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Abstract

On a routine CBC inspection with automated hematology analyzer, the number of
repetitions and the deviations from the repetition are the important indicators of the CBC service’s
effectiveness. Factors that can affect CBC services are not only good management and properly
technology used but also patient samples. Examining the impact of these factors will make it
possible to make informed decisions about how to improve the CBC system. We have examined
the impact of the factors including technician workload, pairing of automated hematology
analyzers for repeated measurement and patient samples by using the 894 repeated CBC data of
hematology laboratory. Hematology Laboratory of Faculty of Medicine Vajira Hospital from
2013 to 2015. Among these data, CBC repeated rates were measured and then error indices were
calculated. The proportion of non-substitution of repeated value range from high to low are
MCV, HCT, PLT, WBC, RBC and Hb respectively. There is a negative significant linear
relationship between the workload and the proportion of repetitions (p = 0.042, r = - 0.958)
while the number of repetitions and workloads were not significantly correlated (p <0.05).
The non-substitution of repeated results among 4 different time intervals were also not different.
In the study of age-group, the non-substitution of repeated results of HCT and MCYV in the
children younger than 2 years of age were significantly larger than those of the 2-year age group.
(p = 0.001). In addition, trend of the deviation of the repetition data in the low, normal and high
values for all groups were similar showing significantly high in the red blood cell parameters
only. Conclusion is that the automatic pairing and workload did not divert the non-substitution

results. The most deviated of repeated results were found in MCV and HCT. This audit can be
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applied to other laboratories to measure the impact of system factors on the CBC's performance

and also optimizing it in that organization.
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Table 1 Normal value of hematology laboratory in Vajira Hospital and normal value of NCCLS

document in 199912

CBC Parameters (unit) slemeeloy e NCCLS document
in Vajira Hospital
RBC (male) (10°/uL) 4-6 4.4 -6.2
RBC (female) (10°/uL) 35-5 3.9-52
Hb (male) (g/dL) 13- 16 12 -18
Hb (female) (g/dL) 11.5- 15 11 -16
HCT (male) (%) 39 - 50 39 - 54
HCT (female) (%) 35 - 44 30 - 48
MCV (fL) 80 - 99 80 - 100
WBC (10%/uL) 4-10 3.0-12.0
PLT (10%/uL) 150 - 400 50 - 800
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wintudlullumansafiutng (Table 2)

Table 2 Pearson correlation of unreplacement percent vs repeat percent and unreplacement

percent vs workload in each blood parameter

unreplacement (%) VS repeat (%) | unreplacement (%) VS workload
CBC parameters
p - value r p - value r

RBC (male) 0.108 - 0.892 0.223 0.777
RBC (female) 0.562 - 0.438 0.763 0.237
Hb (male) 0.182 0.818 0.367 - 0.633
Hb (female) 0.1562 0.848 0.258 -0.742
HCT (male) 0.931 0.069 0.971 0.029
HCT (female) 0.738 0.262 0.983 0.017
MCV 0.454 0.546 0.558 - 0.442
WBC 0.250 0.750 0.464 - 0.536
PLT 0.525 - 0.475 0.796 0.204

r = Pearson correlation coefficient
VS = correlate with

workload = number of (tests /1hour/1person)
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Fig. 1 Correlation of workload and repeat percent of tests in each period

A = time period 8.00 am - 4.00 pm
C = time period 7.01 pm - 5.59 am
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B = time period 4.01 pm - 7.00 pm
D = time period 6.00 am - 07.59 am
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TWinanateadanuliiezlygla (Table 3)

Table 3 Pearson correlation of non-replacement percent and automated machine pair (1-4) in each

hematology parameter values

Repeated Hematology parameters

CBC RBC | RBC Hb Hb HCT | HCT | MCV | WBC | PLT
machine | (male) | (female) | (male) | (female) | (male) | (female)

Pair 1 0 o) 0 L 0 o) 0 N
Pair 2 0 o) 0 o) LN LN LN 0 LN
Pair 3 o) L 0 o) LN LN N L L
Pair 4 o) N o) o) N o) LN o) LN

O = not correlate

L = significantly correlated using hematology laboratory (Vajira Hospital) normal value criteria

N = significantly correlated using NCCLS document normal value criteria in 1999
Pair 1 = XT2000i and LH750 no.1 Pair 2 = XT2000i and LH750 no.2
Pair 3 = XT4000i and LH750 no.1 Pair 4 = XT4000i and LH750 no.2
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Table 4 The replacement percent and the unreplacement percent of repeated data of CBC

parameters
CBC parameters Replacement (%) Unreplacement (%)
RBC (male) 96.01 3.99
RBC (female) 95.24 4.76
Hb (male) 98.74 1.26
Hb (female) 96.91 3.09
HCT (male) 49.17 50.83
HCT (female) 57.91 42.09
MCV 39.62 60.38
WBC 94.31 5.69
PLT 85.82 14.18

o o ¢ o 4 A, % 9 ¥
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Table 5 The replacement percent and the unreplacement percent of repeated data of CBC

s ifoula waz liynd el

parameters from age < 2 years (group) and age > 2 years (group)

CBC < 2 years < 2 years > 2 years > 2 years
Status
parameters group (number) | group (%) group (number) | group (%)
Replaceable 131 97.8% 724 95.3%
RBC
Unreplaceable 3 2.2% 36 4.7%
Replaceable 131 97.8% 744 97.9%
Hb
Unreplaceable 3 2.2% 16 2.1%
Replaceable 48 35.8% 428 56.3%
HCT
UNreplaceable 86 64.2% 332 43.7%
Replaceable 14 11.2% 339 44.6%
MCV
Unreplaceable 119 88.8% 421 55.4%
Replaceable 128 95.5% 715 94.1%
WBC
Unreplaceable 6 4.5% 45 5.9%
Replaceable 114 85.1% 652 85.8%
PLT
Unreplaceable 20 14.9% 108 14.2%
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Table 6 The percentage of repeatable value of each parameters from 4 groups (low, normal, high,

different group)

CBC parameter

Number (percentage) in each group

Low

Normal

High

Different

Total

RBC (male) (L)

37 (7.77%)

231 (48.52%)

190 (39.91%)

18 (3.78%)

476 (100%)

RBC (male) (N)

28 (5.88%)

187 (39.28%)

243 (51.05%)

18 (3.78%)

476 (100%)

RBC (female) (L)

81 (19.37%)

184 (44.01%)

121 (28.94%)

32 (7.65%)

418 (100%)

RBC (female) (N)

67 (16.02%)

141 (33.73%)

182 (43.54%)

28 (6.69%)

418 (100%)

Hb (male) (L)

47 (9.87%)

126 (26.47%)

288 (60.5%)

15 (3.15%)

476 (100%)

Hb (male) (N)

18 (3.78%)

206 (43.27%)

237 (49.78%)

15 (3.15%)

476 (100%)

Hb (female) (L)

25 (5.98%)

109 (26.07%)

270 (64.59%)

14 (3.34%)

418 (100%)

Hb (female) (N)

19 (4.54%)

148 (35.4%)

243 (58.13%)

8 (1.91%)

418 (100%)

HCT (male) (L)

19 (3.99%)

111 (23.31%)

276 (57.98%)

70 (14.7%)

476 (100%)

HCT (male) (N)

11 (2.31%)

126 (26.52%)

276 (58.1%)

62 (13.05%)

476 (100%)

HCT (female) (L)

24 (5.74%)

87 (20.81%)

259 (61.96%)

48 (11.48%)

418 (100%)

HCT (female) (N)

16 (3.82%)

204 (48.8%)

153 (36.6%)

45 (10.76%)

418 (100%)

WBC (L)

384 (42.95%)

367 (41.05%)

104 (11.63%)

39 (4.36%)

894 (100%)

WBC (N)

269 (30.08%)

522 (568.38%)

63 (7.04%)

40 (4.47%)

894 (100%)

MCV (L)

53 (5.92%)

317 (35.45%)

313 (35.01%)

211 (23.6%)

894 (100%)

MCV (N)

41 (4.58%)

332 (37.13%)

313 (35.01%)

208 (21.13%)

894 (100%)

PLT (L)

95 (10.62%)

441 (49.32%)

273 (30.53%)

85 (9.5%)

894 (100%)

PLT (N)

12 (1.34%)

780 (87.24%)

81 (9.06%)

21 (2.34%)

894 (100%)

L = hematology laboratory (Vajira Hospital) normal value criteria

N = NCCLS document normal value criteria in 1999
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Table 7 The difference of percent replacement of CBC parameters repeated data between 4 pairs

of automated machines observed in each value group (high level, normal level, low level,

different group)

RBC

RBC RBC Hb Hb HCT HCT MGV WBC PLT

(male) | (female) | (male) | (female) | (male) | (female)
group. A O (@] L O O O O O (@]
(High)
group.B O (@] N (@) (@) N O O (@]
(Normal)
group.C LN O (@) (@) L O O O (0]
(Low)
Different L N @) @) @) L LN O @)

O = not different

L = statistical significant difference between groups by using hematology laboratory (Vajira Hospital) normal value

criteria

N = statistical significant difference between groups by NCCLS document normal value criteria in 1999
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