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1  |  INTRODUC TION

It is now clear that laboratory errors are mostly attributable to the 
lack of standardization or harmonization of some manually inten-
sive activities belonging to the pre-analytical phase.1,2 Unlike other 

phases, the identification of pre-analytical errors remains challeng-
ing as most activities are not performed under the direct control of 
clinical laboratories, along with an insufficient dissemination and 
application of existing guidelines and recommendations.3,4 Various 
errors in the procedure of specimen collection have been reported 
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Abstract
Background: Various errors in the procedure of specimen collection have been re-
ported as the primary causes of pre-analytical errors. The aim of this study was to 
monitor and assess the reasons and frequencies of rejected samples in China.
Methods: A pre-analytical external quality assessment (EQA) scheme involving six 
quality indicators (QIs) was conducted from 2017 to 2019. Rejection rate was calcu-
lated for each QI. The difference of the rejection rates over the time was checked by 
Chi-square test. Furthermore, the 25th, 50th, and 75th percentiles of the results from 
total laboratories each year were calculated as optimum, desirable, and minimum level 
of performance specifications.
Results: In total, 423 laboratories submitted data continuously for six EQA rounds. 
The overall rejection rates were 0.2042%, 0.1709%, 0.1942%, 0.1689%, 0.1593%, and 
0.1491%, respectively. The most common error was sample hemolysed (0.0514%–
0.0635%), and the least one was sample not received (0.0008%–0.0014%). A sig-
nificant reduction in percentages was observed for all QIs. For biochemistry and 
immunology, hemolysis accounted for more than half of the rejection causes, while 
for hematology, the primary cause shifted from incorrect fill level to sample clotted. 
The quality specifications had improved over time, except for the optimum level.
Conclusion: The significant reduction in error rates on sample rejection we observed sug-
gested that laboratories should pay more attention to the standardized specimen collec-
tion. We also provide a benchmark for QIs performance specification to help laboratories 
increase awareness about the critical aspects in the need of improvement actions.
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as the primary causes of pre-analytical errors.5 As the result of spec-
imen rejection, re-collection procedure may cause prolongation of 
turn-around time (TAT) and affect patient care, which can have a 
negative impact on clinician decision making and initiation of timely 
treatment. Thus, improving the quality of specimen is a key factor to 
assure the desired patient outcome.

Quality indicators (QIs) have proven to be a suitable tool in mon-
itoring laboratory performance throughout the total testing pro-
cess (TTP), especially for pre-analytical and post-analytical phase.6 
According to the ISO 15189:2012, clinical laboratories should iden-
tify critical TTP activities and implement QIs in order to highlight and 
monitor errors when they occur. In the last decades, many efforts have 
been made in QI harmonization. The working group “Laboratory Errors 
and Patient Safety” of International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) launched a project aimed at defining a 
common Model of Quality Indicators (MQI) in 2008.7 Other programs 
on QIs have been organized and implemented in several countries.8-11

Currently, the usual external quality assessment (EQA) scheme 
focuses mainly on the analytical phase of laboratory work. In this 
study, we designed a pre-analytical EQA scheme to evaluate pre-an-
alytical errors on specimen collection, which included in six QIs: 
incorrect sample type, incorrect sample container, incorrect fill 
level, sample clotted, sample hemolysed, and sample not received. 
To assess the effect and efficiency of pre-analytical EQA scheme, 
the quality monitoring program was conducted with a retrospective 
analysis of the reasons and frequencies of rejected samples, provid-
ing the bases for quality improvement.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

The pre-analytical EQA scheme was conducted twice a year from 
2017 to 2019 (totally six EQA rounds: 201701, 201702, 201801, 
201802, 201901, and 201902), according to Model 3—interpretive 
proficiency testing scheme as described in ISO/IEC 17043:2010.12 In 
this type of EQA scheme, the “EQA sample” may be a questionnaire 
or case study circulated by the EQA provider to each participant for 
return of specific answers, which differs significantly from that used 
in traditional EQA schemes. Clinical laboratories already participated 
in the EQA programs of the biochemistry, immunology, and hematol-
ogy, organized by the Zhejiang Centre for Clinical Laboratories dur-
ing the time, were included in this study.

An electronic questionnaire including two parts was sent to 
each laboratory. The first part was about the general laboratory 
information, including the type of laboratory, the laboratory in-
formation system, and the laboratory personnel. The second part 
aimed to collect the data of the rejected samples on account of 
different errors as listed in Table  1, together with total number 
of samples for clinical biochemistry, immunology, and hematology 
tests in assigned month (June for the first round and November 
for the second round, per year). Laboratories were asked to submit 
the questionnaire within 1 month upon receipt. After each round 
of pre-analytical EQA scheme, a summary report was sent to each 
participant.

TA B L E  1 List of QIs on specimen rejection

Code Quality indicator Definition Calculation formula

QI 1 Incorrect sample type Sample with wrong or inappropriate sample matrix 
(e.g., whole blood instead of plasma. Note: 
Drawing blood in the wrong vacuum collection 
tube will also trigger the incorrect sample type, 
which is the root cause that the testing cannot 
be continued. Such kind of error is classified as 
incorrect sample type)

Number of samples of wrong or 
inappropriate type / total number of 
samples over the same period

QI 2 Incorrect sample container Sample collected in wrong container with no change 
in sample type (such as non-sterile containers, 
unsealed containers, or damaged containers. 
Note: Drawing the blood in the wrong vacuum 
collection tube is not included, as the root 
cause that the testing cannot be continued is 
inappropriate sample type)

Number of samples collected in wrong 
container / total number of samples over 
the same period

QI 3 Incorrect fill level Sample with insufficient or excessive sample volume Number of samples with unsatisfactory 
sample volume / total number of samples 
over the same period

QI 4 Sample clotted Sample clotted. Number of samples clotted / total number of 
samples over the same period

QI 5 Sample hemolysed Sample with free Hb>0.5 g/L or visible hemolysis Number of samples with free Hb>0.5 g/L 
or visible hemolysis / total number of 
samples over the same period

QI 6 Sample not received Sample collected but not received by the laboratory 
or lost

Number of samples not received / total 
number of samples over the same period
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2.2  |  Statistical analysis

A retrospective analysis of the data obtained from laboratories 
participated consecutively over six EQA rounds was presented in 
this study. All statistical analyses were performed with IBM SPSS 
Statistics for Windows (version 20.0 IBM Corporation, Armonk, 
New York, USA) and Microsoft Excel 2010 (Microsoft Corporation). 
After removal of obviously incorrect data, the calculation of “overall 
rejection rate,” “overall rejection rate due to each error type” and 
“rejection rate of each laboratory due to each error type” were con-
ducted for each EQA round.

Kolmogorov-Smirnov test was performed to check the nor-
mality of the data distribution of error rates and to select the 
appropriate parametric or non-parametric statistics. The differ-
ences of error rates between the first (201701) and the last round 
(201902) were calculated and further evaluated by Chi-square 
test. A p-value of less than 0.05 was considered statistically 
significant.

The preliminary performance specifications were established on 
the basis of data collected in the second EQA round of each year. 
As the Kolmogorov-Smirnov test showed the distribution of the 
error rates were non-normal, non-parametric statistics were se-
lected. The 25th, 50th, and 75th percentiles of the results from total 
laboratories were calculated as optimum, desirable, and minimum 
performance level according to the proposal by Fraser et al.13 95% 
confidence intervals of the percentiles were calculated with boot-
strap statistics in SPSS.

3  |  RESULTS

3.1  |  General information on participating 
laboratories

There were 532, 595, and 434 laboratories participated in the 
pre-analytical EQA scheme in 2017, 2018, and 2019, respectively. 
Of the responding laboratories, 423 laboratories submitted data 
continuously and completely for all six EQA rounds, and were fi-
nally included. Most laboratories (371/423; 87.7%) were public, 
leaving 52 laboratories were private. Of all the public laborato-
ries, participants from general hospitals accounted for 65.2% 
(242/371), while specialized hospitals accounted for 34.8% (129 
/371).

3.2  |  Overall rejection rate

During the study period, the total number of samples had increased 
significantly, as displayed in Table  2. The largest sample size was 
seen in hematology, while the least was immunology. The overall 
rejection rates showed significant reduction over time for three dis-
ciplines. The highest rejection rate was observed in clinical biochem-
istry, showing the largest reduction as well. TA
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3.3  |  Overall rejection rate due to six pre-
analytical errors

The categories and frequencies of sample rejection causes are 
shown in Table  3. The highest error rates were observed in sam-
ple hemolysed, followed by sample clotted and incorrect fill level. 
Sample not received always kept representing a low prevalence at 
about 0.001%. The all-cause rejection rates were reduced over time 
with statistical significance. The greatest magnitude of decrease was 

observed in incorrect sample type, from 0.0427% to 0.0197%, while 
the least was seen in sample clotted.

Among the reasons for rejected samples, hemolysis accounted 
for high frequencies of 46.0% and 43.4% in the first round for bio-
chemistry and immunology, respectively, with a slightly increased 
proportion in the last round as shown in Figure  1. For hematol-
ogy, the main rejection cause was incorrect fill level, but turned 
into anticoagulant sample clotted and incorrect fill level in the last 
round.

TA B L E  3 Overall rejection rates due to six pre-analytical errors

Quality indicator

Round

Difference (%)a  p-value****201701 201702 201801 201802 201901 201902

Incorrect sample 
type

Rejected sample, n 7377 6447 6538 5772 5330 4955

Rejections, % 0.0427 0.034 0.0354 0.0276 0.0213 0.0197 −53.9 <0.001

Incorrect container Rejected sample, n 2992 3095 3109 3012 2959 2728

Rejections, % 0.0173 0.0163 0.0168 0.0144 0.0118 0.0108 −37.6 <0.001

Incorrect fill level Rejected sample, n 9124 7002 8415 7924 9315 9349

Rejections, % 0.0529 0.0369 0.0455 0.0379 0.0372 0.0371 −29.9 <0.001

Sample clotted Rejected sample, n 5349 5597 5839 5607 7715 7392

Rejections, % 0.0310 0.0295 0.0316 0.0268 0.0308 0.0294 −5.2 0.004

Sample hemolysed Rejected sample, n 10,166 10,021 11,740 12,797 13,759 12,972

Rejections, % 0.0589 0.0528 0.0635 0.0612 0.055 0.0514 −12.7 <0.001

Sample not 
received

Rejected sample, n 235 237 267 232 285 191

Rejections, % 0.0014 0.0012 0.0014 0.0011 0.0011 0.0008 −42.9 <0.001

aDifference (%) between the last round (201902) and the first round (201701), calculated from the 8th column and 3rd column. 
****p-value of Chi-square test, to evaluate the difference of error rates between the first (201701) and the last round (201902). 

F I G U R E  1 Distribution of sample rejection causes in rounds 201701 and 201902 for biochemistry, immunology, and hematology.
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3.4  |  Preliminary performance specification

Optimum, desirable, and minimum level of performance specifications 
based on the state-of-the-art for six QIs are presented in Table 4. The 
ranges between the optimum and minimum level were quite huge for 
most QIs. The minimum and desirable performance specifications for 
most QIs improved over time, while the optimum level declined for 
some QIs, such as incorrect container, sample hemolysed.

4  |  DISCUSSION

The results of our study show the performance of six pre-analytical 
QIs on specimen rejection in laboratories in Zhejiang Province of 
China. The overall rejection rate was 0.2042% in the first round, and 
decreased to 0.1491% in the last round with statistical significance. 
The rates were a bit lower when compared to the reported data 
from the College of American Pathologists Q-Probes and Q-Tracks 

TA B L E  4 Preliminary performance specifications based on the 25th, 50th, and 75th percentiles of results with 95% confidence interval 
for pre-analytical QIs

Quality indicator Year

Results (95% confidence interval)

25th percentile 50th percentile 75th percentile

Incorrect sample type 2017 0.0037 0.0208 0.0619

(0.0012, 0.006) (0.0163, 0.0263) (0.0546, 0.079)

2018 0.0025 0.0164 0.0553

(0, 0.0044) (0.0123, 0.0204) (0.0416, 0.0744)

2019 0.0018 0.0126 0.0359

(0, 0.0042) (0.0105, 0.0161) (0.0283, 0.044)

Incorrect container 2017 0 0.008 0.0311

(0, 0) (0.0061, 0.0107) (0.0241, 0.0375)

2018 0 0.0077 0.0267

(0, 0) (0.0054, 0.0111) (0.0217, 0.034)

2019 0.0016 0.0089 0.0235

(0, 0.0029) (0.0074, 0.0106) (0.019, 0.0275)

Incorrect fill level 2017 0.0065 0.0276 0.0733

(0.0027, 0.0111) (0.0215, 0.0326) (0.0599, 0.0919)

2018 0.0057 0.0251 0.0672

(0, 0.0084) (0.0191, 0.0295) (0.0558, 0.0858)

2019 0.0074 0.0229 0.0521

(0.0049, 0.0087) (0.02, 0.0271) (0.0458, 0.0667)

Sample clotted 2017 0.0213 0.0622 0.1379

(0.0149, 0.0275) (0.0511, 0.0718) (0.1136, 0.1653)

2018 0.0216 0.0601 0.1261

(0.0164, 0.026) (0.05, 0.0721) (0.1118, 0.1441)

2019 0.0192 0.051 0.1213

(0.0143, 0.0229) (0.0453, 0.0601) (0.1046, 0.1439)

Sample hemolysed 2017 0.0048 0.0281 0.0857

(0.0018, 0.008) (0.024, 0.0357) (0.0709, 0.1037)

2018 0.005 0.0305 0.087

(0.0033, 0.0083) (0.0235, 0.0375) (0.075, 0.106)

2019 0.008 0.0281 0.0757

(0.0066, 0.0099) (0.0225, 0.0328) (0.0666, 0.0885)

Sample not received 2017 0 0 0

(0, 0) (0, 0) (0, 0)

2018 0 0 0

(0, 0) (0, 0) (0, 0)

2019 0 0 0

(0, 0) (0, 0) (0, 0)
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studies that ranged from 0.2% to 0.83%.14-19 It might partly be due 
to the fact that the calculation of the overall rejection rate is based 
the six QIs in this study. Other errors may also lead to specimen re-
jection, such as barcoding error, sample label error.

Sample hemolysis is often the most frequent source of pre-ana-
lytical error.16,20 It was also the primary rejection cause for biochem-
istry and immunology in this study, varying from 0.05% to 0.06%. 
Ricos's study also reported the similar results.21 Hemolysis may 
occur in all stages of sample collection. Lack of knowledge of blood 
collection procedure for phlebotomy personnel is noted as the big-
gest problem, including inappropriate phlebotomy equipment, tube 
additives and site of collection.22 Other factors, including improper 
transport temperature, excessive pre-analytical TAT, or centrifugal 
condition may also lead to higher hemolysis rates.

For hematology, sample clotted and incorrect fill level were the 
main reasons for rejection. The overall rejection rate of sample clot-
ted floated at 0.03% over time and showed the smallest change. The 
results of other studies varied greatly. Ricos et al summarized that 
sample clotted rates for hematology were 0.09% in Spain and 0.30% 
in the USA.21 Llopis et al stated sample rejection due to clotting 
was 0.054% in Spanish pre-analytical quality monitoring program.23 
The main cause of clotting is directly related to the blood collection 
process and attributed to human factors, such as absence of stan-
dardized collection procedure, insufficient mixing after blood with-
drawal, and prolonged storage.24,25

The greatest magnitude of decrease was observed for the rate 
of incorrect sample type. Similar trend could be seen for incorrect 
container, accounting  for a  relatively small proportion of rejection 
causes for all three disciplines. The rates were similar to Llopis's 
study, which stated the rate of incorrect container as 0.013% and 
0.009% for two time periods.23 Sample not received was the least 
frequent error and also showed a significant decrease. However, the 
studies in Spain and in the USA indicated the rates were much higher 
of 0.23% and 0.01%, respectively.21

To identify and reduce pre-analytical errors on specimen 
collection, some practices might be suggested: (1) Specific time 
intervals or wards with higher error rates should be identified 
through intra-laboratory QI monitoring;(2) tools such as FMEA 
(failure mode and effect analysis) or RCA (root cause analysis) can 
be used to check and review the errors26; (3) nurses, especially 
medical interns, should be formally trained on standardized and 
regular specimen collection and transportation27; (4) suitable risk 
management strategies and efforts should be put into operation 
to prevent risks in patient care.28

The 25th, 50th and 75th percentiles of the results obtained 
in all laboratories reflect the state-of-the-art of the laboratories. 
The decision to propose three performance levels would encour-
age laboratories to gradually improve their performance and rec-
ognize a possible negative trend when their performance shifts 
from an optimum, to a desirable or minimum level. If three levels 
of performance specifications are identical, only one specification 
is required. Therefore, the specification of sample not received 
should be 0%. Certainly, the specification is not static and should 

be adjusted according to the latest monitoring results. For most 
QIs, as the error rates showed a decline trend, the corresponding 
quality specifications had been improved over time, especially for 
the minimum and desirable level of quality specifications. If the 
new state-of-the-art is not improved, previous performance speci-
fications should be active.

As mentioned above, there was a significant downward trend 
in the overall rejection rate. Periodical participation in pre-analyt-
ical quality monitoring programs is encouraged.7 With continuous 
inter-laboratory monitoring, the laboratory can compare the results 
with others and work to reduce the risk to an acceptable level by 
decreasing the frequency of QI or increasing the detectability.29 We 
believe that the pre-analytical EQA scheme is a good way to assess 
and manage the pre-analytical errors.

A limitation of our study is that we were unable to directly collect 
the data from the LIS of laboratories. Laboratories with good prac-
tice are often more willing to report their data. Hence, the results in 
this program may represent the laboratories with relatively better 
performance. To strengthen the information construction of labora-
tory external monitoring is the next step.

5  |  CONCLUSION

The significant reduction in sample rejection rate we observed sug-
gested that laboratories should pay more attention to the stand-
ardized specimen collection. We also provide a benchmark for 
performance specifications on pre-analytical QIs to help laborato-
ries increase awareness about the critical aspects in the need of im-
provement actions.
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