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Abstract Korean hospitals implement external quality assessment (EQA) schemes to improve the quality of clinical
tests. However, smaller hospital do not implement EQA due to lack of appreciation and cost burdens. The purpose
of this study was to analyze the results of EQA from the perspective of clinical chemistry carried out at a
small-to-medium sized hospital (SMH) and to investigate factors influencing quality control. The medical institution
concerned had performed EQA on 21 items annually for three years and had analyzed measurement methods, variation
coefficients, and anomalous results as defined by the SMH. No significant change in test methods or variation
coefticients, which exhibited a high level of variation, were observed for any test item over the 3-year period. The
results obtained showed that anomalous test results were significantly more frequent when EQA was not conducted
(p €0.05), internal quality control was not conducted daily (p <0.01), and when tests were less frequently performed
(p €0.01). Small-to-medium sized hospitals need to be more aware of the benefits of EQA and provide tailored
education to staft.
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Table 1. Control material provided for analysis and

number of participating laboratories from
2016 to 2018
N of
Sample No. Manufacturer Lot No.  Participating Class of
Labs
Labs
2016-01 EQO035 1) 272 213)
201602 Wako Control EQ36 84 167,377,31
2017-01 Bio-Rad 26411 1) ap2) A 13)
2017-02 Control 26412 64 10730724
2018-01 Bio-Rad 45781 & 7°,28,
2018-02 Control 45783 28”
Bio-Rad: Liquid Assayed Multiqual® Control (Bio-Rad Laboratories
Inc., CA, USA).

Wako: Wako Control Serum (Wako Pure Chemica Ltd., Osaka, USA).
1) General hospital; 2) Hospital; 3) Clinic.

Table 2. Reference values according to the major
methods used in clinical chemistry test

Item Method reference unit
value
BUN Urease with GLDH 13.1~17.1 mg/dL
Creatinine Jaffe reaction 0.58~1.05 mg/dL
Glucose GOD (colorimetric) 47.2~61.5 mg/dL
T-Calcium OCPC 5.5~6.8 mg/dL
Phosphorous Phosphomolybdate, 1.61~2.19 mg/dL
uv

Uric Acid Uricase 2.9-3.9 mg/dL
T-Bilirubin Diazonium salt 0.36~0.7 mg/dL
Protein Biuret method 3.6~4.4 g/dL
Albumin Dye binding-BCG 22~2.8 g/dL
T-Cholesterol Enzymatic 96.9~119 mg/dL
Triglyceride Enzymatic 81.9~108 mg/dL
AST (GOT) UV Rate 33.6~46.8 U/L
ALT (GPT) UV Rate 21.9~38.3 U/L
P-NPP 23.5~47.9 U/L

ALP Sekisui Medical 97.0~137 UL

Pureauto S
Enzymatic 97.1~138 U/L
LDH Sekisui Medical

Pureauto S LD-P 27317 UL

GGT IFCC 20.9~34.8 U/L
HDL-C Sekisui HDL direct 22.0~36.0 mg/dL
LDL-C Sekisui LDL direct 57.0~71.0 mg/dL
Sodium ISE 103~123 mEq/L
Potassium ISE 24~3.0 mEq/L
Chloride ISE 67.0~79.0 mEq/L

Bio-Rad Liquid Assayed Multiqual® Control.

Abbreviations: BUN, blood wurea nitrogen; GLDH, glutamate
dehydrogenase; GOD, glucose oxidase; T-Calcium, total calcium;
OCPC, o-cresolphthalein complexone; UV, ultra violet; T-Bilirubin,

total  bilirubin; BCG, bromocresol green; T-cholesterol, total
cholesterol;  AST, aspartate aminotransferase; ~ALT, alanine
transaminase; ALP, alkaline phosphatase; P-NPP, para

nitrophenylphosphate; LDH, lactate dehydrogenase; GGT, gamma
glutamyl transferase; IFCC, International Federation of Clinical
chemistry; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; ISE, ion-selective electrodes.
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Table 3. Analytical methods used in clinical chemistry
from 2016 to 2018

Years(%)
Item Method
2016 2017 2018
Urease with GLDH 87.5 96.8 88.7
Urease Quinolinium dye
BUN Qu, e 13
(Vitros)
Other method 113 32 113
Jaffe reaction 81.0 96.9 93.7
Creatinine Enzymatic 3.6 1.6 1.6
Other method 15.5 1.6 4.8
GOD(colorimetric) 42.7 32.8 373
Glucose Hexokinase, UV 413 62.3 52,5
Other method 16.0 49 10.2
ARSENAZO I 9.4 23.8 16.7
. Cresolphthalein
T-Calcium 59.4 66.7 44.4
complexone (OCPC)
Other method 313 9.5 38.9
Phosphomolybdate, UV 75.0 100.0 94.1
Phosphorous
Other method 25.0 5.9
. . Uricase 80.4 94.7 94.1
Uric Acid
Other method 19.6 53 59
Diazonium salt 329 69.4 66.7
o Oxidation 7.6 12.9 7.0
T-Bilirubin o
Vanadate oxidation 17.7 14.5 14.0
Other method 41.8 32 123
. Biuret method 84.8 96.8 98.3
Protein
Other method 152 32 1.7
. Dye binding-BCG 85.0 96.8 93.3
Albumin
Other method 15.0 32 6.7
Enzymatic 85.7 922 88.5
T-Cholesterol
Other method 143 7.8 115
. . Enzymatic 90.8 98.3 87.0
Triglyceride
Other method 9.2 1.7 13.0
UV Rate 85.4 84.4 79.4
AST
Enzymatic 4.9 3.1 4.8
(GOT)
Other method 9.8 12.5 15.9
ALT UV Rate 84.5 84.4 79.4
(GPT) Other method 15.5 15.6 20.6
P-NPP 82.9 64.3 88.2
ALP
Other method 17.1 357 11.8
Lactate to pyruvate 31.7 44.4 227
LDH Pyruvate to lactate 46.3 25.9 31.8
Other method 220 29.6 45.5
GGCNA (IFCC) 55.6 83.9 88.3
GGT GGPNA 284 6.5 1.7
Other method 16.0 9.7 10.0
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Years
2016 2017 2018

Item Method

Table 4. Annual changes in CVs according to the test
from 2016 to 2018

Homogeneous Direct 314 339 8.8

Enzymatic
Roche HDL direct 8.6 10.7 82
method
HDL-C Sekisui HDL direct 10.0 89 a1
method
Wako HDL direct 71 107 20
method
Other method 429 35.7 46.9
Roche LDL direct 152 16.0 0.8
method
Sekisui LDL direct 152 16.0 77
LDL-C method
Wako LDL direct ol 40
method
Other method 60.6 64.0 61.5
. ISE 76.9 93.8 85.2
Sodium
Other method 23.1 6.3 14.8
) ISE 65.9 93.8 85.2
Potassium
Other method 34.1 6.3 14.8
. ISE 65.9 93.5 84.6
Chloride
Other method 34.1 6.5 15.4

Abbreviations: BUN, blood wurea nitrogen; GLDH, glutamate
dehydrogenase; GOD, glucose oxidase; UV, ultra violet; T-Calcium,
total calcium; OCPC, o-cresolphthalein complexone; T-Bilirubin,
total bilirubin; BCG,
cholesterol;  AST, aspartate aminotransferase; ALT, alanine
transaminase; ~ ALP, alkaline  phosphatase; P-NPP,  para
nitrophenylphosphate; LDH, lactate dehydrogenase; GGT, gamma
glutamyl transferase; GGCNA, gammaglutamyl carboxy nitroanilide;
IFCC, International Federation of Clinical chemistry; GGPNA,
HDL-C, high-density lipoprotein

lipoprotein  cholesterol; ISE,

bromocresol green; T-cholesterol, total

gamma glutamyl p-nitroanilide;
LDL-C, low-density
ion-selective electrodes.

cholesterol;

gl o)Al G Rt g
2 A& YeRNSl e, BUN, Creatinine, T-Calcium,
Protein, ALP, LDH, Chloridet™ %<& X5 H%
OJAIG7Y 10%E P2 52 Creatinine, T-Bilirubin,
ALP, LDH, HDL-C, LDL-C & YE}yk
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Item cev I;I()o;‘;loall Abnormal control

2016 2017 2018 2016 2017 2018
BUN 5.7 6.6 7.0 6.7 7.3 6.2 6.7
Creatinine 3.9 139 11.8 134 108 107 76
Glucose 7.7 4.7 4.9 5.6 34 45 4.6
T-Calcium 4.0 4.5 44 45 42 2.6 2.7
Phosphorous 7.8 4.6 6.4 72 4.7 4.6 5.5
Uric Acid 7.7 5.4 5.8 6.9 5.2 6.7 5.6
T-Bilirubin 19.2 142 184 174 10.1 8.1 9.6
Protein 3.9 4.8 42 53 5.0 4.5 42
Albumin 7.5 5.0 5.0 5.4 5.3 5.8 5.0

T-Cholesterol 17.6 39 3.5 5.0 6.8 5.5 4.4
Triglyceride 11.2 5.4 6.3 73 7.3 5.6 7.1
AST (GOT) 12.5 6.8 8.5 6.0 6.3 5.2 5.4
ALT (GPT) 12.5 8.6 7.5 7.4 5.6 6.1 5.6

ALP 175 320 39.0 456 260 334 1838
LDH 250 321 334 285 337 355 300
GGT 14.0 80 69 82 68 7.4 7.3
HDL-C 140 115 99 109 13.0 176 109
LDL-C 14.0 8.8 9.7 2.8 8.0 102 58
Sodium 1.6 1.3 1.5 1.6 1.3 1.6 2.7
Potassium 2.9 22 2.8 4.8 2.7 2.9 2.9
Chloride 2.2 3.4 2.7 4.8 4.6 5.0 3.0

Abbreviations: CV, coefficient of variation (SD/Mean); CCV, chosen
coefficient of variation.
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Table 5. Relativity analysis of number of the poor value
according to quality management test, medical
check up and class of hospital in 2018

N of N of poor -
hospital values values
(Mean+SD)
Check of Yes 21 0.38+1.1 N
EQA test" No 2 1.6442.6 0.041
. per day 28 0.71x1.4
gz"ses‘t’f) per week 31 123£13  0.004%*
per month 4 4.75+7.6
Check of Yes 51 1.06+1.4
MCH No 12 1.92+4.5 0232
General h. 7 0.43£1.1
g:;ista?f, Hospital 28 132432 0.637
Clinic 28 1.32+1.2
Abbreviations: EQA, external quality assessment; IQA, internal

quality assessment; MCH, medical check up hospital.

1) * p value less than 0.05 is significance level by t-test.

2) ** p value less than 0.01 is significance level by ANOVA-test.
3) p value is non significance level by t-test.

4) p value is non significance level by ANOVA-test.

Table 6. Correlational analysis of number of the
chemistry samples tested per day and poor

value

N of poor value

N of chemistry samples tested per day -0.412%*

r(Correlation coefficient) =-0.412

** p value less than 0.01 is significance level by CA-test.
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