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Abstract

This study explored the quality control (QC) data from 43 laboratories, evaluated the
performance of seven hematology tests including WBC, RBC, Hb, HCT, PLT, PT, and APTT
using the sigma metric in five laboratories of regional hospitals, and calculated the cost of the
internal quality control process in one laboratory of a regional hospital. In 58.1% of hematology
laboratories, a single rule (mean * 2SD) was used as the QC procedure for internal quality
control criteria. Most of the problems were caused by a lack of knowledge and experience in
interpreting the quality control results. The sigma metrics of seven hematology tests were 82.4%
2 3.0. The amount of uncontrolled IQC by Westgard rules was significantly decreased compared
to a single rule (p < 0.001). The expenses of IQC using a QC procedure based on actual
performance assessed using the sigma metric was 20.4% less than that using a single rule. This
study concluded that most of the seven hematology tests in five laboratories had good
performance with sigma = 3.0. Most laboratories used a single rule as a QC procedure without
performance evaluation for clinical hematology tests. The cost of the IQC process can be reduced
by approximately 20% per year by using a QC procedure based on actual performance using

the sigma metric.
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Table 1 Principle of hematological analyzer from five laboratories of regional hospitals.

Principle of parameter testing

CBC A B C D E
WBC count Laser Scatter & Fluorescent Flow Fluorescent Flow Laser Scatter & Impedance Method
Flow Cytometry Cytometry Cytometry Flow Cytometry
with Fluorescent with Fluorescent
RBC count Impedance Hydrodynamically DC-Sheath-Flow  Impedance Impedance method
method focused method
impedance
Hb Colorimetric Cyanide-free SLS SLS-Method Spectrophotometric  Light absorbency
method hemoglobin
Hct Calculated from Hydrodynamic DC-Sheath-Flow  Calculated Calculated
Direct RBC count Focusing
Platelet Impedance Hydrodynamically DC-Sheath-Flow  Impedance method Impedance method
count method focused
impedance
lQC Manufacture Manufacture Manufacture Manufacture Manufacture
EQA RIQAS RIQAS BLQS/B-EQAM eiQAP B-EQAM
Coagulation A B C D E
test
PT coagulometric coagulometric coagulometric coagulometric coagulometric
(turbidimetric), (turbidimetric), (turbidimetric), (turbidimetric), (turbidimetric),
chromogenic chromogenic chromogenic chromogenic chromogenic
(absorbance), and  (absorbance), and (absorbance), and (absorbance), and (absorbance), and
immunological immunological immunological immunological immunological
measurements measurements measurements measurements measurements
APTT coagulometric coagulometric coagulometric coagulometric coagulometric
(turbidimetric), (turbidimetric), (turbidimetric), (turbidimetric), (turbidimetric),
chromogenic chromogenic chromogenic chromogenic chromogenic
(absorbance), and  (absorbance), and (absorbance), and (absorbance), and  (absorbance), and
immunological immunological immunological immunological immunological
measurements measurements measurements measurements measurements
1QC Manufacture Manufacture Manufacture Manufacture Manufacture
EQA TH NEQAS TH NEQAS TH NEQAS TH NEQAS TH NEQAS

Note: RIQAS; Randox International Quality Assessment Scheme, BLQS; The National Bureau of Laboratory
Quality Standards, B-EQAM; The External Quality Assessment Scheme in Clinical Microscopy (Complete Blood
Count), eiQAP; Electronic Interlaboratory Quality Assurance Program, TH NEQAS; Thailand National External
Quality Assessment Scheme (NEQAS) for Blood Coagulation.
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Table 2 Quality control material, decision criteria, and QC planning from data survey (n = 43).

Type of quality control material (IQC)

Type of (IQC)

n (%)

Manufacture control

36 (83.7%)

Third-party control 2 (4.7%)
Manufacture and third-party controls 5 (11.6%)
In house preparation quality control 0 (0%)
Resources of the decision criteria for internal quality control

Method to define criteria or acceptable range n (%)
Mean from laboratories 16 (37.2%)
Range from pack Insert 26 (60.5%)
%CV 1 (2.3%)
Decision criteria for IQC

Criteria n (%)
Mean+2SD 25 (58.1%)
Westgard muilti-rules 9 (20.9%)
QC planning of laboratories 8 (18.6%)
%CV 1 (2.3%)
Laboratory Quality Control Planning

Does your laboratory have quality control planning? n (%)
Yes 28 (65.1%)
No 15 (34.9%)

vieslfiamslaiainerdrulvaiing
NauKHUMIMIUANAMM WL iAms Sevaz
65.1 (Table 5) ﬁaqﬂﬁﬁﬁmiﬁmmmuaaumu
Yauay 58.6 W¥dnmumindiihuaiesiionldly
MINUHUAILANAUNTNAIIATIILATIEHINIG
vieslfiamslafininer Fewaz 57.1 AmMslE
OPSpecs chart Javaz 33.3 uazl¥¥nanuumsnd
37UfY OPSpecs chart %30 decision chart

Sovaz 4.8

diowamamuauaummlsziriuliog
Tusremgensy vieslfianmslanainerievasy
81.4 zaslvdsvamIUzLarANUNAlNAUD
1A3panIv N “lummz‘ﬁ'ﬁmﬂﬁﬁami
TafiaIniosas 7 §3A9AT193ATIZHA0819904
dihouaznenunaiihedely (Table 3)

NNMINTIIRAB VUV VIO INYIBY
Uftiamslariaineievas 81.4 wundedifialu

MINIVANAUMN AoMINTdAAILANAMAIN
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Table 3 The procedure for management when IQC out of control, limitation of IQC performing,

problems and obstacles in IQC performing.

Laboratory practices when 1QC was not accepted

Details n (%)
Repeat control immediately until the IQC result was within accepted criteria 25 (58.1%)
Perform method calibration with standard solution 6 (14.0%)
Check the accuracy and completeness of the control material 34 (79.1%)

Check the status and malfunction of the analyzer

Change the new set of control material

35 (81.4%)
20 (46.5%)

Contact a technician from the company immediately to take corrective action 15 (34.9%)
Analyze the patient samples and report results 3 (7.0%)
Perform corrective actions in accordance with the written requirements of the work group. 1 (2.3%)
Limitations of internal quality control

Details n (%)
Quiallity control training was not enough 28 (65.1%)
Quiallity control materials are short-lived/difficult to change acceptable range 35 (81.4%)
There are several levels of quality control materials resulting in a waste of cost 10 (23.3%)
The quality control materials do not cover the test in laboratory 0 (0%)

Problems and obstacles in IQC performing

Details

n (%)

Lack of knowledge/expertise in interpreting results
No ready-to-used program

Lack of definite guidelines/criterion

Increase the cost of the analysis

Increase the workload

Increase turnaround time

23 (53.5%)
22 (51.2%)
23 (53.5%)
16 (37.2%)
3 (7.0%)
3 (7.0%)
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2. ANITAUSVBINIIATIVIA (Analytical per-
formance) malasinInenlaglsBnanmsng
Tulsanennagud

duIInUzYBINIINAGOY 7 T1eMmslay
AsanNAMBaANIUNIAG (Fig. 1) wui
vasemsliuvaviesdfiamsticmiEaununindg
Heond1 3 laun 19ms HCT vesvieadfiams
C, D, E 119m3 RBC vastioalfiiams C iems
PLT weetielfjiiams D wazsiems PLT o9
Mol iiams E

fi1 CV (%), bias (%), TEa wazmsnun
Wn3nd aussauTmMNMBnIINInGuazIzms
ﬂ""lLﬁumimuquqmmwﬁmmzﬁumuamiau:
(optimal QC procedure) ¥8ITNYNITATIIN
Tafiadne 7 :19ms @101A309A3I931ATIZH
dalusianalafininerluviesdfianisves
Iﬁqwmmaf’mﬁs (via (Table 1) ileths=duues
mnumindimunaldldmun QC procedure

2 R)

NNNCaNIN Westgard sigma rules ﬁﬁmuia@;

AuANAUMN (N) 1azsaUveIMsnTIiaian
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AILANAMMN (R) fimnzaufuszduresdnn
wnsnFluudaznniineivesudasviesfinms
wu’hﬁmﬂﬁﬁﬁmﬂaﬁm?mmmaﬂfnwmmaﬁla
5 uva lldddiums IQC muanssausaie
fiszdiugromBnnuning lusemsasivia
7 niems aadluFesar 100 waziimsidenly
antAed laun mean + 2SD (Hutnamilums
muanpumumely Jesaz 100

diefiarsananssausves 7 193
nadouvBIUAazTaIUNTAMS wuhvesfiams
A Hszdugnanumning > 6 Sovaz 84.2 waz ¥ied
UfTiAMs B fiszdudnununiag > 6 Yovaz 75
Taglsinumsnagevladiszdudnunaming < 3
diuriealfidams C NszduBnunamsng > 6
$avaz 31.6 lasiiszdudnunamsng < 3 Sevas
21.0 ¥iealfiidms D fiszdudninamsng > 6
$ovaz 62.5 Tnoilszdudnanuming < 3 Yewas
25.0 uazvieslfidams E fszdudnunamsng
< 3 Yawaz 36.8 Taglifiszdudninaming > 6
(Table 4)
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Fig. 1 Sigma level of seven hematological measurements from five central hospital laboratories.

(X; No data).
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Table 4 Summarization of imprecision, bias, and sigma metric of seven hematological tests obtained

data from five laboratories of regional hospitals.

%CV %Bias TEa Sigma
Laboratory | Tests AP Optimal QC Procedure
L1 L2 L3 |(CLIA’1988) | L1 L2 L3
Laboratory
A WBC |2.12 |1.67 |1.79 | 1.34 15 6.4 82 |76 World 13S N=3 R=1
class
RBC |0.82 |0.68 |0.82 |-0.44 6 6.8 82 |68 World 13S N=3 R=1
class
Hb 0.95 [0.73 |[1.083 | -0.6 7 6.8 8.8 |[6.2 World 13S N=3 R=1
class
HCT 1.1 0.83 | 0.96 0.16 6 5.3 71 6.1 | Excellent 135/20f32S/R4S N=3 R=1
PLT 551 |1.93 |1.85 | 4.66 25 3.7 10.5 |11.0 | Marginal |133/20f32S/R4S/31S/6X N=3 R=2
PT 1.84 3.6 - 0.08 15 8.1 41 - Good 138/22S/R4S/41S N=2 R=2
APTT | 1.71 2.21 - 0.92 15 8.2 6.4 - World 13S N=2 R=1
class
Laboratory
B WBC |1.95 [1.57 |1.62 |-0.75 15 7.3 9.1 8.8 World 13S N=3 R=1
class
RBC |1.16 |1.51 |[1.49 | 0.79 6 4.5 3.4 |85 | Marginal |13S/20f325/R4S/31S/6X N=3 R=2
Hb 0.88 [0.86 |0.96 | 0.30 7 7.6 78 |7.0 World 13S N=3 R=1
class
HCT - - - 0.56 6 - - - - NA
PLT 275 | 24 |253 | 133 25 8.6 9.9 |94 World 13S N=3 R=1
class
PT - - - -2.35 15 - - - - NA
APTT - - - -0.61 15 - - - - NA
Laboratory
C WBC |3.05 |22 |195 |-3.78 15 3.7 5.1 5.8 | Marginal | 13S/20f32S/R4S/31S/6X N=3 R=2
RBC |0.95 |0.85 |1.25 | 3.21 6 2.9 33 |22 Poor 13S/20f325/R4S/31S/6X N=3 R=2
Hb 1.2 1 1.256 | 0.45 7 5.5 6.6 |5.2 |Excellent 13S/20f32S/R4S N=3 R=1
HCT 0.8 1.1 1.356 | 3.57 6 3.0 2.2 1.8 Poor 138/20f32S/R4S/31S/6X N=3 R=2
PLT 48 |4.25 | 1.8 0.1 25 5.2 5.9 [13.8 |Excellent 135/20f32S/R4S N=3 R=1
PT 1.6 1.7 - 2.42 15 7.9 7.4 - World 13S N=2 R=1
class
APTT | 0.8 1.2 - 3.29 15 146 | 9.8 - World 13S N=2 R=1
class
Laboratory
D WBC 2.1 19 | 1.25 | 0.23 15 7.0 7.8 | 11.8| World 13S N=3 R=1
class
RBC | 0.95 | 0.756 | 0.8 0.75 6 5.5 7.0 | 6.6 | Excellent 135/20f32S/R4S N=3 R=1
Hb 1 0.6 0.5 -0.4 7 6.6 | 11.0 | 13.2 | World 13S N=3 R=1
class
HCT 15 | 125 | 1.15 | 3.63 6 1.6 19 21 Poor 135/20f32S/R4S/31S/6X N=3 R=2
PLT 9.15 | 3.05 | 1.85 | -0.64 25 2.7 8.0 | 13.2 Poor 135/20f32S/R4S/31S/6X N=3 R=2
PT 2.73 - - 3.55 15 4.2 - - Good 135/22S/R4S/41S N=2 R=2
APTT | ND - - 2.25 15 - - - - NA
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Table 4 Summarization of imprecision, bias, and sigma metric of seven hematological tests obtained

data from five laboratories of regional hospitals. (Cont.)

%CV %Bias TEa Sigma
Laboratory | Tests AP Optimal QC Procedure
L1 L2 L3 (CLIA’1988) | L1 L2 L3
Laboratory
E WBC | 3.13 3.3 4.24 0.16 15 4.7 4.5 3.5 | Marginal | 135/20f32S/R4S/31S/6X N=3 R=2
RBC 1.6 | 1.561 | 1.71 | -0.08 3.7 3.9 | 8.5 | Marginal | 135/20f32S/R4S/315/6X N=3 R=2
Hb 1.77 | 1.46 | 1.34 | -0.61 7 3.6 4.4 | 4.8 | Marginal | 135/20f32S/R4S/31S/6X N=3 R=2
HCT | 1.82 | 1.69 | 2.07 | 2.23 2.1 22 | 1.8 Poor 135/20f32S/R4S/31S/6X N=3 R=2
PLT | 6.97 | 345 | 563 | 5.11 25 2.9 58 | 35 Poor 135/20f32S/R4S/31S/6X N=3 R=2
PT 526 | 5.48 5.75 15 1.8 1.7 Poor 135/225/R4S/41S/8X N=4 R=2
APTT | 3.21 | 4.62 -1.41 15 4.2 29 Poor 13S5/22S5/R4S/41S N=2 R=2

Note: AP; Analytical Performance, NA; Not Available, L1; IQC Level 1, L2; IQC Level 2, L3; IQC Level 3, WBC; White Blood Cell Count, RBC;
Red Blood Cell Count, Hb; Hemoglobin, HCT; Hematocrit, PLT; Platelet Count, PT; Prothrombin and APTT; Activated Partial Thromboplastin

diothsm@ninveansmsasramalaiia
Ineildn Table 4 anuiafhy 5 s2dy @
Table 2 diulve) wud fAszdvuBniniuning
> 6 (world class performance) Sovay 47.2,
sEAUFRINNINT 5.0-5.9 (excellent perfor-
mance) Jo8az 12.5, T=HUBNINUNING 4.0-4.9
(good performance) 3owaz 6.9, sTAUTAUN-
wn3nd 3.0-3.9 (marginal performance)
$avay 16.7 wazszdudnunamsng < 3 (poor
performance) Sowar 16.7 dmiuanssouzlu
AINIINVBINITATIVTANITUTIdIveaLRen
dalufifvesviesfianmslariainerdiulva)
HszduFnnuming > 6 3ewaz 53.8, F=du
Faununing 4.0-4.9 wazszdAuFannuniag
<3 ¥ovay 23.1

diefinsansedudnmnumsndnaa
TAveaudazsenMsITILUNMINTIINITNATD L
W wnfimesveainisansivtuiiaien
vad

alusl
i H

IS v oa a2 J = 14 '
HIZAUTANIUNNING > 6 lﬂﬂ‘ﬂq@ Taun

e

Soway 66.7 89031 laun A1 WBC,

PLT, RBC waz HCT 5ewaz 60.0, 53.3, 33.3
o as a (d‘d o Aa

ae 16.7 MUafy wasmNNeasnNssAuFTnIN
wnang < 3 wndiga 1dud f1 HCT Sewaz 66.7
MNAADIVDUATINTIVTAMIUTIFIVRILADA
s uqd‘d o Aa a 4 d‘ % 1
daluianiszAudninming > 6 nnnga laud
A1 APTT 3ewaz 66.7 luvaznwiniines
niszauBnImIng < 3 wnndiga ldud e PT
Sowaz 28.6 (Table 5)
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Tsangnvammruaauridaly decision chart
(normalized) (Fig. 2) Tngszdudaaniumsnduos
usazNAweslumnsramalanaIngnauun
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Mslsanenna E AAASWNINg < 3 uaz
519mM3 HCT vesesdfiiamslsswerna C, D
waz E wuazsiems RBC veaniesdfians

Tsangnina C NRATANHUNIAS < 2




8148

B MARTYY UazAE

Table 5 Sigma metrics of seven hematological tests classified into five levels obtained data from five

laboratories of regional hospitals.

Hematology tests Coagulation tests Total
WBC RBC Hb HCT PLT Total PT APTT Total
Sigma < 3.0 0 2 0 8 2 12 2 1 3 15
(0%) (13.3%) (0%) (66.7%)  (18.3%) (16.7%) (28.6%) (16.7%) (23.1%) (17.6%)
Sigma 3.0-3.9 2 6 1 1 2 12 0 0 0 12
(13.3%)  (40.0%) (6.7%) (8.3%) (13.3%)  (16.7%) (0%) (0%) (0%) (14.1%)
Sigma 4.0-4.9 2 1 2 0 0 5 2 1 3 8
(13.3%) (6.7%) (13.3%) (0%) (0%) (6.9%) (28.6%)  (16.7%)  (23.1%) (9.4%)
Sigma 5.0-5.9 2 1 2 1 3 9 0 0 0 9
(13.3%) (6.7%) (13.3%) (8.3%) (20.0%)  (12.5%) (0%) (0%) (0%) (10.6%)
Sigma = 6.0 9 5 10 2 8 34 3 4 7 41
(60.0%)  (383.3%) (66.7%) (16.7%)  (63.3%) (47.2%) (42.9%) (66.7%) (63.8%)  (48.2%)
Total (N)* 15 15 15 12 15 72 7 6 13 85
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)

Note: *; Total was calculated from amount of available data from Table 1; WBC; White Blood Cell Count, RBC; Red Blood Cell Count,
Hb; Hemoglobin, HCT; Hematocrit, PLT; Platelet Count, PT; Prothrombin and APTT; Activated Partial Thromboplastin
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Fig. 2 Decision (OPSpec) chart representing the performance
by sigma.

assessment of seven measurements
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3. wanmsulssuiisuldarsiieadula
MINUANAVMMNMIATIVIAN A58 TY

Lﬁ'aﬁw%’ayjaﬁsammmﬁwmmﬁi’mauﬂ%’q
M3tAa out of control luMsAILANAMAIN
13asainsimalainine Taomsly QC
procedure 911 Westgard sigma rules ﬁ"lﬁmﬂ
MIMIUTALUNIAT wazanmslingLaed
mean + 2SD YaaiA3esasIvtiudinidonsaluiia

¥ a va 'dld ° o @
"UEN'VIBQIIQ‘U@Iﬂ1§ A NUNUIUNTATIVNIAIEGG

q

)

AMUANAMMNTIIIU 3 58D Tugasznaiun
| nou WAL 2561 S93uil 15 wauman w.a.
2561 Tawmmsasaaiananun 270 ase 1¥dexa
Favia 1,350 a1 WuNIAMsLa out of control
NAM5E QC procedure ‘ﬁulv?ljmﬂ Westgard
sigma rules S0 24 a3 Aahifesaz 8.9
waznsiia out of control MNMIIFAYLALI
mean + 2SD 11 83 a%a Aahifevas 30.7
fianuuanshafu 59 afe Aadludevar 21.9
(Table 6)

\fierada Chi-square 111¥lun1s
wWisuisuanuuanaglumsiia out of control

V99949 2 35 WUINMSLAA out of control NAMS

8149

1% QC procedure ﬁ“l@ﬁnﬂ Westgard sigma rules
AaNuuAnA19AMIIFNg LAY mean + 2SD
lumsdadumsnivauammwed1aiiedAgma
ddA (Chi-square = 40.57, df = 1, p < 0.001)
(Table 7) uanahia 2 Fauaunulumsanaiaans
muquqmmwﬁmnﬁhaﬁu Tnviiiiiovosfiams
1¥ngAey mean * 2SD lumsdadumsniuaun
ﬂmmwazﬁmﬂﬁﬂ out of control 83 ﬂ%d
Famanganuindesfiianisdensiaingis
m‘uQuQmmw«fsgﬂﬂﬂﬁ'ﬁmauﬂ%’ﬂumimm%
whifumstiia out of control Wuedatios e
hndnnuufunmaunudenielumnge
3o CBC zwumsl¥ngias mean + 2SD i
ﬁunuﬁqaﬂiﬂmﬂ% QC procedure ldn
Westgard sigma rules Iﬂﬂmﬂ‘qﬁﬂalﬁm
mean * 2SD Haunulumsanviaiannivax
aumvitadu 8,041 1 Aed 115,860 1
@l waz QC procedure il&nn Westgard
sigma rules HAunulumsasiviaiannivan
ﬂmmwﬁy’qéu 9,655 1 Al 96,492 1naeil
Ndudavesdunu aadu 19,368 vmdell
Aalu ewaz 20 (Table 7)

)]

Table 6 Comparison of the amount and percentage of out of control from the use of QC procedure
related to a sigma metric and traditional single rule (mean + 2SD).

Within control  Out of control Total )
Test result X df P
N % N % N %
Single rule 187 34.6 83 15.4 270 50 40.57 1 < 0.001
Sigma metric 246 45.6 24 4.4 270 50 Cramer’'s V = 0.274
Total 433 80.2 107 19.8 540 100

Note: N; number of control materials
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Table 7 Cost of the internal quality control procedure base on amount of IQC measurements and
repetitive between using single rule and sigma metric.

Number of IQC (tests)

Total cost (Baht)

Quality control .COSt -
procedures Amount of Amount of price/unit Total Total
" Total (Baht)
measurement repetitive cost/month cost/year
Single rule 270 83 353 27.35 9,655 115,860
Sigma metric 270 24 294 27.35 8,041 96,492
Mean difference - 59 59 - 1,614 19,368

Note: *; Price/unit is an average fee of CBC per test in the government hospital
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