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ABSTRACT

Introduction: Delta check is a quality control tool that involves
comparison of lab test result of current sample with that of
previous sample from the same patient based on specified
criteria. Though chemical analytes have been studied extensively
for delta checking, literature is limited for haematology tests.

Aim: In this ‘simulation’ study, we aimed to evaluate the
performance characteristics of Complete Blood Count (CBC)
tests in delta checking of specimen mix-ups/mis-identification
using Receiver Operator Characteristics (ROC) analyses.

Materials and Methods: Retrospective data from hospital
patients (aged >18 years) for whom CBC tests were done
within 14 days of primary testing were collected. Two groups
were created: actual delta and simulated pseudo delta, the
latter group simulating the real-time misidentified or mislabeled
specimens. Performance characteristics of CBC analytes in
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detecting specimen mix-ups were evaluated by ROC curves and
Areas Under Curves (AUC) using MedCalc statistical software.

Results: AUC values observed for CBC analytes were: MCV
(0.90), MCH (0.87) and RDW (0.82), Haematocrit (0.76),
Haemoglobin (0.75), RBC count (0.75), Platelet count (0.72),
MCHC (0.61) and Total leucocyte count (0.64). Indices of
individuality (Il) for CBC analytes were: MCH (0.27) <MCV
(0.29) <Haemoglobin (0.42) <Haematocrit (0.42) <Platelet count
(0.42) <RBC count (0.51) <Total WBC count (0.54) <RDW (0.61)
<MCHC (0.88).

Conclusion: MCV and MCH are the most ideal CBC analytes
for delta checking of specimen mix-ups/mis-identification as
they have low indices of individuality/Reference change values
(RCV) and high AUC values. Integration of delta check in the
Lab Information System (LIS) is an effective quality practice that
can monitor release of erroneous lab results.

Keywords: Areas under curve, Delta checks, Mean corpuscular volume,

Mean corpuscular haemoglobin, Specimen misidentification

INTRODUCTION

One of the routinely used tests in Haematology is the Complete Blood
Count (CBC). The reports of the complete blood count tests are often
essential for the clinicians to monitor overall health, to screen for
some diseases, to confirm a diagnosis, and to review the changes
following medical treatments [1]. Any discrepancies in the report may
lead to false diagnosis or wrong treatment to the patients.

However, due to remarkable advancements in the medical field and
the introduction of automated counters, errors have been minimised.
But still, errors do exist; which may be classified into Pre-analytical,
Analytical, Post-analytical errors. Pre-analytical errors can be due
to incorrect specimen collection, improper specimen handling;
incorrect specimen labeling; or misidentification of the patient. Post-
analytical errors include failure to correct test values for dilution,
transcription errors, and misinterpretation of test results [2].

Delta checks involve comparison of lab test results of current
sample with that of previous sample from the same patient based
on specified criteria. Such changes when they exceed the specified
limit (delta limits) may indicate changes in patient clinical condition
or pre-analytical, analytical or post-analytical lab errors. Delta
check is widely used in clinical laboratories as a patient-based
quality assessment tool to detect errors and provide a safety net
for identifying testing errors that might otherwise go unnoticed.
Contamination of blood by intravenous fluids might be detected
only by a delta check alert. Delta check not only acts as a quality
control tool in the laboratory but also may allow automated release
of results of haematology analysers that pass the delta check [3-5].

Although delta checks are in vogue for over 40 years, the practice of
lab haematology has changed of late with the advent of newer and
advanced automated haematology analysers. There s limited literature
on the use of CBC analytes for delta checking [6]. In this simulation
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study, we evaluated the performance characteristics of routine CBC
analytes for delta checking of specimen mix-ups/mislabeling.

MATERIALS AND METHODS

This is a retrospective study of data from Chettinad Hospital,
Kancheepuram Tamil Nadu, India done from January 2017 to
December 2017.

Analytes for delta checking: Following routine CBC parameters
were studied: Haemoglobin (Hb), Haematocrit (Hct), RBC Count,
Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin
(MCH), Mean Corpuscular Haemoglobin Concentration (MCHC),
Red-cell distribution width (RDW), Total WBC count (TWBC) and
Platelet Count. CBC tests were performed by Coulter LH 750
automated haematology analyser.

Intra and Inter-individual variations for each of the CBC analytes
were assessed by calculating their: (1) Index of Individuality (I); and
(2) RCV and their values are indicated in [Table/Fig-1].

Data Collection and Grouping

Retrospective data from adult patients (>18 years) for whom repeat
CBC testing was ordered within 14 days of first testing were utilised.
Two delta groups were created: Group 1 (n=1000): actual delta
derived by pairing of consecutive test results from the same patient;
Group 2 (n=85): pseudo-delta derived by pairing of consecutive
test results from two different patients at the same delta interval.
The latter group is a simulation of the real-time misidentified or
mislabeled specimens.

Performance Characteristics
Tests with delta values exceeding the reference delta limits were
labeled as positive delta tests (‘delta fail’) and those within as
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CBOtest | CV, | CVq | OV, | jncividsiny ) | Vane (ov) ot 050
Haemoglobin | 2.85 | 68 | 1.4 0.42 11,59
Haematocrit 2.7 6.41 1.5 0.42 11.27
RBCCount | 32 | 63 | 15 051 12.89
MGV 14 | 485 | 12 0.29 6.73
MCH 14 | 52 | 21 0.27 9.21
MCHC 106 | 12 | 17 0.88 7.31
RDW 35 | 57 | 17 0.61 12.77
gcc’f:r'];/VBC 114 | 213 | 38 0.54 43.84
Platelet Count | 91 | 219 | 3.4 0.42 35.44

[Table/Fig-1]: Indices of Individuality (Il) and Reference Change Values (RCV) for
Complete Blood Count (CBC) tests.

CV,and CV,: Intra and Inter-subject biological variation co-efficients from liiterature [9]
CV,,: Analytical variation co-efficient from internal quality data of lab

negative delta tests (‘delta pass’). Delta positive results in pseudo-
delta group were categorised as ‘true positives’ and those in actual
delta group as ‘false positives’. Similarly, delta negative results in
actual delta group were ‘true negatives’ and those in pseudo-delta
group were ‘false negatives’.

STATISTICAL ANALYSIS

ROC curves and AUC for each of the CBC analytes were derived
using MedCalc Version 18.11.6 statistical software [7,8].

RESULTS

[Table/Fig-1] lists the indices of individuality (Il) and RCV of CBC
analytes [9]. [Table/Fig-2] shows the (AUCs of CBC analytes for
delta checking of specimen mix-ups. [Table/Fig-3a,b] depict the
ROC curves at different cut-off values.

CBC test Area Under 95% Confidence
Curve (AUC) Interval (Cl)
Haemoglobin (Hb) 0.75 0.69 to 0.82
Mean Corpuscular Haemoglobin (MCH) 0.87 0.821t00.92
e Compse i amesctn
Mean Corpuscular Volume (MCV) 0.90 0.851t00.94
Haematocrit (Hct) 0.76 0.69t0 0.82
Red Cell Distribution Width (RDW) 0.82 0.77 10 0.88
Platelet Count 0.72 0.66 to 0.77
Red Blood Cell (RBC) Count 0.75 0.68 t0 0.81
Total White Blood Cell (TWBC) Count 0.64 0.58100.70
[Table/Fig-2]: Area Under Curve (AUC) values for Complete Blood Count (CBC) Tests.

DISCUSSION

According to llzuka Y et al., among the lab mistakes, “specimen
mix-ups” are the most common and serious. Blood specimen
collected from one patient occasionally gets mislabeled with
identifier of another patient leading to the so-called Wrong Blood in
Tube Error (WBIT). Delta check (comparing the previous and current
test results) is often the only way to detect such errors [10,11]. This
study analysed different CBC tests for delta checking of ‘specimen
mix-ups’ using ROC analyses.

The ROC curve depicts the trade-off between the sensitivity (true
positive rate) and (1- specificity) (false positive rate) across a series of
cut-off points. Area under the ROC curve is considered as an effective
measure of inherent validity of a diagnostic test. The larger the AUC
value (closer to 1.0), the better will be the test performance [7,8].

We utilised ROC analyses to evaluate the CBC analytes for delta
checking of specimen mix-ups. AUCs were determined for each CBC
analyte using the non-parametric distribution-free Mann Whitney test
[7]. Observed AUC value ranges for CBC analytes were:
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[Table/Fig-3]: a, b: Receiver Operator Characteristics (ROC) curves for CBC
analytes.

0.80-0.90 (excellent discriminator): MCV (0.90), MCH (0.87)
and RDW (0.82); ROC curves for these CBC tests were closer
to upper left corner implying higher test accuracy.

i. 0.70-0.80 (good discriminator): Haematocrit (0.76),
Haemoglobin (0.75), RBC count (0.75) and Platelet count
(0.72) and

ii. 0.60-0.70 (fair discriminator): MCHC (0.61) and Total
leucocyte count (0.64); ROC curves for these CBC tests were
closer to diagonal (AUC=0.5) implying least efficiency [7,8].

The published literature on delta checking in haematology is limited

for comparative analyses. However, our findings are similar to the

other few available studies. Ohara T et al., evaluated delta check
method to detect artificial ‘mix-ups’ in haematology. They concluded
that MCV is the single best marker and recommended investigation
when MCV delta was above 4fl. Using computerised algorithms in
haematology delta checking, Houwen B et al., found MCV and MCH
to be most useful for random error detection. Similar observations
were made by Miller | who preferred MCH over MCV as the latter
is influenced by extraneous factors. He formulated composite CBC
delta (CCD) using weighted deltas of multiple parameters-Hb,

MCH, RDW and platelet count. Stijin J et al., in a simulated study of

random sample mix-ups concluded RDW to be the single best CBC

parameter followed by MCV and MCH [12-15].

CBC analyte chosen for delta checking of specimen mix-ups should
have little intra-subject biological variation and wider inter-subject
variation. According to Straseski JA et al., and Randell EW et al.,
an analyte with low index of individuality (Il <0.6) and RCV are ideal
candidates for delta checking [16,17]. Il is calculated as the ratio
of the total intra-individual variation to inter-individual biological
variation:

lI=(CV,? + CV)"2/CV,,
Where, CV,, CV, and CV, are analytical, within-subject, and
between-subject coefficients of variation respectively [18,19].

Indices of individuality (Il) for CBC analytes observed in our study are
as follows [Table/Fig-3]: MCH (0.27)< MCV (0.29)< Haemoglobin
(0.42)< Haematocrit (0.42) <Platelet count (0.42) <RBC count (0.51)
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<Total WBC count (0.54) <RDW (0.61) <MCHC (0.88). Whereas,
MCH and MCV (with low Il) are ideal markers for specimen mix-ups;
MCHC (with high 1l) is not a suitable marker for specimen mix-ups.

Reference change value is the value that must be exceeded before
a change in consecutive test results is statistically significant at a
predetermined probability. It is calculated using following equation:

RCV=2% x Z x (CV,2+CV?)"2

Where, z=z score=1.96; CVA and CVI are analytical and within-
subject variation [18,19].

RCVs for CBC (in increasing order) observed in our study were: MCV
(6.73) <MCHC (7.31) <MCH (9.21) <Hct (11.27) <Haemoglobin
(11.59) <RDW (12.77) <RBC count (12.89) <Platelet count (35.44)
<Total WBC Count (43.84). These findings are consistent with those
of other authors [18,19].

LIMITATION

The present study is a ‘simulation’ study which aimed at detecting
the efficiency of CBC tests in delta checking of specimen
misidentification and this followed up with larger study in real-time
scenario can help in drawing definite conclusions.

CONCLUSION

MCV and MCH are the most ideal CBC analytes for delta checking
of specimen mix-ups/ mis-identification as they have low indices of
individuality/ RCV and high AUC values. Other CBC analyte deltas
may be useful for detecting significant clinical events or other lab
errors. Integration of delta check in the LIS is an effective quality
practice that monitors release of erroneous lab results.
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