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OBIJECTIVES
To understand the three phases of the total testing process

To understand factors affecting quality of test ordering, specimen collection,
and patient satisfaction

To understand basic statistical processes involved in monitoring analytical
performance

To understand factors affecting test turnaround time

To understand the role of corrected and incomplete reports in quality
management

To understand systems for document control

Quality has to be caused, not controlled.
PHILIP CROSBY, REFLECTIONS ON QUALITY

UALITY MANAGEMENT IS A SYSTEM for continuously analyzing, improv-

ing, and reexamining resources, processes, and services within an or-

ganization (7, 25, 34, 36, 43, 92, 94, 98, 127). This is accomplished by
defining quality indicators that are measured and analyzed either over time or
compared to similar or identical indicators from other departments or organi-
zations (benchmarking) (100). The primary objective of quality management
is to achieve the best possible outcome. Quality indicators provide informa-
tion on which to base strategies for improvement, and quality is achieved by
reducing variability by standardizing these processes across the organization.
Managing the development and implementation of a quality program requires
a global understanding of the various resources, processes, and outcomes as-
sociated with laboratory medicine as well as healthcare systems and their reg-
ulatory environment in general (32).

The design of a quality management system depends in large part on ex-
pected outcomes. For example, processes involving identification of patient
specimens for blood transfusion purposes are much more rigorous than pro-
cesses for identifying patient specimens for general chemistry testing because
the possible risk of a poor outcome from a misidentified specimen is substan-
tially higher for the former (72). Fortunately, poor outcomes from laboratory
errors are uncommon. The frequency of laboratory mistakes is estimated to be
about 1 per 1,000 patient visits in which laboratory testing is performed. Of
these errors, only about a quarter of mistakes are judged to have any impact on
patient management, and very few are associated with any significant adverse
patient outcome (24, 87). In 2005 a 5-week prospective study of patient and
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specimen identification errors at 120 (primarily hospital)
laboratories documented 345 adverse events arising from
6,100 identification errors (126). More than 70% of the ad-
verse events resulted in significant patient inconveniences
with no known change in treatment or outcome.

Developing an effective quality management program
is challenging because the goal of the program (good
outcomes) is often difficult to quantify and may involve
processes that are not directly under the laboratory man-
ager’s control (73). In this context, quality assessment of
laboratory medicine should be viewed as part of the orga-
nization’s total quality plan. The “total testing process” is
a concept that provides a comprehensive working model
for evaluating the components of the laboratory’s quality
management plan as an interdependent component of the
organization’s total quality improvement program (54, 84,
103, 104, 135).

The total testing process consists of three phases. The
first phase, the preanalytical phase, involves all the various
processes and resources that precede the measuring step.
This phase includes proper ordering and test selection by
the clinician, patient preparation, specimen collection,
identification, transport and/or storage, and premeasure-
ment laboratory processing.

The second phase, the analytical phase, involves man-
aging the reliability of instruments and reagents used for
measuring patient specimens and obtaining test results.
This phase relies heavily on statistical quality control pro-
cesses to reduce errors and variation in test measurements.
Quality management of the analytical phase is the most
standardized and regulated and has therefore received the
most attention. The fewest errors occur during this part of
the testing cycle. For example, various studies have shown
that only 13 to 32% of laboratory errors are due to analyti-
cal problems (9). Howanitz et al. (51) have suggested that
the heavy focus on laboratory quality control processes has
diverted attention and resources away from other equally
important quality objectives associated with the pre- and
postanalytical phases of testing.

The last phase, postanalytical, involves reporting, inter-
pretation, and clinical use of test results. Application of dif-
ferent quality management processes may involve one or a
combination of all three phases. For example, turnaround
time and examination of reasons for corrected reports are
important quality indicators that may cross over any or all
phases of the testing process.

The College of American Pathologists (CAP) (http://
www.cap.org) provides numerous management tools to
assist laboratories with quality improvement. Two in par-
ticular, the Q-Probes and Q-Tracks programs, focus on
pre- and postanalytical phases of the testing process (100,
138). Several standardized monitors are provided each
year to participants. The Q-Probes program provides a se-
ries of cross-sectional quality assurance studies with peer

evaluations, while the Q-Tracks program provides con-
tinuous quality monitors for tracking changes over time.
These programs have substantial value for benchmarking
performance and tracking improvement. Table 21.1 shows
the 2011 Q-Probes and Q-Tracks monitors. A broad range
of Q-Probes studies from the last 15 years is available from
the CAP for use by laboratories. These predesigned quality
assurance studies are linked with historical data for bench-
marking performance and can be a useful supplement to a
laboratory’s quality program.

Organizational structure, personnel information, and
utilization management as well as laboratory safety are im-
portant components of the total quality management plan
and are discussed in other chapters. In addition, many
of the laboratory’s quality management procedures con-
ducted in clinical laboratories today have been mandated
by regulatory and accreditation requirements. Participat-
ing in on-site laboratory inspections and appropriate ex-
ternal proficiency programs is required to comply with
government regulations (see chapter 5, this volume).

Quality Management
of Preanalytical Processes

Even the most accurate measurement using the most up-
to-date technology by a highly trained technologist may
cause an untoward clinical outcome if the wrong test is or-
dered or the specimen is compromised prior to analysis
(28, 67, 68, 95, 116). The preanalytical phase of the testing
cycle is complex and is prone to the most variation and
the highest proportion of errors (24, 64, 110). For example,
one study uncovered only 0.47% erroneous results arising
from 40,490 stat tests performed for critical-care patients.
Of these erroneous results, 68% occurred during the pre-
analytical phase of testing, compared to 13% of errors
during the analytical phase and 18% in the postanalytical
phase. About one-quarter of all erroneous results led to
unnecessary additional testing or therapy (91).

Test Selection and Ordering

The first step in the testing process occurs at the moment
of test selection. While the majority of laboratory testing is
ordered by physicians and nurse clinicians, other groups,
including pharmacists in some jurisdictions, can order
tests. Information on laboratory testing is expansive and
involves knowledge of the indications for testing, includ-
ing test sensitivity and specificity for the patient’s condi-
tion or diagnosis. Many tests are performed for monitoring
or screening, so frequency of test ordering may need to
be considered. Multiple clinical guidelines provide ex-
pert opinions about clinical indications for testing based
on specific signs, symptoms, or suspected disorders (27,
78). However, implementation of these guidelines has
proven difficult (11). Some approaches for managing the



Table 21.1 CAP Q-Tracks and Q-Probes quality assurance pro-
gram, 2011¢

Q-Tracks

Patient Identification Accuracy (QT1)
Assess the incidence of wristband errors within individual institu-
tions, compare performance between participating institutions, and
identify improvement opportunities.

Blood Culture Contamination (QT2)
Determine the rate of blood culture contamination using standard-
ized criteria for classifying contaminants.

Laboratory Specimen Acceptability (QT3)
Identify and characterize unacceptable blood specimens that are
submitted to the chemistry and hematology sections of the clinical
laboratory for testing.

In-Date Blood Product Wastage (QT4)
Compare the rates of blood product wastage (i.e., units discarded
in-date) in participating hospitals and track rates of improvement
over time.

Satisfaction with Outpatient Specimen Collection (QT7)
Assess patient satisfaction with outpatient phlebotomy services by
measuring patients’ assessment of waiting time, level of discomfort,
courteous treatment, and overall satisfaction.

Stat Test Turnaround Time Outliers (QTS)
Monitor the frequency with which stat test turnaround time inter-
vals exceed institutional stat test turnaround time expectations.

Critical Values Reporting (QT10)
Evaluate the documentation of successful critical values reporting
in the general laboratory for both inpatients and outpatients ac-
cording to the laboratory’s policy.

Turnaround Time (TAT) for Troponin (QT15)
Determine the median order-to-report turnaround time of tropo-
nin (I or T) ordered on patients presenting to emergency depart-
ments (EDs) with signs and symptoms of acute myocardial injury.

Corrected Results (QT16)
Monitor the number of corrected test results within individual
institutions and compare performance with that of all institutions
and those institutions similar to yours.

Outpatient Order Entry Errors (QT17)
Measure the incidence of incorrectly interpreted and entered out-
patient physician test orders, compare performance across institu-
tions, and track performance over time.

Specimen Acceptability in Blood Bank (QT18)
Identify and characterize incorrectly collected and labeled blood
specimens submitted to the blood bank for testing.

Q-Probes

Laboratory Services for Emergency Department (QP111)
Measure order-to-report turnaround times for laboratory tests
requested from the ED and measure ED physician satisfaction with
the provided TAT.

Appropriateness of Plasma Transfusions (QP112)
Assess the conformance of plasma transfusion practice to institu-
tional guidelines and assess the posttransfusion coagulation testing
documentation and extent of coagulation correction achieved.

Clinical Consequences of Specimen Rejection (QP114)
Quantify the effect of laboratory specimen rejection on the delay in
test result availability. Determine the effect on test result availability
by (i) the reason for specimen rejection, (ii) the detection method
for mislabeled specimens, and (iii) the laboratory’s policy regarding
resolution of improperly labeled specimens.

“ CAP (http://www.cap.org).
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quality of test selection include monitoring the frequency
of testing use by algorithms and instituting test restriction
policies (59). Limits can be established for test ordering
frequency. Thus, for a slowly changing analyte like hemo-
globin Alc (used to monitor glucose control in diabetics),
some healthcare systems cancel any new test order if the
hemoglobin Alc is ordered within 28 days of the last test
(75). Some laboratory information systems can notify the
clinician about potential excess ordering patterns when the
number of tests (e.g., two serum cholesterol orders within
a week) exceeds a predetermined number (4, 117). Use of
algorithms in which indications for ordering a test depend
on the results of another test or other patient parameters
can be effective. Examples include deferring serological
testing for acute hepatitis A when alanine aminotransami-
nase is normal or deferring ova and parasite examinations
in patients who have been hospitalized for more than three
days (82). To promote optimal test usage, a multifaceted
approach is recommended, including clinician education
about laboratory testing, controls on ordering, and feed-
back about the individual clinician’s test utilization (108).
New Zealand offers such a program for its general practi-
tioners that combines physician education and utilization
feedback; initial results have been dramatic (120).

Preanalytical errors associated with ordering tests in-
clude inaccuracies or omissions when transcribing from
paper requisitions into a laboratory computer system,
tests performed but not actually ordered, associating the
order with the wrong physician, and mistakes with as-
signing priority status to the order (e.g., stat, routine). Of
all tests ordered, about 2% are not completed because of
these problems (124). In one study involving 660 labora-
tories, 4.8% of about 115,000 outpatient orders resulted in
mistakes (125). The most common was assignment of the
wrong physician with an order, and the least common was
test priority assignment. High test volume, verbal orders,
and lack of laboratory policies and procedures to ensure
a high-quality order entry process were associated with
higher error rates.

While ordering errors and inappropriate test requests
should be tracked and trends should be investigated, ma-
jor advances in improving the quality of test selection will
depend on advances in healthcare information systems
strengthening their ability to assist clinicians based on other
information in the patient’s electronic record (4, 44, 93).
Schiff reported that 2% of patients with a laboratory diag-
nosis of hypothyroidism were not informed of this finding
by their clinician. Another 5% with hypothyroidism were
lost to follow-up, and patients with thyroid replacement
therapy were not considered (97). Computer linkage of lab-
oratory data to a pharmacy database would decrease such
issues and improve patient safety. Use of computerized test
ordering directly by the physician reduces clerical and tran-
scription errors associated with paper requisitions, reduces
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costs, and improves utilization (106, 118). Electronic access
to patients’ imaging and laboratory results is not a panacea;
physicians who were able to access their patients’ radiology
and laboratory results online tended to order more tests,
especially radiologic tests (77).

Quality of Specimen Collection

Laboratory test results may be affected by the patient’s
condition at the time of specimen collection, as well as by
the materials and procedures used for specimen collec-
tion (80). These types of errors may be easily overlooked
and lead to inaccurate test interpretations or incomplete
testing due to specimen rejection (e.g., hemolysis), insuf-
ficient volume, or incorrect collection containers. In one
study that examined more than 800,000 outpatient visits at
210 facilities, about 0.4% of phlebotomy procedures were
unsuccessful (31). The most common causes in order of
frequency were nonfasting patient, missing orders, unsuc-
cessful phlebotomy procedure, patient left collection area,
and patient not prepared for test (other than nonfasting
status). Of the successful blood collections, 0.26% of speci-
mens were unsuitable for testing. In order of decreasing
frequency, this was caused by hemolyzed specimen, insuf-
ficient specimen volume, clotting of anticoagulated speci-
men, lost specimen, mislabeling, and rejection based on
delta check failure. Other studies have shown that about
0.35% of specimens submitted for chemistry examinations
are rejected, with hemolysis being the most common rea-
son, and about 0.45% of specimens received for hematol-
ogy testing are rejected, with specimen clotting being the
most common reason (56, 57). The quality of coagulation
testing depends greatly on good collection technique and
full sampling (1, 64). A review of videotaped phlebotomies
showed that 4 of 10 phlebotomists did not mix their filled
blood tubes and 2 of 10 delayed mixing (45). Delayed mix-
ing of filled plasma separator tubes can cause artifactual
increases in troponin and hCG (115).

Well-documented and validated specimen collection
procedures used by trained phlebotomy and nursing staff
are key factors to prevent preanalytical errors from affect-
ing the overall quality of the testing process (6, 8). It is im-
portant to provide patients with detailed instructions about
preparation prior to collecting the specimen and then to
make sure the instructions were followed. For example, two
consecutive studies have found that between 25 and 34% of
toxic serum digoxin levels were likely falsely elevated due to
specimen collection too soon after patients ingested their
medication (49). These falsely high results can be avoided
by instructing phlebotomists to ask patients when they last
took a digoxin pill to determine if a specimen collection
should be deferred to a later time. To mitigate the prob-
lem of falsely elevated digoxin results in northern Alberta,
an interdisciplinary team of a clinical biochemist, phar-
macists, and clinicians mandated evening digoxin dosing.

This nocturnal dosing coupled with the usual morning
therapeutic monitoring has resulted in very few incorrectly
timed digoxins (D. LeGatt, personal communication).
Phlebotomists should always ask if a patient is fasting prior
to collecting a specimen for triglyceride, as false elevation
of serum triglyceride occurs in specimens collected from
nonfasting patients, making this determination meaning-
less. Measuring total creatinine on 24-h urine specimens
helps determine whether a complete 24-h collection was
obtained, and this can be monitored as a quality indicator.

Special attention must be given to the collection of
specimens for microbiological examinations. Poor-quality
specimens that are collected improperly or inappropriately
will produce useless or even misleading results that may
be misinterpreted as having significance to patient care
(134). In some cases, specimen quality can be evaluated
by smear examinations before cultures are performed,
and specimens may be deferred from testing if judged to
be of poor quality (83). For example, excessive epithelial
cells seen on a Gram stain from a sputum specimen sug-
gest that the specimen contents are from the mouth rather
than the lower respiratory tract; this may warrant rejection
of the specimen for culture. Another example, the failure
to collect a sufficient number of sputum specimens, is the
most common cause of delayed diagnosis of tuberculosis
in HIV-infected patients (37, 76).

While contaminated cultures from sterile sources can-
not be completely eliminated, they can be reduced with
good aseptic collection techniques. Proper sterile prepa-
ration of the venipuncture site with the correct materials
and careful collection procedures by a properly trained
phlebotomist significantly reduce the cost of blood culture
contamination, which varies up to fivefold between labo-
ratories (42, 69, 102, 107, 130). Blood collection processes
have important implications for costs and outcomes. A
preliminary false-positive blood culture results in addi-
tional costs of $4,000 per episode because of prolongation
of hospitalization and concomitant laboratory testing and
therapies (3). Finally, the specimen may be collected prop-
erly, but there may be insufficient blood volume or inad-
equate specimen numbers to provide the highest-quality
result. For example, collection of solitary rather than mul-
tiple blood cultures makes it difficult to differentiate con-
tamination from true bacteremia when coagulase-negative
Staphylococcus sp. is isolated (99).

It is critically important that specimens be labeled cor-
rectly and properly. The frequency and reasons for incor-
rect patient identification should be part of the laboratory’s
quality assessment program. Delta checking (see Use of
Patient Data for Quality Control) is a method in which the
laboratory manager establishes parameters in the labora-
tory information system that flag current patient results
that differ substantially from previous results (53, 62,
63). Generally, delta checks are not very helpful in highly



automated laboratories because of the relative absence of
sample mix-up and analytic error. Delta checks also lack
utility for most analytes because of large expected changes
in these analytes (e.g., glucose). Other analytes are more
sensitive (e.g., red blood cell mean corpuscular volume).
Depending on how the parameters are set, only a small
proportion of delta check investigations will uncover spec-
imen mix-up errors in today’s healthcare organizations,
where the median identification error rate is 4 per 10,000
(88,105, 114, 126).

Patient and Client Satisfaction

Typically, the only direct experience patients have with
the laboratory is during phlebotomy. Patient satisfaction
with this experience is an important preanalytical quality
measurement. This is determined by patient surveys as
well as objective parameters such as patient waiting times
or number of self-reported hematomas (47), number of
needlesticks, and even the cleanliness of the phlebotomy
area (22).

Laboratories should also conduct nurse and physician
satisfaction surveys. Excessively long turnaround time is
usually the most significant concern expressed by both phy-
sicians and nurses (54, 57, 111). Esoteric test turnaround
time has been associated with low levels of physician sat-
isfaction (55). Nurse customers were the least satisfied
with test turnaround time in the intensive care units and
emergency departments (58). Setting up a hotline through
which clients can report potential problems or errors and
make inquiries may help large laboratories improve cus-
tomer support services. It is useful to track this information
to look for trends or ideas for quality improvement.

Specimen Transport, Storage, Receipt,
and Preanalytical Processing

Specimens can deteriorate through prolonged delays or
failure to maintain proper conditions during transport.
Some tests (e.g., urine culture, coagulation tests) are more
susceptible than others to processing delays. The World
Health Organization has published a very useful compre-
hensive monograph that documents the stability of anti-
coagulated blood and serum and plasma specimens (137).
It is difficult to monitor transport times or even collec-
tion time when the collection is not under the control of
the laboratory. Specimens that are lost or mishandled in
other ways (e.g., broken tube) during transport or preana-
lytical laboratory processing should be tracked as a quality
indicator (see Corrected and Incomplete Reports). Specifi-
cations for specimen transport and storage based on stabil-
ity of analytes should be validated and documented.
Accurate identification of the specimen throughout the
testing process is facilitated by the use of bar codes that
can be scanned by laboratory instruments prior to testing
(119). Bar codes are significantly more reliable than the
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manual entry of specimen information. Bar-coded speci-
mens prevent errors due to misplacement of specimens
into instruments or when aliquoting specimens into sec-
ondary containers. Bar code systems work best when in-
tegrated into the blood collection process with wristband
(inpatient) or identification card (outpatient) positive pa-
tient identification schemes. Finally, significant error re-
duction can be accomplished with the implementation of
robotic technology for the automated handling of all as-
pects of preanalytical within-laboratory specimen process-
ing (10, 46).

Quality Management
of Analytical Processes

Quality management of the analytical phase involves re-
ducing inaccuracy and imprecision (variability) of test
methods as much as possible (109). Attention to stan-
dardizing test procedures and monitoring method perfor-
mance with a well-designed quality control system are the
key elements for meeting this management goal. Appro-
priate method selection and proper training are additional
factors that are important for success.

Method Selection and Evaluation

Method selection is laboratory dependent and based on
characteristics that best fit internal goals for cost, timeli-
ness, and reliability (see chapter 27, this volume). These
characteristics include type of specimen required, sample
volume, run size, population to be tested, instrument ca-
pacity, analysis time, personnel requirements, existing
equipment, safety, utilities (e.g., electrical, water), and
space requirements. The complexity of analysis, includ-
ing calibration, stability of reagents and controls, sensitiv-
ity and specificity of the method, linear range of analysis,
and interferences, as well as types of internal and external
proficiency systems, are factors that may affect method
selection decisions. In the United States, most laboratory
methods require review of rigorous premarket evaluations
and approval by the U.S. Food and Drug Administration
(FDA). As a result, implementation of FDA-approved
tests is usually relatively straightforward. Validation and
implementation of non-FDA-approved methods can be
much more complex and labor-intensive and require sub-
stantially more development and evaluation, as well as re-
sources. Sometimes, the best decision is to outsource a test
when rapid turnaround time is not necessary, test volume
is low, or it is difficult to maintain an acceptable quality of
proficiency.

Method evaluation and implementation involves as-
sessing the analytical process statistically by the use of
control materials, establishing or validating the reference
(normal) range of the population being tested, document-
ing the procedure in writing (both for laboratory use and
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another document for client use), and training personnel
(Table 21.2). When a new method is introduced, it must
be compared to the old method before bringing it into
use. All procedure changes, training, and analytical per-
formance data from the previous method should be docu-
mented, and clients should be notified of changes affecting
interpretation of results.

Quality Control

The term “quality control” describes the approach used to
monitor the analytical process to ensure that the test results
meet their quality requirements. Quality control includes
establishing specifications for the analytical process, moni-
toring the analytical process to determine conformance to
these specifications, and taking any necessary corrective ac-
tions to bring the analytical process into conformance (16).

The primary quality characteristic that is monitored
during the analytical process is the deviation of an analyti-
cal measurement from expected. If the size of this devia-
tion (also known as error) is large, the analytical process
may be defective and thus must be investigated. Errors
can be classified as systematic (resulting in a shift) or ran-
dom (resulting in increased imprecision). They may also
be classified as persistent or intermittent. Other typically
monitored quality characteristics of the analytical process
include specific instrument checks that are usually unique
to a particular instrument.

The deviation of the analytical measurement from the
expected value is usually monitored by repetitively assaying
one or more levels of quality control specimen. The results
of testing these commercially prepared, stabilized control
specimens are compared to a range of expected values cal-
culated as the mean and variance (standard deviation) of

Table 21.2 Method evaluation and implementation

Stage I
Prepare and document procedure

Validate linearity and calibration
Determine within-run imprecision

Evaluate for interferences

Stage II
Determine between-day imprecision

Compare to old method
Evaluate acceptability of imprecision and bias
Perform or validate reference range(s)

Stage III
Establish final quality control ranges, critical values, and delta checks

Train personnel
Complete and sign procedure documents
Notify clients of any significant changes in method

these measurements. If the quality control result deviates
significantly as defined by quality control rules (see below),
routine analysis is suspended, the analytical run is investi-
gated, and corrective action is taken.

Usually two or three different control levels are used.
In hematology and hormone (ligand) measurements, it is
standard to use three levels; in general chemistry, two levels
are standard. As a rule, it is better to have more measure-
ments on fewer control products. Laboratories may also
compare their own quality control results to those gener-
ated in other laboratories using the same lot of control ma-
terials and instrument/reagent systems. This information
is provided by most commercial manufacturers of quality
control materials and provides a way to assess bias and
imprecision of the laboratory’s methods relative to others’
tests performed under similar quality control conditions
(Fig. 21.1). Quality control systems for microbiological
and serological testing are primarily qualitative in nature.
Control testing is performed to check the performance of
media, biochemical reactions (positive or negative), im-
munological reactions, or expected growth in the presence
of antibiotics (susceptibility testing). In molecular micro-
biology, more than three standards are typically used to
generate standard curves for quantitative measurements
and are combined with two or three density levels (e.g.,
low, mid, and high density), external positive controls, or
standards.

Quality Control Rules

Quality control rules developed for the clinical laboratory
originated in the early 1950s with Levey-Jennings charts.
These charts were implemented with three standard de-
viation (SD) limits for the mean and range of two controls
analyzed just twice per week. By the 1960s, the limits had
been reduced to two SD for single controls (Fig. 21.2). In
the next decade, statistical quality control rules were im-
plemented to help reduce the number of false rejections.
Table 21.3 shows some of the common quality control
rules used to evaluate control measurements today. West-
gard et al. have developed a nomenclature for these control
rules and devised graphical summaries (power function
curves) of their sensitivity and specificity (131, 132). For
most applications of clinical laboratory quality control, a
combination of the 1-3SD and the 2-2SD control rules is
adequate. The 1-3SD rule can detect increases in random
error and large systematic errors, while the 2-2SD control
rule detects moderate-sized systematic errors. This qual-
ity control combination is relatively simple to implement
and has a relatively low false rejection probability. Figure
21.3 shows how the 1-3SD and the 2-2SD control rules
are applied at one laboratory. On highly precise analyz-
ers, the analytical variation of some analytes may be so
small that violations of the 1-3SD or 2-2SD rules can be
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Figure 21.1 Examples of interlaboratory quality control reports. (A) The SDI (a peer-based mea-
sure of bias) and CVR (a peer-based estimator of precision) are combined as an x, y coordinate
within three performance zones: acceptable, acceptable to marginal, and marginal.

(continued)
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Laboratory Comparison Report

Lab 123456 Cardiac Markers Lot 30710 3 Inma~N/"
J={[eZ=7:1» ) QC Coordinator Data For: 01-2003 M

Associated Regional Laboratory Lot Exp: 06-2004

123 Main St. Printed: 08-15-2003

Anytown, NY 12345-6789 Page 1

The following statistics are derived from user-supplied data and are provided by Bio-Rad Laboratories as a service to customers. Such action does not imply
support of reported analytes and test methods. Refer to the package insert for specific analyte claims and stability information.
Peer group statistics contained in this report may not be used without the express written consent of Bio-Rad Laboratories.

Analyte

Method Units Temp Level 1 Level 2 Level 3
Instrument/Kit
Reagent Mon Cum Mon Cum Mon Cum
Chemiluminescence ng/mL
Bayer ADVIA Centaur
Dedicated Reagent
Your Lab Mean 1.49 1.60 10.78 11.08 38.94 38.17
SD 0.053 0.074 0.332 0.405 1.60 1.49
cv 36 46 3.1 37 4.1 39
(Peer) CVR 0.5 0.6 0.5 0.6 0.7 0.7
(Method) CVR 0.1 0.1 0.0 0.1 0.1 0.1
(Peer) SDI -0.39 0.27 -0.44 0.03 -0.07 -0.28
(Method) SDI 0.32 0.37 0.01 -0.03 -0.08 -017
# Points 4 151 4 151 4 151
Peer Group Mean 1.53 1.57 11.08 11.06 39.10 38.78
SD 0.102 0.111 0.677 0.635 214 2.20
cv 6.7 741 6.1 5.7 55 5.7
# Points 1500 5889 1269 4917 1706 6900
# Labs 37 39 30 32 40 4
Group Values by Method Mean 1.21 1.23 10.70 11.34 40.46 41.98
SD .0866 .100 786 1.023 1.901 2.294
cv 715 8.13 7.35 9.02 4.70 5.46
# Points 7964 37806 5181 25366 7608 35479
# Labs 224 254 150 179 210 238
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Figure 21.1 (continued) (B) Reports provide monthly and cumulative statistics for the laboratory
and between-laboratory comparisons with a peer group. Report includes mean, standard deviation,
coefficient of variation, CVR, SDI, number of data points, and number of laboratories. CVR, coef-
ficient of variation ratio, a ratio of laboratory imprecision to peer group imprecision. A value less
than 1 indicates better than average imprecision; a value greater than 1 indicates more than average
imprecision compared to the peer group. doi:10.1128/9781555817282.ch21.f1



CHAPTER 21. QUALITY MANAGEMENT 429
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Figure 21.2 Quality control charts. doi:10.1128/9781555817282.ch21.f2

caused by very small errors that would not affect the clini-
cal interpretation of the test result. For these tests, it might
be reasonable to expand the control limits and diminish
the frequency of attempts at correction and prevention
of these small errors. Variations of these rules have been
adapted for testing platforms in quantitative molecular mi-
crobiology (66).

Frequency of Quality Control Analysis

The more frequently control products are analyzed, the more
quickly analytical errors can be detected, investigated, and
corrected. For some tests, government regulations specify
the longest period over which controls need not be analyzed.
While many laboratories analyze controls more frequently,

the government-mandated period tends to become a de
facto standard for control analysis. The average time to de-
tect a persistent error has been shown to be one-half of the
period between control analyses (90). Thus, if the period be-
tween control analyses is 24 h, an error may impair labora-
tory testing for an average of 12 h before being detected. It
is possible to shorten the interval between control analyses
without increasing the number of controls analyzed. Rather
than analyzing several controls one after another, each con-
trol can be tested at different times of the day. As a result,
the period between control testing is shortened. For example,
rather than analyze three blood gas controls every 24 h, one
can be tested every 8 h. Using this control analysis schedule,
the average time to detect a persistent error will be 4 h.
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Table 21.3 Common quality control rules

1-2SD Use as a rejection or warning when one control observation exceeds the Overused. Should only be used with manual

x — (£28D) control limits; usually used as a warning. assays with low number of analytes/control
materials.

1-3SD Reject a run when one control observation exceeds the x — (*3SD) con- Detects random error and large systematic
trol limits. error.

1-3.5SD Reject a run when one control observation exceeds the x — *=(3.5SD) Detects large random and systematic error.
control limits. Use only with highly precise assays.

1-45D Reject a run when one control observation exceeds the x — *(4SD) con- Detects large random and systematic error.
trol limits. Use only with highly precise assays.

2-28D Reject a run when two consecutive control observations are on the same Detects systematic error.
side of the mean and exceed the x — (+2SD) or x — (—2SD) control
limits.

4-1SD Reject a run when four consecutive control observations are on the same Detects small systematic error; very few
side of the mean and exceed either the x — (+1SD) or x — (—1SD) control applications.
limits.

10x Reject a run when 10 consecutive control observations are on the same Detects very small errors; do not use.
side of the mean.

R-4SD Reject a run if the range or difference between the maximum and mini- Detects random errors; use within run.
mum control observation out of the last 4 to 6 control observations
exceeds 4SD.

x-0.01 Reject a run if the mean of the last N control observations exceeds the Underutilized
control limits that give a 1% frequency of false rejection (ps = 0.01).

R-0.01 Reject a run if the range of the last N control observations exceeds the Underutilized

control limits that give a 1% frequency of false rejection (p;, = 0.01).

Some laboratories do not analyze quality control speci-
mens on a periodic basis; rather, the number of controls
analyzed depends on the number of patient specimens run.
Because reference laboratories can analyze large numbers
of specimens over the course of a day, regular but infre-
quent control analysis may result in large numbers of sam-
ples being analyzed with minimal information provided
about the run quality. As such, many reference laborato-
ries test their patient samples in batches, with a specific
number of controls analyzed in each batch. Only when the
quality control specimens are within quality control limits
is the batch of patient results reported. Some authors have
suggested that for high-volume multichannel chemistry
analyzers, control specimens be tested between every 30
and 100 patient specimens (85). Some referral laboratories
do not use specimen number to establish quality control
frequency; they test quality control specimens more fre-
quently, e.g., each hour.

Specification of MAE

The primary function of quality control is to maintain a
stable analytic process. Once the process is stable, then
any required improvements can be implemented. Speci-
fications for maximum allowable error (MAE) provide
information about the adequacy of an analytic system for
patient care. MAE represents the magnitude of total error
that can be tolerated without invalidating the medical use-
fulness of the result. The analytical quality of a test can be

evaluated by comparing its total analytic error to the MAE;
this is a method for setting goals for the analytical perfor-
mance of a laboratory test.

Several different approaches have been used for deter-
mining the MAE of laboratory tests. One of the first was
offered in 1963 (121) by Tonks, who insightfully suggested
that the MAE be based on interindividual variation. For
most analytes, he suggested that the MAE should be no
greater than one-quarter of the analyte’s reference inter-
val (normal range) (121). Cotlove et al. proposed that the
MAE should be less than one-half of the intraindividual
range (29). Ricos et al. tabulated MAEs for over 300 differ-
ent analytes based on biological variation and associated
method biases and imprecisions (96).

Table 21.4 compares the MAE for select analytes to typi-
cal amounts of imprecision of current laboratory analyzers.
There is tremendous variation in the MAEs, ranging from
around 1% for serum sodium to 30% for various urine as-
says. The MAE/imprecision ratio is a measure of the analyti-
cal quality of the test method. The ratio can be thought of
as the magnitude of shift, expressed in standard deviations,
which will render a test measurement unfit for medical us-
age. Thus, for sodium, whose ratio is approximately 1, just a
1% shift in measured sodium might make the measurement
too inaccurate for serial monitoring. Sodium is an extreme
example because its plasma concentration is tightly con-
trolled by multiple feedback mechanisms. Where a test’s
MAE/imprecision ratio is less than 2.5, it is highly desirable
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Figure 21.3 Flow chart showing implementation of the 2-2SD/1-3SD control procedure. Courtesy
of Tammy Hofer. doi:10.1128/9781555817282.ch21.f3

that the manufacturer reduce the method’s imprecision.
This is a better approach than adding extra quality control
samples to attempt to detect small analytical errors on a
system that has insufficient reproducibility. Such effort is
highly frustrating and, in the authors’ opinion, generally
nonproductive. For analytes with MAE/imprecision ratios
of 2.5 or less, we recommend the combination of the 1-3SD

and 2-2SD rules, possibly combined with the R-4SD rule.
Table 21.5 shows recommended quality control rules for
various MAE/imprecision ratios. Whenever possible, the
laboratory manager should deploy instruments that pro-
vide tests with MAE/imprecision ratios that exceed 3.5.
For analytical systems with high MAE/imprecision ratios,
it is possible to employ control rules with very low false
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Table 21.4 Comparison of MAEs derived from physiological variation to typical instrument imprecisions

Analyte MAE (%), 95% limits Typical imprecision (%) MAE (%)/imprecision
Serum albumin 3.9 1.5 2.6

Urinary albumin 46.1 8 5.8

Urinary creatinine, 24 h 6.9 2.5 2.8

Activated partial 45 3 1.5
thromboplastin time

Hemoglobin 4.1 0.8 5.1

Serum sodium 0.9 0.8 1.1

Urinary sodium, 24 h 28.8 4 7.2

rejection probabilities, such as 1-3SD or 1-3.5SD or even
1-4SD (21).

Unfortunately, selection of analyte-specific control
rules can require variations in the timing of quality control
testing. Alterations in control frequency are difficult be-
cause many quality control analytes are measured together
on a single instrument. It is almost impossible in a busy
hospital laboratory to schedule more frequent analyte-
specific quality control testing and interpretation. At this
time, very few instruments can automatically sample and
analyze on-board quality control material on a per analyte
basis. As a result, most laboratories use the same schedule
of control analysis for all of the analytes measured. Some
laboratories apply analyte-specific quality control rules
through the use of a sophisticated laboratory information
system or instrument-based quality control systems.

Use of Patient Data for Quality Control

Virtually all laboratories that perform patient specimen
testing for ongoing care must alert the caregiver of any
results that are critical (sufficiently outside of their usual
physiological limits such that they are incompatible with
life). Each laboratory must have a critical value list that
specifies the limits for alerting the caregiver (60, 61, 89,
128). In the past, many areas of the clinical laboratory
have repeated testing in the most timely manner if the
initial results were “critical” This kind of a check (some-
times called a limit check) delays the reporting of the
critical value to the caregiver. As successive generations

Table 21.5 Control rules that can be used for various
MAE/imprecision ratios®

MAE/imprecision Control rule

2to4 Multirule consisting of combination of
1-3SD, 2-2SD, and R-4SD (2 or 3 control
levels at start-up)

35t05 1-2.5S8D (2 or 3 control levels at start-up)

45t07 1-3SD or 1-3.5SD (2 or 3 control levels at

start-up)

@Adapted with permission from reference 14.

of analyzers become more precise, and as laboratories de-
termine that the repeat values are substantially the same,
more laboratories are ending the practice of confirming
the critical value. Such decisions should be data driven;
if an evaluation of the last 50 to 100 critical-value repeats
does not yield clinically significant differences, the labo-
ratory director can confidently suspend this increasingly
non-value-added practice.

For analytes exhibiting large random errors (usually in
the low-volume, manual laboratory), specimens should be
analyzed in duplicate with the average reported as long as
the difference between duplicates does not exceed certain
limits—originally around *=15%, but presently around
+5%. Some laboratories use duplicate analyses of another
type: patient-sample comparisons. These comparisons re-
quire the regular analysis of split samples on identical or
dissimilar instruments that measure the same analyte. Dif-
ferences between instruments that exceed predetermined
limits are investigated and corrected (19, 79). Too often,
these comparisons are performed retrospectively and con-
tribute little to quality improvement. We recommend that
the analyst enter the patient comparison data into an active
database; outlying data should be signaled immediately to
the analyst and laboratory supervisor. Such prospective
analysis can easily be followed by reanalysis of another
sample, adjustment of calibration, perhaps widening of the
acceptable differences, and rarely, instrument replacement.

The average of patient (AOP) data is another control
procedure that uses patient data. In AOP, an error condi-
tion is signaled when the average of consecutive centrally
distributed patient data is beyond the control limits estab-
lished for the average of the patient data. The assumption
underlying AOP is that the patient population is stable.
Any shift would thus be secondary to an analytical shift.
The error-detection capabilities of AOP depend on several
factors (17). The most important are the number of pa-
tient results averaged and the variances of the patient pop-
ulation and analytical method. Using averages of patient
endocrine data has demonstrated high error-detection
capabilities for thyroid testing (33). However, AOP is not
commonly used for clinical chemistry. In contrast, AOP



has been used extensively in hematology to monitor pa-
tient red blood cell indices and, indirectly, their constitu-
ent measurements, hemoglobin and red blood cell count,
as well as hematocrit (23, 65, 74). The primary limitation
of AOP in the hospital laboratory is the lack of randomiza-
tion in the order of receipt and analysis of patient samples.
In hematology, for example, the averaging of a large num-
ber of specimens from a neonatal unit or a hematology
unit can cause the red blood cell indices to inappropriately
indicate an out-of-control situation. In clinical chemistry,
analysis of specimens primarily from renal units will cause
large shifts in the AOP of creatinine, glucose, and urea ni-
trogen. In referral laboratory testing, there is “natural ran-
domization” of patient specimens, and AOP is a powerful
tool in guaranteeing acceptable analytical performance
(20). Hospital laboratory AOP is significantly influenced
by longer-term, within-day and within-week trends. Over-
night and over weekends, less testing is ordered; this week-
end and nightly testing is performed on more acutely ill
patients. As a result, these evening and weekend AOPs will
demonstrate elevated glucose, lower sodium, lower pro-
tein, and lower calcium averages (13).

One other quality control approach uses patient data:
the delta check, in which the most recent result for a pa-
tient is compared to the previous value. The difference
between consecutive laboratory values (deltas) is calcu-
lated and compared to previously established limits (62).
A difference that exceeds these limits is investigated; this
difference is either the result of specimen mix-up or real
changes in the patient’s test results. The difference is usu-
ally calculated in two ways: as a numerical difference (cur-
rent value minus last value) and as a percentage difference
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(numerical difference times 100 divided by the current
value). There is a tremendous range in the true positive
rate of delta check methods depending on the analyte and
its delta limit (133). While delta checks are almost univer-
sally applied, there is a high cost in investigating the many
false positives, especially in tertiary-care hospital popula-
tions in which there are large excursions in laboratory val-
ues secondary to disease or therapy.

External Quality Control (Proficiency Testing)

Proficiency-testing programs provide samples of un-
known concentrations of analytes to participating labora-
tories. Their purpose is to evaluate the ability of laboratory
personnel to achieve the correct analysis. Participation in
these programs is usually government-mandated, with
the premise that acceptable performance indicates pro-
ficiency in patient specimen analysis. This assumes that
proficiency specimens are comparable to and treated the
same as patient specimens. Acceptable performance is de-
termined by some form of consensus by peer comparisons
using “fixed limits,” which are expressed either in measure-
ment units of the analyte (e.g., £0.5 mmol/liter from the
mean for potassium) or as percentages (e.g., =10% for to-
tal cholesterol) (122). Statistically defined limits of accept-
ability are used for a far smaller number of methods (e.g.,
thyroid-stimulating hormone) (Table 21.6). The standard
deviation index (SDI) is used for this purpose and is cal-
culated as the numerical difference between an individual
laboratory’s results and the mean of all laboratory results,
divided by the standard deviation of all laboratory means.
For these analytes, the participant result is acceptable if it
falls within =3 SDI of the group mean.

Table 21.6 CLIA testing criteria for acceptable external proficiency testing performance

Test or analyte

Acceptable performance (+ target value)

Chemistry, toxicology

Alanine aminotransferase 20%
Albumin 10%
Alcohol, blood 25%
Alkaline phosphatase 30%
Alpha-1 antitrypsin 3SD
Alpha-fetoprotein 3SD
Amylase 30%
Anti-HIV

Antinuclear antibody

Reactive or nonreactive

2 dilution or positive/negative

Antistreptolysin O 2 dilution or positive/negative
Aspartate aminotransferase 20%

Bilirubin, total 0.4 mg/dl or 20%

Blood lead 10% or 4 mg/dl

Blood gas pO, 3SD

Blood gas pCO, 5 mmHg or 8%

(continued)
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Table 21.6 CLIA testing criteria for acceptable external proficiency testing performance (continued)

Test or analyte

Acceptable performance (+ target value)

Blood gas pH
Calcium, total
Carbamazepine
Chloride
Cholesterol, total
CK isoenzymes
Complement C4
Complement C3
Cortisol
Creatine kinase
Creatinine
Digoxin
Ethosuximide
Free thyroxine
Gentamicin
Glucose

HDL cholesterol

Hepatitis (HBsAg, anti-HBc, HBeAg)
Human chorionic gonadotropin (HCG)

Immunoglobulin A (IgA)
IgE

IgG

IgM

Infectious mononucleosis
Iron

Lactate dehydrogenase
Lithium

Magnesium
Phenobarbital

Phenytoin

Potassium

Primidone

Procainamide (and metabolite)
Quinidine

Rheumatoid factor
Rubella

Sodium

T3 uptake

Theophylline

Thyroid stimulating hormone
Thyroxine

Tobramycin

Total protein
Triglycerides
Triiodothyronine (T3)
Urea nitrogen

Uric acid

Valproic acid

0.04

1.0 mg/dl

25%

5%

10%

MB present or absent, or 3 SD
3SD

3SD

25%

30%

0.3 mg/dl or 15%

20% or 0.2 ng/ml

20%

3SD

25%

6 mg/dl or 10%

30%

Reactive, positive or nonreactive, negative
3 SD or positive/negative
3SD

3SD

25%

3SD

2 dilution or positive/negative
20%

20%

0.3 mEq/liter or 20% (greater)
25%

20%

25%

0.5 mEq/liter

25%

25%

25%

2 dilution or positive/negative
2 dilution or positive/negative
4 mEq/liter

3SD

25%

3SD

20% or 1.0 mg/dl

25%

10%

25%

3SD

2 mg/dl or 9%

17%

25%

(continued)
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Test or analyte

Acceptable performance (+ target value)

Hematology

Cell identification
White cell differential
Erythrocyte count

80% or greater consensus on identification

3 SD based on leukocyte percentage

6%

Hematocrit 6%

Hemoglobin 7%

Leukocyte count 15%
Platelet count 25%
Fibrinogen 20%
Partial thromboplastin time 15%
Prothrombin time 15%

An alternative multirule system has been developed

to evaluate proficiency test results (12, 15, 18). The alter-
native method is simple and can be used by pathologists,
doctorate-level scientists, and medical technologists. The
most current approach is illustrated in Fig. 21.4. When sig-
nificant deviations are detected in a set of five survey results
(the mean of the five results exceeding +1.5 SDI, or the
range of the observations exceeding 4 SDI, or at least one

Examine Proficiency
Testing Data

observation exceeding 75% of the total allowable error), the
laboratory records, including the internal quality control re-
sults, should be reviewed. Mix-ups of proficiency specimens
or of proficiency and clinical specimens should be ruled out.

Whenever possible, aliquots of the survey specimens
should be frozen and saved. If the survey results differ sig-
nificantly from those obtained on peer instruments, these
aliquots should be reassayed. Results that still deviate

Figure 21.4 Flow chart illustrating proficiency
test review, from reference 14 with permission.
doi:10.1128/9781555817282.ch21.f4
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significantly after retesting can indicate a long-term bias.
If the deviations are variable in magnitude and direction,
there may be a problem with imprecision (random error).
In the event that repeat analysis yields satisfactory results,
the error probably represented a random error or transient
bias encountered during the testing period.

Quality Management of
Postanalytical Processes

The two most important factors affecting the postanalyti-
cal phase of the testing process are test reporting and result
interpretation (113, 129). One source of inaccurate report-
ing is clerical errors due to data entry mistakes. Laboratory
instrument interfaces with computer reporting capabilities
prevent most of these types of errors. Phone reports have a
relatively high rate of errors and should be avoided if pos-
sible. To mitigate such errors, both The Joint Commission
and CAP require the healthcare provider to read back the
information conveyed during the telephone reporting of
patient critical values. If computer reporting is unavailable,
printed results should be promptly delivered to the patient’s
chart or physician’s office. Whenever possible, calculations
should be done by preprogrammed computer systems.

Procedures for defining and reporting critical labora-
tory test results must be developed and periodically re-
viewed by the laboratory director in conjunction with the
medical staff to ensure that clinicians are immediately no-
tified about abnormal results when necessary (35, 70, 71).
Common examples of critical values that require imme-
diate notification include severe hypo- or hyperglycemia,
thrombocytopenia, and positive blood cultures. Failure to
notify a clinician of a critical test result is a serious quality
failure and requires investigation.

Quality management of results utilization and proper
test interpretation is underdeveloped at this time. For ex-
ample, the appropriateness and timeliness of treatment of
patients with serious infections improve when the labora-
tory actively broadcasts the findings of clinically significant
bacterial culture results (30, 101). Recent publications, such
as those using PCR or peptide nucleic acid fluorescence in
situ hybridization (PNA-FISH), document the laboratory’s
ability to provide postanalytical impact (5, 38-40, 136).

Turnaround Time

Excessively prolonged laboratory test turnaround time is
one of the most common complaints voiced to the labo-
ratory manager (55, 58). The slow delivery of laboratory
results is associated with increased diagnostic uncertainty
and delays in patient management. From an outcome per-
spective, slow test turnaround times lead to longer waiting
times for the patient or incomplete information at the time

of a clinical encounter. Pressure to provide test results more
rapidly has led, in part, to the growth of point-of-care test-
ing by nonlaboratory personnel outside of the main clini-
cal laboratory. As a general rule, faster service is associated
with higher costs and sometimes lower quality of test re-
sults. Therefore, it is the laboratory manager’s responsibility
to determine the most effective testing process and testing
schedules that will provide the most cost-effective and reli-
able results within a clinically appropriate time frame.

Evaluation of test turnaround time is an important
component of the laboratory’s quality assurance program
(50, 123). Turnaround time involves all stages of the testing
process and is a good way to globally assess performance.
Table 21.7 shows the major intervals in the testing process
that are potential bottlenecks for delayed testing. Measure-
ment of turnaround time can involve any of these intervals,
although the typical measurement is usually specimen col-
lection to result reporting or specimen delivery to result
reporting. Typically, the distribution of turnaround times
is shifted to the right with a few cases of prolonged times
due to various factors such as verification protocols, dilu-
tions, or instrument malfunction. Therefore, simply tak-
ing an average of all turnaround time measurements is
misleading. A more appropriate measure is to examine the
percentage of outlier turnaround times (86, 112). These
are also the events that will most likely be noticed and be of
concern to clinicians. The key to this approach is to estab-
lish an appropriate target for turnaround time based on the
goals of the clinical staff and the capabilities of the labora-
tory and facilities infrastructure (48). For example, in one
study involving 496 hospitals, about 90% of stat tests from
the emergency department were completed in less than 70
min. Test ordering and specimen collection accounted for
nearly 60% of all reasons for delays (112).

Corrected and Incomplete Reports

Corrected reports are an important indicator of a failure
in one or more laboratory processes. They are analo-
gous to shipping a defective part in the manufacturing

Table 21.7 Stages in the testing cycle where
turnaround time may be measured

Order received and recorded
Patient registration
Specimen collection
Specimen delivery
Specimen processing

Test

Result verification

Result reporting
Interpretation by clinician




industry. Fortunately, only about 4% of these errors have
a significant impact on patient care (52). The largest pro-
portion tend to be associated with hematology testing,
while the fewest are documented in transfusion medicine.
Prior to a result being reported, any number of quality
processes may come into play to prevent incorrect results
from being reported. However, after the result is verified
and reported, the defective result has the potential to af-
fect patient outcome. Incorrect results may be detected
in a variety of ways, including input from the physician
about a clinical inconsistency, a delta check that uncovers
a mislabeled sample that was previously tested, delayed
recognition of a significant quality control failure, or a
clerical error found during routine supervisory review.
All corrected reports should be treated as opportunities to
reexamine and improve processes to prevent recurrences
of the same problem.

Incomplete reporting of results arises from about 2%
of orders received by laboratories (124). This may oc-
cur for a variety of reasons that involve the total testing
process, including improper specimen collection, an un-
available patient, broken tube, lost specimen, misinter-
pretation of the order, an interfering substance in the
specimen, or failure to provide the result in the patient
record. Whenever possible, incomplete testing should
be reported to the clinician as soon as possible so that
testing can be repeated, if necessary. As with corrected
reports, incomplete tests should be monitored and ex-
amined with the goal of modifying processes to prevent
future occurrences.

Document Control

Clinical laboratories process and handle an enormous
amount of information each day. These processes require
an organized approach for controlling, organizing, and re-
taining this information and making it readily accessible
to busy laboratory staff and laboratory inspectors. Docu-
ment control can be a challenge to manage; electronic soft-
ware packages are available to help the laboratory manage
its documents. Nationally, the top three laboratory defi-
ciencies identified during CAP on-site inspections in the
years 1998 to 2001 were related to document control items
(41). The Joint Commission inspection of laboratories
yields similar results, especially when off-site or multi-
site laboratories are involved. A document control policy
should state the intent and direction the laboratory takes
to document and record the structure it uses for creating,
revising, approving, distributing, storing, retrieving, and
destroying documents. Using the Clinical and Laboratory
Standards Institute Quality Systems approach, documents
are broken down into 12 quality system essentials (Table
21.8) to provide laboratories with a mechanism to manage
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Table 21.8 CLSI quality system essentials

Organization
Leadership’s commitment to laboratory quality and quality plan

Organizational charts, definitions, responsibilities, and
relationships

Customer focus
Identifies laboratory customers and expectations and a means to
monitor

Facilities and safety
Overall safety plan with regard to facility and staff safety and emer-
gency response planning

Personnel
Hiring, training, competency, qualifications, job/position
descriptions

Purchasing and inventory
Supplier agreements to provide needed inventory and verification
of incoming supplies.

Equipment
Selection and installation, equipment list, validation records, op-
eration/maintenance checks

Process management
The path of workflow to make the most efficient use of laboratory
resources.
Documents and records
Policies, processes, and standard operating procedures that control
the creation, revision, approving, distribution, storing, retrieving,
and destruction of laboratory documents
Information management
Confidentiality and security of patient information
Nonconforming event management
Reporting and analyzing of events that do not adhere to laboratory
policies, processes, or standards
Assessments
Internal and external monitoring to ensure laboratory meets
requirements
External proficiency testing, accreditation, and quality indicators
Continual improvement
Identifying opportunities to continually look for ways to improve

See reference 26.

the information required to provide quality laboratory
services (26).

Summary

Clinical laboratories are required to have in place a com-
prehensive quality program. This requires managing the
quality of a wide spectrum of resources, procedures, and
services by continuously evaluating quality indicators and
making adjustments to improve laboratory performance
and patient outcomes. The program involves ongoing in-
spection of the total testing process, from the time a test is
ordered until the results are utilized. The quality program
is supported by a robust document control system and is
conducted by measurement and analysis of indicators to
provide information to guide improvement.
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KEY POINTS

m Quality management is a system for continuously ana-
lyzing, improving, and reexamining resources, pro-
cesses, and services within an organization.

m The total testing process provides a comprehensive
working model for evaluating the components of the
laboratory’s quality management plan as an interdepen-
dent component of the organization’s total quality im-
provement program.

m Well-documented procedures and trained phlebotomy
and nursing staff are key factors for ensuring quality of
specimen collection.

m Patient satisfaction is an important quality indicator.

m Quality control is a method for establishing specifica-
tions for an analytical process, assessing the procedures,
monitoring conformance by statistical analysis, and
taking corrective actions to bring the procedures into
conformance.

m The two most important factors affecting the postana-
Iytical phase of the testing process are test reporting and
result interpretation.

m Turnaround time, corrected reports, and incomplete
testing are important indicators for monitoring the to-
tal testing process.

®m A document control policy should state the intent and
direction the laboratory takes to document and record
the structure it uses for creating, revising, distributing,
storing, retrieving, and destroying documents.

GLOSSARY

Accuracy Agreement between the best estimate of a quantity
and its true value.

Analyte Sample to be measured.

Analytical error The difference between the result of an analyti-
cal method and the true value.

Analytical method Set of written instructions that describe the
procedure, materials, and equipment necessary for the analyst to
obtain a result.

Analytical range The range of concentration or other quantity
in the specimen over which the method is applicable without
modification.

Bias Systematic error that describes the difference between
measured and true or assigned value.

Calibration Process of using standards of known concentration
to establish a relationship between the measured signal from the
instrument and analyte concentration.

Coefficient of variation A measure of variance expressed as a
percentage of the mean ([standard deviation/mean] X 100).

Confidence interval Expected range of values within a group
with a specified probability.

Constant systematic error An error that is always in the same
direction and of the same magnitude, even as the concentration
of analyte changes.

Control limit A range of expected values that, if exceeded, warns
of random and/or systematic error in an analytical process.

Control material Specimen that is repeatedly analyzed, with test
results statistically analyzed to monitor method performance.

Delta check Rule-based method to compare a patient’s current
test result to a previous measurement to check for unexpected
differences that might be due to analytical or nonanalytical er-
rors in the testing process.

Error Deviation of measured concentration from expected or
true value.

Gaussian distribution A random distribution of values de-
scribed by their average and variance (standard deviation); used
to describe analytical imprecision.

Imprecision Analytical variance, usually expressed as the stan-
dard deviation or coefficient of variation ([standard deviation/
mean] X100).

Interference One or more specimen constituents that cause bias
by affecting the analytical method.

Matrix Total constituents of the specimen that may affect the
analytical process.

Maximum allowable error (MAE) Amount of error associated
with an analytical method that can be tolerated without invali-
dating the medical usefulness of the result.

Mean Arithmetic average of a set of values.

Medical usefulness limits Quality control limits derived from
clinical application of results rather than statistical imprecision
of the method.

Normal range See reference range.

Proportional systematic error An error that is always in one di-
rection and whose magnitude is a percentage of the concentra-
tion of analyte being measured.

Quality assurance A systematic approach to continuously ana-
lyzing, improving, and reexamining the total testing process.

Quality control A process for monitoring assay performance to
detect deviations from expected outcomes.

Random error A variance from expected that is not reproduc-
ible or predictable.

Recovery Amount (usually expressed as percentage) of known
quantity of an analyte that is measured when added to a specimen.

Reference range Test results that are within expected parame-
ters for about 95% of all individuals in a defined healthy popula-
tion. Values outside of the range are classified as abnormal and
may be associated with a pathological condition.



Sample Part of specimen that is measured.

Sensitivity, analytical The lowest detection limit of an assay;
sometimes measured as the concentration of an analyte that can
be differentiated from a blank within a 95% confidence interval.

Specificity, analytical The ability of an analytical method to de-
termine solely the component(s) it purports to measure.

Standard Material of known or assigned concentration used for
assay calibration.

Standard deviation A statistic that describes the amount of
variance of a set of measurements about the mean value. It is
used to describe the random error of an analytical method.

Turnaround time The interval between the beginning of one
event to the end of another event in the total testing process.
Typically measured as the collection to reporting time or as the
receipt of specimen in laboratory to reporting time.

Variance Standard deviation squared. Assuming all sources of
error are independent of each other, total error is the sum of vari-
ances of individual sources of error.
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APPENDIX 21.1 Regulations, Guidelines, and Information with Application to a Clinical Laboratory

A listing of relevant regulations grouped according to the regula-
tory agency from which they are issued.

FDA
http://www.fda.gov/scienceresearch/specialtopics/runningclinical
trials/ucm155713.htm (accessed May 7, 2013)

21 CFR 11, Electronic Records; Electronic Signatures, Subpart B—
Electronic Records

21 CFR 58, Good Laboratory Practice for Nonclinical Laboratory
Studies

58.185 Reporting of nonclinical laboratory study results

58.190 Storage and retrieval of records and data

58.195 Retention of records
21 CFR 211, Current Good Manufacturing Practice for Finished
Pharmaceuticals

Subpart J—Records and Reports (211.180-211.198)

21 CFR 600, Biological Products, General

600.12 Records
21 CFR 606, Current Good Manufacturing Practice for Blood and
Blood Components

606.100 Standard operating procedures

Subpart I—Records and Reports (606.160-606.171)
21 CFR 640, Additional Standards for Human Blood and Blood
Products

640.72 Records
21 CFR 803, Medical Device Reporting of Adverse Events and Cer-
tain Malfunctions

803.17-803.18 Written MDR procedures, Files

21 CFR 820, Good Manufacturing Practice, Quality System Regulation
Subpart M—Records (820.180-820.198)

Department of Labor: Occupational Safety and Health
Administration (OSHA)

29 CFR 1904, Recording and Reporting Occupational Injuries and
Ilnesses

1904.6 Retention of records

1904.9 Falsification or failure to keep records or reports

29 CFR 1910 Occupational Safety and Health Standards
Appendix C to 1910.120
4. Training (records)
8. Medical surveillance programs (records)

Department of Health and Human Services: Center for Medicare
and Medicaid Services (CMS)

42 CFR 493, Laboratory Requirements (CLIA 88)
493.1107 Test—Records
493.1201(b) Written quality control procedures
493.1202(c)(2) Procedure manual, moderate-complexity testing
493.1211 Procedure manual, high-complexity testing
493.1221 Quality Control—Records
493.1721 Quality Assurance—Records

Department of Health and Human Services, Public Health
42 CFR 72, Interstate Shipment of Etiologic Agents

Department of Transportation

49 CFR 171-7 Shipment of Hazardous Materials

Department of Labor

29 CFR 71—Protection of individual privacy and access to records
under the Privacy Act of 1974

Miscellaneous sources (specifics not listed)

American Association of Blood Banks: http://www.aabb.org (ac-
cessed 5/7/13)

CDC Guidelines: http://www.cdc.gov (accessed 5/7/13)

Clinical Laboratory Standards Institute (CLSI): http://www.clsi.org
(accessed 5/7/13)

College of American Pathologists (CAP): http://www.cap.org (ac-
cessed 5/7/13)

FDA Guidelines, Guidances, and Memoranda: http://www.fda.gov/
(accessed 5/7/13)

Federal Register, multiple sources: https://www.federalregister.gov/
(accessed 5/7/13)

International Organization for Standardization (ISO): http://www
.iso.org/iso/home/standards/management-standards/iso_9000.htm
(accessed 5/7/13)

The Joint Commission: http://www.jointcommission.org (accessed
5/7/13)
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APPENDIX 21.2 CAP Laboratory Inspection Checklist Associated with Quality Management

The checklist is comprised of declarative statements for which
the laboratory must show evidence of compliance. The check-
list provides “notes” that provide further detail on the declarative
statements.

Quality Improvement

GEN.13806 The laboratory has a documented quality manage-
ment (QM) program.

GEN.16902 For laboratories that have been CAP accredited for
more than 12 months, the QM plan is implemented as designed
and is reviewed annually for effectiveness.

GEN.20100 The QM program covers all areas of the laboratory
and all beneficiaries of service.

GEN.20208 The QM system includes a program to identify and
evaluate errors, incidents and other problems that may interfere
with patient care services.

GEN.20316 The QM program includes monitoring key indica-
tors of quality in the pre-analytic, analytic, and post-analytic
phases.

GEN.20325 The laboratory has a procedure for employees and
patients to communicate concerns about quality and safety to
management.

GEN.23584 The laboratory conducts an interim self-inspection
and documents efforts to correct deficiencies identified during
the process.

Quality Management of Preanalytic Processes:
Test Selection and Ordering

GEN.40000 There is a procedure manual or other source for the
complete collection and handling instructions of all laboratory
specimens.

GEN.40016 There is documentation of at least biennial review of
the specimen collection/handling procedure manual by the cur-
rent laboratory director or designee.

GEN.40050 The specimen collection manual is distributed to all
specimen-collecting areas within the hospital (nursing stations,
operating room, emergency room, out-patient areas) AND to
areas outside the main laboratory (such as physicians’ offices or
other laboratories).

GEN.40100 The specimen collection manual includes instruc-
tions for all of the following elements, as applicable
1. Preparation of the patient
2. Type of collection container and amount of specimen to
be collected
3. Need for special timing for collection (e.g., creatinine
clearance)
4. Types and amounts of preservatives or anticoagulants
5. Need for special handling between time of collection and
time received by the laboratory (e.g., refrigeration, imme-
diate delivery)

6. Proper specimen labeling
7. Need for appropriate clinical data, when indicated

GEN.40125 For specimens sent to reference laboratories, the re-
ferring laboratory properly follows all requisition, collection and
handling specifications of the reference laboratory.

GEN.40470 There is documentation that all personnel perform-
ing patient blood collection have been trained in collection
techniques and in the proper selection and use of equipment/
supplies.

GEN.40490 The individual collecting the specimen positively
identifies the patient before collecting a specimen.

GEN.40935 The laboratory has a policy that personnel receiving
verbal or phone orders read back the entire order to verify ac-
curacy of transcription.

GEN.40938 The laboratory has a policy on confirmation of test
orders that may be unclear (e.g., orders using non-standard or
non-specific terms).

Quality of Specimen Collection

GEN.40505 There is a mechanism to provide feedback to the col-
lector of the specimen on issues related to specimen quality.

GEN.40825 There is a system to positively identify all patient
specimens, specimen types, and aliquots at all times.

GEN.43750 The system provides for comments on specimen
quality that might compromise the accuracy of analytic results
(e.g., hemolyzed, lipemic).

GEN.40535 There is an adequate process for monitoring the
quality of submitted specimens, correcting problems identified
in specimen transportation, and improving performance of cli-
ents or offices that frequently submit specimens improperly.

Patient and Client Satisfaction
GEN.20335 Referring physicians’/clients’ or patients’ satisfaction
with laboratory service was measured within the past two years.

Quality Management of Analytic Processes

GEN.30000 There is a written quality control program that
clearly defines policies and procedures for monitoring analytic
performance.

GEN.30070 If the laboratory performs test procedures for which
neither calibration nor control materials are available, proce-
dures are established to verify the reliability of patient test results.

Proficiency Testing (PT)

COM.010000 The laboratory has written procedures for profi-
ciency testing sufficient for the extent and complexity of testing
done in the laboratory.

(continued)
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APPENDIX 21.2 CAP Laboratory Inspection Checklist Associated with Quality Management (continued)

COM.01100 The laboratory has a procedure for assessing its per-
formance on PT challenges that were intended to be graded but
were not.

COM.01500 For tests for which CAP does not require PT, the
laboratory at least semi-annually 1) participates in external PT,
or 2) exercises an alternative performance assessment system for
determining the reliability for analytic testing.

COM.01600 The laboratory integrates all proficiency testing
samples within the routine laboratory workload, and those sam-
ples are analyzed by personnel who routinely test patient/client
samples, using the same primary method systems as for patient/
client/donor samples.

COM.01700 There is ongoing evaluation of PT and alternative
assessment results, with prompt corrective action taken for unac-
ceptable results.

COM.01800 There is a policy that prohibits interlaboratory com-
munication about proficiency testing samples until after the dead-
line for submission of data to the proficiency testing provider.

COM.01900 There is a policy that prohibits referral of profi-
ciency testing specimens to another laboratory.
Quality Management of Postanalytic Processes: Reporting

GEN.43825 Manual and automated result entries are verified be-
fore final acceptance and reporting by the computer.

COM.30000 The laboratory has procedures for immediate no-
tification of a physician (or other clinical personnel responsible

for the patient’s care) when results of designated tests exceed es-
tablished “alert” or “critical” values that are important for prompt
patient management decisions.

COM.30100 When critical results are communicated verbally or
by phone, there is a policy that laboratory personnel ask for a
verification “read-back” of the results.

Turnaround Time

GEN.41345 Has the laboratory defined turnaround times (i.e.,
the interval between specimen receipt by laboratory personnel
and results reporting) for each of its tests, and does it have a pol-
icy for notifying the requester when testing is delayed?

Corrected and Incomplete Reports

GEN.41307 When errors are detected in patient test reports, the
laboratory promptly notifies responsible clinical personnel or
reference laboratory as applicable and issues a corrected report.

GEN.41310 All revised reports of previously reported, incorrect
patient results are identified as revised, and both the revised and
original data are clearly identified as such.

Document Control
GEN.20375 The laboratory has a document control system.

GEN.20377 Laboratory records and materials are retained for an
appropriate time.
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Tiered standardized integrated structure,
for testing, 481
Tilting arrays, 952
Time management, 28-29
in leadership, 228
meeting control, 264, 270
in team, 376
Time value of money, 605-608, 766, 775
Time-motion studies, 855
Time-off requests, 245
Tissue, restrictive laws on, 903-904
TJC, see The Joint Commission
To Err Is Human (Institute of Medicine),
141, 902, 908-909
Top-down approach, to cost analysis,
476-477,762-763
Top-down communication, 251
Top-down management, 203
Tornadoes, 552
Tort reform, 148
Total laboratory automation, 933-934,
945
Total quality management, 9-11, 851
Total testing process, 422
Townsend, Robert, 685
Toxic materials, 517
Tracer methodology, 106
Tracking, automated, 673
Tracking test volumes, 687
Trademarks, 59
Tradeoffs, for activity fit, 582
Traditional indemnity, 176-177
Traditional work teams, 375
Traditionalist generation, 238-239, 296
Training, 72-73; see also Medical
training
for advance beneficiary notices, 782
for arterial blood gas services, 792
changes in, 202-203
closure of programs, 141, 233, 363
compliance, 110-111, 676
for conducting human research
projects, 821
for conflict resolution, 278
continuing, 236, 454
cross-training, 78, 178, 364-365,
594-595
for emergency management, 550-551
for employee retention, 304
evaluation of, 302
guidelines for, 318
for HIPAA, 125-126, 901
for institutional review boards, 153
for laboratory safety, 530-532, 544
leadership, 220-221
levels of competency in, 912
Microbiology Medical Technologist,
350-356
for new equipment and tests, 508, 512

on-the-job, 364

opportunities for, 320

for organizational ethics, 18

for outreach programs, 706, 745, 753

for performance appraisals, 315, 316

for POCT, 478-479

requirements for, 363-364

for result interpretation, 970-971

for sales representatives, 789

shortages in, 697

task-related, 379-380

team-related, 380-381

test appropriateness, 493

for test ordering, 495

for test strategy, 970-971

for test utilization, 886

as transactional change, 283

for underperforming employees, 593

visual aids for, 255

waste management, 528
Trait theory, of leadership, 5
Transactional change, 282-283
Transactions, in HIPAA, 125
Transcendence, 234, 236
Transcription-based amplification

methods, 964

Transformational change, 283
Transfusion medicine, 99-109

automated testing for, 948

biological product deviation reporting

in, 107-109
changes involving, 99-100
costs of oversight, 109
lookback for, 100-102
molecular testing for, 948-949
organizations impacting, 103-106
outreach program interaction with,
784

pharmaceutical manufacturing model

of, 102-103
precautionary principle in, 102
record retention in, 679
regulatory requirements in, 99-109
safety of, 100-103, 146
standardized performance measures
of, 146
supply for, 102
Transitional change, 283
Translational research, 833-835
Transport systems, 74-75; see also
Department of Transportation
(DOT); Shipping
Traps, in decision making, 16-17
TRICARE, 113,116
Troponin tests, 144
Trust
in communication, 32, 258, 259
development of, 202
honoring your word and, 223

lack of, in change, 285
in leadership, 228
in quality improvement, 203
in teams, 385
Trust but verify proverb, 408-409
T-sensor, in microfluidics, 949-950
Tuberculosis
disinfectant for, 526
regulatory requirements, 90
testing for, 493, 810, 945-946, 952
Tuition benefits, 73
Turnaround time (TAT), 50, 74, 498
automation for, 76-77
in disease management, 183
improvement of, 199, 244, 507-508
in point-of-care testing, 186, 474-475
in quality management, 436, 446
satisfaction with, 425
Twitter, 254-255
2-2SD rule, 426, 430-431
Typing, of microbial organisms, 946-947

U
U. S. President’s Emergency Plan for
AIDS Relief (PEPFAR), 481
UB-04 claim form, 121, 632, 780
UB-92 claim form, 632
UBIT (unrelated business income tax),
in outreach programs, 781
Ultra-performance liquid
chromatography, 936-937
Ultraviolet light exposure, 518
Unbundling, 671-672
Undergraduate Medical Education for
the 21st Century, 155
Underground troublemakers, 593-594
Underpayments, 637-638
Underperforming employees, 593
Underutilization, 145, 909-910
Undue hardship, in workplace, 93
Unfair labor practices, 393-396, 401
Unfunded mandates, 80
Uniform Bill, 109
Union(s)
collective bargaining by, 401-403
laws for, 393-396
management interactions with, 407
membership statistics for, 393, 397
organizing campaign for, 399-401
personnel management with,
590-591
steward functions in, 397-398
structure of, 396-398
unionization process for, 398-399
websites for, 406
Unique device identifiers, 465
Unique provider identifier number, 658
Unit costs, 599-600, 761
United Healthcare, 177



United Nations Committee of Experts,
87
United States Biovigilance Network, 146
United States Preventive Service Task
Force (USPSTF), 662
Units of service (UOSs)
in benchmarking, 855
in cost accounting, 598-600, 608
maximum number of, 660
Units of work, 366-367
Universal Precautions (now Standard
Precautions), 518
Unmanageable costs, 590
Unplanned changes, 282
Unrelated business income, 115
Unrelated business income tax (UBIT),
in outreach programs, 781
UOSs (units of services), 598-600, 608,
660
Upbundling, 122
Upcoding, 122, 671
Upward communication, 31, 251
Urgent-care setting, 168
Urinalysis, 937-938
Usual charge, 647
Utility failure, 552
Utilization management processes, 180,
181; see also Test utilization

\Y
Vacations, 245, 595
Vaccination, 524
Validation
with electronic health records, 923
new equipment and tests, 512
test, 493
Validity, of new medical devices, 811
Value(s), 902; see also Ethics
in customer service, 61-62
Value-added comments, 499
Value-added elements, in sales approach,
704
Value-added pricing, 53
Value-added services, 907
Value-based healthcare models, 179
Value-based payment, demonstration
projects for, 183-184
Value-based purchasing, 143, 175, 178,
184
van Buren, Martin, 818
Variable costs, 598, 760, 763
Variables, confounding, in research,
835
Variance(s), 597-598
Variance analysis, 610-613, 687
Variant Creutzfeldt-Jakob disease agent,
102
Varicella vaccination, 524
Variety-based strategic positions, 580

Vasodilator-stimulated phosphoprotein
phosphorylation test, 941
Vendors
bargaining with, 178
of new equipment and tests, 511-512
power of, 697
Ventilation, loss of, 552
Verbal barriers, to communication, 256
Verbal communication, 31-33, 251-252
Verbal orders, 119
Verification
of CPT codes, 629
of new equipment and procedures,
493,512
Veterinary laboratory services, 791
Video cameras, in microbiology, 944
Videoconferences, 265
Videophones, for telemedicine, 188
Videos, for communication, 255
Vining, Sarah, 237
Violations, of regulations, 113, 127
Virginia Commonwealth University, 27,
140
Virtual laboratories, 200
Virtual teams, 384
Virtualization, of healthcare, 186
Virtue, integrity as, 222
Viruses
in blood banks, 948-949
handheld detection devices for, 953
molecular testing for, 945-947
Vision
in motivation, 244
organizational, 18
Vision statements, 18-19, 26-27
Visitors to laboratory, 453, 521, 524
Visual communication, 255, 454
Vocational Rehabilitation Act of 1973,
299
Voice, tone of, as communication barrier,
256
Volume
in pricing, 52
of tests, staffing for, 370
in variance analysis, 611
Voluntary Hospitals of America, 697
Von Clausewitz, Carl, 741
von Neumann, John, 579-580
Voting, at meetings, 269
Vroom, V. H., decision-making model,
13-14

w
Wagner Act (National Labor Relations
Act) of 1935, 393-395
Waived tests, 86, 94-95, 318, 489-490,
567-568, 638, 900
Warning signs and labels, 524
Waste, improper payments causing, 671
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Waste management, 91-92, 527-528,
552
Water supply
failure of, 552
for new equipment and tests, 508
Weaknesses, in SWOT analysis, 699
Weather-related disasters, 552
Weber, Max, 6-7
Websites, in outreach programs, 785
Weighted checklist, 314
Wellness programs, 174
Wennberg, John, 185
Western Electric, productivity studies
in, 7
Westgard quality control rules, 426
Wheelchairs, in workplace, 93
Whistleblowers, 17, 110-112, 681
White blood cells, analysis of, 938-940
Whole-genome sequencing, 951
Wilde, Oscar, 851
William-Steiger Act of 1970, 85
Window period, in blood supply viral
contaminants, 100-101
Withhold payment method, 171
Women, health needs of, 142, 155
Wooden, John, 392
Word, honoring, in leadership,
221-224
Work, units of, 366-367
Work groups, vs. teams, 374
Work practices
for safety, 524
for tuberculosis, 90
Work sheets, assessment of, 322
Work style, of different generations,
238
Work teams, 375
Work flow, 30, 76-78
with new equipment and tests, 510
path of, 488
technology for, 76-77
testing site options for, 77-78
Workforce, 71-74; see also Employee(s)
(personnel)
approaching crisis in, 232-233
future of, 907-917
turnover in, 591
Workload
in outreach programs, 778
recording of, 366-367, 855
Workplace, 74-76
catalyst in, 259
centralized vs. decentralized
operations in, 74-75
change in, 281-291
conflict origins in, 274
diversity in, 296
drug testing in, 408-417
forensic, 415
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persons selected for, 409-411
protocol for, 411-415
regulations for, 409

good conditions at, 912-913

health promotion programs in, 177

integration of services in, 75-76

positive, 591

strengths and struggles of, in different

generations, 236-239
trust development in, 202

Workstations, in laboratory information
system, 461
World Bank, POCT and, 481
World Health Organization
biohazardous agent list of, 518
on blood supply safety, 106
infectious substance classification of,
529
Write-offs, reduction of, 247
Written communication, 252-253, 453,
454

X
X-0.01 rule, 430-431

Y
Young adults, in parents’ insurance plan,
174

Z
Zero defections, 60
ZPIC (Zone Program Integrity
Contractors), 674



