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Background: Timely delivery of correct results has long been considered as the goal of quality management in
clinical laboratory. With increasing workload as well as complexities of laboratory testing and patient care, the
traditional technical adopted like internal quality control (IQC) and external quality assessment (EQA) may
not enough to cope with quality management problems for clinical laboratories. We applied failure mode and ef-
fects analysis (FMEA), a proactive tool, to reduce errors associated with the process beginning with sample col-
lection and ending with a test report in a clinical chemistry laboratory. Our main objection was to investigate the
feasibility of FMEA in a real-world situation, namely the working environment of hospital.
Methods: A team of 8 people (3 laboratory workers, 2 couriers, 2 nurses, and 1 physician) from different depart-
ments who were involved in the testing process were recruited and trained. Their main responsibility was to an-
alyze and score all possible clinical chemistry laboratory failures based on three aspects: the severity of the
outcome (S), the likeliness of occurrence (0), and the probability of being detected (D). These three parameters
were multiplied to calculate risk priority numbers (RPNs), which were used to prioritize remedial measures. Fail-
ure modes with RPN > 200 were deemed as high risk, meaning that they needed immediate corrective action.
After modifications that were put, we compared the resulting RPN with the previous one.
Results: A total of 33 failure modes were identified. Many of the failure modes, including the one with the highest
RPN (specimen hemolysis) appeared in the pre-analytic phase, whereas no high-risk failure modes (RPN > 200)
were found during the analytic phase. High-priority risks were “sample hemolysis” (RPN, 336), “sample delivery
delay” (RPN, 225), “sample volume error” (RPN, 210), “failure to release results in a timely manner” (RPN, 210),
and “failure to identify or report critical results” (RPN, 200). The corrective measures that we took allowed a de-
crease in the RPN, especially for the high-priority risks. The maximum reduction was approximately 70%, as ob-
served for the failure mode “sample hemolysis”.
Conclusions: FMEA can effectively reduce errors in clinical chemistry laboratories.

© 2015 Published by Elsevier B.V.
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1. Introduction strategies have been employed to reduce mistakes, such as application

of internal quality control (IQC) and external quality assessment

Laboratory testing plays an indispensable role in health care, as 80—
90% of all diagnoses are made on the basis of laboratory test results [1].
The entire testing process is a complex and multi-sector cooperative ac-
tivity. First, specimens are collected by a nurse and delivered to the lab-
oratory by a courier. Second, the clinical pathologist uses the specimen
as a surrogate for the patient to perform the test and returns the results
to the requesting physician. Finally, the patient is diagnosed or treated
according to the physician's judgment, which is informed by the test re-
sults [2]. It is clear that any failure in this series of events may result in
delayed or misinformed health care, with the potential for great finan-
cial or physical costs to patients. Over the past few decades, many
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(EQA) [3]. Such measures focus mainly on monitoring instrumentation
failures in the analytic phase, and they only address errors that have al-
ready been made. However, as illustrated by many publications,
laboratory-related errors occurring in the pre- and post-analytic phases
are also important, and they cannot be ignored as a part of efforts to im-
prove quality and reduce adverse events [4]. Therefore, approaches that
systematically supervise the whole testing process and identify the
causes of all errors, including potential errors, are needed.

In this context, the Clinical and Laboratory Standards Institute (CLSI)
document EP18-A2 describes certain techniques to identify risks and to
reduce medical laboratory errors [5]. Failure mode and effects analysis
(FMEA) is recommended as a proactive risk evaluation technique; this
method was first used in industry [6], as the early development of the
health care system mainly concentrated on drug manufacture [7]. How-
ever, FMEA is now widely used to proactively evaluate complex clinical
processes according to a standardized approach, with the intent of

http://dx.doi.org/10.1016/j.cca.2015.06.016

Please cite this article as: Y. Jiang, et al., Application of failure mode and effects analysis in a clinical chemistry laboratory, Clin Chim Acta (2015),

15

23

27

29

34

70
71


http://dx.doi.org/10.1016/j.cca.2015.06.016
mailto:1026622941@qq.com
Journal logo
http://dx.doi.org/10.1016/j.cca.2015.06.016
http://www.sciencedirect.com/science/journal/00098981
www.elsevier.com/locate/clinchim
http://dx.doi.org/10.1016/j.cca.2015.06.016

Order entry in
HIS by general
physicians

v

Preparation of

test tube

Y. Jiang et al. / Clinica Chimica Acta xxx (2015) XXX—-XXX

Specimen  entry

in department of

A4

Preparation
before operation

field support
A\ 4
Sample > .
P "| Transportation
collection

5.1 check the

4.1 ensure that the test
1.1 check the application sheet and number of the
mfomfattl‘on on;he Inform the patient of Operator: the patient’s specimen and
prescription an . .
atient’s information the following: ?.1 Chec}-( the mforjmatlon are identify the
p; . o information on consistent ) .
l‘i selegt t}:ne Eg}}]“ test 2.1 the objective of prescription 4.2 select the appropriate transportation site
Fu © and chee the sample collection and test sample point 5.2 transport the
integrity P— o . . .
1.3 bind th 2.2 the dos and application 4.3 sterilize the skin and sample in & timely
. 11? ¢ & . . sheet tie a tourniquet
prescription to the don’ts during the 3.2 prepare the 4.4 sample at the right manner and
barcode on the test sampling period sample time, in the right correctly
tu‘%)e HLthC HIS and 2.3 the need to 3.3 check the sequence, and collect the
print the test . . patient’s right volume
application sheet avoid cating when a condition 4.5 verify all of the
fasting sample information again and
required store the
specimen correctly
4.6 register the specimen
and transfer it to the
courier
Sample entry in the
clinical chemistry
department
A Py
S Analysis A and > | Result Physician
Sp > receives
preparation confirmation reporting
results
6.1 register and Reagents: Instrument: 9.1 verify th 10.1 identify
.1 verify the
verify the sample 7.1 check all of the 8.1 start the X . 4 i critical results
integrity of the
number reagents instrument and ? Y and inform the
results

6.2 identify the
testing items
6.3 identify any
unqualified
specimen and
request proper
specimens if
necessary

6.3 log barcode
into the
laboratory
information
system (HIS)
6.4 perform the
pretreatment
process

6.5 store and wait

for analysis

7.2 prepare the
reagents, calibration
material and
quality-control
substance

7.3 verify the
temperature and the
batch number of the
reagents and ensure
that no bubbles are
present before use
7.4 clean up the
waste liquid and
ensure that all lids

are locked after use

perform daily
. 9.2 identify any
maintenance
. outliers
8.2 verify the
X 9.3 exclude any
instrument’s state .
. outlier caused by
8.3 perform daily X
pre-analytic error
calibration and
. 9.4 countercheck
quality control .
any questionable
8.4 verify the
results

calibration and

physician

10.2 release the
report in a
timely manner
10.2 verify that
all required
tests were

completed

quality-control
results

8.5 run the test

Fig. 1. The flow chart of the current test process in our clinical chemistry laboratory. Critical parts are italicized.
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