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Background: Delta checks increase patient safety by identifying automated hematology
analyzer errors. International standards and guidelines for the complete blood count (CBC)
delta check method have not been established. We established an effective, practical CBC
delta check method and criteria.

Methods: We assessed five delta check methods for nine CBC items (Hb, mean corpus-
cular volume, platelet count, white blood cell [WBC] count, and five-part WBC differential
counts) using 219,804 blood samples from outpatients and inpatients collected over nine
months. We adopted the best method and criteria and evaluated them using 42,652 CBC
samples collected over two weeks with a new workflow algorithm for identifying test errors
and corrections for Hb and platelet count.

Results: The median delta check time interval was 1 and 21 days for inpatients and out-
patients (range, 1-20 and 1-222 days), respectively. We used delta values at 99.5% as
delta check criteria; the criteria varied among the five methods and between outpatients
and inpatients. The delta percent change (DPC)/reference range (RR) rate performed best
as the delta check for CBC items. Using the new DPC/RR rate method, 1.7% of total test
results exceeded the delta check criteria; the retesting and resampling rates were 0.5%
and 0.001%, respectively.

Conclusions: We developed an effective, practical delta check method, including RRs and
delta check time intervals, and delta check criteria for nine CBC items. The criteria differ
between outpatients and inpatients. Using the new workflow algorithm, we can identify the
causes of criterion exceedance and report correct test results.

Key Words: Blood cell counts, Delta check method, Delta check criteria, Quality control,
Automated hematology analyzer, Automation

Received: November 1, 2022
Revision received: January 25, 2023
Accepted: April 6, 2023

Corresponding author:
Chan-Jeoung Park, M.D., Ph.D.
Department of Laboratory Medicine,
Green Cross Labs, 107 lhyeon-ro
30beon-gil, Giheung-gu,

Yongin 16924, Korea

Tel: +82-31-260-9913

Fax: +82-31-260-9232

E-mail: cjpark4508@naver.com

BY NC
© Korean Society for Laboratory Medicine
This is an Open Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the
original work is properly cited.

INTRODUCTION

ing all samples for QC. The difference exceeding the delta check

limits provides an opportunity to determine the cause of the er-

Delta checks are used to compare current and previous test re-
sults and to estimate the probability of significant changes. When
the difference between current and previous results exceeds
predefined criteria, the cause of the error is identified by retest-
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ror and retest for correcting the error to identify sample mix-ups.
A delta check can be an important component of autoverifica-
tion procedures to improve laboratory efficiency [1-31. Mild (high)
delta check limits decrease the retesting rate and turnaround
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time (TAT) but can miss errors, leading to decreased sensitivity
of the laboratory results. Strict (low) delta check limits increase
labor intensity.

There are numerous reports on delta check methods and lim-
its for chemistry laboratory results. Most studies on delta checks
for chemistry items attempted to establish delta check methods
and limits (criteria) based on empirically established methods
and reported limitations to the application of the reference range
(RR)-based delta check method [4-13]. Some recent studies
have used machine learning for delta check [14, 15]; however,
few studies on hematologic tests have been published. Fu, et al.
[16] simplified the delta check limitation formulae for data re-
view and reported a new delta check model for automated com-
plete blood counting that improved data validation. Miller, et al.
[17] suggested a new mean corpuscular volume (MCV)-based
delta check method and limits (>3.0 fL) for hematology labora-
tories. In Korea, Park, et al. [18] in 1989, Yang, et al. [19] in
1991, and Koo, et al. [20] in 2012 reported their experiences
with the delta check method and empirically established delta
check criteria for automated hematology analyzers. Although
these review articles suggested the need for studies on the delta
check method for hematology, no such studies have been pub-
lished to date. Many laboratories have empirically established
delta check methods and limits for hematologic tests. Therefore,
an effective delta check method and criteria for hematologic tests
are needed.

We aimed to establish an effective and practical complete blood
count (CBC) delta check method and criteria using statistics for
the QC of automated hematology analyzers. In addition, we sug-
gest a practical process with a new workflow algorithm for im-
proving validation in the hematology laboratory.

MATERIALS AND METHODS

This study was conducted in accordance with the Declaration of
Helsinki (2013 revision) and was approved by the Institutional
Review Board of Asan Medical Center, Seoul, Korea (#2019-
0803).

Data collection
All blood samples for CBC tests were collected using K2EDTA

tubes (Becton Dickinson and Company, Franklin Lakes, NJ, USA).
Samples were collected from outpatients and inpatients, includ-
ing patients in the emergency department of Asan Medical Cen-
ter (a 2,715-bed tertiary hospital with 49 clinical departments or
divisions, specialized centers, and departmental specialist clin-
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ics). In total, 219,804 samples were obtained from 151,120 in-
patients and 68,684 outpatients between May 2019 and Janu-
ary 2020. Patients were included regardless of the department,
their age, or medical status. Data on nine CBC items were col-
lected in pairs of previous and current results. The nine CBC
items were white blood cell (WBC) count, WBC differential counts
(neutrophil %, lymphocyte %, monocyte %, eosinophil %, and
basophil %), Hb, MCV, and platelet count. All EDTA-anticoagu-
lated blood samples were analyzed using a Sysmex XN-20 auto-
mated hematology analyzer (Sysmex Co., Kobe, Japan). All data,
including delta check time intervals and clinical features, were
obtained from the laboratory information system and electronic
medical records.

Delta check using five methods
The five delta check methods used in this study were as follows:

(1) Absolute delta difference (ADD)=lcurrent result—previous

resultl

(2) Delta percent change (DPC) (%) =Icurrent result—previous

resultl/previous resultx 100%
(3) DPC rate (%/day) =lcurrent result—previous resultl/previous
result/delta interval x 100%

(4) DPC/RR (%)=lcurrent result—previous resultl/previous re-

sult/RRx100%

(5) DPC/RR rate (%/day)=Icurrent result—previous resultl/pre-

vious result/RR/delta interval x 100%

The DPC and DPC/RR rates included the RRs of the labora-
tory items. The RRs used in this study are shown in Supplemen-
tal Data Table S1. We used the best-performing delta check me-
thod and criteria for the nine CBC items.

Evaluation of the new delta check method

For the evaluation of the new delta check method and criteria,
we used paired CBC data from 42,652 samples (294,588 tests)
collected between March 25 and April 7, 2020. Tests and sam-
ples yielding results exceeding the delta check criteria were
counted. The samples yielding results exceeding the criteria
were evaluated according to a new workflow algorithm to iden-
tify errors and corrections (Fig. 1) and the causes of the errors
for Hb and platelet count [21-23]; for the other CBC items, man-
ual review (peripheral blood smear and stain) and electric medi-
cal records were used.

Statistical analysis
A distribution of the delta check values for the CBC items (Hb,
MCYV, platelet count, WBC, and five-part WBC differential counts)
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Fig. 1. Workflow algorithm used to investigate samples exceeding the delta check criteria for Hb and platelet count.
Abbreviations: Y, yes; N, no; D, sample included in the delta check; ND, sample not included in the delta check; Inc, increase; Dec, decrease; Hct, hemato-
crit; WB, whole blood; PRBC, packed red blood cell; PC, platelet concentrate; AP, apheresis platelet; PBS, peripheral blood smear; Hx., history.

Table 1. Distribution of delta check time intervals and delta check values for Hb according to the five delta check methods in outpatients

(N=151,120) and inpatients (N=68,684)

o D?r']ttifv':ﬁz;we df\f?:f;r'fe ‘(’g/'ffu DPC (%) DPC rate (%/day) DPC/RR (%) DPC/RR rate (%/day)

(%)

Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients

99.5 84 20 3.1 2.8 30.1 231 41 19.6 15 5.8 1.0 49
97.5 69 8 2.0 1.9 17.7 16.0 1.8 14.0 44 4.0 0.5 35
50.0 21 1 0.4 0.4 3.7 40 0.2 2.8 0.9 1.0 0.0 0.7
2.5 2 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Abbreviations: DPC, delta percent change; RR, reference range.
was obtained using SPSS version 26.0 for Windows (IBM Corp., RESULTS

Armonk, NY, USA) (Table 1). Microsoft Excel 2016 (Microsoft,
Redmond, WA, USA) was used to calculate the delta check cri-
teria (Table 2) and to determine the percentage of tests that ex-
ceeded the delta check criteria and causes for Hb and platelet
counts exceeding the delta check criteria (Table 4 and Supple-
mental Data Table S2).
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Distributions of delta check time intervals and delta check
values according to the five delta check methods

Table 1 presents the distributions of delta check time intervals
and delta check values for Hb, as an example of the nine CBC
items, according to the five delta check methods and patient
type (outpatient or inpatient). The median delta check time in-
terval for Hb was one day (range, 1-20) for inpatients, including

https://doi.org/10.3343/alm.2023.43.5.418
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Table 2. Frequencies of values >99.5% in the distribution of delta check values for the nine CBC items tested by the five delta check

methods in outpatients (N=151,120) and inpatients (N=68,684)

Absolute delta difference

0B item (%) DPC (%) DPC rate (%) DPC/RR (%) DPC/RR rate (%)
Outpatients Inpatients ~ Outpatients Inpatients  Outpatients Inpatients  Outpatients Inpatients  Outpatients Inpatients
Hb (g/L) 0.9 0.8 1.0 1.0 1.0 1.0 1.0 1.0 11 1.0
MCV (fL) 1.0 1.0 1.0 1.1 0.9 1.1 1.1 0.9 1.0 1.0
Platelets (10%L) 1.0 1.0 1.0 1.0 11 1.0 11 1.1 13 1.0
WBCs (10%/L) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.0
Neutrophils (%) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1
Lymphocytes (%) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.0
Monocytes (%) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.0
Eosinophils (%) 0.9 0.9 1.0 1.1 1.1 1.0 0.9 1.0 0.9 1.0
Basophils (%) 11 0.6 0.7 0.9 1.1 1.2 0.8 1.0 1.1 12

Abbreviations: CBC, complete blood count; MCV, mean corpuscular volume; WBCs, white blood cells; DPC, delta percent change; RR, reference range.

Table 3. Delta check criteria based on delta check values >99.5% in the distribution with a frequency of 0.9%-1.1% for the nine CBC

items tested by the five delta check methods

) Absolute delta difference DPC (%) DPC rate (%/day) DPC/RR (%) DPC/RR rate (%/day)*
CBC tem Outpatients Inpatients  Outpatients Inpatients  Outpatients Inpatients  Outpatients Inpatients  Outpatients Inpatients
Hb (g/L) 31.0 28.0 30.1 23.1 4.1 19.6 7.5 58 1.0 49
MCV (fL) 8.8 59 9.5 6.1 1.2 53 0.5 0.3 0.1 0.3
Platelets (10%L) 288.0 172.0 186.8 82.8 20.4 53.0 0.06 0.03 0.01 0.02
WBCs (10%/L) 122 128 285.7 204.9 57.9 175.0 476 34.2 9.7 29.2
Neutrophils (%) 49.8 43.5 235.0 126.6 64.6 100.4 9.4 5.1 26 4.0
Lymphocytes (%) 40.1 35.2 264.0 316.7 44.4 236.7 11.0 13.2 19 9.9
Monocytes (%) 19.8 14.0 673.3 492.7 80.4 349.3 96.7 70.8 115 499
Eosinophils (%) 116 9.5 1,266.7 1,600.0 100.0 1,045.0 216.7 266.7 16.7 175.0
Basophils (%) 1.6 1.2 500.0 461.4 75.0 400.0 250.0 230.2 315 200.0

*The best delta check criteria for each CBC item in bold font.

Abbreviations: CBC, complete blood count; MCV, mean corpuscular volume; WBCs, white blood cells; DPC, delta percent change; RR, reference range.

emergency department patients, and 21 days (1-222) for out-
patients. For all nine CBC items, the distribution of delta check
values varied among the five methods and between outpatients
and inpatients.

Frequencies according to the distribution of delta check
values for the nine CBC items and the five delta check
methods

The frequency of delta check values exceeding 99.5% in the
delta data distribution was 0.9%-1.1% for the nine CBC items,
regardless of the method and patient type. For basophil %, the
frequency of delta check values exceeding 99.5% was 0.6%—
1.2% (Table 2). As test error frequencies reportedly are approxi-
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mately 1%, it is reasonable to select the delta check values
>99.5% in the distribution with frequencies of 0.9%-1.1% as
the delta check criteria (limits) [24-26]. Therefore, we adopted
the delta check values at 99.5% in the distributions as the delta
check criteria.

Delta check criteria for the nine CBC items and five delta
check methods

The delta check criteria for the nine CBC items varied among
the five methods and between outpatients and inpatients. For
all nine CBC items, the delta check method based on the DPC/
RR rate, which reflects biological variation and the delta check
time interval, performed best and was therefore adopted as the
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Table 4. Numbers of tests and samples yielding results that exceed
the new delta check criteria for the nine CBC items using the new
delta check method (based on the DPC/RR rate)

CBC item N (%)
Hb (g/L) 976 (19.5)
MCV (fL) 327 (6.5)
Platelets (10%/L) 804 (16.0)
WBCs (10%/L) 295 (5.9)
Neutrophils (%) 199 (4.0)
Lymphocytes (%) 198 (4.0)
Monocytes (%) 147 (2.9)
Eosinophils (%) 1,163 (23.2)
Basophils (%) 899 (18.0)
Total 5,008 (100.0)

Abbreviations: CBC, complete blood count; MCV, mean corpuscular volume;
WBCs, white blood cells.

new delta check method [4-11]. The delta check criteria for
each CBC item are provided in the two rightmost columns (in
bold font) of Table 3.

Analysis of tests and samples producing results exceeding
the new delta check criteria for the nine CBC items using
the new delta check method

The newly adopted DPC/RR rate-based delta check method was
evaluated using 42,652 samples collected from outpatients and
inpatients over a two-week period and a workflow algorithm for
Hb and platelet count (Fig. 1); for the other CBC items, we used
manual review (peripheral blood smear and stain) and electric
medical records. Among the 294,588 tests, 5,008 test results
(1.7%) exceeded the delta check criteria (Table 4). There were
1,318 retests (0.5% among 294,588 tests) and four resamplings
(0.01% among the total of 42,652 samples). The most common
cause for delta check criterion exceedance for Hb and platelet
count was transfusion (60.1%), followed by preanalytical errors
(6.3%) (improper or inadequate samples, diluted samples, and
misidentification), operation (3.6%), disease progression (2.1%),
blood clots (0.2%), in vitro hemolysis (0.1%) during sample col-
lection, and platelet aggregation (0.1%) (Supplemental Data Ta-
ble S2).

DISCUSSION

In Korea, several laboratories have empirically established delta
check methods and limits to decrease the TAT and identify er-
rors [18, 201. Koo, et al. [20] reported that the delta check re-
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duced unnecessary smear slides, rechecking, resampling, re-
testing, and telephone inquiries and concentrated workloads in
specific times of the day. However, whether empirically estab-
lished delta check methods and limits are adequate and effec-
tive for QC remained unknown.

For outpatients, the delta check time interval can range from
one day to several years. If the time interval between the previ-
ous test and the follow-up test is long, the error may reflect an
altered patient status rather than a real error, even when the sam-
ple has a delta check flag. Previous studies focusing on delta
check time intervals in delta check methods have suggested
that methods based on the DPC or DPC/RR rate (%/day) are
better than those based on ADD, DPC (%), or DPC/RR [10, 111.

The RR is another important factor in the delta check method.
Park, et al. [6] suggested a new delta check method based on
the ratio of the delta difference to the width of the RR (DD/RR),
which yielded more feasible and intuitive selection criteria and
well explained changes in the results as it reflects biological vari-
ation in both the test items and clinical patient features. In this
regard, the DPC/RR and DPC/RR rate delta check methods, which
include RRs, are better than those based on the ADD, DPC, or
DPC rate.

Considering patients’ disease progression or recovery over
time and biological variation, inclusion of the delta time intervals
and RRs would be ideal. Therefore, both delta check time inter-
vals and RRs should be included when establishing a delta check
method and criteria. Therefore, we adopted a new delta check
method based on the DPC/RR rate and established criteria to
efficiently identify errors in CBC test results and reduce labor in-
tensity.

The error frequency in laboratory systems is approximately
1% [24-26]. In this study, delta check criteria were obtained at
99.5% in the distribution of delta check values (absolute delta
differences) with a frequency of 0.9%-1.1%. The delta check
criteria differed between inpatients and outpatients for all nine
CBC items. This is likely due to factors affecting the delta check
calculation, including the inclusion of delta check time intervals,
patients’ clinical states, and phlebotomists’ technical skills (e.g.,
adequate sampling and prompt transfer to the laboratory by ex-
perienced phlebotomists vs. potential inadequate sampling and
delayed transfer to the laboratory by inexperienced nurses or
doctors). Therefore, delta check criteria should be separately
established for outpatients and inpatients.

Koo, et al. [20] demonstrated that the use of an empirically
established delta check method reduced the TAT, decreased re-
testing and resampling rates, and increased automated report-

https://doi.org/10.3343/alm.2023.43.5.418
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ing rates. In this study, the retesting rate (0.5%) with the newly
adopted delta check method (based on the DPC/RR rate) was
lower than that (3.2%) with a previous delta check method (DPC%
>50% for WBCs, platelets, neutrophil %, and lymphocyte %;
>20% for Hb and MCV; and >160% for monocyte %, eosino-
phil %, and basophil %) empirically established in our labora-
tory. The TAT of the newly adopted method (mean, 32 minutes;
range, 1-51 minutes) did not significantly differ from that of the
previous method (mean, 32 minutes; range, 1-92 minutes). The
maximum TAT of the newly adopted method was lower than that
of the previous method. Therefore, if the evaluation duration would
have been longer, a reduced TAT may have been observed.

The delta check method is aimed at determining sample mis-
identifications in laboratory QC programs. However, according to
Schifman, et al. [10], transfusion and the patients’ physical con-
dition and treatment are common causes of delta check crite-
rion exceedance. In a study by He, et al. [27], the most com-
mon causes of delta check alerts were changes in the patient’s
physiological status according to treatment and follow-up and
interference from hemolysis, lipemia, or icterus. Therefore, a delta
check can help identify disease progression based on patient
status.

The delta check flag is a critical automated QC tool and is
useful to quickly determine the causes of automated analyzer
errors through workflow automation, including the detection of
hemolysis, transfusion, platelet aggregation, and blood clotting,
which are readily flagged by automated analyzers. Workflow au-
tomation can be established based on previous studies and lab-
oratory experience [21-23].

Our study has some limitations. Comparisons between the
existing and new delta check methods are required. In addition,
workflow algorithms for CBC items other than Hb and platelet
count remain to be established for the new delta check method.

In conclusion, using EDTA blood samples from outpatients
and inpatients, we developed an effective and practical delta
check method based on the DPC/RR rate, which includes RRs
and delta check time intervals, and delta check criteria for nine
CBC items. Delta check criteria have to be established separately
for outpatients and inpatients. Using a new workflow algorithm
for Hb and platelet count for identifying test errors and correc-
tions, we were able to identify causes of delta check criterion
exceedance and report correct test results.

ACKNOWLEDGEMENTS

We thank Kyoung-Ho Kim, member of the medical information

https://doi.org/10.3343/alm.2023.43.5.418

ANN
LAB
MED

system team at Asan Medical Center, for assistance in data col-
lection and application in the delta check methods.

AUTHOR CONTRIBUTIONS

Park CJ conceived the initial study concept, designed the study,
analyzed the data, and reviewed and edited the manuscript. Kim
MS designed the study, analyzed the data, and wrote the origi-
nal draft. Namgoong S and Kim SI performed the tests and ana-
lyzed the data. Cho YU and Jang S reviewed the manuscript. All
authors reviewed and approved the final version of the manu-
script.

CONFLICTS OF INTEREST

None.

RESEARCH FUNDING

This study was supported by the Research Program for Quality
Improvement of the Laboratory Medicine Foundation in Korea.

ORCID

Min-Sun Kim
Chan-Jeoung Park
Seung Namgoong

https://orcid.org/0000-0003-2061-5726
https://orcid.org/0000-0003-4396-8348
https://orcid.org/0000-0001-7917-7164

Seung-il Kim https://orcid.org/0009-0002-9426-9942
Young-Uk Cho https://orcid.org/0000-0002-4403-8989
Seongsoo Jang https://orcid.org/0000-0002-0045-1747
REFERENCES

1. Howanitz PJ. Quality assurance measurements in departments of pathol-
ogy and laboratory medicine. Arch Pathol Lab Med 1990;114:1131-5.

2. Lindberg DA. Collection, evaluation, and transmission of hospital labo-
ratory data. Methods Inf Med 1967;6:97-107.

3. Klee CG SP. Quality assurance for basic haematology count. In: Rowan
RM, wan Assendelft OW, et al., eds. Advanced laboratory methods in
haematology. 1st ed. New York: Taylor & Francis, 2001:3-17.

4. Fraser CG and Harris EK. Generation and application of data on biologi-
cal variation in clinical chemistry. Crit Rev Clin Lab Sci 1989;27:409-37.

B. Petersen PH, Fraser CG, Sandberg S, Goldschmidt H. The index of in-
dividuality is often a misinterpreted quantity characteristic. Clin Chem
Lab Med 1999;37:655-61.

6. Park SH, Kim SY, Lee W, Chun S, Min WK. New decision criteria for se-
lecting delta check methods based on the ratio of the delta difference to
the width of the reference range can be generally applicable for each
clinical chemistry test item. Ann Lab Med 2012;32:345-54.

7. Lee J, Kim SY, Kwon HJ, Lee HK, Kim Y, Kim Y. Usefulness of biological

423



ANNALS OF
LABORATORY
MEDICINE

10.

11.

12.

13.

14.

15.

16.

17.

424

variation in the establishment of delta check limits. Clin Chim Acta 2016;
463:18-21.

. Hong J, Cho EJ, Kim HK, Lee W, Chun S, Min WK. Application and op-

timization of reference change values for delta checks in clinical labora-
tory. J Clin Lab Anal 2020;34:e23550.

. Kim JW, Kim JQ, Kim SI. Differential application of rate and delta check

on selected clinical chemistry tests. J Korean Med Sci 1990;5:189-95.
Schifman RB, Talbert M, Souers RJ. Delta check practices and outcomes:
a Q-probes study involving 49 health care facilities and 6541 delta check
alerts. Arch Pathol Lab Med 2017;141:813-23.

Randell EW and Yenice S. Delta checks in the clinical laboratory. Crit
Rev Clin Lab Sci 2019;56:75-97.

Tan RZ, Markus C, Loh TP. An approach to optimize delta checks in test
panels - the effect of the number of rules included. Ann Clin Biochem
2020;57:215-22.

Ko DH, Park HI, Hyun J, Kim HS, Park MJ, Shin DH. Utility of reference
change values for delta check limits. Am J Clin Pathol 2017;148:323-9.
Rosenbaum MW and Baron JM. Using machine learning-based multi-
analyte delta checks to detect wrong blood in tube errors. Am J Clin Pathol
2018;150:555-66.

Zhou R, Liang YF, Cheng HL, Wang W, Huang DW, Wang Z, et al. A highly
accurate delta check method using deep learning for detection of sam-
ple mix-up in the clinical laboratory. Clin Chem Lab Med 2021;60:1984-
92.

FuY, Luo G, Tang Z, Li M, Chen S, Jiang H. Clinical validation of a delta
check model in haematology automated counting improves data valida-
tion. Int J Lab Hematol 2020;42:77-81.

Miller 1. Development and evaluation of a logical delta check for identi-

www.annlabmed.org

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kim MS, et al.
CBC delta check method and criteria

fying erroneous blood count results in a tertiary care hospital. Arch Pathol
Lab Med 2015;139:1042-7.

Park HS, Kim JW, Kim JQ, Cho HI, Kim SI. Computerized processing of
test results from Hematologic AutoAnalyzer. Korean J Clin Pathol 1989;
9:49-58.

Yang YS, Kang HJ, Song UH, Joe HI, Kim SI. Experience with abnormal
CBC histogram and delta and panic check. Lab Med Qual Assur 1991;
13:201-4.

Koo BK, Ryu KH, Lim DJ, Cho YK, Kim HJ. Test turnaround time for
complete blood cell count using delta and panic value checks and the
Q-flag limit. Korean J Clin Lab Sci 2012;44:66-74.

Quinté L, Aponte JJ, Menéndez C, Sacarlal J, Aide P, Espasa M, et al.
Relationship between haemoglobin and haematocrit in the definition of
anaemia. Trop Med Int Health 2006;11:1295-302.

Helms CC, Marvel M, Zhao W, Stahle M, Vest R, Kato GJ, et al. Mecha-
nisms of hemolysis-associated platelet activation. J Thromb Haemost
2013;11:2148-54.

Gulati G, Uppal G, Gong J. Unreliable automated complete blood count
results: causes, recognition, and resolution. Ann Lab Med 2022;42:515-
30.

Lippi G, Plebani M, Simundic AM. Quality in laboratory diagnostics: from
theory to practice. Biochem Med (Zagreb) 2010;20:126-30.

Plebani M and Carraro P. Mistakes in a stat laboratory: types and fre-
quency. Clin Chem 1997;43:1348-51.

Carraro P and Plebani M. Errors in a stat laboratory: types and frequen-
cies 10 years later. Clin Chem 2007;53:1338-42.

He S, Kang F, Wang W, Chen B, Wang Z. National survey on delta checks
in clinical laboratories in China. Clin Chem Lab Med 2020;58:569-76.

https://doi.org/10.3343/alm.2023.43.5.418



