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1 | INTRODUCTION

This paper is a report of an International Council for Standardization in
Haematology (ICSH) review of policies and practices for internal quality

control (IQC) policy for haematology cell counters among regulatory

Abstract

Introduction: This paper is a report of an ICSH review of policies and practices for
internal quality control (IQC) policy for haematology cell counters among regulatory
bodies, cell counter manufacturers and diagnostic laboratories. It includes a discus-
sion of the study findings and links to separate ICSH guidance for such policies and
practices. The application of internal quality control (IQC) methods is an essential
pre-requisite for all clinical laboratory testing including the blood count (Full Blood
Count, FBC, or Complete Blood Count, CBC).

Methods: The ICSH has gathered information regarding the current state of practice
through review of published guidance from regulatory bodies, a questionnaire to six
major cell counter manufacturers (Abbott Diagnostics, Beckman Coulter, Horiba
Medical Diagnostic Instruments & Systems, Mindray Medical International, Siemens
Healthcare Diagnostics and Sysmex Corporation) and a survey issued to 191 diagnos-
tic laboratories in four countries (China, Republic of Ireland, Spain and the United
Kingdom) on their IQC practice and approach to use of commercial IQC materials.
Results: This has revealed diversity both in guidance and in practice around the
world. There is diversity in guidance from regulatory organizations in regard to IQC
methods each recommends, clinical levels to use and frequency to run commercial
controls, and finally recommended sources of commercial controls. The diversity in
practice among clinical laboratories spans the areas of IQC methods used, derivation
of target values and action limits used with control materials, and frequency of run-
ning commercial controls materials.

Conclusions: These findings and their implications for IQC Practice are discussed in
this paper. They are used to inform a separate guidance document, which proposes a

harmonized approach to address the issues faced by diagnostic laboratories.
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bodies, cell counter manufacturers and diagnostic laboratories. It
includes a discussion of the study findings and links to separate ICSH
guidance? for such policies and practices. Historical methods for use of
IQC materials included preparation of in-house material made from

human donor or animal blood? preserved using various forms of
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fixation to provide stability and extended life and tested using refer-
ence methods to assign target values and acceptable ranges. Today
there is a reliance on commercially produced control materials due to
staff time constraints, convenience and the need to have an IQC mate-
rial that will assess all the parameters of the extended blood count.
There is a modern need for accreditation of clinical laboratories
to international standards such as International Standards Organiza-
tion (ISO) 15189° or the Clinical Laboratory Standards Institute
(CLSI)*® and enforcement with regulatory agencies such as the
College of American Pathologists (CAP)® deemed status enforcer of
Clinical Laboratory Improvement (CLIA) ‘887 and subsequent amend-
ments with frequent revisions of these standards. This has increased
focus and scrutiny of laboratory practice for IQC. In the absence of
clear and considered policy guidance in this area, the application of
the standards may be open to interpretation leading to variation in
practice. In addition, there have been trends towards the application
of universal IQC policies for clinical analyses across disciplines, for
example between clinical chemistry and haematology.* However,
these may not be appropriate or applicable to the field of cell counting
which has key differences and specific issues that may not apply to

the analysis of a traceable chemical entity.

1.1 | Historical perspective

The concept of quality control as part of the production process was
developed in the in the decades between the first and second world
wars (Shewhart, 19318), with the introduction of mass production
methods in industry. The introduction of laboratory automation and
patient data management systems facilitated the application of the same
concepts to the management of imprecision in diagnostic testing using
control materials, “best practice” methods and statistical procedures.

The haemoglobincyanide (HiCN) standard introduced in 1967°
markedly improved the accuracy of haemoglobin (HGB) measurement
and at the time of writing, remains the only certified reference mate-
rial (CRM) applicable to the blood count (full blood count, FBC, or
complete blood count, CBC) and being evaluated by the Joint Com-
mittee for Traceability in Laboratory Medicine (JCTLM).X° The JCTLM
lists certified reference procedures (CRPs) in their database for total
HGB measurement (since 2021).* The ICSH and other professional
organizations have previously recommended testing methods that
represent the best laboratory practice for cell counting and measure-
ment of HGB concentration at the time.'13

IQC materials for the blood count (FBC/CBC) were traditionally
prepared within the laboratory?; however, the challenges associated
with these procedures mean that commercially prepared controls are
now the control materials of choice. In-house preparations may con-
tinue to have an application in resource-limited situations.?

The application of statistical analysis of both IQC data and patients'
data was first applied in clinical chemistry by Levy and Jennings* as a
means to monitor instrument performance and are now widely used in
haematology. Duplicate tests on patients' specimens provide another way

of checking the precision of routine work® Bull*® introduced a

computerized algorithm to estimate the daily patient means of absolute
values for mean cell volume (MCV), mean cell haemoglobin (MCH) and
mean cell haemoglobin concentration (MCHC). This provided a means to
detect drift in blood cell counters based on patient sample results, inde-
pendent of the use of IQC material. The method is now incorporated in
automated blood counters. However, this method cannot be applied in
small volume laboratories as the method assumes numeric sampling will
compensate for the expected inter-patient variation in these parameters.
The introduction of automated blood cell counters from the 1960s and
laboratory information systems (LISs) in the 1980s allowed the use of
“delta” checking of individual patients' results by direct comparison with
previous results for parameters of the blood count that are stable over
time.r” An overview of IQC methods applicable to cell counters is shown
below.

IQC for haematology cell counters encompasses various method-
ologies and procedures, which can include the following. It is an
essential prerequisite that cell counters must be calibrated before use
and periodically thereafter, to ensure accuracy of measurement:

1. Use of IQC material to assess precision of the results generated
and to detect malfunction or drift in the analyser

2. Use of moving averages of patient results to asses drift (Bull's algo-
rithm x)*¢

3. Use of retained fresh patient specimens (<12 h old) to assess preci-
sion and detect drift'>

4. “Delta-check” comparison with previous patient results”

5. Verification of blood count results by reference to information
obtained from blood film examination

6. Inter-instrument comparisons where possible, for example using

retained patient specimens.”

Participation in external quality assessment (EQA) Schemes is a
supplementary component of a quality management system (QMS)

currently required by regulatory bodies.

1.2 | Purpose of this study

The ICSH perceived that a confused message exists in the practice of
IQC for blood cell counters worldwide due to differences in the guid-
ance of regulatory bodies and in the instructions for use of commer-
cial 1QC materials from cell counter manufacturers. The ICSH
therefore carried out a study of the practice in the field as well as the
published guidance available in order to issue a guidance that will

bring clarity and to harmonize practice worldwide.

2 | METHODS

The methods employed in this study included:

1. A review of the published literature including recommendations and

requirements of international quality standards including ISO and CAP.
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2. Information gathering from all major cell counter manufacturers by
questionnaire, which included the following questions:

a. Their recommendation to customers for IQC of their instru-
ments, to include all QC methods they recommend (such as x
analysis of patient mean values) and recommendation for fre-
guency of running the QC materials they supply

b. Their policy for validation of their supplied IQC material, if
possible

c. To indicate whether their IQC material is supplied by a third-
party manufacturer and if so to identify that manufacturer

d. Their policy for ensuring traceability of their IQC materials to
reference methods and determining uncertainty measurement
of such IQC material(s)

e. Their recommended or supplied statistical method to determine
whether control results are out of range or require action, for
example, use of Westgard rules or other method.

3. An international survey of quality practices across 191 laboratories in
4 countries to gather information on quality control practices in diag-
nostic laboratories The survey gathered information on the following:
a. Instrument, instrument age, environment (type of hospital)

b. Normal control: Means and standard deviation (SD) (60 days)—
from which the distance of quality control error limits from the
mean for each parameter is calculated.

¢. Number of samples run per day including frequency of running
QC material

d. Whether retained specimens are used in quality control and
number of patient repeats daily

e. What quality control (error) limits the laboratory uses

f. Derivation of limits—whether derived from statistical limits cal-
culated by the local laboratory or manufacturers-supplied limits
are used.

g. Use of patient means for QC

h. Opinions:

i. Usefulness of quality controlling the analyte

ii. Intra-laboratory and extra-laboratory bias

4. From the above international survey of diagnostic laboratories, an
analysis of the differences between upper and lower action limits
for IQC failure used in responding laboratories, expressed in SDs

from the observed mean.

3 | RESULTS

3.1 | Review of the published literature including
recommendations and requirements of international
quality standards

The recommendations from ISO° and CAP® regarding IQC were
reviewed, along with the CLSI-approved standard H26-A2.% The find-
ings are summarized in Table S1 provided with this paper.

ISO 15189 (Standards for the Medical Laboratory) states that
“The laboratory shall design quality control procedures that verify the

Laboratory Hematology

attainment of the intended quality of results.” In particular, it states
under subheading 5.6.2.2 that “The laboratory shall use quality con-
trol materials that react to the examining system in a manner as close
as possible to patient samples. Quality control materials shall be peri-
odically examined with a frequency that is based on the stability of
the procedure and the risk of harm to the patient from an erroneous
result.” ISO further states in “Note 1” that “The laboratory should
choose concentrations of control materials, wherever possible, espe-
cially at or near clinical decision values, which ensure the validity of
decisions made”; and in “Note 2” that “use of independent third-party
control materials should be considered, either instead of, or in addi-
tion to, any control materials supplied by the reagent or instrument
manufacturer.”

CAP® states that “longitudinal process quality control procedure
for individual instruments may include: (1) Use of preserved of stabi-
lized whole blood controls, (2) Moving average monitoring, (3) Retained
patient specimens or (4) Some combination of the above.” It further
states that “At least two different controls must be assayed and evalu-
ated every 24 h. For each QC procedure employed, the laboratory
must have appropriate QC ranges. For example, expected recovery
ranges for commercial control materials are NOT the same as
between-run SD ranges, and are probably too wide for daily QC of a
single instrument. The laboratory should calculate its own imprecision
statistics for each instrument.” It is of interest that under heading
HEM.25850 Stabilized Controls, CAP expresses the following view
“Stabilized control materials must be at two different analytic levels
(i.e., ‘normal’ and “high’). (the use of) Three levels of control is a
conceptual carryover from clinical chemistry, and does not apply to
hematology particle counting. Dilute, ‘low-level’ (e.g., leucopenia and
thrombocytopenia) ‘oncology’ controls are less informative indicators
of calibration status and are neither required nor recommended.”

In regard to commercially assayed controls, CAP states “control
values correspond to the methodology and target values (mean and
QC ranges) and are verified or established by the laboratory... each
laboratory must assign its own initial target value, based on initial
analysis of the material; this target value should fall within the recov-
ery range supplied by the manufacturer, but need not exactly match
the package insert mean. The laboratory must establish specific recov-
ery ranges that accommodate known changes in product attributes,
assuming that calibration status has not changed.”

On the subject of the use of moving averages, the CAP guidance
states that this is “acceptably sensitive to drifts or shifts in analyzer
calibration if a supplemental QC routine (stabilized control material or
retained patient specimens) is employed”; it also states that “laborato-
ries analyzing fewer than 100 CBC specimens daily (long term aver-
age) should not use moving averages as the primary method for
process control, as this would not generate sufficient data within a
day to be of value.”

CAP expresses the view that the use of retained patient
specimens alone is inadequate for routine QC of the primary CBC
instrument and must be considered as a supplemental procedure in
combination with another QC system. It states that statistically

defined limits should be used to determine agreement of sequential
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assays of a given retained patient specimen to allow for time-
dependent alterations in data from such labile samples.

The CLSI document “Validation, verification, and Quality Assurance
of Automated Hematology Analyzers,” approved standard—Second edi-
tion H26-A2° stipulates similar requirements to those of CAP. Appendix E
“Establishing Laboratory-Specific Quality Control Means and Ranges”
states that “As noted by Westgard, Means, standard deviations ranges
and other data from outside your laboratory does not reflect the individual,
particular conditions of your lab. The use of data supplied from outside the
laboratory...is meant to be a temporary workaround.” It states that “each
laboratory must establish its own commercial control means and ranges,
using a cumulative approach to calculations.” It also states, however, that
calculated mean values for each level should fall within the range specified
on the manufacturer's package insert. The main guidance and recommen-

dations given by regulatory bodies are summarized in Table S1.

3.2 | Survey of major cell counter manufacturers
Cell counter manufacturers were invited to provide the advice they give

to users of their equipment, as detailed in the methods section above:

Replies were received from the following cell counter manufacturers:
Abbott Diagnostics, Abbott Park, Illinois, United States;

Beckman Coulter, Brea, California, United States;

Mindray Medical International, Shenzhen, China;

Siemens Healthcare Diagnostics, Erlangen, Germany;

Sysmex Corporation, Kobe, Hyogo, Japan;

Horiba Medical Diagnostic Instruments & Systems, Kyoto, Japan.

The following is an abridged summary of the key information in
the replies received. A more complete description of the manufacturer

replies is given in a Appendix S1 attached to this paper.

3.2.1 | Answers to question A: Manufacturer
recommendation to customers for IQC of their
instruments, to include all QC methods they recommend

The manufacturer replies to question A are summarized below.

e All manufacturers consider that their commercially supplied control
material should be run at least daily.

e Four of the six manufacturers recommend that “multi-level con-
trols” be run, some recommend this should include three levels
daily (low, medium and high); one recommends “minimum basic
two levels every 24 h.”

e All recommend the use of patient moving average analysis,
although some consider this optional as an IQC method.

e All recommend the use of delta-checks of previous patient results,
although two of six consider this optional.

e All recommend the use of retained patient specimens, although

two of six consider this optional to monitor performance trends.'®

3.2.2 | Answers to question B: Manufacturer policy
for validation of their supplied IQC material

The answers to this question varied between manufacturers. One stated
that this requirement differs between manufacturers versus customers.
Another stated that validation is carried out by their third-party IQC sup-
plier. Two of the six suppliers stated that cross-over (overlap) studies
should be performed when implementing a new kit or lot of control
material, by running old and new lots concurrently to allow comparison
with the existing lot. Two suppliers stated that the local laboratory
should establish their own mean values, or verify the manufacturer's
mean. Interestingly, one supplier stated that in this regard “requirements
differ based on geography.” Several cell counter suppliers offered no
specific guidance or requirement to their laboratory users in this regard.

Three of the six replied that they offered an online inter-laboratory
comparison program, which allows laboratories to submit IQC results
online and receive real-time peer-group statistical reports. They con-
sider this a form of validation of the supplied IQC material.

3.2.3 | Answers to question C: To indicate whether
IQC material is supplied by a third-party manufacturer

All manufactures indicated that their commercial IQC are sourced
from a third-party supplier, who in all cases was one of the following:
Streck Laboratories, Omaha, Nebraska, USA, or R&D Systems of Bio-
Techne, Minneapolis, MN, USA.

All manufacturers indicated that they provide detailed purchasing
specifications specific to each product to the product manufacturer,

who in some cases also provide the target values for each parameter.

3.24 | Answers to question D

Your policy for ensuring traceability of your IQC materials to refer-
ence methods and determining uncertainty measurement of your IQC
material(s):

All manufacturers replied that reference methods are used to test
the IQC material received from the third-party manufacturer. All stated
that all assigned target values for calibrators and controls are traceable
to National Institute of Standards and Technology (NIST),*8 ICSH or CLSI
recommended procedures or approved reference procedures and mate-
rials. The reference methods cited include those to test for and assign
target values for: WBC and RBC counts,*? HGB,**'? haematocrit
(HCT),2%21 platelets (PLT),?? reticulocytes (RET).2%

3.2.5 | Answer to question E: Manufacturers
recommended or supplied statistical method to determine
whether control results are out of range or require action

Five of the six suppliers recommended using Westgard?* rules, a sys-

tem of using a shorthand notation for expressing quality control rules
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as “NL,” where N represents the number of control observations to
be evaluated and L represents the statistical limit for evaluating the
control observations; thus 1-3s represents a control rule that is vio-
lated when one control observation exceeds the +3s (SDs or SD away
from the mean) control limits. However, one stated “there is no cur-
rent recommendation for IQC with regards among to performing
multi-rule analysis on individual instrument systems.” One cited the
CLSI-H26° recommendation that multi-rules best apply only to WBC,
RBC, Hb, Hct and PLT parameters. All manufacturers provide their
own “middleware solutions.” Levy—Jennings charts* are commonly
used in such middleware or instrument software. One manufacturer
stated that data can be evaluated using manufacturer or third-party
supplied target values and ranges (at a minimum) or customer-
established means and ranges, or a combination of both.

As above, three manufacturers have developed web-based “con-

sensus” programs for comparison of IQC results among users.

3.3 | International survey of quality practices
across over 191 laboratories in four countries to
gather information on quality control practices

The ICSH issued a survey to clinical diagnostic laboratories in the
four countries stated above and detailed below, in order to gather
further information on their IQC practices and also to assess the

IQC performance of cell counters by all manufacturers by using

TABLE 1
Country China (N = 100)

Cell counters used by manufacturer in each country

Abbott 1 2
Horiba Medical 1
Beckman Coulter 17
Mindray 19
Siemens 9 3
Sysmex 53 15
Derivation of control targets and limits in each country
Manufacturer supplied 17 18
Locally calculated 60 2
Combination of both 4
Other 19

Number of laboratories using patient moving averages in their IQC

Used 35 10

Not used 65 10

Percentage use 35% 50%
Use of retained patient specimens in QC in each country

Used 7 3]

Not used 93 17

Percentage use 7% 15%

Total laboratories responding in each country
100 20

Results from the survey of laboratory practices by country.

Ireland (N = 20)

Laboratory Hematology

IQC data derived from the results from commercially supplied

control materials.

4 | RESULTS OF THE SURVEY
OF LABORATORY PRACTICES

4.1 | Results from the international survey
of quality practices

Results were obtained from 191 institutions in China, the Republic of
Ireland, Spain and the United Kingdom that had different testing
capacity, different geographical distribution and different manufac-
turer's instruments. The results from survey questions 1 and 3-7, in
regard to instrument type by manufacturer and quality control prac-
tices, are given in Tables 1 and 2.

Figure 1A,B (and Figure S1c-e) shows frequency histograms of
the differences, expressed in SDs, between the high and low accept-
able normal level quality control limits for UK laboratories that
responded to the survey for HGB, MCV, HCT, MCH and MCHC,
respectively. The UK laboratories were studied in detail because they
showed the greatest diversity in practice of using manufacturer-
supplied versus locally calculated action limits. One half of an individ-
ual difference yields the number of SDs that the control measurement
needs to be away from the control mean to define an error condition.
A difference of 6 thus implies that that a QC measurement needs to

Spain (N = 10) United Kingdom (N = 61) Totals
3 3 9
3
8 25
19
1 15 28
6 33 107
8 38 81
2 18 82
5 9
19
2 30 77
8 31 114
20% 49.1% 40.3%
0 9 19
10 52 172
0% 14.7% 9.9%
10 61 191
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Note: The colour shaded column illustrates the most commonly used frequency (the mode) for running
commercial IQC material.
Abbreviations: H, highest; L, lowest; M, mode.
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FIGURE 1 (A) Differences in SD of haemoglobin between the high and low acceptable normal level quality control limits in UK laboratories
(Median = 8; n = 58). (B) MCV, Frequency histogram of differences, expressed in standard deviations, between upper and lower quality control
limits (median = 10.7; n = 57).
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be at least 3 SDs from the mean to indicate an error condition. This
would be equivalent to applying the 1-3s control rule (Westgard
nomenclature).?* Looking at Figure 1A, the HGB frequency histogram
which details the participating laboratory's differences between the
high and low QC limits, most of the differences are less than 12 and
generally range from 3 to 12 (meaning that deviations from 1.5 to
6 SD will indicate error). The median deviation is 8 SD which indicates
that the typical laboratory does not flag a HGB error unless the con-
trol observation is more than 4 SD from mean.

The MCV graph shown in Figure 1B is somewhat different than
the HGB graph in that there is a relatively high frequency of differ-
ences between 4 and 5 (corresponding to use of the 1-2s or 1-2.5s
rules) and the median is 10.7, corresponding to a 1-5s or the 1-6s rule
or even the 1-5.5s rule. Some laboratories are using very sensitive
rules to detect errors in MCV and other labs respond only to much
larger errors. The HCT graph (shown in Figure Sic) is shifted to the
right with a median difference of 10.6 SD indicating that HCT needs to

Laboratory Hematology

shift by more than 5 (10.6/2) SD to indicate an error (1-6 s control
rule).2* HCT is a noisier analyte than HGB and strangely, the limits for
detecting error in HCT have been expanded compared to HGB.

The MCH and MCHC graphs shown in Figure S1d,e, respectively,
show even greater tolerance of shifts and outliers with the median dif-
ference between the high and low control values being 12 (correspond-

).2% The >20 difference bar encompasses a

ing a Westgard rule of 1-6s
relatively large number of laboratories indicating these laboratories tol-
erated a 10s shift in MCHC. Table 3 shows the average differences
from the mean of upper and lower QC limits for HGB, HCT, and MCV,
in laboratories using manufacturer-supplied QC limits versus laborato-
ries establishing their own limits by statistical calculation. This shows
that that for certain parameters, these differences are larger when the
laboratory used manufacturer-supplied action limits, than when the
laboratory calculated the limits from statistical analysis.

Table 4 summarizes the medians of the differences, expressed in

SDs, between the normal level control upper and lower quality control

TABLE 3 Average differences from the mean of upper and lower QC limits for haemoglobin, Hct, and MCV, in laboratories using
manufacturer-supplied QC limits versus laboratories establishing their own limits by statistical calculation in the United Kingdom (N = 61).

Haemoglobin (Hb)

FBC/CBC parameter Difference in SD
Average for statistical limits laboratories

Average for manufacturer limits laboratories

6.6 (+3.3 from mean)

8.6 (4.3 from mean)

Haematocrit (Hct) MCV
Difference in SD Difference in SD

8.2 (4.1 from mean)

12.1 (+6.05 from mean)

8.5 (+4.25 from mean)
12.2 (+6.1 from mean)

TABLE 4 Medians of differences, expressed in standard deviations (SDs) between the normal level control upper and lower QC action limits
for the four countries that participated in the survey, China (N = 100), Ireland (N = 20), Spain (N = 10) and the UK (N = 61), N (total) = 191.

Medians of difference in SD between normal control lower and upper QC action limits

FBC/CBC parameter

RDW m o]
WBC ] L]
Haemoglobin 64 /]
MPV 27 [ |
Basophil # /7] B

All Region average All region median

RBC 8.6 9.2
MCV 8.7 8.3
Eosinophil # g 9.2
Monocyte # 9.3 9.1
Neutrophil # 9.9 10.7
Haematocrit 9.9 11
PDW 10.2 11.5
Platelets 10.6 10.3
Lymphocyte # 10.7 10.8
MCHC 111 111
Reticulocyte 11.1 V)]
MCHC 124 12.6
Median 9.3 9.2
Average 8.9 9.1
Comment

China median UK median Ireland median

= B
2 |
B |
gs |
10.5 51
9.3 9.2

-] 10.5

Spain median

l\o

w
o
~-BE"C“EEEREE"™
[ee] w

54 [V 11.4
8.7 152 3.9
10.7 11.2 10.7
10.3 11.7 11.8
49 112 127
9.7 10 10.5
114 10.2 8.9

[T

w b
=
o
n

132 132 11
87 105 7
7.9 10 7.7

>12: little importance; <4 too much care; 4-8 optimal care; 8-12 less care
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limits for four regions that participated in the survey, China, UK,
Ireland and Spain. The tests have been ordered by the average of the
median regional scores. We attempted to categorize the tests
depending on their median differences: <4 (red colour: very stringent
QC); 4-8 (pink colour): adequate QC; 8-12 (yellow colour) less QC;
>12 (green colour) far less QC. For individual medians that are less
than 4, an equivalent control rule might be the 1-2s control rule
which has a very high sensitivity to error but exhibits a high probabil-
ity of false rejection, approximately 5% with a single observation, as
described by Westgard.2*

5 | DISCUSSION

IQC practices for blood cell counting have evolved since the era when
IQC materials were routinely prepared and tested within the local lab-
oratory. Today there is a reliance on commercially produced IQC
materials supplied by the cell counter manufacturer or by third-party
suppliers. A survey conducted as part of this study of eight laborato-
ries in Malaysia (data not shown) indicated that even in remote
regions, all laboratories use commercial control materials supplied by
the cell counter manufacturer and have temperature control available
to store these materials. An effective IQC policy should also incorpo-
rate many other lower cost or zero-cost methodologies. The ICSH sur-
vey shows there continues to be variation in practice worldwide and
even within countries, variation in manufacturer recommendations,
sometimes depending on the geographical area, and even some diver-
gence in guidance on best practice among leading regulatory bodies
and agencies. The separate ICSH guidance based on this study aims to
propose a harmonized guidance to manufacturers on information they
should issue to cell counter customers, and to recommend a policy for
IQC procedures that diagnostic laboratories should adopt.

There is a general consensus among the regulatory bodies and
instrument manufacturers regarding methodologies that should be
employed as part of an IQC policy for cell counters, as shown in
Table S2 and described above, although not all are considered manda-
tory by them. These include the daily use of stabilized whole blood con-
trols at a minimum of two clinical levels, retained patient specimens for
intra-laboratory comparisons to check precision, delta checks of previ-
ous patient results, verification by blood film analysis and the use of
patient moving averages. Every method has some limitations and
should be applied appropriately in each type of laboratory, for example
the use of patient moving averages is not recommended when daily
patient samples tested are less than 100 samples daily.2>2%

There is a divergence of guidance from regulatory bodies in some
respects, which has possibly led to confusion and variation in practice
among diagnostic laboratories worldwide. For example, ISO alone
states that “Independent third-party control materials should be con-
sidered, either instead of, or in addition to, any control materials sup-

3 The information

plied by the reagent or instrument manufacturer.
gathered in this study from the cell counting industry suggests that
commercial stabilized controls for cell counting are manufactured by a

limited number of suppliers worldwide (only two were cited by six cell

counter manufacturers). It is therefore possible that so-called
independent third-party controls are manufactured by the same pri-
mary suppliers, for use with various cell counter types as specified on
the product information. Such materials, if similarly produced, are
therefore not inherently superior to commercial materials supplied by
the cell counter manufacturer, but may be more economical. There
may be a concern that the upper and lower result tolerance limits pro-
vided by the cell counter manufacturer may be too broad, however,
that could be assessed by the local laboratory by analysis of the data,
as prescribed by CLSI Standard H26-A2.° In addition, some parame-
ters of the extended blood count may be specific to the particular
manufacturer's instrument and technology; so the diagnostic labora-
tory needs to have an IQC material that will assess all such parameters
used to make diagnostic decisions. Indeed, it is also a requirement of
ISO 15189 that some form of quality control should be applied to any
result or parameter that is reported clinically. Commercial quality con-
trol materials are expensive, so each laboratory is entitled to factor
cost considerations into its internal policy, while considering all rele-
vant requirements. It would also be useful to the diagnostic laboratory
if more information regarding the manufacturer, source, and value
assignment testing of the commercial control material were available.
In regard to the target values and QC ranges that should be used
with commercially supplied controls; both the CAP® and CLSI H-26°
prescribe that these should be “verified or established by the labora-
tory” and that each laboratory must assign its own initial target value,
based on initial analysis of the material, but that this should fall within
the recovery range supplied by the manufacturer. This guidance is
based partly on the view that recovery ranges should “accommodate
known changes in product attributes” and that “Means, standard devi-
ations ranges and other data from outside your laboratory does not
reflect the individual, particular conditions of your lab.>” There is a
need for consensus and clarity in this area, since the ICSH survey
found that there is considerable variation around the world and within
countries as to the assignment of target values and ranges. In all coun-
tries surveyed (see Table 1), some laboratories established their own
means and limits (42.9% of 191 laboratories), whereas others used the
manufacturer-supplied values (42.4% of the total). In China, the major-
ity (60% of 100 labs) established their own targets and limits, while in
Ireland and Spain the majority used manufacturer's values (87% of
30 laboratories), while in the United Kingdom there was a more even
split between each practice, with 38% of labs calculating their own
limits for all or some parameters. This may be due to a difference in
geographical area where each guidance is adopted and also to a lack
of indication issued with commercial control material as to options for
its optimal use. For example, in the European Union, CE-marking of
in-vitro diagnostic materials?” indicates that it should be used exactly
as described by the supplier. This may influence the diagnostic labora-
tory in its choice to use manufacturer-supplied targets and ranges for
each parameter. It is important that laboratories at a minimum should
carry out verification of commercial control materials before use. This
is a requirement of both of CLIA” and 1SO 15189.2 Our survey of
100 labs in China revealed that 64% of responding laboratories carry

out such a verification of the control material.
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Our survey data showed that there is variation in the adoption of
upper and lower action limits for action with commercial QC mate-
rials. These are often greater distances from the mean or target than
the theoretical 2 SDs that will encompass 95% of results when the
system is in control, or 3 SDs that will encompass 99% of results (illus-
trated in Figure 1A,B and in Figure S1c-e). Importantly, we found that
for certain parameters, these differences are larger when the labora-
tory used manufacturer-supplied action limits, than when the labora-
tory calculated the limits from statistical analysis (shown in Table 3).
This suggests that the local laboratory should assess the action limits
by measuring the SD locally and would be justified in tightening the
limits in practice. It would significantly add to clarity in this area, if in
addition to providing limits for the expected results for their control
material, the manufacturer should transform and provide these limits
as multiples of the usual SD for their common analysers.

All six cell counter manufacturers indicated that they employ refer-
ence methods in the testing and assignment of values to their control
materials, as they do for calibrators, which are traceable to NIST,*®
ICSH?12132022 o CLS| recommended'®?® procedures. It therefore
seems incongruous in an era when traceability is important, that local
diagnostic laboratories should be advised to replace assigned target
values derived using reference methods with their own target values
derived using non-reference methods from their own cell counters.
However, changes in product attributes do need to be considered. Some
cell counter manufacturers indicated in their replies to the ICSH, that
they don't generally recommend that assay sheet targets and limits be
used because “the range is larger to account for serial number specific
biases.” They commented that they do recommend the use of assay
sheet limits only where there is a very low patient sample numbers and
so statistical calculation of limits is not practical. Some also commented
that they use users' data from the field, collected during the life of con-
trol and calibrator lots, to verify the performance of the material. It is not
clear, however, that such considerations expressed by manufacturers are
being communicated to users of their cell counters or included with con-
trol material inserts. As above, it would greatly help clarify practice if the
manufacturers supply information regarding the derivation of limits in
multiples of SD, and indicate clearly that the diagnostic laboratory can or
should tighten these limits as prescribed by CLSI H26.5

Haematology laboratories primarily employ two different
approaches in creating a statistical quality system. One is to use the
manufacturer's suggested limits for allowable deviation from the con-
trol mean (documented in the control's package insert). There may be
large inter-manufacturer differences in these limits when they are
expressed as multiples of the usual instrument variation. In the other
approach, the laboratory derives the average quality control impreci-
sion for each of its analytes.

The FBC or CBC consists of at least 12 separate tests, with HGB,
white cell count and platelets contributing enormously to patient diagno-
sis, monitoring and optimizing therapy. Other tests like RDW might only
be inspected by the clinician if it is flagged as abnormal or to clarify a
diagnosis. If an FBC/CBC component is regarded as very clinically impor-
tant, it would be advantageous if this measured component is more care-
fully controlled, using action limits that will readily detect a problem.

Laboratory Hematology

There are important recent developments in IQC practice
whereby the end-user lab can sign up to a manufacturer's scheme to
collect their IQC data online and compare it to other users. The diag-
nostic laboratory's results are compared either to a consensus value
or manufacturer's target value and they receive email notification if
they are out of consensus. This trend, facilitated by more readily avail-
able IT connectivity between suppliers and the software or middle-
ware supplied with the cell counter system, may well impact on which
targets and limits the local laboratory adopts. This could result from a
pressure to avoid IQC results being out of consensus with the peer
group, even if they are within the targets and limits being used in the
laboratory itself. This relatively new development has not yet been
addressed by regulatory or guidance bodies and has the potential to
have a significant impact on IQC practice.

An effective policy for IQC of cell counters should also include
additional methodologies to the use of commercially supplied control
materials. This is particularly relevant in the context of laboratory run-
ning costs, because commercial materials are expensive and further-
more, each commercial control run can consume expensive reagents
to assess more specialized parameters that may only be used with a
minority of patient samples. The use of patient means'¢?¢2® for
selected indices of the blood count even in small-volume medical lab-
oratories, and of retained fresh patient samples to assess precision,?®
are well-established methods that have little or no ongoing material
costs. It is surprising therefore that our survey of IQC practices
revealed that a significant proportion of diagnostic laboratories
are not using patient means as part of IQC (65% of Chinese laborato-
ries, 50% of Irish laboratories, 80% of Spanish and 51% of UK
laboratories, shown in Table 1). It was also of note that the laborato-
ries not using this method included all sizes and workloads, for exam-
ple processing up to 1500 patient samples daily. Similarly, the
majority of respondents indicated that they don't use retained patient
samples as part of IQC, only 19 of 191 laboratories or 10%, use these
inexpensive but robust methods which are particularly useful for
inter-analyser comparisons.

The use of delta checks?? for comparison with previous patient
results, now widely available through LISs, is an important form of in-
house IQC that should not be overlooked. It is a post-analysis check
that is particularly effective in detecting mis-labelled patient samples
and “wrong-blood-in- tube” events, which are pre-analytical errors,
not detectable at the analysis stage. Certain parameters of the blood
count that do not exhibit rapid change without a blood transfusion,
such as the MCV, are particularly useful tools that can be used in
delta-checking. The comparison of blood count results with informa-
tion available from blood film examination similarly represents an
important post-analytical form of quality control and should form part

of any well-balanced laboratory IQC policy.

6 | CONCLUSION

This ICSH study has shown existing diversity both in guidance and in
practice exists in the area of internal quality control of cell counters.
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One limitation of the study is that the detailed analysis of IQC practice
was limited to four countries represented by the co-authors; never-
theless, this has confirmed the diversity in practice that exists and also
highlighted the diversity that exists even within countries which have
informed the ICSH Guidance. Future studies would help add further
perspectives to the trend towards online comparison between IQC
results among participating diagnostic laboratories. It is important that
a diagnostic laboratory formulates a policy for IQC of cell counters
that is both effective in ensuring that errors in patient results are mini-
mized and is cost-effective.

The ICSH proposes guidance for such a policy for both cell coun-
ter manufacturers and for diagnostic laboratories in the related publi-
cation “ICSH Guidance for Internal Quality Control Policy for Blood
Cell Counters.” This guidance is based on the findings of the ICSH
study described in this paper.
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