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LEARNING OBJECTIVES
Upon completion of this article, the reader will be able to:

1. Discuss the evolution of statistical quality control (SQC).

2. List the scientists and describe their early quality control 
method.

3. Describe the advantages to patient-based, real-time quality 
control (PBRTQC) and which type of testing it would be 
advantageous for.

4. Discuss the study findings of using PBRTQC and its utility in 
blood gas POC testing.
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The most purely patient-based quality 
control: A novel application of the 
patient sample as its own control
By James O. Westgard, PhD; Sten Westgard; Jose Cevera; Adriano Ciccomancini

Since its inception, statistical quality control (SQC) 
has evolved with laboratory testing. From humble 
origins of paper charts and hand-plotted data, SQC 

has changed time and again, in concert with advances in 

methods, instrumentation, and informatics. Today’s auto-
matic control processes represent the latest, but not the 
ultimate, form of quality control (QC). 

The dawn of SQC was patient-based. When Stanley 
Levey and Elmer Jennings introduced their control chart 
(now known as the Levey-Jennings Chart), they were plot-
ting the results, not of commercial controls — which did 
not yet exist — but instead, those of patient duplicates. 
Early QC involved repeated patient samples and pooled 
patient samples, until the economics of commercial con-
trols made them practical and ubiquitous.

QC appears to be coming full circle with the rise of inter-
est in patient-based, real-time quality control (PBRTQC). 
There is a profusion of recent scientific literature on 
PBRTQC and its lofty aspirations to replace the use of 
commercial controls entirely. The International Federation 
of Clinical Chemistry and Laboratory Medicine (IFCC) 
has given the approach an official blessing with a formal 
committee dedicated to its promotion, which has stated 
that “PBRTQC will become the mainstay of QC in laboratories 
once the profession sees the advantages of this form of process 
control, and manufacturers and middleware vendors provide 
the onboard capability.”1
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Perhaps nowhere would this process be more welcome 
than in point-of-care testing (POCT). While POCT has seen 
major advances in engineering and performance, it is still 
notable for high error rates. A recent survey asked point-of-
care (POC) clinicians to identify the “practices and wants” 
most helpful for improving the quality of POCT.2 The most 
popular request was for more manufacturer-integrated 
quality and function checks. That is, better QC.

To address the needs of today’s POC users, manu-
facturers should provide more integrated controls and 
a more complete system for monitoring all potential 
failure modes. These capabilities would reduce the need 
for operator training and supervision of operations. No 
longer the stuff of fiction, these automatic control systems 
have been advancing in significant ways. A POC blood 
gas testing system with enhanced patient-based quality 
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Figure 1. Description of measurement cycle for operation and identification of various system checks, IntraSpect monitor, and sensor checks.8 
Figure courtesy of Werfen.

Figure 2. Example normal and abnormal response curves for a potassium (K+) sensor.8
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system capabilities has been developed and recently vali-
dated by Nichols et al at four different institutions.3 The 
study used the average detection time (ADT) validation 
methodology developed by Westgard et al approximately 
15 years ago.4 Notably, it found that the ADT for each 
test is much quicker using newer technologies versus 
traditional SQC practices. This improved performance 
has been demonstrated in two additional studies, one 
by Toffaletti et al (four institutions), and one by Mion et 
al (two institutions).5,6

The system’s PBRTQC capability incorporates software 
to monitor the response curves of individual tests, allowing 
detection of transient errors caused by microclots, micro-
bubbles, or other events that disturb the sensor response 
during sample data acquisition. 

What could be more patient-based than a thorough, in-
dividual QC check on each sample?

Personalizing the QC check
An individualized, patient QC check is made possible 
by a key technological advance in POCT QC systems: 
monitoring of the measurement-response curve of each 
patient sample for patient-based analysis. Monitoring 
of the measurement-response curve directly detects 
potential problems for each patient sample within each 
measurement cycle. During the sample-measurement 
process, the technology collects a series of readings, which 
are then inspected using pattern recognition software to 
identify unusual sensor behavior due to transient errors. 

These errors are defined as events occurring during the 
sample measurement due to sample preparation and 
presentation (e.g., microclots, microbubbles, interfer-
ences). Such errors are random in nature and may not 
produce a recognizable signal before or after the sample 
measurement — making them typically undetectable by 
traditional QC. Microclots and microbubbles are particu-
lar problems for systems that utilize whole blood samples 
and particularly difficult to monitor via traditional, liquid 
control methods.7 

Monitoring of the measurement-response curve is a form 
of PBRTQC that provides integrated QC for patient samples. 
One technology that allows monitoring of the measurement 
response curve is known as IntraSpect. Along with automation 
of traditional SQC, and extensive system function checks, 
IntraSpect technology is an excellent example of a manufac-
turer’s implementation of a PBRTQC technique. Providing 
real-time monitoring of each patient sample during the mea-
surement cycle, IntraSpect provides additional information 
about the quality of measurement during the analysis of each 

Figure 3. Distribution of slope coefficients (solid squares) for a potassium (K+) sensor, along with empirical control limits (dashed lines).8

QC appears to be coming full circle with the 
rise of interest in patient-based, real-time 
quality control (PBRTQC). 



NOVEMBER 2022   MLO-ONLINE.COM12

patient sample. The process for employing all these checks 
is illustrated in Figure 1. 

Monitoring each patient 15 times 
Monitoring of the sensor response by IntraSpect integrates 
several new steps into the measurement process, providing a 
higher level of QC performance. IntraSpect records 15 sensor 
readings (in millivolts) during the last 15 seconds of each 
patient sample measurement. IntraSpect then analyzes the 
readings before the result is reported, using pattern recogni-
tion analysis, to fit the sample response to a regression model 
that characterizes the observed sample output and estimates 
the value of the measurement. This regression model can 
also identify abnormal sensor responses by comparing the 
response curve to a compiled library of standard response 
curves established from the data of normal patient samples. 
Unusual sensor responses are identified by the shape of the 
response curve and/or by regression coefficients outside of 
acceptable limits.

Figure 2 illustrates expected and unexpected responses 
for a potassium sensor. Normal, stable signals are dem-
onstrated by the three lower response curves. In contrast, 
the top response curve represents a sample where the 
signal was disturbed by a fluidic blockage during sample 
aspiration, potentially caused by a blood clot in the sample. 
The abnormal pattern was detected by IntraSpect, and the 
sample automatically flagged. It estimated an elevated 

potassium of 6.8 mmol/L when a value of approximately 
4.0 mmol/L was expected, based on a retrospective sample 
re-analysis run in the same system. Note that for potas-
sium, the regression coefficients representing the slope 
of the signal are close to zero for normal response curves.

Harnessing data for patient QC
To identify unusual sensor responses from expected sensor 
response curves, the nature of the response curves for 
different sensors and analytes must be determined and 
compiled. To that end, a library of regression coefficients 
was developed through analysis of response curves for 
different sensors. The results from thousands of samples 
from multiple clinical facilities were used to build the 
library. Where necessary, samples were manipulated to 

cover the entire reportable range of the system for each 
measured analyte, as well as several known clinical condi-
tions and common preanalytical errors (e.g., microbubbles, 
blood clots, interfering substances). This library was then 
analyzed to determine optimal limits for the regression 
coefficients for each sensor. These coefficients were tested 
and optimized using data collected in several clinical 
locations, during the last steps of system development. 

Figure 3 shows an example of limits for regression coef-
ficients (slopes) for potassium. Samples with an IntraSpect 
coefficient value within the dotted lines are acceptable, while 
those with a coefficient value outside the dotted lines are 
flagged or suppressed. Most of the coefficient values are 
close to zero, and the limits show only minor changes with 
the analyte concentration.

Once control limits are established for the different 
sensors, the performance is assessed 
from data collected from millions of 
samples tested on thousands of systems 
in clinical use worldwide. Control limits 
are generally less than half of the Clini-
cal Laboratory Improvement Amend-
ments of 1988 (CLIA) allowable total 
error for the individual test, and data 
outside these limits demonstrated that 
the errors exceeded the CLIA limits.

The results produced through 
patient-centered QC 
The PBRTQC capabilities discussed 
above seem to offer important im-
provements in error detection. Demon-
strating that these capabilities actually 
detect errors is the ultimate proof of 
this new technology. Table 1 summa-
rizes the categories and prevalence of 
errors typically detected by IntraSpect. 
Total preanalytic and transient errors 

were detected in 1.91% of blood gas testing worldwide. Of 
the errors observed, approximately half were errors that 
could only be detected by this new technology (0.80%). 
These newly observed errors correlated strongly with the 
detection of microclots caused by improper mixing and/
or improper anticoagulant. Interferences due to benzal-
konium chloride, thiopental, and optical problems from 
turbidity were also observed, at a smaller, but significant 
rate. 

The truest of real-time QC is now reachable
As laboratories have become faster, more complex, and 
more automated, the demand for immediate error detec-
tion has grown. PBRTQC has been offered as a real-time 
QC solution — generating control signals far more quickly 

Preanalytical 
category

Type of error detected 
by continuous QC

Worldwide 
Error Detection 
Prevalence (%)

Improper 
anticoagulant mixing

Micro-clots 0.79

Inadequate sample 
preparation and/
or patient-specific 
treatment

Benzalkonium chloride 0.09

Thiopental 0.02

CO-Ox interferences 0.21

Transient errors IntraSpect 0.80

Total 1.91

Table 1. Types of errors detected, corrected, and documented in 1,013,391 patient samples.8
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As laboratories have become faster, more 
complex, and more automated, the demand 
for immediate error detection has grown.
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in response to problems than the traditional once-a-day 
or once-per-shift QC. The individualized, patient-based 
technique of IntraSpect provides the truest of real-time 
QC, scrutinizing the measurement response curve of 
each patient sample, which greatly exceeds the speed 
of population statistics, in most PBRTQC applications. 

Detection of preanalytical and transient errors, observed 
in approximately 1.6% of global patient samples, is a critical 
need. It is estimated that approximately 430 million POC 
blood gas tests are performed globally, corresponding to 6.88 
million patient samples with preanalytic and transient errors.8 
Traditional QC approaches will miss the vast majority of these 
errors, underlining the need for advances in onboard QC. 
Detection of these preanalytic and transient errors represents 
a significant improvement in the quality of blood gas testing 
and demonstrates the utility of the newer technologies. This 
technology is particularly valuable in the POCT environment, 
where test results are often used immediately, and real-time 
error detection for every sample reduces the risk of delay or 
inappropriate treatment due to transient sampling errors 
such as microclots, microbubbles, and interfering substances.

For years, laboratory medicine has promised more person-
alized care. In QC, at least, that promise is now fulfilled. 
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1.	 Statistical quality control (SQC) has changed
with advance(s) in

	{ A. Informatics
	{ B. Methods
	{ C. Instrumentation
	{ D. All of the above 

2.	 Who were the first two scientists to introduce
control charts?

	{ A. Stanley Levy
	{ B. Elmer Jenning
	{ C. Both A. and B.
	{ D. Louis Pasteur

3.	 Original QC control charts involved the use of
commercial controls.

	{ A. True
	{ B. False

4.	 What new QC offerings are aimed to become the
mainstay of QC in laboratories?

	{ A. Levy-Jennings paper charts
	{ B. Levy-Jennings computer charts
	{ C. PBRTQC
	{ D. None of the above

5.	 What type of testing would PBRTQC be most
welcomed?

	{ A. PCR
	{ B. Blood banking solid phase testing
	{ C. Immunoassay testing
	{ D. Point-of-care testing (POCT) 

6.	 When clinicians were asked to identify practices 
and wants that would be most helpful in
improving the quality of POCT, the most popular
request was for 

	{ A. Better QC 
	{ B. Decreased costs
	{ C. Easier use of test systems
	{ D. All of the above

7.	 The use of more integrated controls and a
complete system for monitoring all potential
failure modes would __________ the need
for operator __________ and ____________ of
operations.

	{ A. Increase; training supervision
	{ B. Reduce; training; supervision 
	{ C. Increase; failure; completion
	{ D. Reduce; failure; completion

8.	 What type of testing system was recently
developed and validated based on a study that 
contains enhanced patient-based quality system 
capabilities?

	{ A. Blood gas testing 
	{ B. Glucose testing
	{ C. Pregnancy testing
	{ D. PCR testing

9.	 The study found that using _______ for each test 
is much ___________ using new technologies.

	{ A. Average detection time; longer
	{ B. Average detection time; quicker
	{ C. Traditional statistical QC; longer
	{ D. Traditional statistical QC; quicker

10.	 What does the new QC system incorporate to
monitor response curves for each sample?

	{ A. Microclots
	{ B. Microbubbles
	{ C. Interferences
	{ D. All of the above

11.	 Individualized, patient QC checks are made
possible by monitoring the measurement–
response curve of each patient sample.

	{ A. True
	{ B. False

12.	 The errors identified by pattern recognition
software are events that occurred __________ the 
sample _________.

	{ A. Before; was collected
	{ B. During; measurement
	{ C. After; measurement
	{ D. Before; measurement

13.	 ___________ is a technology that allows
monitoring of the measure response curve.

	{ A. Introspect
	{ B. Intracurve
	{ C. Intraspect 
	{ D. None of the above

14.	 The software records ___________sensor readings 
during the last ________ seconds of each sample 
measurement before analyzing and reporting
the result. 

	{ A. 15; 30
	{ B. 15; 15
	{ C. 30; 30
	{ D. 100; 15

15.	 The software’s regression model can also be used
to identify abnormal

	{ A. Sensor responses
	{ B. Reagent levels
	{ C. Turnaround times
	{ D. All of the above 

16.	 A library of regression coefficients was developed 
to identify unusual sensor response where the
results of _________________ of samples from
__________ facilities were used to build the library.

	{ A. Tens; 10
	{ B. Hundreds; 10
	{ C. Thousands; 10
	{ D. Thousands; multiple 

17.	 The established sensor control limits for the
different sensors were used to assess data
collected from _____________ of samples tested 
on ____________ of system in clinical use
worldwide.

	{ A. Thousands; millions
	{ B. Hundreds; thousands
	{ C. Millions; thousands 
	{ D. Millions; millions

18.	 The control limits showed generally more than 
half of the CLIA allowable total error for the
individual test, and data outside these limits
demonstrated that the errors were less than
the CLIA limits.

	{ A. True
	{ B. False

19.	 As well as microclots, interferences detected by 
the real-time QC are due to

	{ A. Turbidity/optical problems
	{ B. Benzalkonium chloride
	{ C. Thiopental
	{ D. All of the above 

20.	 It is estimated that ____________POC blood gas 
tests are performed globally, corresponding to
____________ patient samples with preanalytic
and transient errors.

	{ A. 10.6 million; 20.8 million
	{ B. 52 million; 2.23 million
	{ C. 100.5 million; 5.25 million
	{ D. 430 million; 6.88 million
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The Modern Critical Care Profile
Prime Plus provides the most modern and clinically effective blood gas/critical care profile by 
adding essential tests for electrolyte balance (iMg), plasma volume (ePV), kidney function (BUN, 
Creatinine, eGFR), and mean corpuscular hemoglobin concentration (MCHC).

Mg++ and Ca++ 
Simultaneous disorders of Mg++, Ca++ and K+ are common among critically ill

patients.1,2,3 All these electrolytes are critical in maintaining key physiologic functions including:
• Cardiac and skeletal muscle contractility
• Cardiovascular and respiratory smooth muscle tone
• Kidney function and fluid balance

Estimated Plasma Volume (ePV) Maintaining the plasma volume status of a patient is one of
the top priorities in treating critical conditions including CHF, ARDS, AKI, COPD, Surgery, and
Sepsis.4,5,6 ePV monitoring allows clinicians to guide therapy for hyper- and hypovolemia in real time.

Creatinine/eGFR Over 50% of ICU patients will develop some degree of acute kidney injury (AKI).7

Creatinine/eGFR point-of-care monitoring provides an early indication of changes in kidney function
and a guide for therapy to prevent AKI.

MCHC Mean corpuscular hemoglobin concentration (MCHC) provides insight into chronic low grade
blood loss and autoimmune hemolysis.
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