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ORIGINAL ARTICLE

Improving Efficiency and Effectiveness of Clinical
Chemistry Laboratory Reporting with Autoverifica-
tion System in Uttaradit Hospital

Suwipar Deebukkham
Department of Medical Technology and Clinical Pathology, Uttaradit Hospital

ABSTRACT

Background: Laboratory resultreportingis a critical function for patient diagnosis and clinical management.
However, relying on medical technologists to manually verify each result can cause delays and negatively
impact both the efficiency (processing time and staff workload) and effectiveness (accuracy and patient
safety) of result reporting. Implementation of an autoverification system is a promising approach to
improve laboratory result reporting.

Objectives: 1) To compare the efficiency of result verification and reporting in clinical chemistry
laboratory between manual verification (MV) and autoverification (AV) systems in terms of turnaround
time and staff workload, 2) To assess the effectiveness of both systems regarding accuracy and error
detection capability.

Methods: A before-and-after study was conducted in the Division of Medical Technology and Clinical
Pathology at Uttaradit Hospital over 12 months (6 months before and 6 months after AV system
implementation). Twenty-two tests from clinical chemistry and immunology were included, with a
total of 152,347 test results collected retrospectively. Data were analyzed using descriptive statistics
(mean, standard deviation, frequency, percentage) and Levene’s Test for Equality of Variances with SPSS
software.

Results: The AV system successfully reported 123,546 results (81.10%), while MV reported 28,801
results (18.90%). The AV system significantly reduced verification time (p < 0.05), saving approximately
1,245.02 hours per month (~50% reduction) and decreased staff workload by 70-85%. Additionally, AV
improved error detection from specimen collection and preparation, and achieved 100% critical value
detection with zero missed results.

Conclusion: The autoverification system demonstrated high efficiency and effectiveness by accelerating
result reporting, reducing errors, enhancing patient safety, and decreasing staff workload. This model
can be implemented in other laboratory departments and expanded to other healthcare network units.

Keywords: Efficiency, Effectiveness, Manual Verification: MV, Auto Verification: AV, Routine to
Research: R2R
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M13197 1 inaeidamnsunsnsivdeuRanIsnaaeunaviesujuinisiadindtnuuudnludia

No. Parameter Unit  Biological Analytical RCV Reference  Reference HIL
Variation  Variation (%) Range Low Range High Interference
(%) (%)
1 Creatinine me/dL 595 0.975 16.71 0.73 1.18 +4++
2 Sodium mmol/L 0.6 2.019 5.84 136 145 +++
3 Potassium mmol/L 4.6 2.199 14.13 3.5 5.1 +++
4 Chloride mmol/L 1.2 1.473 5.27 98 107 +++
5 BUN mg/dL 1211 2.484 335.74 8.9 20.6 +++
6 CO2 mmol/L 4.0 5.726 19.36 22 29 +++
7 Albumin g/dL 3.2 1.003 9.30 35 5.0 +++
8 Glucose me/dL 5.6 2.590 17.10 70 99 +++
9 Total Protein  g/dL 2.75 1.121 8.23 6.4 8.3 ++
10 Direct Bilirubin - mg/dL 36.8 8.605 104.76 0.0 0.5 N/A
11 Total Bilirubin  mg/dL 21.8 6.421 62.99 0.0 1.2 +++
12 ALT u/L 19.4 1.450 53.92 0 55 ++
13 AST u/L 12.3 0.728 34.15 11 34 -
14 Triglyceride me/dL 19.9 2.160 55.48 0 149 +
15 Cholesterol ~ mg/dL 5.95 2.737 18.15 0 200 ++
16 Phosphorus ~ mg/dL 8.15 2.255 23.44 2.3 a7 4+
17 Calcium mg/dL 2.1 1.292 6.84 8.2 10.2 +++
18 HDL me/dL 73 5.551 25.42 40 60 +++
19 LDL me/dL 7.8 2.524 22.72 100 129 +++
20 Alkaline U/L 6.45 4.349 21.56 40 150 +++
Phosphatase
21 Magnesium mg/dL 3.6 2.484 12.12 1.6 2.6 +++
22 HbAlcl18 % 1.9 5.535 16.22 0 6.5 +++

nuELne: RCV = Reference Change Value; HIL = Hemol- iuﬁjmxﬁ Manual Verification §178497% 28,801 189019
ysis, Icterus, Lipemia; +++ = §0I051980U; ++ = A5980U (308 18.90) 18N15ATITTEHITINITHIL AV gaan Leun
ANUBUINNG; + = muaaamﬁaﬁﬁmﬁuqa; - = lildswasiona; BUN (owaz 93.15) uaz Sodium (3eway 93.09) Tuvaei
N/A = lalgnunsadale AST wae HbALc fiasnisuiusinindesas 60 esainnis

91NN3AN®Y N153ATIER: SEUU Autoverification  lalshuinasi delta check uag limit check (3Uf 1 uaz 2)
ansasenuEalagndes 123,546 $18n15 (Feway 81.10)
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AST (Aspartate Aminotransferase): 91UIUYINUA:  Interference: 1,380 (5o8ay 46.39) Delta Check: 873
6,694 A5 Auto-Verified: 3,717 a59 (5away 55.53) ($ewuay 29.34) Interference + Delta Check: 393
Manual Validation: 2,975 A5 (44.44%) awvamsliriy  (Seway 13.21) Limit Check: 180 ($o8ag 6.05)

AST

B Deltal 874

B Interfere 1385

® Interfere, Delta!l 397
Interfere, LimitCheck!

38

M Interfere, LimitCheck!,
Delta! 25

1% 3% 1%

JUM 1 Wanas18azidennsngia AST

HbA1c (Hemoglobin A1c): S1uauiaviun: 2,769 a%a  (§oeag 78.99) Limit Check + Delta Check: 235
Auto-Verified: 1,227 @54 (§98ay 44.31) Manual Validation:  (5ewag 15.24) Delta Check: 57 (5owaz 3.70)
1,542 A53 (Foway 55.69) anwgn1skisinu Limit Check: 1,218

HbA1lc Count of DESCRIPTION

H <low 2
® >high 29
m Deltal 57
LimitCheck! 1218
B LimitCheck!, Deltal 236

N Autover 1227

FUM 2. uanaeazdenn1sngia HbALC
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UseANSNIMUBITEUU Autoverification (Efficiency)

M15197 2 F1UIUIIBNTATIINNMBIUHTANSWATiAGTnveITEUU Autoverification

31811337 Sruauen Auto-Verified (%) Manual Verification (%) p-value
ALT 6,855 5,546 (80.90) 1,309 (19.10) < 0.05
AST 6,694 3,717 (55.53) 2,975 (44.44) < 0.05
Albumin 5,467 4,203 (76.88) 1,263 (23.10) < 0.05
Alkaline Phosphatase 5,568 4,427 (79.51) 1,141 (20.49) < 0.05
BUN 12,190 11,355 (93.15) 833 (6.83) < 0.05
Direct Bilirubin 4,514 3,877 (85.89) 637 (14.11) < 0.05
Total Bilirubin 4,518 3,761 (83.24) 756 (16.73) < 0.05
Co2 11,257 9,438 (83.84) 1,818 (16.15) < 0.05
Calcium 3,294 2,540 (77.11) 754 (22.89) < 0.05
Cholesterol 6,120 5,376 (87.84) 744 (12.16) < 0.05
Chloride 11,259 9,469 (84.10) 1,788 (15.88) < 0.05
Creatinine 16,118 12,766 (79.20) 3,348 (20.77) < 0.05
LDL 1,083 868 (80.15) 215 (19.85) < 0.05
Glucose 5,451 4,200 (77.05) 1,135 (20.82) < 0.05
HDL 5,783 5,242 (90.64) 541 (9.36) < 0.05
HbA1c 2,769 1,227 (44.31) 1,542 (55.69) < 0.05
Potassium 14,842 11,432 (77.02) 3,406 (22.95) < 0.05
Magnesium 2,789 2,001 (71.75) 788 (28.25) < 0.05
Sodium 11,296 10,516 (93.09) 778 (6.89) < 0.05
Phosphorus 3,443 2,546 (73.95) 897 (26.05) < 0.05
Total Protein 4,674 3,481 (74.48) 1,193 (25.52) < 0.05
Triglyceride 6,363 5,558 (87.35) 805 (12.65) < 0.05
sauﬁgwm 152,347 123,546 (81.10) 28,801 (18.90) < 0.05

MTIATIEN: S¥UY Autoverification anszegiiaInis  1,245.02 Flusdeiiou vioUszana 51.88 Jurineu (8 Falu
AsiedeUatlaElafy 3.85 Wilides1en1snsIe (3ouaz 6.39  atu) Vsl s1ensasefidsnaiuiniian léun Cholesterol

anad) FalltdedAgneada (p < 0.05) IneUsendnnansid  (23.90 wadl) Creatinine (6.21 W11) waz Sodium (6.84 W)
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52821281N1559A8NA (Turnaround Time: TAT)

A15197 3 WSEUWIEUSEELIAINNTINPNUNATENING Auto-verification wag Manual Verification (W)

318NN

ALT

AST

Albumin
Alkaline Phosphatase
BUN

Direct Bilirubin
Total Bilirubin
Co2

Calcium
Cholesterol
Chloride
Creatinine
LDL

Glucose

HDL

HbAlc
Potassium
Magnesium
Sodium
Phosphorus
Total Protein
Triglyceride
i’mﬁgwm

Auto
(Mean+SD)

59.13+43.63
58.71+£71.37
56.12+37.87
53.97+41.08
47.60+38.03
50.09+39.09
52.26+40.80
47.41+36.80
50.34+36.77
65.91+62.21
50.43+38.16
53.24+36.83
81.28+43.05
67.22+33.11
69.83+53.87
55.46+39.59
55.62+41.84
41.76+£32.40
50.21+38.36
48.61+33.83
53.92+37.10
69.83+49.51
56.32+47.52

Manual
(Mean#SD)

60.14+165.01
60.29+192.70
58.01+£39.85
54.01+181.42
53.22+116.51
54.87+37.47
54.61+£37.08
50.75+38.60
49.38+33.40
89.81+423.08
51.69+41.77
59.45+112.73
82.26+£33.92
78.71+£108.59
72.45+170.36
56.52+40.49
57.04+46.37
42.24+32.75
57.05+43.56
54.79+38.53
56.39+39.24
70.07+166.21
60.17+134.19

nuneme: AMddudAyn1eadia p < 0.05 (Independent

Samples t-test), anad (%) = [(Manual Mean - Auto Mean) /

Manual Mean] x 100; hianuszndn = (Manual Mean - Auto

Mean) x 911434 Manual Cases / 60

AUBANK anad (%) aUszndna
(M-A) (v3./hfow)
1.01 1.68 31.85
1.58 2.62 14.89
1.89 3.26 92.48
0.04 0.07 30.05
5.62 10.55 40.64
4.78 8.71 69.86
2.35 431 25.86
3.34 6.58 80.34
-0.96 -1.94 15.46
23.90 26.58 196.66
1.26 2.44 -2.98
6.21 10.45 238.55
0.98 1.19 11.65
11.49 14.59 151.37
2.62 3.62 37.06
1.06 1.88 6.43
1.42 2.49 40.35
0.48 1.14 17.47
6.84 12.00 66.04
6.18 11.29 54.42
2.47 4.38 3.38
0.24 0.34 23.21
3.85 6.39 1,245.02

nsAasEk amamaniviliiies Manual Validation
fi: Delta Check Exceeded®’ (59vag 59.54): Han15m519
Wasuwlaswinndndl ROV fidmue eawfiesunainns
Wasuulasaniigniendin niedelanaianiediuiu
f9819 Limit Check Failed ($9waz 18.38): HanN15M579
0gUBNTIAE19BILINTI I FBINTIABUNTaNTIDD
Interference (5ovay 7.15): feoglilgmainanuiainf
viseuuou
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Usedndwua (Effectiveness): N1505993UTaRANAIALAZNS LB LN

A5197 4 mm&;ﬁ@]’aq Manual Validation (n = 28,801)

#L%R

Delta Check Exceeded (Delta)

Limit Check Failed (Limit Check!)

Interference Detected (Hemolysis/Icterus/Lipemia)
Both Limit and Delta Check Failed

Rerun Required

5‘14“] (Analyzer Flag, Consistency Check)

v

SAUNINRUA

Usedndna (Effectiveness): N13as133UAIINgALAL
TORANAIN HAN1INTIFUAINGA (Critical Values) Uy
Autoverification as3aduaTingfle 1009% laglinainsienis
1n nansanvingineuagriiuliifteliinmatianisunnd
numusazidanmedlasdifian nmsadudefianainain
NAUMIBENS SYUU Autoverification as19dudeRANaN
mmmaﬂmﬁau (Hemolysis, Icterus, Lipemia) Lﬁuﬁﬁu 2,058
518 (luAae 3 euves AV phase) andeRnnaiaiienaviily
AUaglasuAadevng (Harm from Error) n1sid3euiiiey
A132U anad 70-85% 0tnNnATANISUWNNgluN13NTI
AOUNATIENNTATIV 22 F18N15 FIUIAIN S1UIUTI8NST
fawmTvdauUmeasRN: anan 152,347 519 1T 28,801 518
(Wi 18.90% naniusendnladmsunudu: 1,245.02 Falus
ERILY!

GRLY

n15AnBIEes nsiindszansainuasUsyansua
YOINIITBNURaN1veIUURN1sIAlAddnAe 52Uy
ATIVADUNAD A L UITR ﬁiﬁd‘w&mmaqmamﬁlﬂumiﬁﬂm
WUUNBUkAENaLTRUIBULEU (Quasi-experimental Be-
fore-and-After Study) LiieiUFauiisuyssansamussszuy
swmumamuéﬁy’mﬁu (Manual Verification: MV) flUszuus51Q

Fuu wWosidud
17,149 59.54
5,293 18.38
2,058 7.15
1,534 5.33

567 1.97
2,200 7.63
28,801 100.00

AUNADN LR (Autoverification: AV) HARWSYIEN MUUSEEVIBNN
(Efficiency) S5UU AV @snsasisnunalaoniudfiosas 81.10
Yeiavun 152,347 18715 anszeEaIn1snTIvaevaslag
Wwdy 3.85 wfines1en15n319 Ussudanaisiy 1,245.02
dluseiiiou (@nasszanadesas 50 Welflsuiu Manual
Verification) aannsearuvesinmalianisunmedassosay 70-85
HdudAgyn19adia (p < 0.05) AuUsEaNSHa (Effectiveness)
AsTuANINgAlARTUGIuSRsay 100 Tawlinainsianis
Tn asradudeinnainainnisifiuuazdmndousiagiadi
T 2,058 518 andoRnnaInaINuYLd (human error) Tun1s
A319AUNE LﬁummLﬂummgmslumimwaaummﬂmsﬁ
cLsi®* mm@ﬁ'éfaq Manual Validation @8 Delta Check
Exceeded: 598y 59.54 Limit Check Failed: Sovaz 18.38
Interference: Spway 7.15 S¥UU Autoverification
fUszdnsnmuazUseansnags Fretfinausagalunig
FENUHANTIV AAUDRANAN Lﬁummﬂaamﬁmaaﬁﬂw an
ATTUVBIYAAINST LLazLﬁummLﬂummgwﬂumimw
aouNa®" wuusaesiaunsnthlvlflufesfoinsduiie
WAIIAMAINAITUINS wavanunsaveneraluS ey

lusgAuToUBuINMsgUaIIN="
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anUs1ena

Usz@nsnin (Efficiency) Nan1sAnwILansinssuy
Autoverification @1u13508n5282Ia1N1350ARENE (TAT)
aslawiade 3.85 w1fidesien1snsae Uszndaaan
591 1,245.02 F2lussotiou (anasUszuiudovay
50) wazann1T¥IIUTeslnmAlanITUNNdassonasy
70-85 nadwsiaoandesiuuidoneunin wuiiszuy
autoverification filsesnguiasiunduianszezinaise
ABBaIN 9 urTimdeiiies 4 uri® Alssweuiagassnil
WUI1aALIaT 9.05 UM Lazann1TzIIusesay 84.53'
luni1sasradasngsiaudunsa-ananuinanssey
1Ia1semey Sesar 33.3 (310 27 tJu 18 ud)
n1sanTzezaILazn1szIueg1ldedifydieliin
wadan1sunndinatuintudinduauiidesnisaang
avlawniu Wy nsudlodyuidiuaunindaed
NMSAAAIUNARAUNR Lagn15UTUUTINTEUIUNIST
demasianuNIMNITUINTIne N>’

Usedandua (Effectiveness) 9031N1991891UNA
onlusl® (Autoverification Success Rate) Sesay 81.10 Tu
miﬁﬂmﬁﬁa’hﬁﬂﬁzﬁw%waqﬁ dlowssuifisufueuide
3u' Yowuaz 84.5 Sesay 90 (Ifuwimna Six Sigma)'®
Fowaz 75.5 Sozaz 85 (LANAALN) AINNLANAIIVD
F31N15HIUTTUU AV 019418911910 ATIULANAY
YOUNWUINITATIEOU: UiaziosU]UiRn158198n13
®aAn delta check limit waz limit check Fwnnsnafuny
é’ﬂwmzﬂimﬂiéﬂaSLLazwaw%aﬂwwiuﬁuﬁ UsznigUae:
TsmeunagnsinduiosufoRnsseduniegialiuing
Ussrnsvanvatgenguaglsn 491adn151UE suulag
ANAN199923 (biological variation) 11AnIlsaNeIUE
Affhslamzuenguaseafiedinseiuszinnyosnies
LazwondnITlY envdsnadenunmussteyauazdiuIy
analyzer flag”*® 9aLAUYBINISANY N15lUAT Reference
Change Value (RCV) Viﬁﬂmmmﬂqm Harris & Yasaka 15U
n3marn delta check umsthAsAdiNugmeimemans
1l Fetreriinanauasndulunissenuna’ 13eonkUY
FLUUNULUINIG CLSI ﬁﬂﬁamqu limit check, delta check,

interference check, wazconsistency check Wunsufus
AULIATFINAING TNITNUNMIUKELUTUUTINIIBE6E
dles uansfanisfiszuunmImuaunun N 9180159579
AfdnsInsei1u AV fin AST (3esay 55.53) Lag HbALC
($ovay 44.31) fdas1nsiudind 60% Lieanin AST
1i5unanszynuann Interference ANANNRAUNRYBIRIBE
(Hemolysis) ¥euay 46.39 109910 AST famidudugdlu
Windeauns™ way delta check exceeded Sowaz 29.34
1199970 AST i biological variation g4 ($osaz 12.3) M3
uifly: aaslimuilunsifuiedslildnananguile
an hemolysis wagWa1suIUsuA delta check limit T
Bomgumudnuagdingluiiui HbAlc duvaniiasan Limit
Check (Josag 78.99) munuiawailA1aguanyiy reference
range ($owaz 0-6.5) Gadnlvajiunags (nnirfesas 6.5)
Ustimuauthmalald fadunsidsuudasiimanislduas
fifeddeymnadin nsudle ldsndusoudlunast desan
nauan reference range 109 HbAlc dnfitudAyvemaiin
Fosn1smansaeushsaesnudesnd®?

GRLY
n1sAnwIEes “AsifinuszansnnuazUszansua
YBINITTENUNANIWBIUFURNISIATATINAI8TEUUNTIA
AOUNADNIULR” ﬁiﬁq‘w&nmagmamﬁﬂumiﬁﬂmLLUUﬂ'au
wazaTLUIBULEU (Quasi-experimental Before-and-
After Study) iialSeulfisudseanSnnuesszuusenuna
LL“U“UﬂzdLa?,J (Manual Verification: MV) fUSZUUATI@DUNE
onlugl® (Autoverification: AV)
NaaWsuaN:
1. frudseansaw (Efficiency):
« SEUU AV @131505180uKalaenlulRseay
81.10 Yosmaman 152,347 519015
. anszznaINInTedevaslngLads 3.85 uiiide
181N
. Uszndanansau 1,245.02 lusdoiiou (anad
Uszanaesay 50 Wewflsusu Manual Verification)
. annsEUIBIlnmAtANSUNgasasay 70-85

o o

. AdudAgynana (p < 0.05)
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2. auUszanswa (Effectiveness):
. asRduAIngAlsnsuiusoras 100 tnulinain
51871510
. AasIvudeRANaInINNISIAULALIRLASBY
Frothafiniy 2,058 579
« anteianaInNUYwd (Human error) Tuns
ATIVEOUNE
. iwanuduinasgulunisnsaaeununoe
CLSI
3. mm&;ﬂlﬁaﬂ Manual Validation:
o Delta Check Exceeded: 5oeay 59.54
o Limit Check Failed: $owaz 18.38
o Interference: Seeay 7.15

Haaguiialu: s3UU Autoverification fUszAvSaInuLaz
UszanBragetieiinanunailunisinsaunansig
andefianarafinainulasnfovesiUie ann1szau
¥eayAaIng wagiiinanuduuinsglunisnsiaaeuna
wuusraesiannsninlUldluiesufoRnistu iesimun
AUAINNITUINS uazaNIsavenenaluSmiieudy
lusgAunIaYIBUINITaVNN

J2INNAVBIN1TANE

1. vauwaie: nsAnwiluiesuufinisiiieauss
Wene1asiinanuill eseinauuansiwesUszans
USunaunu waziasesiielulsanenuiasy

2. S¥8ElIaNfnyl: ¥esian 3 Leud1nsuLAaz Il
ma"l,ail,ﬁmwal,ﬁaﬂizLﬁuwammq(ﬂma viienaiasunuag
Tuszezen

3. SyfUNEENE: NsANYTIANaENEAUSEUILNS
(process outcomes) windu Lllddssidunadniniendin
(clinical outcomes) W ANUNINDLAVBILNNE HAFBATS
fnaulasnel MeesrezaInIsuaulsmeIUIa

a. dhudsduau: lilfenuausuysduiionadsnasie TAT
U Sraudmihd seduaudiuny wietlymmaiaves
YU
Jaauauuzdnsunisu U1y

1. USUlnauaidnususienis AST: AefiansauInIsusu
A1 RCV 30 limit check Timangauiudnuaizgiae

2. Lﬁmmsﬂﬂamm:Iﬁmmimﬁﬂmaﬁﬂmnwélﬁm
AunslesrutlarnIsuUaninu alert 90 AV

3. AnauuazUiuUse: dnsnumusyuunn 6 ey
Lﬁaﬂ%’umm%m’mﬂﬂiLU?ﬁlauLLﬂawaﬁa;ﬂa
sengluisensnsinsu: asuhusraumsaliluldiusenis
A5299U W ulafinine
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