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Laboratory medicine has been one of the most proactive 
disciplines in establishing a culture of quality and safety, 
throughout a long endeavour that has commenced more 
than 100 years ago, in the 19th century (1). As a paradigmatic 
example, many working groups or task forces on quality in 
diagnostic testing have been endorsed by several national 
and international organizations, such as the International 
Federation of Clinical Chemistry [i.e., the IFCC Working 
Group Laboratory Errors and Patient Safety (WG-
LEPS)], or the European Federation of Clinical Chemistry 
and Laboratory Medicine [i.e., the EFLM Working 
Groups Harmonisation of Total Testing Process (WG-
H), Preanalytical Phase (WE-PRE) and Postanalytical 
Phase (WG-POST)]. Certification and accreditation of 
laboratory services are other important attributes which 
have both enormously contributed to moderate diagnostic  
uncertainty (2). Although the enormous efforts made for 
improving standardization and/or harmonization in the 
various activities of the total testing process have now 
contributed to render laboratory diagnostics a much safer 
enterprise, with an over 300-fold decrease in the error rate 
since the birth of the discipline (3), medical laboratories 
are not the safe places they are supposed to be, and many 
opportunities of errors remain, most of which occurring in 
the extra-analytical phases of the total testing process (4). 

Benchmark, which can be conventionally defined 
as a process aimed to define a standard of excellence 
and to compare functions or activities with a reference  
measure (5),  is  indeed one of the most important 
strategies for risk assessment and prevention, as well 
as for harm containment in healthcare (6). Briefly, the 

widespread adoption of a set of reliable and universally 
agreed performance indicators may allow to accurately 
compare individual performance, identifying local areas of 
vulnerability, generating a wealthy spirit of competition with 
partners and finally leading to implementing best healthcare 
practices (7). Unquestionably, laboratory professionals and 
their societies have been forerunners even in benchmarking. 
Recent examples include the IFCC WG-LEPS project 
on Quality Indicators in laboratory medicine (8) or the 
joint IFCC WG-LEPS and EFLM WG-PRE initiative to 
developing a standardized software for recording laboratory 
errors (9). This large collaborative effort has allowed the 
many participant laboratories to enter their local data in a 
standardized database, and thus benchmarking their actual 
performance with that of several other facilities worldwide. 
Nevertheless, what has not been definitely clarified so far 
is how the error rate in laboratory medicine compares 
with that of other common diagnostic disciplines such as 
radiology, pathology and ecography. 

According to the most recent and accurate information 
retrieved from the current scientific literature, the error 
rate in laboratory diagnostics is approximately 0.3% (10), 
thus much lower than the risk of mistakes in ecography 
(i.e., 0.8%) (11), radiology (i.e., 4%) (12) and pathology 
(i.e., 0.5%) (13). The error rate in laboratory medicine 
is even lower than the risk of losing baggage in an  
Airport (14), which is a well-established quality indicator of 
customer satisfaction in commercial aviation (15) (Table 1). 
A much better description of these figures can be obtained 
using the Six-Sigma approach, a clear-cut approach for 
allowing system (re-)design and for process management 
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and improvement (16). Based on its formula, six standard 
deviations (SDs) separating a measured variable (i.e., the 
error rate) and the closest specification limit implies that 
no single activity will actually fail to meet the expected 
specifications. To put it simply, the highest is the SD 
value in the Six-Sigma chart, the lowest is the chance of 
failure and vice versa (e.g., 6 SD =3.4 failures ppm, whilst 
1 SD =690,000 failures ppm, respectively). Therefore, 
as clearly shown in Figure 1, the probability of errors in 
laboratory medicine is approximately half of the likelihood 
that a baggage will be lost in an airport and, even more 
impressively, is nearly 13- and 17-fold lower than the risk of 
mistakes in pathology and radiology, respectively. 

These straightforward figures conflict with a widespread 
perception that the risk of errors in laboratory medicine 
is magnified compared to radiology. However, this 
conclusion is clearly biased by the different volume of tests 
performed by the two diagnostic disciplines. According 
to official statistics of the Italian Ministry of Health (17), 
a total number of 1.016 billion laboratory analyses and  
0.061 billion radiology tests have been performed in the 
country throughout the year 2013, respectively. This 
translates into a potential risk of 2.43 million radiological 
mistakes and 3.05 million laboratory errors, respectively. 
Yet, despite clinical laboratories perform a volume of tests 
nearly 20-fold higher than radiology departments, the overall 
number of potential errors is similar in absolute number, but 
is still consistently lower in percentage (Figure 2).

The results of this analysis lead the way to an important 
conclusion. Laboratory diagnostics is an essential science, 
which provides a fundamental, virtually inalienable, 
contribution to the clinical decision making, despite only 
modestly eroding the available healthcare resources (18). 
Unlike other diagnostic areas in medicine (19), error 
reduction strategies have now become routine part of 
comprehensive quality management programmes in clinical 
laboratories, and have probably allowed to make laboratory 
medicine the safest diagnostic discipline in healthcare.
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Table 1 Statistics of diagnostic errors in laboratory medicine, 
pathology, radiology and ecography compared to the number of 
baggage lost in airports

Specialities Frequency, % Six-Sigma SD

Radiology 4 3.25

Pathology 5 3.14

Ecography 0.80 3.91

Laboratory medicine 0.30 4.24

Luggage lost in airport 0.60 4.03

SD, standard deviation.
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Figure 1 Six-Sigma chart of diagnostic errors in laboratory 
medicine, pathology, radiology and ecography compared to the 
number of baggage lost in airports. ppm, part per million.
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Figure 2 Volumes of tests and potential diagnostic errors in 
radiology and laboratory medicine in Italy (year 2013).
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