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Abstract

Manual blood smear examination is a standard method for nucleated red blood cells
(NRBC) reporting. However, it is a time-consuming, labor-intensive, and costly method. Modern
hematology analyzers can automatically quantify NRBC but with some limitations. This study
aimed to establish a workflow for NRBC reporting to maximize its accuracy as well as to enhance
its efficiency. NRBC measurement of 241 blood samples was carried out using Beckman
Coulter Unicel®DxH800. The results were compared against manual examination. The receiver
operating characteristic (ROC) analysis and a decision tree model (Gini impurity) were
conducted to construct workflows which incorporated NRBC (%) and related flags from the
analyzer. The effectiveness of workflows was evaluated by sensitivity, specificity, positive (PPV)
and negative predictive values (NPV) while efficiency was assessed by the rate of manual slide
review. The strong agreement between the automated analyzer and the manual NRBC count was
found (r = 0.98; p < 0.0001, bias -0.7). To reduce clinical errors by taking NPV into account,
the findings were as followed. By using the cutoff at the limit of detection of the analyzer (<0.1%)
alone,100% NPV could be achieved but the efficiency was compromised due to the high slide
review rate (59.3%). On the other hand, the cut-off derived from the ROC analysis (<0.4% and
<1.8%) could drastically reduce the slide review rate (29.0% and 7.9% respectively) but the
false-negative rate was escalated (7 and 32 samples) with compromised NPV (95.9% and 85.6%).
Alternatively, 100% NPV could be achieved using a decision tree that incorporated both a
numerical value and certain flags with acceptable efficiency (48.1% manual slide review rate).
Reporting NRBC from the automated hematology analyzer improves the workflow and
efficiency of the laboratory. However, due to the variation of analyzers and patient
characteristics, an individual laboratory should construct and verify its own workflow before
implementation to ensure acceptable accuracy and efficiency.
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Fig. 1 Method comparison study of NRBC count between UniCel® DxH 800 Coulter® Cellular analysis
system and manual NRBC count showed a correlation coefficient at 0.98 (p<0.001) with an
intercept at 0.239 and slope at 0.398 (A). The Bland-Altman analysis revealed a mean difference
at -0.7 NRBC/100 WBCs (limit of agreement -10.8 to +9.3 NRBC/100 WBCs) (B)
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Table 1 A frequency of related flags and diagnostic performance (n = 241)

Flag Frequency (%) | TP | TN | FP | FN |Sensitivity |Specificity| NPV | PPV
Low events: N 9/241 (3.7) 0 |182| 9 | 50 0.0 95.3 78.4 | N/A
Abn NRBC Pattern 4/241 (1.7) 1 1188| 3 | 49 2.0 98.4 79.3 | 25.0
NRBC Inter 6/241 (2.5) 1 |186| 5 | 49 2.0 97.4 79.1 1 16.7
Cellular Inter 4/241 (1.7) 2 |189| 2 | 48 4.0 99.0 79.7 | 50.0
High Event Rate: D 18/241 (75) 9 |182] 9 | M1 18.0 95.3 81.6 | 50.0
Low Events: D 8/241 (3.9) 1 (184 7 | 49 2.0 96.3 79.0 | 125
TP = true positive, TN = true negative, FP = false positive, FN = false negative,
PPV = positive predictive value, NPV = negative predictive value, N/A = cannot be calculated

Table 2 Effectiveness and efficiency of reporting workflows (n = 241)

Reporting . L Manual slide
TP | TN | FP | FN | Sensitivity (Specificityy NPV | PPV
workflow review rate (%)
DXH < 0.1* 50 | 98 |93 | O 100.0 51.3 100.0 | 35.0 59.3
DXH < 0.4** 43 (164 | 27 | 7 86.0 85.9 959 | 614 29.0
DXH < 1.8 18 190 | 1 | 32 36.0 99.5 85.6 | 94.7 7.9
Decision tree*** | 79 | 98 | 64 | O 100.0 60.5 100.0 | 55.2 48.1

* Limit of quantification (LOQ) of the analyzer
** Derived from receiver operating characteristic (ROC) analysis without using prevalence and estimated cost
*** Derived from receiver operating characteristic (ROC) analysis using prevalence and estimated cost
**** Derived from the decision tree (Fig. 3)
TP = true positive, TN = true negative, FP = false positive, FN = false negative

PPV = positive predictive value, NPV = negative predictive value

waauas 32 119 (Fevaz 13.28) uaziidnms WeiTINAY flag (Fig. 3) ldwunaavuads uag

) D)

A gAY ~ % o N Ay
ATVALNYILADATRYAS 7.9 waL uvun 4 alflf 9631NININVALINYILDDAIDYAL 48.1

a A v A Y1 4
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Fig. 2 ROC analysis using a manual NRBC count as a standard method gave an area under the curve
at 0.922 (p < 0.001). Without using a prevalence and estimated cost, the maximum Youden
index (0.72) was obtained at a level of NRBC >0.4 cells/100WBCs which resulted in sensitivity
at 86.0%, specificity at 85.86%. When the prevalence and estimated cost were used, the cutoff
at NRBC >1.8 was suggested with 36% sensitivity and 99.48% specificity

%NRBC by
analyzer N=241
(cells/100WBCs)
NRBC =0
No

N=98
Gini impurity 0.00

Report NRBC = 0

Yi .
= Report NRBC value N=9
according to analyzer Gini impurity 0.00
N=20

Gini impurity 0.00

No
NRBC 2 1.8

Report NRBC value
according to analyzer
No N=114
I sli i
Manual slide review Gini impurity 0.40

Fig. 3 Decision tree algorithm (Gini impurity) was designed using both NRBC count from the
analyzer and related flags
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