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1. Introduction

According to the definition of International Fedgon of Clinical Chemistry and
Laboratory Medicine (IFCC) clinical chemistry isethliscipline with the application of
chemical, molecular and cellular concepts and tegcls to the understanding and the
evaluation of human health and disease. At the abtke discipline is the provision of
results of measurements and observations relewahitcause of disease, maintenance
of health, and conversion of this data into spec#nd general patient- and disease-
related information at the laboratory-cliniciandrface. Today laboratories of clinical
chemistry are capable to provide customers widetspa of tests counting more than
1000 specific measurable quantities on the lissuRe of laboratory tests usually are
background for clinical decision making. Therefdres of major importance to achieve
reliable accuracy, precision, repeatability, repi@bdility and comparability of tests
results. It becomes critical when laboratory tests performed for the same patient and
different measurement procedures or diffeientitro diagnostic (IVD) medical devices
are applied for the same purpose. Highly effectijmlity system and methods for
guality assurance have to be implemented to aclsiatiefactory results.

Different topics on quality management systemsehaeen widely reviewed in
the scientific literature. Various approaches foalgy assurance have been described in
details and have got an acceptance by the profedsian different countries. But still
there is no method alone capable to assure andsaaggeement of tests results then
analyzing patient samples on different IVD deviaass by different measurement
procedures. To achieve that purpose reference ialataand reference measurement
procedures have been introduced for some analyigshee numbers of these materials
and measurement procedures are growing const&uphisticated statistical approaches
and extended external quality assessment scheraesvailable for the same purpose.
All these improvements have led to remarkable im@noent in quality of clinical
laboratory test results.

Different IVD instruments and measurement procesl@pplications for the same
analyte remain common for bigger laboratories aedlth care institutions where
decentralized testing is being used. Even in shabbfiratories or health care institutions
separate IVD devices are dedicated for day andt rapiits. Set of traditional quality
assurance tools could be inadequate to achieveptatte comparability when results
originate from different testing sites or differéd¥D instruments.

Almost three decades clinical laboratories in L#thia have been under pressure
to introduce measures for quality improvement bulyowith quite simple QC
procedures were succeeded in most of them. Critltahges have taken place in most of
Lithuanian clinical laboratories during last twocdedes: manual methods were replaced
by standardized automated procedures; in-houseméeagvere displaced by commercial
reagent kits and number of new tests and measutepnecedures were introduced.
While the analytical quality aspects at the samme tiemained at the status of 1980-ies —
1990-ies and are limited with daily QC and formalrtipation in EQA scheme
predominantly. Lack of scientific approach to amiabl quality requirements, absence of
national EQA scheme and slow movements towardsdatdization are the major
weakness spread between Lithuanian clinical labdest. This makes reason for
scientific research in the field of analytical qtalrequirements, models for quality
assurance and total quality management.
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Under the strong economical pressure and congtaiging expectations of
customers (clinicians and patients) clinical labamnas are faced with the challenge: to
do as much as possible tests with the best qualitye short period of time. This makes
scientific approach to be applied not only in atieht quality but in total quality
management obviously. There were no scientific gapa total quality management in
clinical laboratories published in Lithuania so.far

2. Aim of the study

The aim of the study was to evaluate effectiversdssaditional quality control
methods applied in laboratories of clinical chemyisising native samples, assess the
comparability of test results received by differgye of equipment and/or by different
measurement procedures and propose the qualityaasgumodel for the detection and
minimization of numbers of incompliance’s and radb use of resources at the
laboratories of clinical chemistry.

3. Tasks of the study

1. To evaluate how the results of native sample measents in the group of
most common clinical chemistry analytes from sefgarastruments and/or
different measurement procedures meet the reconedeadalytical quality
requirements.

2. To evaluate the QC results of same group of armlgtel compare with the
evaluation of the results from native samples.

3. To test split-sample model for use in quality assgent of the same
laboratory tests performed on separate instruments.

4. To investigate process improvement possibilitied @ impact on laboratory
workflow and analytical performance.

5. To develop unsophisticated quality assurance miodebutine laboratories of
clinical chemistry, suitable to detect and minimineomparability of test
results and assure rational use of laboratory ressu

4. Significance and novelty of research work

Comparability of QC and native sample test resybsrformed on separate
instruments or by different measurement procedwaeshe same laboratory was
investigated and evaluated.

Quality of laboratory investigations was studied tyginal way — not only
through the analytical quality control and assueariut also through the workflow in
different laboratory activities and process impmoeat. Process improvement
implementing lean thinking was performed for then@st time in Lithuania.

There were no research studies on process impraotea® tool for quality
management in Lithuanian clinical laboratories iearout. Simple and practical model



for quality assurance in routine clinical labor#&erunder rapidly changing laboratory
environment was developed.

5. Materials and methods
5.1. Blood serum samples

For experiments with native samples remainderghefserum from laboratory
testing were used with no evidence of hemolysislg@inia. Specimens were collected
in plastic evacuated tubes with inert gel barri&D (USA) by standard venepuncture. To
get sufficient amount of material pools of sampléd similar concentrations (activities)
of analytes were prepared. If sufficient amounsample with high level of analyte of
interest was available, sample was diluted wit®®0MNaCl solution to get lower values.
Pools were tested for anti-HIV1/2, anti-HCV arfdeponema pallidum antibodies,
hepatitis B surface antigen (HBsAg). Pools withledst one positive marker were
discarded. Pools with negative markers were fraaah stored at -20°C until the day of
testing. On the day of testing samples were thadmedl hour and centrifuged for 10 min
at 25009 to exclude precipitates. For split-santpsing pools of four (five) levels of
concentration or activity were collected. After téngation samples were split for two
instruments and measured in triplicate. Testingpda@swere included in daily routine
batches randomly.

5.2. Invitro medical devices
5.2.1. Automated clinical chemistry analyzers

In order to collect more objective results and imine the influence of the
manufacturer IVD devices from different manufactareere used in the study:
e Automated clinical chemistry analyzer OpeRA (formBayer, now
Siemens, Germany),
e Automated clinical chemistry analyzer Cobas MirausPl(Roche
Diagnostics, Switzerland),
e Automated analyzer Dimension RxL (former Dade Baiprinow Siemens,
Germany)
e Integrated clinical chemistry and immunochemistiystem Architect
ci8200 (Abbott, USA).
To keep the confidentiality it was avoided to use hames of instruments were it was
possible. Experimental numbers were used in moshsés.

5.2.2. Calibration and control materials

Commercially available analyzer specific calibrat@nd calibrators from the
independent companies were used: Bayer, Randoxd@®abhaboratories Ltd., UK),
Dade Behring and Abbott. For the measurement avigctof enzymes calculation
factors provided by the reagent supplier were used.



For the QC measurements analyzer specific QC rabhteas partly used provided
by Bayer. Generally QC materials were from indegeadnanufacturer.
¢+ Lyophilized multiparameter commutable human serased QC materials:
¢+ Human Control Serum Level 2 (Randox Laboratories, WWK),
¢+ Human Control Serum Level 3 (Randox Laboratoriel LUK);
¢+ Liquid multiparameter commutable human serum b&¥€dnaterials:
+ Liquicheck Level 1 (Bio-Rad Laboratories Inc., JAV)
¢+ Liquicheck Level 2 (Bio-Rad Laboratories Inc., JAV)
¢+ Liquicheck Level 3 (Bio-Rad Laboratories Inc., JAV)

EQA samples were supplied by impartial EQA providabquality OY (Finland)
and RIQAS (Randox International Quality Assessnfacihieme, Randox Laboratories
Ltd, UK). EQA samples provided by Labquality OY wdyophilized or liquid. In some
programs reference materials as well as nativgpamcessed human serum samples were
used. EQA samples from RIQAS were lyophilized hursarum based.

5.3. Analytical methods and measurement procedures

ASAT activity was measured bw-ketoglutarate, Asp / NADH, photometry
(IFCC/SCE without pyridoxal-5-phosphate) method, TA&ctivity — by Ala / NADH,
photometry (IFCC/SCE  without pyridoxal-5-phosphatejnethod. Reagents
manufacturers: former Bayer, later Siemens, biokteri(France), Abbott. ALP activity
was measured by IFCC compatible method (p-nitroplipbiesphate, AMP buffer / pNP,
photometry). Reagents manufacturers: former Balater Siemens, Abbott. GGT
activity was measured by GLUCANAy-glutamil-3-carboxi-4-nitroanilide (Szasz
modification) method. Reagents manufacturers: fofdayer, later Siemens, Abbott.

Concentration of glucose was measured by glucostass / 4-aminoantipyrin
method (former Bayer, Randox), later by referenegokinase method (former Dade
Behring, now Siemens, Abbott). Concentration oéltprotein was measured by Biureth
method (former Bayer, now Siemens, and Abbott). Albuconcentration was measured
by bromcresol green method (former Bayer, now Srenand Abbott). Total bilirubin
concentration was measured by modified Jaffe me(itbott, Randox) and Dimethyl
Sulfoxide method (former Bayer, now Siemens).

5.4. Statistical analysis of data

For statistical analysis ‘MS Excel for Windows’dafStatistica for Windows 6.0’
software packages were used. Basic QC statistios @adculated. Statistical significance
was determined by using the Student’s t-Test. Alperof less than 0.05 was considered
as significant.

For evaluation of results from split—-sample tegsoftware for method evaluation
in clinical chemistry 'Method validator softwareversion 1.1.10.0 (Philippe Marcuis,
www.multigc.con) was used together with 'Analyse—it for Microsgftcel’ (Analyse-it
Software, Ltd, UK). Both softwares used Passingt@dalregression analysis for
linearity testing and determination of slope anricept. The 95% confidence interval
for the intercept A was used to test the hypothdss A=0. This hypothesis was
accepted if the confidence interval for A contaihe value 0. If the hypothesis was
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rejected, then it was concluded that A is significdifferent from 0 and both methods
differ at least by a constant amount.

The 95% confidence interval for the slope B waddusetest the hypothesis that
B=1. This hypothesis was accepted if the confidentaval for B contains the value 1.
If the hypothesis was rejected, then it was coregduthat B is significant different from
1 and there is at least a proportional differeret@vben the two methods.

Statistical evaluation of EQA results was perfornbgdRIQAS and Labquality.
Workload calculations were performed by Abbott Gndbigo. KG (Germany).

6. Results
6.1. Investigation of analytical characteristics ofnost often used routine analytes

Set of 8 most often routinely performed analytes whosen for experiments of
comparisons: albumin, glucose, total bilirubinatgtrotein, ALT, AST, ALP and GGT.
Two analytical instruments coded BIO00O1 and BIO®@#e used. The same methods
for analyte determination were used on both insémisy but reagents were from
different manufacturers. BIO0O01 was an open systemeagents used were from
independent producer. BIO002 was partly open systamagents were from the same
manufacturer as of system. 40 analytical measuremms were carried out during 4
months. All analytes were measured 320 times oh etrument. Results are presented
in table 1. Analytical performance data were coragato the analytical quality
requirements based on biological variation. Evadumabf bias was based on long term
EQA results. Expanded uncertainty was calculated.

It was found that results of ALT, albumin, totaiofein, GGT and ALP from
instruments BIO001 and BIO002 were significantlyfetent (p<0.01). Meanwhile it
was no significant difference for AST, total bilim and glucose. It was found that
analytical CV’s for albumin, AST, total protein,uglose and ALP results on BIO001 and
for AST and total protein on BIO002 exceeded désgramprecision | — half of intra-
individual biological variation of particular anédy Analytical performance of listed
analytes was considered to be dissatisfactorynfitte should be paid especially to the
analytical performance data of AST and total prgtaihere C\{(;>CVa>1.

Calculations of analytical bias were based on Efaa from RIQAS because
there were no uncertainty data of calibration male®lavailable from the manufacturers.
As an estimate of bias RMSDI expressed as numb&Didfwas used. Expression of
RMSDI was calculated on 10 consequent SDI resoltering 5 months of participation
in EQA and including 4 months then experiment wasgied out. Desirable quality
specifications for RMSDI do not exist, that's whstiemate of bias was also calculated
and expressed in percent according to the formula:

BiaSypectes™ (S X RMSDI / X;) x 100.

For the calculation purposes output group of EQAipipants was considered as
homogenous and difference of variances in outpatgrand within the laboratory as
negligible. Bias estimates were calculated for BI@®nly because no EQA data for
BIO001 were available.

It was shown that positive bias for AST and negatbias for total bilirubin
exceeded desirable bias limit calculated from lgmlal variation of the analytes.
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Total allowable error was calculated accordintheformula:
TE, = Bias + 1,65CY,.

It was found TR(AST) > TE(AST) with both imprecision and bias egdeg
desirable specification limits, and J@otal bilirubin) > TE(total bilirubin) exceeding
limits bias only.

Expanded uncertainty for BIO0O02 results was caledl:

U = ((S)* + (RMSDI x Sa))™™

6.2. QC results

QC data analysis results are presented in table \#as found that long term
analytical CV of albumin and total protein on batktruments, glucose on BIO002 and
ALP on BIO001 exceeds desirable CV limits. For ihstrument BIO0O01 control
material from independent company was used whil@&f®@002 — from the reagents and
instrument manufacturer. It was considered as irgp@te for evaluation and only
very general considerations were done.

It was found that levels of albumin, total protaand ALP in BIO002 CSN
material were in the pathological level, and all gluwcose level in BIO0O01 CSN was in
pathological level too. This finding identified theontrol materials predefined to be in
normal levels of analytes actually were in pathaablevel and were not suitable for
evaluation of analytical performance in the regibmealthy subject.

EQA results for BIO002 only were available anehtts for ALT (+1,15S), AST

(+0,94S) and total bilirubin (-1,07S) did not agreigh QC results or no shifts from
expected mean were identified in QC results.

12



Table 1.Results of analytical characteristic investigatidrihe set of routine analytes

Analyte Data from BIO001 Data from BIO002 p Desleab Bias Desirablel Expanded| Total Total
X1 S CVa1, X5 S, CVao, imprecision, | RMSDI %, bias, % | uncertainty| error | allowable
% % I, % expected U, meas. | TEr, % | error TE,
units %
ALT, U/L 51,70 | 4,37 845| 47,23 4,34 9,18 <0,01 12,2 1,15 10,6 12 10 25,7 32,1
Albumin, g/L 4494 1,79| 3,98 | 42,76 | 0,64 1,48| <0,01 1,6 -0,79 1,17 1,3 2,7 3,8 3,9
ASAT, U/L 57,48 | 8,24| 14,33 | 5568| 3,78| 6,79 | 0,21 6,0 0,94 6,38 5,4 10 17,6 15,2
Total protein, g/L 62,20 164 263 | 61,26| 095| 155 | <0,01 14 -0,44 0,68 1,2 2,35 3,2 3.4
Total bilirubin, 22,44 | 260 11,57 2259 2,77 12,27 0,81 12,8 -1,0713,3 10,0 6,9 33,5 31,1
umol/l
GGT, U/l 58,23| 2,34| 4,01 60,08 1,38 2,21<0,01 6,9 -0,03 0,13 10,8 3 3,8 22,2
Glucose, mmoll 5,73 0,17 2,96 | 5,76 0,16 2,82 0,48 2,9 -0,13 0,7 2,2 0,36 5, 6,9
ALP, U/l 247,4| 15,16 6,13 | 262,8| 6,21 2,36| <0,01 3,2 -0,33 1,56 6,4 18 55 11,7
Table 2 QC data analysis results
Analyte Data from BIO001 Data from BIO002
CSN CSP CSN CsSP
Expected X S CV, | Expected X S CV, | Expected| X S CV, | Expected| X S CV,
mean % mean % mean % mean %
ALT, U/L 55 52,28 3.25| 6,21 118 10970 7,96 7,6 35| 33,8 | 1,81| 5,35 119 120,09 4,22 3,50
Albumin, g/L 43,5 45,41 0,96| 2,12 30,3 31,03 0,69| 2,22 34 34,32 0,79 2,30 26 25,53| 0,68 2,65
ASAT, U/L 51 52,52 2,26| 4,30 133 13061 4,47 365 8 3| 384 | 2,10| 5,44 177 178 6,13 3,44
Total protein, 58,9 59,66 2,28| 3,82 45,4 42,83 1,04| 2,44 56 57,37 1,59 2,78 46 45,62 1,01 2,21
g/L
Total 27,7 24,29 1,46| 6,02 83,2 88,29 573 6/49 8 7|91 64 0, 8,09 86 88,33 557 6,31
bilirubin,
umol/|
GGT, U/l 51 52,31 2,70] 517 n.d. n.d. n.d. nid. 33| 33,3 | 1,05] 3,15 100 97,00 2719 2,87
Glucose, 6,1 5,8 0,13 | 2,23 15,5 15,4 0,39 2,63 5,2( 5,04 60,B,10 16,6 16,75 0,55 3,26
mmo/|
ALP, U/l 232 230,59| 14,63 6,34 411 400,34 16,35 4,08 236 233,7] 6,34 2,71 402 4069 11,8 2/90

n.d. — no data (due to incommutable QC material)
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6.3. Split-sample testing

Serum samples for split—-sample testing were pegpaccording the procedure
described in chapter 3.1. 20 samples for each preqgared to cover clinically significant
intervals of analytes concentrations (activitieResults of split—-sample testing are
presented graphically in figures 1-7 in plots offedtences and Passing—Bablok
agreement between two different analyzers. The wwagresent results of split-sample
testing as plots of differences and Passing—Balkdgkeement found to be most
convenient to analyze the differences in wholedritg range or in the range of clinical
decision making. Passing-Bablok regression analysaph visualizes character of the
difference: proportional or constant.

There were 4 samples used for split—-sample testirsgmplify the procedure for
the comparisons. Samples were collected in a wagot@r most clinically significant
regions of the linearity range. Results of 4 sphirple testing are presented in figures 8—
14. 4 split—samples testing was found to be inaadeqtor alboumin and glucose while for
the rest of tests identical results were receiveavigh 20 samples. We suggested to use
five levels of split-samples instead of four. Lagé&periments were done with 5 levels of
split-samples. We found split—-sample testing torost optimal then testing for identity
of results received on separate IVD instrumentee@asame laboratory.
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Figure 1. Plot of differences and Passing—Bablok agreemiesibamin results on two
different analyzers.

Figure 2. Plot of differences and Passing—Bablok agreemieAL® activity results on
two different analyzers.

inti meginiai - AST akt palygini
Meendiffererce: 265[-0101to54]

Figure 3. Plot of differences and Passing—Bablok agreemieASd activity results on
two different analyzers.
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Figure 4. Plot of differences and Passing—Bablok agreemietotal protein results on
two different analyzers.

Figure 5. Plot of differences and Passing—Bablok agreemie@G3I activity results on
two different analyzers.

different analyzers.
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Figure 7. Plot of differences and Passing—Bablok agreemieALP activity results on
two different analyzers.

Figure 8. Passing—Bablok agreement oFigure 9. Passing—Bablok agreement of
albumin results by split-sample testing  AL$uks by split—-sample testing

Figure 10. Passing—Bablok agreement Bfgure 11.Passing—Bablok agreement of
AST results by split-sample testing ltptatein results by split—-sample testing
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Figure 12. Passing—Bablok agreement Bigure 13. Passing—Bablok agreement of
GGT results by simplified split-sample  glucossults by simplified split-sample
testing testing

Figure 14. Passing—Bablok agreement of
ALP results by split—-sample testing
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6.4. Process improvement

As a starting point for the evaluation of laborgtavorkload data of year 2005
was chosen. 1 109 369 test were performed in Sdédnoes at the Centre of Laboratory
Diagnostics (CLD) during 2005.

Table 3. The structure and workload of the CLD in 2005.

Laboratory Number of tests Separate parts of ldabora
Laboratory of Biochemistry 750 815 POCT, radioimmassay
Laboratory of Hematology 247 545
and Cytology
Laboratory of Microbiology 34 698 Divisions of virology and

molecular diagnostics
Laboratory of Clinical 15 027
Immunology
Blood Bank Laboratory 61 284

To identify and analyze existing processes witthia laboratory and improve
workflow efficiency labor utilization, urgent regstecapability, turn around time (TAT)
and to decrease error rates workflow analysis veafopned by lean. A lot of ‘waste’ or
non-value added activities were identified: tubesses 24 steps and information — 13
steps, manual work should be used at 37 stepseb#ferresult could be released to the
customer (Figure 15). There were also found 9 I¥&truments and 8 different software
types used for routine testing, no connection betwastruments and LIS despite exiting
advanced LIS at the laboratory. There was caladilatean time to STAT test release —
lhour 10 min at off peak time and 2 hour 20 mirpetk time. Mean time to routine
result release — 4 hours.

Using value stream mapping areas for process wepnent were identified:
laboratory work area consolidation (microbiologydammunochemistry), instruments
(clinical chemistry and immunochemistry), more effee sample flow (less aliquots);
more effective information flow (bar codes on sagsphnd request forms combined with
middleware solution); automation of pre-analytipedcesses.

The results of workload simulation analysis hakieven that implementation of
two identical integrated analytical instruments hwitclinical chemistry and
immunochemistry tests in one platform will resnltTAT decrease to 36 min and STAT
to — 29.4 min after arrival to the laboratory dgrioff peak and to 46 and 37 min during
high peak time respectively. Theoretically 95 %S3fAT clinical chemistry tests could
be released during 26 min and 95 % of routine @iihchemistry tests — during 40 min.
In high peak period 44 % of instrument capacity lddae used.

As it is shown in Fig. 17 after lean implementateamples have to pass 13 steps
and information — 3—4 steps.
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6.5. Analytical characteristics investigation of itegrated analytical systems

After lean implementation the evaluation of anabft performance of the
optimized laboratory was studied for 12 months byning 3 levels of QC daily 1-3
times each. All the tests were performed using eetsy recommended by the
manufacturer of the instruments. QC data were coadpto the cumulative QC data
from the laboratories using the QC material aratlvedworld. Data from instrument used
before lean implementation was added to the comgasi Cumulative QC data were
calculated in collaboration with Bio—Rad Laboraggriinc. (USA). Data evaluation
results are presented in Table 4.

Most of analytes after lean implementation haveched less inaccuracy:
analytical CV’s decreased for AST, ALP, GGT, toklirubin and glucose, for total
protein — remain stable and less when cumulativeflGm different laboratories (except
ALP).

Desirable analytical performance remained unrehébetotal protein mainly due
to narrow interval of intra-individual biologicabwation 2.7 %. To reach the analytical
goal CV<0,5CVfor total protein is a challenge, even when stathe art technology is
used. The similar situation was for albumin in kbver normal level and pathologically
low level.

Analytical CV of ALT increased within the limitsf @lesirable imprecision. It
should be pointed out that IFCC comparable methabowt pyridoxalphosphate was
used despite the strong criticism for it. This meament procedure remains in use by
many laboratories in Lithuania even it is not saddzed.

The was no significant difference found when conmgaresults on to systems by
terms of basic statistics even for ALP which wamagkable due to instability of
reagents.

Short term samples B and C (Labquality) were usedBHQA with reference
values during 15 months. Basically satisfactoryitsswere received except ALT, AST
and albumin. There were outliers received constaintllow level of both enzymes
activities which resulted in strong negative biaghe low level region. Conversely all
albumin results had constant positive bias of 6ay/lL4.5 %.

Series of split-sample testing were performedcfunparison of native samples
results in 5 different levels. Data are presenteglgcally by Passing—Bablok regression
analysis in Fig. 18-25. Near ideal agreement wesived: slope of the regression lines
of all tests was found 0.97-1.00 except ALP. ALPpsl 0.863 demonstrated the
proportional difference between ALP results in vatisamples on two identical
analytical systems. It has proven effectivenessptit—-sample testing, which covers all
linearity range or the most clinically importanvégs.
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Figure 18. Passing—Bablok agreement ofFigure 19. Passing—Bablok agreement of
albumin results by split-sample testing Alesults by split-sample testing
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AST results by split-sample testing total protein results by split—sample testing
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Figure 22. Passing—Bablok agreement of Figure 23. Passing—Bablok agreement of
total bilirubin results by split-sample GGT results by split-sample testing
testing after implementation of lean. afteplementation of lean.

Figure 24.Passing—Bablok agreement of Figure 25. Passing—Bablok agreement of
glucose results by split—-sample testing LPAesults by split—-sample testing
after implementation of lean. eafimplementation of lean.
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7. Conclusions

1. It was found that results of clinical chemistrytsesf native samples could be
significantly different when separate IVD instrunterare used at the same
laboratory. Results of five of eight tested anaythd not meet desirable
guality requirements.

2. QC and EQA results of analytes used in the stugyesented important
analytical characteristics of laboratory tests -algical variation and bias.
However it was considered insufficient for compami®f native sample results
covering whole linearity range if separate instratador the same analyte are
in use at the same laboratory.

3. Proportional or constant differences in resultsnafive sample testing have
been described by split—-sample tests covering titead ranges for clinical
decision making.

4. Process improvement by lean in Laboratory of Biocisery of Vilnius
University Hospital Santariskiklinikos had an impact to the total performance
of the laboratory:

a. Sample preparation and information flow automatigesulted in
decrease of manual work and human errors rate; ledge and
competence of skilled staff were switched to mddicaidation of
results and total quality improvement at the latmra

b. TAT for STAT samples decreased to 40-50 min and®bf STAT
tests are released to the customer during 1 hour.

c. Imprecision of most of studied analytes, expressgdanalytical CV,
after implementation of new analytical systems eased: AST, ALP,
GGT, glucose, total bilirubin.

5. Developed and tested model for quality assizraat the laboratory of
clinical chemistry consist of:
+ internal QC based on concept of biological varmstio
+ EQA schemes, where reference materials are usddyget values
for analytes are assigned by reference measurerasgdures;
¢+ split-sample testing for the evaluation of intermeproducibility
within the laboratory;
¢+ process improvement by lean.
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9. REZIUME

Jvadas. Pagal Tarptautis Klinikinés chemijos ir laboratorés medicinos
federacijos (anglinternational Federation of Clinical Chemistry and Laboratory
Medicine, IFCC) apibrzima klinikiné chemija — tai disciplina, teikianti matavim
rezultatus ir stefjimus, susijusius su liga, sveikatos priga, ir Siuos duomenis
perkeliantij bends ir specifire informacip apie pacient [1]. Siandien laboratorijos
gali atlikti daugiau nei 1000 Klinikés chemijos tyrim, kuriy rezultatai, paprastai,
lemia gydytog priimamus sprendimus. Téldlabai svarbu uztikrintiy tiksluma,
glaudum, pakartojamurm ir atitikti, ypa jei tam p&iam asmeniui tie patys tyrimai
atliekami skirtingais prietaisais ar skirtingais todais. Siam tikslui yra tina
efektyvi kokylkes sistema ir kokyds vertinimo lidai, veiksmingi ankstyvo galim
klaidy nustatymo metodai.

Pasiilyta jvairiy bady klinikinés chemijos laboratorijose atliekantyrimy
kokybei uztikrinti.  Siam tikslui yra diegiami tagutiniai etalonai, ieSkoma
informatyvesny statistinio duomeu apdorojimo irjvertinimo kidy, bandomi nauji
iSoriniai kokykes vertinimo modeliai. Sios priemés pirmiausia skirtos pagerinti
rezultat; atkuriamum tyrimus atliekant skirtingose laboratorijose ir/skirtingais
metodais. T&@au didesiase laboratorijose, ygatose, kuriose yra nutolusinuo
centrires laboratorijos padalinj tiems patiems tyrimams atlikti gana daznai
naudojami tie patys metodai, bet skirtingi priedaisNet ir nedideise laboratorijose
daznai skiriasi prietaisai, naudojami dirbti diein naki. Tuomet tradicini vidaus
kokybés kontroks metod nepakanka, nes jie yra skirti tik konkne analizatoriumi
atliekamo konkretaus tyrimo kokybgiertinti.

Lietuvos Klinikinese laboratorijose kokyis uztikrinimo ir vertinimo aspektai ir
toliau nagrigjami tik praktiniu lygiu, tam dazniausiai taikanerss ir mazai
veiksmingus bdus. Pasikeitus laboratorinio darbgygoms, pasigendama mokslinio
poziirio i analizs kokylkes reikalavimus (kokys tikslus).Ivairiose laboratorijose tie
patys tyrimai atliekami skirtingais tyrimo metodarsaudojant skirtingus prietaisus,
todl pacientui keliaujant IS vienos gydymsetaigosi kita, neiSvengiama rezuliat
neatitikciu.

Lietuvoje rera nacionalias klinikiniy laboratorij iSorinio kokykes vertinimo
sistemos, to#l stokojama informacijos apie naudojammetod; paplitima, ju
kokybinius rodiklius bei analis rezultat skirtumus.

Klinikiniy laboratorijy darbe kokybs vertinimo bei uZztikrinimo aspakt
nagrirgjimas iSlieka labai aktualia problema. Tai skatiegkoti nauy analizs
kokybés vertinimo modelj bei paklaidi prevencijos metad diegti mokslu pagstus
analizs kokyles reikalavimus (kokys tikslus).

Didéjant ekonominiam spaudimui ir griefnt uzsakoy (gydytoj ir pacienty)
reikalavimams, laboratorijos susiduria su uzduatimaksimaliai kokybiskai atlikti
kuo daugiau tyrim per trump laika su minimaliomis iSlaidomis. T@tl mokslo
pasiekimai turi bti diegiami jau ne tik analés procese, bet ir organizuojant avis
laboratorijos darfy planuojant ir valdant iSteklius, dirbant su uzsakis. Lietuvoje Sia
tema mokslo darbdar réra atlikta.
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Darbo tikslas — istirti tradiciny klinikiniy biocheminy tyrimuy kokybés
kontroks metod efektyvumy naudojant natalius mneginius, jvertinti analizs
rezultat;, gaut; skirtingaiss prietaisais ir/ar skirtingais tyrinmoetodais, atitikt ir
pasiilyti biocheminiy tyrimy kokybés uztikrinimo model tyrimy rezultat
neatitiktims nustatyti ir sumazinti, racionaliaiutijant laboratorijos iSteklius.

Uzdaviniai:

1. Istirti grupés dazniausiai atliekamn klinikinés chemijos tyrim nafiraliy
méginiy anali2s rezultaf, gaut; skirtingaiss prietaisais ir/ar skirtingais tyrimo
metodais, atitiitrekomenduojamiems kokgb tikslams.

2. IStirti ir jvertinti tos pdios grugs dazniausiai atliekamnklinikinés chemijos
tyrimy kokybés kontroés meginiy analiZzs rezultatus, gautus skirtingais
prietaisais ir palyginti juos su naliy méginiy tyrimy rezultatais.

3. ISbandyti padalint natiraliy meéginiy mode], skirtingais prietaisais tiriamn
analtiy kokybeijvertinti.

4. |stirti laboratorijos veikd, pasirinkti koncepcy procesams gerintijvertinti
proces gerinimo jtaka laboratorijos veiklos organizavimui ir kokylgims
analizs charakteristikoms.

5. Sukurti nesuétinga, tinkamy praktirems laboratorijoms klinikids chemijos
tyrimy kokybés uztikrinimo modal tyrimy rezultaty neatitiktims nustatyti ir
sumazinti, racionaliai naudojant laboratorijos ktes.

Moksliné darbo reikSme ir naujumas:

Europos $jungos direktyvose pateikiami griezti reikalaviman vitro
diagnostikos prietaisams, kurie &tir bati jgyvendinti prieS pateikiant prietaisus
rinka. Pastarojo meto publikacijose raSoma apie nuatatbudrumo, stebint bei
ivertinant klinikiniams laboratoriniams tyrimams wnajam; prietais;, reagent,
tyrimo metod; patikimumy bei diagnostia veri, svarla. Taiau tokie reikalavimai
paprastai apsiriboja neatitikties konstatavimu, atejgiant jokiy rekomendacij
neatitikiai pasalinti. Moksliniai diagnostinisisteny tyrimai dazniausiai atliekami tik
Siy sistemy kiirimo ar ankstyvojo pritaikymo praktikoje stadijose.

Siame darbe buvo itirta jvertinta klinikiniy biochemini; tyrimy kontroliniy
ir natiraliy méginiy analiZs rezultaf, gauty naudojant skirtingus prietaisus ir/ar
skirtingus tyrimo metodus, tarpusavio atitiktis.

Siame darbe laboratorintyrimy kokyhes klausimai nagrigiami ir netradiciniu
poziariu — sutelkiant dmeg ne tiki jprast analizs kokykes uztikrininy ir kontrok,
bet ir i proces, vykstargiy jvairiose laboratorijos vietose vairiais tyrimo atlikimo
etapais, optimizavim Pirmg karta Lietuvoje kokybei Klinikirtje laboratorijoje gerinti
pritaikyta LEAN teorija — taupioji paslaugr gamybos procesvaldymo sistema.

Mokslo darly apie Klinikiniy laboratoring tyrimuy kokybés vertinimy bei
uztikrinima, LEAN teorijos taikyna klinikinése laboratorijose Lietuvoje nebuvo
atlikta, tocl naupy analizs kokyles vertinimo modelj ir paklaid; prevencijos
metod; paieSka, mokslu pagty analizs kokyles reikalavimy (kokybés tikshy) ir
veiklos optimizavimo modelio diegimas pasizymi mioks naujumu.
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Tyrimo metodai. Visiems eksperimentams, kuriuose buvo naudotirakis
kraujo serumo gginiai, buvo parinkti rutininiams tyrimams paimpacient; kraujo
serumo mginiy likuc¢iai be hemolizs ir lipemijos @gdsaky. Méginiy kaupiniai gauti
maiSant skirting pacient;, kuriy pasirinkty analtiy koncentracijos (aktyvumai) buvo
artimi, méginiy likucius. Jei buvo galima gauti pakankakieki serumo, kuriame yra
didek tiriamos analiés koncentracija (aktyvumas), serumas buvo skied#sa@)9%
NaCl tirpalu mazesims koncentracijoms (aktyvumams) gauti. ParuoStuose
kaupiniuose buvo tirti antilnai prieS Zmogaus imunodeficito 1, 2 tipo, hepa@to
virusy antigenus (ZIV 1/2, anti-HCV), hepatito B paviisinantigenas (HbsAQ),
antikiinai prieSTreponema pallidum. Kaupiniai, kuriuose buvo rastas bent vienas is
Siy infekcijy Zymen, buvo sunaikinti, o tie kaupiniai, kuriuose vigititinfekciju
zymenys buvo neigiami, homogeniskai iSmaisyti inkya uzSaldyti (-20°C)
temperairoje iki tyrimo dienos. Tyrimo diepnméginiai 1 valand atSildyti kambario
temperairoje ir centrifuguoti 10 min. 2500g siekiant pasal kaupinyje
susidariusius precipitatus. Padalinhéginiy tyrimams buvo rinkti ketut skirtingy
koncentracyy (aktyvumo) néginiai, kurie buvo gaunami ir paruoSiami taip pedjp
kiti serumo méginiai. IS nucentrifuguet kaupiny buvo ruoSiami réginiai
skirtingiems analizatoriams ir kiekvienu iSy jtiriami trimis pakartojimais.
Eksperimentini méginiy tyrimai buvo atliekami kartu su pacigninéginiy tyrimais,
eksperimentinius gginius atsitiktiniu du jterpiantj rutininiy tyrimy serip tuo p&iu
metu.

Atskiruose eksperimemtetapuose buvo naudoti skirtinign vitro diagnostikos
medicinos prietaisai: OpeRA, Cobas Mira Plus, Disiem RxL, Architect.
Komercires jvairiy gamintojy specifires analizatox ir nepriklausomos kalibravimo
medziagos buvo naudotos kalibruoti analizatoriusssatams nustatyti. Fermeant
aktyvumui nustatyti naudoti gamintojo konki@m analizatoriui pateikti kalibravimo
faktoriai. Vidaus kokybs kontrolei naudotos nepriklausomo gamintojo
multiparametrigs liofilizuotos jvairiems analizatoriams tinkamos Zmogaus kraujo
serumo pagrindu paruostos kontrénmedziagos. ISoriniam kokgb vertinimui
naudotos Labquality OY (dalis su pamatims medziagomis) ir RIQAS programos.

Aspartataminotransferéz (ASAT) aktyvumui nustatyti naudotaso-
ketoglutarato, Asp / NADH, fotometrijos (IFCC/SCEe bpiridoksal-5-fosfato)
metodas, alaninaminotransfeéaz(ALAT) — Ala / NADH, fotometrijos (IFCC/SCE
be piridoksal-5-fosfato) metodas. Sarasiriosfatazs aktyvumui nustatyti naudotas su
IFCC rekomenduotu suderintas metodas (p-nitrofesiiéitas, AMP buferis / pNP,
fotometrija). GGT aktyvumas matuotas GLUCANAy-glutamil-3-karboksi-4-
nitroanilido (Szasz modifikacija) metodu. Gliuksz koncentracija tirta gliukés
oksidazs / 4-amino antipirino metodu éhau pamatiniu heksokingg metodu.
Bendrojo baltymo koncentracija tirta biureto metod@éllbumino koncentracija
matuota bromkrezolio zaliojo metodu. Bendrasisriiinas tirtas modifikuotu Jaffe
metodu ir dimetilsulfoksido metodu.

Statistit duomem analiz atlikta naudojant ,MS Excel for Windows" ir
.otatistica for Windows 6.0“ programpaketus. Skaiuoti jprastiniai statistiniai
vidaus kokylés kontroks duomenys, statistiSkai palyginti gautezultat; skirtumai
taikant Stjudento t kritemj StatistiSkai reikSmingais laikyti skirtumai, jgi<a,
reikSmingumo lygmenimi pasirenkaat0,05. Padalint méginiy tyrimy duomenims
analizuoti naudota klinikis chemijos tyrim metod; vertinimo programa ,Method
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validator software”, versija 1.1.10.0 ir statistskprograma ,Analyse—it for Microsoft
Excel“. Darbo koivio modeliavimo analiz atlikta Abbott GmbH & Co. KG,
naudojant program,Accelerator”.

Rezultatai. Palyginamieji tyrimai atlikti dviem skirtingais Waratorijoje
naudotais analizatoriais. ALAT, albumino, bendrdpaltymo, GGT ir Sarmis
fosfatazs rezultatai statistiSkai reikSmingai s&sr (p<0,01), esant reikSmingumo
lygmeniui o=0,05. ASAT, bendrojo baltymo ir gliukég atvejais statistiSkai
reikSmingo skirtumo negauta. Aps&aiotos variacijos koeficient CVa; ir CVpo
reikSmes lygintos su kokyks tikslu I, kuriuo iSreiSkiamas maksimalus priinatsn
analizs netikslumas — pug individo tiriamos analiés biologires variacijos.
Nustatyta, kad BIO001 analizatoriumi tirtaloumino, ASAT, bendrojo baltymo,
gliukozés ir Sarmirs fosfatazs, o analizatoriumi BIO002 tiut ASAT ir bendrojo
baltymo variacijos koeficientai virSija I.

ASAT ir bendrojo bilirubino poslinkiai virsijo maksalaus leistino poslinkio
ribas. Tai rodo, kad laboratorijoje taikomiSanaltiy tyrimy rezultatai sistemiskai
nukrypsta nuo tigtiny verciy, o ASAT kidingas teigiamas sistemingasis poslinkis
(sistemingoji paklaida), bendrajam bilirubinui -igiamas.

Nustatyta, kad ASAT ir bendrojo bilirubino TEvirSijo didziausa leistima
paklaich. ASAT atveju tai niimé abu sandai — netikslumas ir poslinkis, bendrojo
bilirubino atveju — poslinkio sandas.

ISoriniam kokyles vertinimui buvo pateikiami tik analizatoriaus EIQ2
duomenys, kurie ALAT (+1,15S), ASAT (+0,94S), bemadr bilirubino (-1,07S)
atvejais visiSkai neatitiko vidaus kokdgokontroks rezultaf tendencij, kadangi juose
nuokrypio nuo tiktiny reikSmi; nestebta. Padalinf méginiy tyrimai leido jvertinti
viso tiesiSkumo intervalo arba kliniSkai svarbios ¢alies rezultat tarpusavio
atitikima.

Atlikus srauty analiz, nustatyta, kad tyrimai laboratorijoje atliekami 9
analizatoriais, naudojamos 8 skirtingos kompiutg@rogramos, valdaios prietaisus,
jie néra sujungtii bends tinkla, nors veikia gerai iSvystyta laboratorijos infocme
sistema.

Apskatiuota, kad vidutida skubaus tyrimo rezultato pateikimo uzsakovui
trukmé svyruoja vidutiniSkai nuo 1 val. 10 min. maziawssepkrovos metu iki 2 val.
20 min. esant didziausiai apkrovai. Vidudtimutininio tyrimo rezultato pateikimo
uzsakovui trukra siekia apytiksliai 4 val.

Nustatytos proces gerinimo kryptys: skirting laboratorijos stiy —
mikrobiologijos ir imunochemijos sujungimas (koridakija), biochemijos ir
imunochemijos instrumentntegravimas, informacijos sraut judéjimo
efektyvumo didinimagdiegiant néginiu brakSnini kodavima, sujungiant prietaisug
bendn tinkla per tarpir programa, preanalizini proces automatizavimasgdiegiant
robotine méginiy paruoSimo sistem

Optimizavus proces ir jdiegus dvi identiSkas konsoliduotas analizines
sistemas, jomis galima istirti 96 % laboratorij patenkatiy méginiy. Planiniai
tyrimai vidutiniSkai ity atliekami per 36 min., o skab — per 29,4 min. nuay]j
patekimoj laboratoria, didziausios apkrovos laiku — atitinkamai per 487 min.
95 % skubi Klinikinés chemijos tyrim baty galima atlikti per 26 min., 95 % planini
klinikinés chemijos tyrim — per 40 min. Esant didziausiai prietaigpkrovai ity
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iSnaudojama 44 %uyj galimybn. Idiegus LEAN koncepcij mégintuwelio kelias
laboratorijoje sutrumgo iki 13 etam, o informacijos — iki 3—4 etap daugumos
nagrirgjamy analtiy netikslumas, iSreikStas variacijos koeficientuadppus naudoti
naujas analis sistemas sumgb. Integruott analiziny sistemy veikimo

charakteristikomgvertinti taip pat taikyti padalint méginiy tyrimai. Visy analtiy,

iISskyrus Sarmiés fosfatazs, gauti rezultatai artimi idealiems: regresijoeikiy

nuolinkis svyruoja tarp 0,97 ir 1,00. diau Sarmirs fosfatazs regresias analizs

tiesss nuolinkis tik 0,863 rodo rysSkius rezuliatarp dviej identiSky analiziniy

sistemy proporcinius skirtumus.

ISvados

1. Nustatyta, kad Klinikias chemijos tyrim nafiraliy méginiy analizs rezultatai,
gauti naudojant skirtingus prietaisus tojecipge laboratorijoje, gali i
statistiSkai patikimai skirtingi. PenkiiS astuoni tyrinéty analtiy rezultatai
neatitiko rekomenduojairkokybeés tiksh.

2. Tyrinéty Klinikinés chemijos analiy vidaus kokyks kontroés ir iSorinio
kokybés vertinimo néginiy rezultatai atspingo svarbias analés proceso
kokybines charakteristikas — variaciy poslinki. Tiriant nafiralius neginius
nustatyta, kad 8i charakteristiy nepakanka rezultat skitumams tarp
skirtingais prietaisais atliekaptyrimy visame tiesiSkumo intervajeertinti.

3. ISbandyti padalint nafiraliy méginiy tyrimai, apimantys kliniSkai svarbiausius
vertiy intervalus, iSrySkino skirtingais prietaisais elftlhhmy tyrimy rezultat,
skirtumus, atsirand&ius ¢l proporcinio arba pastovaus nuokrypio.

4. Pritaikius LEAN koncepcy optimizuoti Vilniaus universiteto ligonés
SantariSki  kliniky Laboratorigs diagnostikos centro  Biochemijos
laboratorijos veiklos procesai &@ svarbios jtakos laboratorijos veiklos
kokybiniams rodikliams:

a. Automatizavus preanalizinméginiy paruoSim ir informacijos sraut
tékme, suma#jo rankinio darbo, tuo @au ir tikimybé atsirasti Zzmogaus
klaidoms, kvalifikuoty ir kompetenting darbuotoj zinios ir
kompetencijos nukreiptos medicininiam rezujtapatvirtinimui ir
laboratorijos veiklos kokybei gerinti;

b. Skubi tyrimy rezultat; atidavimo laikas sutrung iki 40-50 min., o
95 % skubu tyrimy rezultaty uzsakovui pateikiama vidutiniSkai per 1
valandy;

c. Daugumos nagrijamy analtiu netikslumas, iSreikStas variacijos
koeficientu, praédjus naudoti naujas analz sistemas sumgbp:
aspartataminotransfegz  (ASAT), bendrojo  bilirubino, -
gliutamiltransferags (GGT), gliukozs, Sarmigs fosfatazs.

5. Sukurtas ir iSbandytas kokéb uztikrinimo klinikines chemijos laboratorijoje
modelis susideda is:

¢+ Dbiologinés variacijos koncepcija pagtos vidaus kokys
kontroks,

¢+ iSorinio kokykes vertinimo, kuriame naudojamos pamésin
medziagos arba tikrosios tiriamanaltiy vergs nustatomos
pamatiniais metodais,
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¢+ padalinty meéginiy  tyrimy, atliekamy  atkuriamumui
laboratorijoje jvertinti ir
¢+ veiklos gerinimo, pritaikant LEAN vadybos koncepcij
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