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HAN135ANYI : S¥UU Autoverification anunsaeydfng CBC ladnludlia 29.83% wunaauuasuly
RBC Morphology 2.00% usiliinudaranaialy WBC waz Platelet szawiian TAT v0eiUietsaniuil
nauNAana931n 21.95 W LG 7.60 WY 8RTINITTIRNUNANETUNATINUUALALAIN 95.94%

Dy 99.61% wazduvunisioualananas 32.68% nelu 3 wouusn
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Development of Autoverification System for Complete Blood Count (CBC)
Analysis of Patient in Thalang Hospital

Panpiya Leenanon

Department of Medical Technology, Thalang Hospital

Abstract

Background: Complete blood count (CBC) is a routine hematology test that plays a central
role in clinical diagnosis and treatment monitoring. At Thalang Hospital, over 3,000 CBC tests
are performed monthly, creating heavy workload and delays in reporting. Autoverification has

been proposed as a strategy to improve efficiency and shorten turnaround time (TAT).

Objective: To develop and implement an autoverification system for CBC testing and to assess

its impact on accuracy, TAT, reporting timeliness, medical technologist workload and cost.

Material and Methods: CBC results generated by the Mindray BC-6000 analyzer were
processed using autoverification rules adapted from ISLH and CLIA 2025 guidelines. Manual
blood smear reviews by three medical technologists served as the reference standard.

Laboratory performance was compared before and after system implementation.

Results: The autoverification system verified 29.83% of CBC results. False-positive rates were
2.00% for RBC morphology, while most false negatives involved WBC and platelet counts.
Mean TAT decreased from 21.95 to 7.60 minutes. The proportion of reports released within
the target timeframe increased from 95.94% to 99.61%. Cost for manual smear review was

reduced by 32.68% within three months.

Conclusion: The autoverification system significantly improved laboratory efficiency, reduced
TAT, lessened staff workload and cost. Further refinement of verification rules is warranted to

optimize accuracy and ensure sustainable application in routine practice.

Keywords: Complete Blood Count, Autoverification, Turnaround Time
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unin

NIRTI9IATIERALENYTAIVD AR
\don (Complete Blood Count; CBC) tunns
miaaﬁugmﬁﬁwﬁ@iumimzLﬁu NNRTIIAN
N394 N1INTIILATY wagnmsfanalunisgua
FUnefunmgdangraunniiannisnsinlingg
mmaugsaﬁmauﬁmﬁam (Complete Blood
Count) Usgnaulumien1snsiaitAs1gyiun
USUNUYDIEIUUTENOURNY 9] UBLADA N3
AT UIULALLENTRALLALEDAVY WaLAS
R I AT RN NI ORI L TN
\nanden 1u{]aagﬁ’umimaﬁmww%awﬁ'm
dalutdtetduaituiinidiveanalulad
4101307 5999LATIZ Parameters A3 ¢ gl
L% 14 Hemoglobin (Hb), Hematocrit (Hct),
White Blood Cell Count (WBC), Differential
Leukocyte Count, Mean Corpuscular Volume
(MCV), Mean Corpuscular Hemoglobin (MCH),
Mean Corpuscular Hemoglobin Concentration
(MCHC), Red Blood Cell Count, Red Cell
Distribution Width (RDW) wazn13Useuaian
nSaden Wudu®

Jagtunisniaiasesilasiaio
Salusfadoduanusiniiveunaluladi
lnandunousis q as ldun mstusuau
Wintden nislawarnisdeu blood smear
Huey evilvanunsaimsieidiednalaagng
53052 TnegluiASosunsgu (model) 219315 w9
Awing 9 Telunantes 9 uagunguasiiaud
smear wazfau slide LA3aIIAIIEIERT LR
malafindnerusznouludieiniesvaisviin
warluudazvindefivatssu Jsuenainas

a 6 1 A & &
mmsmlmwwmuﬂizﬂawLﬂuwugmiuma

TalinInen LaEIaINIT0ATIVEDULAZIIBIU
parameters 31 9 Laun iadonuniiiseu
5389 reticulocyte waz Wadonunsfiseud
J11easa (nucleated red blood cells; NRBC)
J981U150R5I9EOU parameters Bu LU red
cell distribution width (RDW), platelet
distribution width (PDW) @& ¥ neutrophil
volume distribution width (NDW) 1Jusu n1g
A3I9kATIsANaNY Salveninionly
Uaqduagldmalulagnaigegnesiuiu laun
nsldmeufiamesudaslunisitasizilas
Funmna Mslduaiaweiiazaduinguntie
Tunsnsatiesedt dnfuamuautfniugiuves
wadiuldlunsinseilaensosdmiuia
Jganfnuautisig 9 laun auaudRduedl
wad (Cytochemistry) NMSATLANLUAUDUYAR
(Cell Light Scatter) waznsiduderliives

wwad (Cell Conductivity) Tngldagslanagig
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d! & F 7l [y o 27 a
niliseldsuiuhlvlateyaainnisinsied
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wadiindenlduinty 9 Parameter anil
arusaununlsuselesulunisitadenenyie
28915A NISAAAIUNANITINYINABAIUNNS
aae?
mﬂ%’a;ﬂau%mmmﬁﬁqmmswma
n539 Complete Blood Count Usgdngueu
wadansunng 15ane1unanans 431u3uunn
waziiuunlfnfiudy Tnefinsdensaaade
Uszanal 3,000 TeAdeu Tuvazfitynainsd
110 dINAlWITULLIAITOADYNANITATID
(Turn Around Time, TAT) ¥845U28 U145
ain Ldulumanasifiniatesl foRnsle
Useiunanld Tesaniglutiewnanfiduiuim

FUTIUIUNIN FID1VFINANTENURBNITINE
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fuaeld uwenaindnisnsiaiingien
Complete Blood Count finanedunou laun
11995793LA3 2% RS8R 1B RS P TWSTH
dielwlaanly parameter 6139 9 n1sIAEY
slide blood smear N1588ua wright’s stain
NIN15A597LAS189 slide Blood smear 738
Nd0I9aNTIMI LAYANITIBNUNANITNTIVNLH
Tnetinmadansunnes winaunsaantunou
n1sUfURNUazYilA TAT anasla
Tnefinansnis@nenfinuin szuunng
5189 UNasn lud® (Autoverification) ¥38an
TAT 16 Tagszuunssieaunadsnlud@ Ae n1s
afraiouluniengluuudidsarluszuy
Aoufimes Tissinanawazdeusatussuy
ansauinaluviosluanig (Laboratory
Information System; LIS) ®1NNANITATI
Aiasrzisrelaniudeuleiidels aunsa
51891UNA LU TTUUENSAUNATDILTING U
(Hospital Information System; HIS) Talae
Saludd @11508nTUNBUNTTATIIIATIZN
slide blood smear wazlidossoliymains
asradeuNanay usmnldnudeulefidimun
13 guifuazdesdniunisnsiaingigi
AuduneuUnALardufunanisnadeuLo
1 TsaneTIaasINAVSUSEaNd 9.9UaT1571)
A1U1908ATYULLIANTOADYNANITATID
Complete Blood Count 9 nan15¢15238A4
gNABd ANAUNUNIIATIAIATIELA 101,682
Unomou® Laglsane1uIarsuASUNS Ay
WANEAIAAS UMIINYIGEVDULAN NUIN
d1u19091891UNa Complete Blood Count
Tnaszuusnludfnisdosas 42.8 ¥9991UIY

N15d99579 Complete Blood Count 9141130

anTrEElIaNsensy WuANNela anAl1u

'
LY

Fudsvasifieiviomsald®

Fadugide Fedanuauladissuunis
189 UNadn U@ (Autoverification) 11
Uszendldlunisseaunan1sngia lngfne
WNUNEINFUNIINTIVEBUNE (Autoverification
Criteria) S¥UUN1351891UNAd AL U
(Autoverification) funzaufuglduinislu
Tsamg1uianans ieWmuIszUUNIIATIA
WA UaYYILANTLLIAINITTOABUHANIS
M319 Complete Blood Count ¥B4N§NI1U

WALANISENNE TSINEIUIaNA1S
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QUszaA
1. ilodaiesyuunssenuNasnlusl
Autoverification @113 US189TUNANITASIT
CBC
2. 1 feRAIUSEUUNIIATITIATIZI an
JPYLLININNTIOABYNANITNTIV CBC VBaNay

NuUnATdANSUINY T5Ine1u1anans

JaauarIsanliunisAnen

sUnuUN15ITY N15398A5aiunis

[

o | a o 1< =
WAILNNIUUT291gn1919Y TagrdunisAnen

€

1%

%an&awuaau%ﬁ'ﬂ (Retrospective Study) e
Anw1UsEansamnueinIssnsasEuUNIg
FIYNURNADALUIR F1USUTIPIUNANITATIA
CBC Lﬁaﬁmmiwummiafﬁmiwﬁ an

FLHLLIANTIDABYNANITATIY CBC

\A309BN15338 LokA 1ATsIATIEn
9nluil® Mindray Ju BC6000 dn1siausianuy
sruvansaumaluresufufinig (Laboratory

Information System; LIS) U84 I-Link tagsguu
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drvauLvnAvo9lsaneiuia (Hospital
Information System; HIS) w83 HOS-XP
ngudagne lunisinuiduadadld
nguogudenuethefiunnddinsaiiion
Awanysaitiaiden (CBO) sewinedud 1
UNTIAY - 31 TQuIgy 2568 & NGNNUNALA

nsuNng LssnenuIanans 31U 19,025 918

A5N1599Y

1.99nuuUtuRBUTaiMunauly
mmez/hﬁaﬁ’mLﬁam,%"\gjszuun'lsﬁmwwa
2nlUA Autoverification

1.1.130uly HANISAIUANAMNTN
aely (Internal Quality Control; 1QC) Tuns
Gonwnafianunsasieaulaesnluddle deady
nan13n52a 7 leannAseInsIadiAsIz RTiTne
n1sAIvANAMA TNty AINTTEZLIA77]
fvun Wy aeifiseusUle

1.2. 3euly nsdinsr9iiasizsian
(Repeat) WINHANTASITILATIERTULTADIN
N589mT19ATIEREN ssuvarldsiseuna
PR LUl

1.3 13ouly nsdfsrensdinsiadu
523U CBC ¥UUaz b8 UNalagonlulf
Tunsdlfinanisnsratuinisdesiniusionis
ns1adareludl malaria, reticulocyte count

A 6 I3 | = s A
weunndvedlan nnagaliesiden

2. MAUANUNEINSUNITATIVFDUNA
(Autoverification Criteria) a1 1kA Y
° ¢ Y] A oA
AMRUALAUNATITARNLADALNDLADNNTIY Blood
smear 1n8919489391n Consensus Guidelines:
Rules (International Society for Laboratory

Hematology; ISLH)® wag Acceptance Limits

for Proficiency Testing Hematology CLIA
20259 saufudAkugivesdienisideu
\ATeATEAluTA Mindray $u BC60007

2.1 ANAAASI980U (Limit Check) A1
NANAIIaaU (Limit Check) ¥D3518013
naaeudildan Ard1eds vize Avinge

2.2 Anandarieu (Delta Chek) g1y
Usziluanulululdvesnanisnaasy lag
Delta Check LHumaiialunisnsiaasuniny
Annanauuuduiiorauiatuldluudasiaodis
18RNIITUIINTELLLIALATAIULANAIIVD
nansasiandsiifunanianountivesdtag
s1etfu mnen Delta Check fiAnAu niunass
fifmun eraflannaiilesunainnersanin
UENATPHIGLN Wsoa1nAuAsuLUasfions
AAIINAIINUNNT D990 ITUADUNITATIT
AATIZH 19U AMNNVDIEIAINTIA 1ATDINTID
sz ndnlutfdados 1udu fadu 39
sndudedldfunmsasagaunousisaiuna o
delta check ¥931159533a@0UNa CBC AU
9INANMUUANANITLUYDINANITATIING 2 ASs
AnduUesigud il nsld % delta check
Vurnaust TawnaAn WBC, Hb, MCV wagan
platelet count TnagaaArn1siUasunla
gousulalvidginaiAniden fe +15%, 4%,
+10% Wag +25% nely 7 TURINa1RU 81989
910 A1 Acceptance Limits for Proficiency
Testing Hematology CLIA 2025

2.3 \NINNIATINARUAINYNABIVBING
mamaauﬁ’u%’amﬂaﬁu 9| (Consistence Check)

2.3.1 Uszilulseulfigusiunu

A Ao N %
NANIINAFUDUNUAIULAYIVDY
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AMURAUNAYDIAI9879 18U Hemolysis icteric

2.3.2 N15UIAITUTUNIUIIN

e lipemic

LAT03eRlULALISADU (Flag)

AN5199 1 LNA9INISUNNISASIRAlESIA DN

2.3.3 NUINANURAUNRTANUIN

No. Group parameter Criteria Delta Check
1 WBC > Linearity (500 x10°3 /uL) -
2 RBC > Linearity (8.6 x10°6 /ul) -
3 Linearity =~ HGB > Linearity (26 g¢/dL) -
4 HCT > Linearity (75%) -
5 PLT > Linearity (5000 x10°3 /ul) -
6 WBC Vote out or —- -
7 RBC Vote out or --- -
8 HGB Vote out or —- -
9 Vote Out  HCT Vote out or --- -
10 PLT Vote out or —- -
No Diff or
11 Vote out or —- -
incomplete Diff
12 WBC <4 x10°3 /uL First time
Delta Check
13 WBC <4 x10°3 /uL
Low/High 10% in 7 days
14 WBC WBC > 30 x10°3 /uL First time
Delta Check
15 WBC > 30 x10"3 /ulL
10% in 7 days
16 Hb <9 g/dL First time
17 Hb M > 18 g/dL First time
18 Hb F>17¢/dL First time
Low/High  Hb > 2 ¢/dL above upper reference
19 First time
Hb range for age and sex
Delta Check
20 Hb Any value 4% in 7 days
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No. Group parameter Criteria Delta Check
21 MCV <75 fL First time
22 Low/High MCV > 105 fL First time
MCV Delta Check
23 MCV Any value
10% in 7 days
24 PLT < 150 x10°3 /uL First time
25  Low/High  PLT > 450 x10°3 /uL First time
PLT Delta Check
26 PLT Any value
25% in 7 days
27 MCHC < 32 g/dL -
Low/High
> 38 g¢/dL (2 g/dL above upper
28 MCHC MCHC -
reference range)
Low/High
29 RDW-CV > 22 % First time
RDW-CV
30 Neu# low < 1.00 x1079 /L First time
31 Neu# High > 11.00 x1079 /L First time
32 Lym# low < 0.80 x1079 /L First time
33 Lym# high > 4.00 x1079 /L First time
Low/High
34 « Mon# high > 1.50 x1079 /L First time
Di
35 Eos# high > 0.70 x1079 /L First time
36 Bas# high > 0.20 x1079 /L First time
Presence of excessive dot in blast
37 Blast -
sensitive region of the scattergram
38 NRBC NRBC% >1 and NRBC# > 0.01 -
Presence of excessive dot in
39 WBC Abn.Lym/Blast abnormal lymphocyte/blast -
Abnormal sensitive region of the scattergram
Flag Presence of excessive dot in
40 Immature Gran immature granulocyte sensitive -
region of the scattergram
Obvious scattergram in the left
41 Left Shift -

shift area on the scattergram
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No. Group parameter Criteria Delta Check
Presence of excessive dot in
42 Atypical Lymph atypical lymphocyte sensitive -
region of the scattergram
WBC Presence of excessive dots in
43 Abnormal WBC Fragments infected WBC fragment sensitive -
Flag region
Presence of excessive dots in
a4 WBC Fragments infected WBC fragment sensitive -
region
RBC Histogram Abnormal distribution of RBC
a5 -
Abn. histogram
Dimorphic Two or more wave peak RBC
46 -
Population histogram
Calculate and compare special
ar RBC Agglutination -
parameters.
RBC Turbidity/HGB Calculate and compare special
48 -
Abnormal Interference parameters.
Flag Calculate and compare special
49 Iron deficiency -
parameters.
Presence of abnormally
50 Fragments distributed dots in sensitive region -
of the RET channel
Presence of excessive dots in
51 Infected RBC infected RBC sensitive region of -
the scattergram
PLT Scattergram The distributed dots of PLT
52 PLT -
Abn. scattergram is abnormal
Abnormal
PLT Histogram Abnormal distribution of PLT
53 Flag -
Abn. histogram
54 Age Age < Tdays -
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2.2.4 \fiudeyananisnsranulifiiiy
LNUANDITUINTTATIvELHESIEeR (@11150
S189UNALALSEUU Autoverification 16)

3 ATIHIUANYNABIVRING lABNT
#1 Blood smear Tusnefignunsasnesruna
dnludflaeszuu Autoverification 1@
37UU 400 518

3.1 Tdnwmafianisunng 314 3

71NU ©529@8U Blood smear tlus18Na@14150

A15199 2 LNEUIFREU Positive Smear finding rules

S18UNADRLUIRALAYTEUU Autoverification
¢ Tneldinaminissensu Wiodennsaadies
\den (Positive Smear finding rules) Goulaly
N15RA1TUINITATILENSIEEAINNANTST
m579 CBC §3981989tnmaivay The
International  Society for  Laboratory

Hernatology (ISLH) #a0151971 2

1. Morphology a. RBC morphology é]j'ﬂl,wi 2+/moderate GﬁuVLU

8Nkl NIANATIINY malaria Witiadn positive 1N

nsal

b. PLT morphology (Giant platelet) Fausi

2+/moderate %ulﬂ

c. Platelet clumps > rare/occasional

d. Dohle bodies (??ﬂl,wi 2+/moderate Gﬁulﬂ

e. Toxic granulation AU 2+/moderate July

f. Vacuoles faus 2+/moderate Juld

2. Abnormal cell types a. Blast>1

b. Meta > 2

c. Myelo/promyelocyte > 1

d. Atypical lymphs > 5

e. NRBC > 1

f. Plasma cells > 1

3.2 waneausule As Trnannseny
a819tey 2 Tu 3 NuvesdnwmAdANISWNNe
LNUTMYOUSUAB False negative Ho8NI1TO

Windusesar 2.9 (False negative #1883

A01903189UNALAYTEUY Autoverification

1A wetil® ms29@9U Blood smear lvina

Positive )

A15IASITINE
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n5AsIzRteyallsguuu tneiiu
%’auﬂaﬂ%mmmiﬁ"msm Complete Blood
Count WAz S¥821Ia1N1550ABLNALWRAY (Tum
Around Time ; TAT) WATLadoagsgn Aan
FuadRsesasfinunasinisuseiunaseny
NaRFITIATIZI (% Within time) AowSuvianis
WAILNTZUUTIBIUNEDR WA (Autoverification)
WIBUBUAUNSIN AN TEUUT I8N UNAD A LULTA
(Autoverification) Wag3LATIERUTUIUVDINTT
NenuNanssUfiRnmsiianas (Gevas) Wled
N151991UTEUUNITI189 1 URNAD AL UN R
(Autoverification) #1115 US1891UNANITATID
Complete Blood Count

n1sRNEAnSnguiaagae n1s
Anwisoadad 18d1dunisvemuiiuyou
NANeNIIUNTITelunyed vasdineu
ars1suguieniagiin tona1siuseaani
PKPH 003/68 tilofiansaneyqeiliidniiunsg

AudeyagSuuiniswndnenany

NANISANEN
1. N135A53982UAINQNABY (Accuracy)
vastnuainiIsAntdantdigszuy

Autoverification

PINATHAIUNNUI I UNITHANTUINT
AslRaLilesiaen 1nee198991n Consensus
Guidelines: Rules (International Society for
Laboratory Hematology; ISLH) W & ¢
Acceptance Limits for Proficiency Testing
Hematology CLIA 2025 S2UAUAILULUIVD
dilensldnuiniesiinseyisnlud@ Mindray
34 BC6000 nduiIN1IRIIEe AL
QNAoIYDLNUINITAALFBNLYIETEUY
Autoverification laglddagananisnsia
Faszisauau 400 518 Tunsdifinanisnsaa
Ansginelaeglutisiiiinue uaglifa flag
NNNISNT ausasignunalaglidviingg
#3579 Blood smear

AIMIUEDUABTNINATANITUNNE
91111571539 Blood smear fitA3oalaiud

o

2 . &
UNMLABUNUNAUADN false negative A®

]

= & A

d

gaifiosidonlvina Positive uiLATIATI9
AaTzronludd lduansdygruudsson Tu
W153wes RBC §1uau 8 518 Anklu 2% dau
W5 Tmes WBC uaz Platelet #an15197i 3

a . A A a ¢ o wa | o A
A519% 3 LaRINanN151 I3 slide blood smear MATBINTIANATIZRONLWITR LllansdyQ LAY

11U 400 518 A8 UNWALANISTLNNE 3 iU

Parameter WBC

Parameter RBC

Parameter Platelet

0%

2% 0%

False Negative
0 5178 910 400 519

8 318 910 400 3518

0 318 9170 400 3518
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dMIIN1551897UNA CBC lagssuy
DA LULRIUYIWIEAT 3 Lhau
N15971897URa CBC lAessuudnludm

a9nBultsEUU Autoverification 37U 3 o

lungugunguan @1u1sasieeuna CBC lay
sruudnludlaglidowgaesla 2,280 51

970 7,644 518 Andudesay 29.83 (miﬁqﬁ 4)

M15199 4 @0AN1589URE CBC Tneseuuaniudd wasanldau 3 wwou

$1uIUEIRT29 CBC (518)

AV Approval (518)

AV Rate (%)

7,644 2,280

29.83

3. STUZLIAINISIOABUNANITASIY CBC
Tnasguu Autoverification
N9USEULEUSEUELIRNSOADENANS

M579 CBC nauwasnasldssuy

Autoverification 1ag e nn fcj a1y ‘1'7i N9

Vol URnsuseiuall wu nasldszuy

Autoverification 528£1981959ADYNANTITNTIR

anasnslunguiUiemlusasnguiUlsiseniu

1nviesgnidu lunsdiiinanisngraund 91n
26.94 1Ju 20.83 U1l way 31 21.95 1Ju
7.60 W7 MINEIRU dIUNIETRANIINTI
Raund 970 26.84 1w 24.84 wil war 370
2279 1\ 22.43 it mudIdu (15197 5)
Tnginausinyeries foRnsUsefunaisenos

Nans39 CBC tonnglu 30 wi

AN5199 5 STerIa1enRuNan1sRsIa CBC (TAT) naukasnadldsyuu Autoverification

TAT (w1i) neuldssuu

Autoverification

TAT (W19) waslgssuu

Autoverification

NaN15ASAUNA  Wan1sAsIARNAUNR

NaN15AS2AUNA  Wan1sAsIARAUNR

FUevaly 26.94 26.84 20.83 24.84
FUaBL3aAu

v - 21.95 22.79 7.60 22.43
Wogniiu

4. 3R5IN1551891UNaN8 TULIANN1TUA
A5USULAEUTNIINISIIBUNANITASID
CBC agngluniafiiivun neulavnadldanu

J¥UU Autoverification WU 9%1510119578971U

nangluan i ruaAiuIuaIINSaeay 95.94
Wu 99.61 TunquiUaeialy drungugUae
LSIAIUIINTBIRNEUINIINTTIBNUNEN 8T

NAIANUASEEaY 100 LULAY
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M19197 6 FagarNiTenUNalLLIAT MR CBC naulasnasldssuy Autoverification ngustae

U waziUhelseriuanvisagniay

Aaulgszuu

Autoverification

Ma9kisEUU Autoverification

naugUen3ly

95.94%

99.61%

nauEUIBLIIAIUINYIRIRNIEY

100.00%

100.00%

5. fiunu
NNSUTPUTBURUNUNSINSEL LAY

foualamaan (Blood Smear) nouwasnaaly

38UV Autoverification Wu313nN158AA9984
Aunuieyay 32.65 Lilallguiuaun ULy

§1UU 94,293.76 UM 7)

M13199 7 AUNUNIIATIY CBC Wisuiieunaunagnasldssuy Autoverification

nauldsyuu Autoverification

nasldssuu Autoverification

funu (um) 94,293.76U

63,509.76

L4
138

€ )
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