.

• Keystroke errors.

• Gram stain interpretationerrors.

• Culture report in Gram stain field or vice versa.

• Just plain gibberish.

Types of Errors
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• Corrections made to reports are analyzed and tracked by technologists.

• Corrective action implemented if the situation meets certain criteria:

– Three errors/quarter of same type.

– Five errors/quarter of any kind.

– Single incident of failure to follow lab policy for correcting detected  errors.

• Corrective action may include:

– Staged assessment.

– Remedial training.

Corrected Reports



ASM.org |  39

• Lack of consensus on the definition of an error.

• Lack of standardized data collection system.

• Absence of systematic studies on the incidence of error rates in clinical 
microbiology laboratories.

• What constitutes an acceptable error rate?

Challenges



ASM.org |  40

Blood Culture Process

Report  
Positive

Incubate
/Positive  
Core Lab

Collect  
Blood  
Culture

Receive
At Local
Lab

Courier  
Run

Potential Wasted Time / Areas For Improvement

Targeted With Metrics
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Positive Blood Culture Report Time

Problem: Only 37% of positive blood cultures reported in <2hrs.
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Time to Positive Blood Culture Gram Stain Report

≤2h  

2-4h

>4h

Goal  95%≤2h
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After multiple interventions over several months and continuous data  
monitoring: Reached target of <2h and went on to improve to <1h.

Positive Blood Culture Gram Stain Reporting
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Example: Workload Metrics
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Tracking Specimen Deliveries
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Tracking QNS Specimens

88.2% overall reduction indefects
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• Data on positivity rate and invalid rates for point of care molecular  assays 
separated by location.

Molecular Assay Metrics

Photo credit: Linoj Samuel, Ph.D., D(ABMM)
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• Switched from testing 2 days/week to testing 4 days/week.

• Post intervention, TAT for HCV results was 90% <3 days.

• Timely results avoided wastage of expensive HCV medication.

• Even avoiding delayed lab results in 20 patients = $320,000 in savings for the
institution.

Metrics and Cost Impact
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Metrics Display Can Be as Simple as This:
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Or Slightly More Complicated

Photo credit: Linoj Samuel, Ph.D., D(ABMM)



ASM.org |  52

• Why track metrics if they have no impact on laboratory performance?

• Even useful metrics may have limited impact if not utilized appropriately.

• Large amounts of data generally lay around and do nothing.

• Reviewing metrics once a month offers limited opportunities for  
meaningful feedback or intervention in real time.

The Trouble With Metrics
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• Pick a limited number of metrics.

• Set specific targets and timeframe for achieving that target.

• Delegate responsibility to specific individuals.

• Collect pre-intervention data.

• Review frequently: daily/weekly.

• Multiple rounds of interventions may be necessary.

• Collect post-intervention data at each stage.

• Move on to other metrics.

The Solution
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• Need systematic studies to evaluate appropriate metrics and acceptable
thresholds.

Finally:
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Questions? Contact Us.

Thank You!

• Clinmicro@asmusa.org 

• 202-942-9257

• American Society for Microbiology​
• Attn: CPHM Department​
• 1752 N Street NW​
• Washington, DC 20036


