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SUMMARY

Background: Clinical Chemistry is the backbone of medical treatment, diagnostics, and prevention. The laborato-
ries are trying to improve the quality and to reduce diagnostic errors and processing time and safeguard trace-
ability of all laboratory procedures to ensure patient safety. Six sigma belongs to statistical quality control and
provides a new methodology for measuring and improving process performance in laboratory.

Methods: Activities of AST, ALT, CK, LDH, Amy, and y-GT were determined by standard kinetic methods on a
Vitros 5600 biochemistry analyzer. Two daily quality controls (Verifier I and Verifier II) were run over 60 days.
Total percent CV was calculated from routine daily QC. Between-instrument bias was also calculated from daily
QC.

Results: The calculated sigma metrics for AST were 6.9 and 3.8; for ALT 9.3 and 5.6; for CK 6.6 and 5.3; LDH 5.2
and 5.2; for y-GT 4.9 and 2.7; and for amylase 8.7 and 7.1. Analytical performance for AST, ALT, CK, LDH, and
Amylase is world class. On the other hand, y-GT analytical performance is poor.

Conclusions: Six Sigma benefits from earlier quality management approaches that creates new challenges for
medical laboratories.

(Clin. Lab. 2019;65:1309-1312. DOI: 10.7754/Clin.Lab.2019.190108)
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Fax: +387 33 569 825 Clinical laboratories produce analytical results that are
Email:  vedran.djido@fzs.unsa.ba used in the diagnosis, prognostic evaluation, follow-up,

treatment monitoring, and the prevention of diseases.
The overall goal of clinical laboratories is to ensure pa-
tient safety through trueness and stability in laboratory
analyses. Analytical quality procedures are necessary to
improve patient health [1]. Precise results are crucial for
physicians and their patients. Laboratories need to pro-
duce precise test results before any other dimension of
quality becomes important. Since the mid of 1980s Six
Sigma methodology represents an evolution in quality
Manuscript accepted January 24, 2019 assessment and management that has been applied
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widely in business and industry [8]. Motorola devel-
oped the Six Sigma methodology to decrease the cost of
production, reduce defects, and decrease inconsistency
in processing. The main goal was to decrease variations
in manufacturing and 3.4 defects per million opportuni-
ties (DPMO). Healthcare and laboratories have recently
started to implement Six Sigma as a statistical quality
control method. The Six-sigma method has already been
shown to be effective for applications in healthcare. The
goal of every operation or production system is to gen-
erate a useful product [2]. Laboratories must reduce fi-
nances, increasing volumes and personnel shortages.
The clinical laboratories are progressively moving to
automation to minimize defects [3]. Six sigma activities
give the possibility to enhance the process time and
save resources [4]. The Six Sigma method characterizes
all performed processes on a Sigma scale that ranges
from 2 to 6, values less than three are considered unreli-
able and these results are not used in routine laboratory
practice. Based on the data from the real-world health
laboratories, it is an obvious statement that current in-
strumentation performs well [5]. The aim of this study
was to measure the levels of enzymes so we could de-
termine the six sigma metrics on a Vitros 5600 System.

MATERIALS AND METHODS

Study setting

The study was performed at the University Clinical
Center of Sarajevo, Department of Clinical Chemistry
and Biochemistry. The measuring of enzyme levels was
performed in the period of March to April 2018, and
they were assessed for sigma metrics.

Instruments and reagents

Six enzyme levels were measured: alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), creati-
nine phosphatase (CK), gamma GT (y-GT), amylase
(Amy), and lactate dehydrogenase (LDH). Activities of
AST, ALT, CK, LDH, Amy, and y-GT were determined
by standard kinetic methods according to IFCC (Inter-
national Federation of Clinical Chemistry) on a Vitros
5600 biochemistry analyzer. All measurements were
performed with single lot cassettes. Reagents and con-
trols were prepared according Roche diagnostics recom-
mendation.

Determination of the enzyme activity

The catalytic activity of an enzyme is measured by de-
termination of the conversion rate of catalyzed chemical
reaction using a specific measurement procedure. It is
expressed as the amount of substance converted per unit
time, in international units (IU). The catalytic concen-
tration is the catalytic activity contained in a volume of
sample and is expressed in U/L. Control samples were
tested according CLSI/NCLLS protocol EP15-A2. Bias
was calculated using a comparison method. Total per-
cent CV was calculated from routine daily quality con-
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trols. Two daily quality controls (Verifier I and Verifier
IT) were run over 60 days for each parameter tested.

Sigma level calculation

The Sigma-metric is calculated from the quality re-
quired for the test (% TE) and the precision (% CV) and
trueness (% Bias) observed for the methods, as follows:
Sigma-metric = (% TEa - % Bias)/% CV.

The Sigma-metric QC Selection Tool provides an easy
way of selecting the right QC procedure. The calcula-
tions are simple. The power curves are relatively easy to
understand.

Statistical calculations

Data analyses were performed using the statistical soft-
ware package IBM SPSS Statistics for Windows v 20.0
for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

Two daily quality controls (Verifier I and Verifier II)
were run over 60 days. Total percent CV was calculated
from routine daily QC. Between-instrument bias was al-
so calculated from daily QC. Monthly Sigma metrics
are given in the Table 1 and Figure 1.

DISCUSSION

Clinical laboratories have a critical role in the diagnosis
of many diseases. From this point of view, accurate test
results are crucial for physicians, and the assessment of
laboratory performance is important to maintain precise
laboratory results [9]. Laboratory testing process is di-
vided into three phases: pre-analytical, analytical, and
post-analytical phases [10]. Errors that occur in each
phase may have a negative effect on clinical decision. In
this context, the total occurrence of errors in all phases
should be calculated. Laboratory professionals for this
purpose can use modern quality-management tools such
as Six Sigma [11]. The sigma value defines how fre-
quently defects are likely to occur, the higher the sigma
value is, the less likely the defects or false test results
are. A laboratory method with low sigma levels means
cost of laboratory time, effort, and money in order to
maintain quality results. Usually, manufacturers or sup-
pliers assert that their tests have excellent quality, but
the clear criteria that prove this information are not de-
fined. Laboratory professionals can use sigma metrics
that involves simple and minimal calculations. All that
is necessary for quality assessment of the analytical
phase is to calculate the methods imprecision and bias
levels. All of these data are available in method valida-
tion studies. Tests with low quality (low sigma value)
can lead to the wrong diagnosis and therapy along with
expensive follow-up testing. On the other hand, tests
with high quality (high sigma value) might turn out to
be cost-saving, if it decreases delay of therapy and fu-
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Table 1. Sigma levels for the measurement procedures in two months.

Assay Conc. mean Total % CV Obsel:ved Tea target Sigma Metric
U/L (30 days) % Bias %
Level 1 Level 2 Level 1 Level2 | Level1 Level 2 Level 1 Level 2

AST 51 140 2.7 5.5 4.3 2.1 23 6.9 3.8
ALT 44 108 2.1 3.6 33 2.6 23 9.3 5.6
CK 17 302 2.6 33 2.7 24 20 6.6 5.3
LDH 206 312 2.6 2.9 4.3 2.8 18 5.2 5.2
v-GT 52 227 3.9 6.9 2.7 31 22 4.9 2.7
Amylase 88 188 1.4 1.5 24 3.9 14.6 8.7 7.1

Level 1- Precinorma U. Level 2 - Precipeth U.

Calculated sigma metrics for AST levels were 6.9 and 3.8; for ALT 9.3 and 5.6; for CK 6.6 and 5.3; LDH 5.2 and 5.2; for y-GT 4.9 and 2.7; and
for amylase 8.7 and 7.1. Analytical performance for AST, ALT, CK, LDH, and Amy is world class.
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Figure 1. Six sigma levels.

ture costly diagnostic procedures [12]. If the method has
a sigma value < 3, the quality of the test result cannot be
assured even after multiple QC repetition. We have ana-
lyzed six enzyme levels over a period of two months
(March - April 2018) and calculated the Six sigma val-
ues. Variations in sigma values between our study and
other studies performed are due to different instrument
use and quality control of used material. We have calcu-
lated mean, standard deviation (SD), coefficient of vari-
ation (CV), and bias. Analytical performance for AST,

Clin. Lab. 7/2019
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ALT, CK, LDH, and Amy is world class. On the other
hand, y-GT analytical performance is poor. Our results,
in comparison with other results of the same and differ-
ent types of instruments, are in full concordance except
GGT. Our study shows that the Vitros 5600 analyzer
provides stable results for tested analyses.
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CONCLUSION

The Six Sigma metrics seem to be the most comprehen-
sive measurements which provide the information on
defects or variations that may cause harm to the patients
and also create poor quality cost. It is a set of tools and
techniques for process improvement to identify and re-
move the causes of defects and minimize the variability
in process and provide cost savings [6,7,13].

Acknowledgment: )
Thanks to Prof. Dr. Jozo Cori¢ for data collection and
paper expertise.

Declaration of Interest:
None.

References:

1. Plebani M, Piva E. Medical errors: Pre-analytical issue in patient
safety. J Med Biochem. 2010;29(4):310-14 DOI: 10.2478/v
10011-010-0039-2.

2. Villa D. Automation, lean, six sigma: Synergies for improving
laboratory efficiency. J Med Biochem. 2010;29(4):339-48 DOI:
10.2478/v10011-010-0038-3.

3. Dulfy GL, Moran JW, Riley W. Quality Function Deployment
and Lean-Six Sigma Applications in Public Health. ASQ Quality
Press 2010; ISBN 978-0-87389-787-7.

4. Valid JM. Progressive automation - The solution of choice for
improving lab efficiency. J Med Biochem. 2010;29(4):325-29
DOI: 10.2478/v10011-010-0042-7.

5. Hawkins R. Managing the pre-and post-analytical phases of the
total testing process. Ann Lab Med. 2012;32(1):5-16 (PMID: 222
59773).

6. Shanker R. Process Improvement Using Six Sigma. A DMAIC
Guide. ASQ Quality Press 2009.

7. Shahangian S, Snyder SR. Laboratory medicine quality indica-
tors: A review of the literature. Am J Clin Pathol. 2009;131(3):
418-31 (PMID: 19228647).

8. Gras JM, Phillipe M. Application of the Six Sigma concept in
clinical laboratories: A review. Clin Chem Lab Med. 2007;45(6):
789-96 (PMID: 17579533).

9. Plebani M. Errors in laboratory medicine and patient safety. Fore-
word. Clin Chim Acta. 2009;404(1):1-1 (PMID: 19298802).

10. Rattan A, Lippi G. Frequency and type of preanalytical errors in a
laboratory medicine department in India. Clin Chem Lab Med.
2008;46(11):1657-59 (PMID: 19012534).

11. Westgard JO. In: Six Sigma Quality Design and Control. Westrad
JO. (Ed). Medison, Wisconsin: Westgard QC, Inc; 2006.p331.

12. Ignjatovic S, Majki-Singh N. Application of six sigma in control
of health laboratories. J Mol Biol. 2007;26(3):196-200.
https://www.degruyter.com/downloadpdf/j/jomb.2007.26.issue-
3/v10011-007-0022-8/v10011-007-0022-8.pdf

1312

13. Westgard JO. Quality control. How labs can apply six sigma prin-
ciples to quality control planning. Clin Lab News. 2006;32:10-12.
https://www.researchgate.net/publication/311846344 Quality co
ntrol_How labs can_apply six_sigma_principles_to quality co
ntrol_planning

Clin. Lab. 7/2019


https://www.researchgate.net/publication/334489406


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


