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Blood glucose testing is one of the most common laboratory requests
for diabetes. Generally, internal quality controlled (IQC) using single-rule
is used to monitor its precision while the accuracy is assured by an
external quality assurance scheme (EQAS); and both results are then
evaluated separately. Thus, the problems of imprecision and inaccuracy
are not simultaneously solved. Therefore, the Westgard multi-rule scheme
was later dgveloped and used to evaluate imprecision and inaccuracy
together, making it a useful QC.

The goal of this study is to evaluate laboratory performance in blood
glucose testing by using the single-rule and Westgard multi-rule scheme
while aiming to optimize the QC rules for the parameters.

Analysis of the data from glucose IQC and EQAS performed on Hitachi
917 (Roche Diagnostics GmbH, Mannheim, Germany) was used from
September 2006 to May 2007 for retrospective review, and from June to

August 2007 for prospective evaluation.
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Results : Our IQC means of Precinorm U (PNU) and Precipath U (PPU) were in
designed ranges of the manufacturer; meanwhile our standard deviations
(SDs) were lower than the designed SDs. Qur glucose testing performance
from prospective study are in acceptable limits, i.e., between 3.01-4.65
sigma, while that of the retrospective review are 0.91-8.66 sigma. Although
the single-rule is easier to monitor, it is not appropriate for accuracy.

Conclusion ¢ Our study has demonstrated that the multi-rule scheme provides useful
data for improving the performance in terms of precision and accuracy
for glucose testing QC making it more appropriate than the single-rule
since it could be used to evaluate imprecision and inaccuracy
simultaneously. The muilti-rule scheme could be an optimized QC too!

for errors detection and false rejection.
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Blood glucose testing is a well-known and
useful laboratory. test used for screening, diagnosis
and monitoring of diabetes. Nowadays, diabetes is
one of the most common health problems in
Thailand.” "? Thus, blood glucose testing is the most
common laboratory testing requested parameters,
éspecially in diabetic clinics. The test results provide
useful information for making medical decisions.
Because of this, its precision and accuracy are
expected to tell the truth about what is happening in
the patients.® This means that the quality control (QC)
tool should ideally provide the probability for error
detection (Ped) of 100%, and the probability for false
rejection (Pfr) of 0%. Unfortunately, such a perfect QC
tool does not exist. Practically, the Ped of 90% and
the Pfr of 5% or less are generally accepted as
the optimization internal quality control (I1QC)
performance.“®

Usually, hospital laboratories use 1QC for
precision monitor and external quality assurance
scheme (EQAS) for accuracy checking.® Most
laboratories in Thailand routinely monitor IQC of the
tests using single rule, either 128 or1 (especially 123),
which has been practiced worldwide for several
decades since it is non-complicate. However, there is
afalse-alarm problem with a 12S rule, such as the Levey-
Jennings chart (L-J Chart) with two standard deviation
(+ 2SD) control limits. When the number of control
measurements is two (N = 2), it is expected that 9%
of the good runs will be falsely rejected; with N = 3, it
is even higher, about 14%; with N = 4, it is almost
18%. This means that almost 10-20% of the good runs
will be thrown away, which wastes a lot of time and
effort in the laboratory. While the L-J chart with &+ 3SD

control limits has a very low false rejection rate, only
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1% or less with Ns of 2-4, its error detection (true alarms)
will also be lower. Thus, the problem with the 13S control
rule is that medically important errors may not be
detected. Additionally, the single-rule could provide
only precision information that gives limitation to
improve laboratory performance. Laboratories need to
enroll the EQAS for accuracy or bias monitoring. When
IQC and EQAS are evaluated separately, the optimizing
QC process for solving of imprecision and inaccuracy
is then not possible. Due to the mentioned limitations
of the single rule, the multi-rule system for optimizing
assay error detection for both precision and accuracy
originally developed by James Westgard and others
has been widely used inclinical pathology laboratories
for decades.” ~® With the multi-rule QC program, EZ
Rules®3 (Westgard QC Inc, Madison, WI, USA), the
operating specifications charts (OPSpecs charts) and
the power function charts could be generated.® The
power of various combinations of rules to detect changes
in assay performance can be assessed by the use of
power function charts, some of which are freelyavailable
on the Westgard QC website."” The OPSpecs chartis
a graphic tool that shows the relationship between the
quality requirement for the test, the precision and
accuracy observed for a method, and the rejection
charécteristics for different control rules and numbers
of control measurements."” Each chartis created from
several combining information, therefore it makes the
multi-rule scheme more complicated and too difficult
to understand. Although the multi-rule QC procedures
are more complicated than the single rule procedure, it
is a disadvantage. The major advantage is that it allows
the improvement of laboratory performance. To achieve
the benefits in laboratory performance, the multi-rule

scheme is currently being deployed in several
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laboratories worldwide. Although it is an interesting
issue, very few articles have been published on this
subject, especially in Thailand. The aim of this article
is to evaluate the potential applications in ciinical
laboratories of the single-rule and the multi-rule
programs.?"¥

Therefore, the authors have designed a study
at the Department of Laboratory, Bumrungrad
International Hospital (BIH) to evaluate laboratory
performance in blood glucose testing by both the
single-rule and Westgard multi-rule. The authors also
aim to optimize the quality control rule for glucose
testing. In addition, this information would be useful
for our laboratory as well as others in using the proper

IQC to evaluate and improve laboratory performance.

Materials and Methods

The IQC data of blood glucose concentration
performed on a Hitachi 917 (Roche Diagnostics GmbH,
Mannheim, Germany), at the Department of Laboratory,
BIH, from June to August 2007 were collected and
evaluated prospectively for evaluate performance in
blood glucose test by using muti-rule while IQC and
EQAS from September 2006 to May 2007 were
reviewed and evaluated retrospectively for evaluate
performance by using single-rule. There were neither
patients’ names nor samples involved in this study.

Percinorm U, Lot 176469 Ver.1 and Precipath
U, Lot 176287 Ver.1 were used as control materials for
glucose testing. Mean, standard deviation (SD), and
coefficient of variation (CV) for each control during the
first ten days or forty consecutive data (n = 40) of
each month were calculated. The method bias of
glucose testing was calculated from EQAS of the Royal

College of Pathologists of Australia (RCPA) that
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performed at the same period of time of IQC. Based
on the Clinical Laboratory Improvement Amendments
(CLIA) the criteria for acceptable performance in
proficiency testing (allowable total errors, TEa), the TE_
for glucose is 10%."'® Results of IQC in each month
performed by the single rule (123) were evaluated and
compared to the multi-rules which were analyzed by
using the multi-rule QC program, EZ Rules®3 (Westgard
QC inc, Madison, WI, USA) using 90% analytical quality
assurance (90% AQA)."® Laboratory performance was
assessed on the sigma scale with a benchmark for
minimum process performance of 3-sigma and a goal

for world-class quality of 6-sigma.!"® "

Results

Retrospective mean, SD, and CV of each
control during September 2006 to May 2007 were
calculated and presented in Table1. We found that all
of our IQC means were in the designed ranges of the
manufacturer and all of our SDs were lower than
manufacturer's designed SDs. With the CLIA criteria
for glucose is 10% and equation of sigma metric is
[(TE -bias_ )/S__] (. 14-19 e calculated the
performance during September 2006 to May 2007
using the sigma metric and demonstrated in Table 1.
The retrospective data presented the wide scatter of
performance in term of sigma metric (0.91 - sigma to
8.66 - sigma).

As for the prospective study, glucose IQC of
Precinorm U and Precipath U of each month during
June to August 2007 were assessed and presented
by L-J Charts (Figure 1 and 2). With the single rule of
1ZS (Figure 1), results of our IQC of PNU demonstrated
one, two and one out (£ 2SD) in June, July, and August,

respectively. Meanwhile (Figure 2), the results of our
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IQC of PPU demonstrated nine and two out in June
and July, respectively. The mean, SD, and CV of each
control from June to August, 2007 were calculated and
presented in Table2. From Table 2, all of our IQC means
of PNU and PPU were in the designed ranges of the
manufacturer. In addition all of our SDs were lower
than manufacturer's designed SDs. Based on the CLIA
criteria, the calculated sigma values of our performance
on glucose in June to August 2007 using sigma metric

equation were also calculated and demonstrated in
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Table 2. The results demonstrated that our performance
for glucose testing from June to August 2007 are within
the acceptable limits, i.e., between 3.01 - sigma to
465 - sigma.”"® The OPSpec charts of glucose testing
performance of each month generated by EZ Rules®3
are presented in Figure 3 and 4. Recommended control
rules from multi-rules, Pfr, and N/R are demonstrated in
Table 3. With the multi-rules, the recommended rules
for glucose control are different from the usual 128 rule

that is used routinely in our current practice.

Table 1. The results of mean, SD, and CV of glucose testing from September 2006 to May 2007, manufacturer’s

designed values, method bias, and sigma metric are evaluated retrospectively.

Results Designed values Method Sigma
Parameter Unit Month Control mean SD %CV mean range SD Bias (%) Metric
Glucose mg/dL Sept. PNU 90.28 141 157 937 796-107.8 47 1.43 5.46
2006 PPU 249.78 247 099 259 220-298 13 1.43 8.66
Oct. PNU 91.30 152 1.67 937 79.6-107.8 47 3.60 3.83
2006 PPU 248.88 214 0.86 259 220-298 13  3.60 7.44
Nov. PNU 90.78 123 135 937 796-1078 47 575 3.15
2006 PPU 24778 271 1.09 259 220-298 13 575 3.90
Dec. PNU 91.18 222 243 937 7961078 47 0.00 412
2006 PPU 24773 287 116 259 220-298 13 0.00 8.62
Jan. PNU 91.93 164 178 937 796-107.8 4.7 1.9 4.54
2007 PPU 24905 273 1.09 259 220-298 13 1.91 7.42
Feb. PNU 96.10 290 3.02 937 796-107.8 47 1.44 2.83
2007 PPU 26595 891 3.35 259 220-298 13 1.44 2.56
March PNU 92.90 200 215 937 79.6-107.8 47 353 3.01
2007 PPU 25710 599 2.33 259 220-298 13  3.53 2.78
April  PNU 92.78 234 252 937 796-1078 47 7.71 0.91
2007  PPU 256.15 6.16 241 259 220-298 13 7.7 0.95
May PNU 93.73 274 292 93.7 79.6-107.8 47 1.84 2.79
2007 PPU 25793 7.83 3.04 259 220-298 13  1.84 2.68
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a. Glucose: L] Chart plotted from IQC results of PNU, Juns 2007
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Figure 1. Levey-Jenning (L-J) Charts for glucose 1QC of PNU of each month from June to August 2007; a.) L-J Chart
of June, b.) L-J Chart of July, and c.) L-J Chart of August. Horizontal lines represent mean of control material
measurements and mean  the given number of SDs. The IQC rule is violated if the lines representing

mean £ 2SDs are exceeded.
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a. Glucose: L-J Chart plotted from IQC results of PPU, June 2007
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Figure 2. Levey-Jenning (L-J) Charts for glucose IQC of PPU of each month from June to August 2007; a.) L-J Chart

of June, b.) L-J Chart of July, and c.) L-J Chart of August. Horizontal lines represent mean of control material

measurements and mean * the given number of SDs. The IQC rule is violated if the lines representing

mean * 2SDs are exceeded.
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Table 2. The results of mean, SD, and CV of glucose testing from June to August 2007, manufacturer's

designed values, method bias, and sigma metric are monitored and evaluated prospectively.

Results Designed values Method Sigma

Parameter Unit Month Control mean SD %CV mean range SD Bias (%) Metric
Glucose mg/dL June  PNU 94.63 271 287 937 796-107.8 4.7 1.36 3.01
PPU 25488 479 186 259 220-298 13 1.36 4.65
July PNU 93.40 157 168 93.7 796-1078 47 3.04 4.14
PPU 258.85 4.05 1.56 259 220-298 13 3.04 4.46
August PNU 92.55 212 229 937 796-107.8 4.7 295 3.07
PPU 256.25 507 198 259 220-298 13 2.95 3.56
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Glucose: PNU, August 2007

Manual Selection OPSpecs Chart TE_=10.00% with 80% AQA(SE)
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Figure 3. OPSpec chart of glucose 1QC of PNU of each month from June to August 2007; a.) OPSpec Chart of June,

b.) OPSpec chart of July, and c.} OPSpec chart of August. Maximum allowable error (Tea = 10%) is plotted,

with inaccuracy on the y-axis and imprecision on the x-axis.

Table 3. The single rule and recommended control rules from multi-rules are demonstrated.

Sigma Single-rule Multi-rule
Parameter Unit Month Control Metric rule Pfr* N/R* recommended Rule Pfr N/R
Glucose mg/dL June PNU 3.01 1 9% 2/1 1./2 /R /4 /8 3% 472
28 38 28 45 1S X
PPU 4.65 12S 9% 21 13S 1% 4/1
July PNU 4.14 1 9% 2/1 4% 4/
28 258
PPU 4.46 1 9% 21 1 4% 4/1
28 2.58
August PNU 3.07 1 9% 2/1 1/2 R /4 /8 3% 412
25 38 25 45 18 X
PPU 3.56 1 9% 2/1 1/2 IR /4 /8 3% 4/2

28

38 28 48 15 X

*Pﬁ, probability of false rejection

**N/R, number of control measurements/ number of runs
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Figure 4, OPSpec chart of glucose IQC of PPU of each month from June to August 2007; a.) OPSpec Chart of June,

b.) OPSpec Chart of July, and ¢.) OPSpec Chart of August. Maximum allowable error (Tea = 10%) is plotted,

with inaccuracy on

the y-axis and imprecision on the x-axis.
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Discussion

It is not beyond the expectation to have all of
our means of control materials in the designed ranges
of the manufacturer and SDs lower than designed SDs.
Due to the generally designed values of the control
materials are generated from a group of several
laboratories, the designed values have wider ranges
and higher SDs. Any IQC result out of the designed
values should be the first alarm of errors to raise the
concern of the laboratories that their performance. IQC
is needed to for checking their testing precision. Thus,
any violation of the IQC control rule should be solved
before their routine analysis. In order to monitor and
improve laboratory performance, accuracy should also
be controlled by EQAS."®"® Usually the information of
EQAS is separately evaluated after several weeks or
months of testing. The data of retrospective review of
our previous record of IQC and EQAS data from
September 2006 to May 2007 demonstrated the
inconsistency of testing performance which varied from
0.91-sigma to 8.66 - sigma (Table 1). According to the
resuits, we found that separate evaluation of IQC and
EQAS is not a sensitive tool to monitor QC and improve
laboratory performance. The retrospective results
suggested that QC procedures used for monitoring
the performance should be reviewed and the multi-
rule QC tool that can provide IQC and EQAS evaluation
together should be more appropriate.

As for the prospective study from June to
August 2007, the results were evaluated by the single
rule of 123 (Figure 1 and 2), we found that some results
of our IQC are out of £ 28D. Usually, when IQC is out
of £ 28D, our technicians are advised to follow our
brief check list which was developed for detection of

systemic and random errors. Furthermore, we found
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that most of our IQC problems are solved finally by
repeated IQC. Despite the IQC results in term of sigma
metric which are notin good stability and range between
3.01 - sigma to 4.65 - sigma (Table 2), they are more
consistent when compared to previous retrospective
results (Table 1). These results suggested that starting
to evaluate the QC data prospectively with both single-
rule urged the technicians to pay more attention to QC
and using multi-rules could provide more consistent
laboratory performance. In addition, the staff training
in assay performance and QC interpretation should be
useful. As for the aspect of Pfr, due to Pfr for 1ZS is 9%
when N = 2, this Pfr is too high regarding acceptable Pfr
of 5% or less. Therefore with N = 2, our technicians
have to repeat IQC at least 9%. The mentioned
problems are explained by the separation of evaluation
of IQC and EQAS which create separate precision
and accuracy improvement. In order to improve
laboratory testing performance, precision and accuracy
should be analyzed and corrected together. In addition,
planning and implementation of IQC in clinical
chemistry laboratories are important to ensure that
the results with medically important errors in both
imprecision and inaccuracy will be analyzed properly.(‘r’)

The Westgard multi-rules were developed for
optimizing assay error detection for both precision and
accuracy. Therefore, it should be appropriate for
evaluation of our IQC and EQAS together at the same
time. In using the multi-rule program to evaluate and
analyze our IQC and EQAS, several different rules
are recommended (Table 3). We found that the 133
(N/R = 4/1) which provides Ped = 90% and Pfr = 1% is
recommended for 4.65-sigma, while 4.14-sigma and
4.46-sigma, 1, (N/R = 4/1) which provide P =90%

and Pfr = 4% is appropriate. As for performance that is
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lower than 4-sigma, multi-rule program such as 138/
2, /R[4 18 (N/R=4/2) which provide P_ =90%and
Pfr = 3% should be applied. With recommended rules
our Pfr would be improved to 1% to 4%, which are
acceptable and more appropriate (Pfr <5%) to test
the performance when compared with 9% generated
from single rule.® ™ In addition, using 90% AQA is
appropriate to make at least a 90% chance of detecting
the critical systematic error when operating within the
allowed limits for imprecision and inaccuracy for the
given control rules and total number of control
measurements (N).® Thus, our settings provide
possibility of error detection (Ped) of 90% or higher. In
other word, with the multi-rule QC, more appropriate
rules that give Ped of 90% or higher and the P_of 5% or
lower are generated. Therefore, multi-rule QC could
generate the optimizing control rules for our testing
performance. Inorder to improve our performance from
acceptable level (3-sigma to 4-sigma) to more satisfied
level of 5-sigma or even excellent level for world-class
quality of 6-sigma, our results suggested that the multi-
rule QC should be adaptable to QC monitoring. ® We
plan for further study using the multi-rule QC to improve
our performance. We also plan to set a quality team
to support and monitor the performance of the routine
operation team. In addition, a quality team is needed
to support the technicians to assess and fix the
systemic and random errors, ®”

In conclusion, to improve the glucose testing
performance from the acceptable level of 3-sigma to
the world-class quality of 6-sigma, we found the need
of more appropriate QC rules. Our study also provides
the tendency of the potential benefits of applying multi-
rule program to improve QC for our glucose testing.

Additionally, we have demonstrated the possibility to

¢ o o oo
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evaluate |QC and EQAS results together at the same
time by multi-rules. We expect that the precision and
accuracy would be solved in the same direction with
less or no discrimination as well as better consistency
sigma metric would be achieved.?”

Finally, to improve the quality of the clinical
chemistry system, it does not require only the
increased focus on error in analytical phase but
also in the pre- and post-analytical phases of testing
which depend on increased cooperation between the
laboratory and non-laboratory personnel. The results
also indicated the need to improve staff training in assay
performance and QC interpretation. In addition, our

results demonstrated that a multi-rule QC design should

be a useful tool for monitoring the assay performance.
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