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ABSTRACT
Aim: The objective of this study is to evaluate blood gas analysis (BGA) sample rejection ratios (SRRs) in our laboratory and 
investigate the effect of various BGA syringes on SRR.
Material and Method: 3 groups were formed based on the type and use period of BGA syringes. Syringes containing spray-dosed 
droplet liquid Lithium Heparin were used in Group 1 (November 2018–May 2019), syringes containing lyophilized dried Lithium 
Heparin were used in Group 2 (July 2019–January 2020), and another syringes containing spray-dosed droplet liquid Lithium 
Heparin were used in Group 3 (March 2020–September 2020), and the groups were determined based on such use. SRRs of 
these groups were calculated, causes for sample rejection were identified, and department-based investigations were conducted. 
Comparisons between groups were performed according to the indicated variables.
Results: Mean SRRs of the groups by percentage (%) were calculated as 6.1±1.5, 10.0±0.9, and 3.8±0.9, respectively, and showed a 
statistically significant difference (p<0.001). Based on the post-hoc Scheffé’s test, a lower SRR was calculated in Group 3 (P<0.05). 
The most frequent causes for sample rejection by percentage were found as clotted sample (73.4±10.7), insufficient sample 
(14.7±9.1), and inappropriate (nonconforming) sample (5.5±2.0). No statistically significant difference was observed based on the 
causes for sample rejection among the groups. Based on the frequency of SRRs by percentage, the departments were determined 
as the Emergency Department (ED) (44.3±11.6), Intensive Care Unit (ICU) (22.2±6.5), and Pediatric & Neonatal Emergency 
Department (PNED) (16.8±6.6). For department-based results among the groups, SRRs for ED and PNED were found to be 
higher in terms of statistical significance in Group 2 whereas a lower SRR for ICU was determined in Group 3 (P<0.05).
Conclusion: It was observed that BGA syringes containing spray-dosed droplet liquid Lithium Heparin decreased SRRs. Therefore, 
SRR follow-up may help clinics and laboratories evaluate sample quality as well as developing solutions.
Keywords: Blood gas analysis, sample rejection ratio, preanalytical phase, blood collection device, lithium heparin
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INTRODUCTION
Blood gas analysis (BGA) is of vital importance for 
emergency departments (EDs) and intensive care 
units (ICUs) as it provides highly accurate results for 
oxygenation, acid-base equilibrium, and electrolyte levels 
of patients under life-threatening emergency conditions 
within a short period (1,2). Fast and accurate results as 
provided by BGA may allow for faster diagnosis and 
treatment opportunities (3). Based on the evaluation of 
the Total Testing Process (TTP) of BGA, it was reported 
that the most problematic part was the preanalytical 
(prior to analysis) phase (1,4). In addition to this, it can 
be concluded that preanalytical phase for BGA is more 
vulnerable in general and poses a higher threat to patient 
safety as it often involves sampling and use of analyzers by 
non-laboratory staff (5,6).

It was reported that sample rejection ratios (SRRs) of BGA 
particularly in case of use under emergency conditions 
and for samples received from EDs were higher than those 
of outpatient/inpatient departments (7,8). Additionally, 
BGA collection is technically challenging for the 
phlebotomy staff and may also be painful for the patient 
from whom the blood sample is collected (9). Therefore, 
the requirement for resampling in addition to causing 
a delay in the diagnosis and treatment opportunities 
in case of BGA sample rejection can be troublesome 
(10,11). Moreover, other problems such as obtaining 
inaccurate results or equipment failure may also arise 
due to lack to identify inappropriate BGA samples (e.g., 
micro clots, air bubbles, etc.) (12,13). Considering the 
fact that such equipment is also frequently used by non-
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laboratory staff, e.g., during the quality assessment of 
samples and equipment maintenance, etc., this process 
may turn into a difficult challenge for staff who works in 
an intensive environment under emergency conditions 
(6). Any failure to provide accurate BGA results in a 
timely manner may pose a potential threat to patient 
safety (11). For all such reasons, it is crucial for BGA to 
use quality indicators (QI), calculate SRRs, and perform 
routine evaluations (14).

Literature review results in a considerable number of 
clinical evaluations in relation to BGA. These studies 
evaluated comparative results among BGA syringes 
of various manufacturers (15-18), made comparisons 
between BGA results and clinical biochemical analyzers 
results (19,20), investigated the effects of preanalytical 
conditions on clinical results (21) as well as making 
comparisons among various BGA analyzers (22,23). In 
addition, the effect of hemolysis on BGA was investigated 
in particular (24–28). Moreover, quality indicators (QI) 
and SRRs in relation to BGA were also evaluated in a 
smaller number of studies (10,14,29,30). It was reported 
that there was a direct relationship between the sample 
quality and blood collection devices used, and BGA 
samples were among the types of samples determined as 
the most vulnerable to such effect (31). The authors were 
unable to access any publication in which SRR causes for 
BGA were investigated in detail, including sample quality 
assessment in connection with blood collection devices, 
and discussion of recommendations for solutions.

Our objective in this study is to investigate the TTP 
for BGA in our laboratory based on SRRs as well as 
conducting a department-based investigation of SRRs, 
and a comparison of blood gas analysis (BGA) syringes 
of various types (i.e., dried, or sprayed liquid lithium 
heparin) used in the routine procedure in different 
periods.

MATERIAL AND METHOD
This observational ambispective study was conducted 
including BGA samples accepted to the laboratory during 
the period between November 2018–September 2020 in 
line with the Declaration of Helsinki (1964) following 
the approval of the Ethics Committee of Gaziosmanpasa 
Training and Research Hospital (Date: 31.03.2021, 
Decision No: 247/2021).

Study Design and Data Collection Process
Due to a significant increase in BGA SRRs subject to 
monthly follow-up in our laboratory, it was determined to 
perform a root cause analysis. For that purpose, the root 
causes for such an increase in SRRs were investigated and 
it was found that BGA syringes were replaced. In order to 
perform a statistical evaluation for such replacement, two 

separate groups were determined for the previous and the 
current BGA syringes taking the time of replacement of 
BGA syringes as the baseline, and SRRs were calculated 
accordingly. It was determined that BGA syringes used 
prior to replacement were contained 50 I.U. spray-dosed 
droplet liquid Lithium Heparin Calcium Balanced/
ml of blood whereas the new BGA syringes used were 
contained 72 I.U. lyophilized dried Lithium Heparin 
Calcium Balanced/ml of blood.

Since the most significant cause of the increase in SRRs 
was determined as the replacement of BGA syringes based 
on the root cause analysis, BGA syringes were replaced 
by new syringes. For new ones, syringes that contained 
72 I.U. spray-dosed droplet liquid Lithium Heparin 
Calcium Balanced/ml of blood were selected. During the 
replacement of BGA syringes, the relevant nurses, and 
authorized staff responsible for blood collection as well as 
EDs and ICUs were contacted and necessary information 
on the subject matter was provided accordingly.
Two BGA analyzers are available in our hospital and they 
are in our emergency laboratory. The selected analyzers 
consists of two systems, namely, Siemens RAPIDLab 
1200 (Siemens Healthcare, Camberley, UK) and Siemens 
RAPIDPoint 405 (Siemens Healthcare, Camberley, UK). 
BGA collection and transfer of samples are provided by 
non-laboratory staff (i.e., physicians, physician residents, 
and nurses for blood collection, and assigned department 
staff for transfer of samples) whereas processing of 
samples as well as the evaluation and reporting of the 
results were performed by laboratory technicians and 
specialists. During this period, approximately 5000 
BGA samples/month on average were processed in our 
laboratory. Most of these samples were received from the 
ED and the ICU. The samples received by the laboratory 
mainly contain arterial BGA samples; however, venous 
BGA samples are preferred in patients at our outpatient 
clinics. In this study, no differentiation was made for the 
types of BGA samples collected.

Sample Rejection Causes Evaluation
As in most of the laboratories in Turkey, our laboratory 
also follows the recommendations published by the 
Ministry of Health of the Republic of Turkey for the 
purpose of SRR evaluation (32). Out of such criteria, 
the most frequently encountered 10 criteria for sample 
rejection as applicable to BGA evaluation were listed 
below:

1. Clotted sample;
2. Insufficient sample;
3. Inappropriate sample (e.g., air bubbles, micro clots, etc.);
4. Blank (empty) sample;
5. Prolonged storage time (>30 min. at room 

temperature);
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6. Wrong barcode;
7. Wrong sample container;
8. Rejection resulting from equipment failure;
9. Rejection resulting from laboratory technician failure;
10. Samples delivered under nonconforming transport 

conditions (e.g., samples coming into any direct 
contact with ice, samples delivered using pneumatic 
systems, etc.).

Since BGA syringes were replaced in June 2019, an SRR 
evaluation vs. Group 2 was conducted as a reference 
period to ensure that the periods during which the BGA 
syringes have remained in use were equal. June 2019 was 
considered as a familiarization period and the monthly 
SRRs during the period between July 2019 and January 
2020 were included in the calculation. Since the second 
syringes remained in use for 7 months, the evaluation 
period for Group 1 was determined as the period between 
November 2018 and May 2019. Finally, February 2020 
was considered as a familiarization period since the use 
of BGA syringes containing spray-dosed droplet liquid 
lithium heparin was reintroduced in February 2020, and 
the period between March 2020 and September 2020 was 
determined as the evaluation period for Group 3.

SRRs of all these groups were obtained from the 
Laboratory Information System (ALIS, Ventura, Turkey). 
SRRs, causes for sample rejection, and SRRs based on 
the departments were calculated. Following the monthly 
calculation of SRRs, the mean SRRs of the groups were 
compared against each other. In addition, the causes 
of sample rejection were also compared among these 3 
groups. Finally, department based SRRs were calculated 
and compared among 3 groups.

Statistical Analysis
For comparative analysis of the groups, compliance to 
normal distribution was determined by the Shapiro-
Wilk test. The results were presented in the form of 
mean±standard deviation (SD) since the groups comply 
with a normal distribution and comparisons among 
the groups were conducted by the one-way analysis 
of variance (ANOVA). A post-hoc Scheffé’s test was 
conducted to determine differences among the groups 
since the variances of the groups were equal among 
such groups. The level of statistical significance was 

determined as p<0.05 (two-way). Microsoft Office 365 
(Microsoft Excel Software, Microsoft Corporation, USA) 
and MedCalc® Statistical Software version 20 (MedCalc 
Software Ltd, Ostend, Belgium) software were used to 
create tables and charts as well as conducting statistical 
analyses.

RESULTS
Mean SRRs of 3 groups by percentage (%) were 
calculated as 6.1±1.5, 10.0±0.9, and 3.8±0.9, respectively. 
The one-way analysis of variance (ANOVA) resulted 
in a statistically significant difference (p<0.001). Based 
on the post-hoc Scheffé’s test, it was found that each 
group showed statistically significant differences from 
one another, and a lower SRR was calculated in Group 
3 as compared to other groups (vs. Group 1 p=0.005, 
vs Group 2 p<0.001). The most frequent causes for 
sample rejection by percentage for each group were 
found as clotted sample (73.4±10.7), insufficient 
sample (14.7±9.1), and inappropriate sample (5.5±2.0), 
respectively. No statistically significant difference was 
observed among the causes for sample rejection among 
the groups with the replacement of BGA syringes. 
Based on the frequency of SRRs among total SRRs by 
percentage, the departments were determined as the ED 
(44.3±11.6), ICU (22.2±6.5), and Paediatric & Neonatal 
Emergency Department (PNED) (16.8±6.6), respectively. 
For department-specific results among the groups, SRRs 
for ED and PNED were found to be higher in terms of 
statistical significance in Group 2 (for ED; vs. Group 1 
p<0.001, vs Group 3 p<0.001, and for PNED; vs. Group 
1 p=0.006, vs Group 3 p<0.001) whereas a lower SRR for 
ICU samples was determined in Group 3 (vs. Group 1 
p=0.005, vs Group 2 p<0.001).

Mean SRRs and causes of sample rejection for each group 
are presented in Table 1, and mean SRRs based on the 
department-specific are presented in Table 2. Frequencies 
of sample rejection causes and departments within total 
SRR based on the frequency of SRR during the evaluation 
period are found in Figure 1, and Figure 2, respectively. 
Total SRRs and mean SRR differences among the groups 
based on causes for sample rejection and departments 
are illustrated in Figures 3, 4, and 5, respectively.

Table 1. Frequency of sample rejection causes (%) and total sample rejection ratios (%) by groups
Groups Clotted samples Insufficient samples Inappropiate samples Other causes Total SRR*(%)

1 71.7±14.5 18.8±12.1 4.4±1.9 4.4±2.8 6.1±1.5
2 79.4±5.5 9.88±2.4 5.7±2.3 4.4±2.4 10.0±0.9
3 69.2±8.8 15.4±8.8 6.4±1.3 7.9±3.1 3.8±0.9

Data (%) are presented as mean and SD. Group 1: Between November 2018 and May 2019, used spray-dosed droplet liquid Lithium Heparin BGA syringes, Group 2: Between June 
2019 and January 2020, used lyophilized dried Lithium Heparin BGA syringes, and Group 3: Between March 2020 and September 2020, used spray-dosed droplet liquid Lithium 
Heparin BGA syringes. SRR: Sample rejection ratio *Total SRRs in 3 groups were found to be statistically significantly different from each other (p <0.05).
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Figure 1. The frequencies (%) of sample rejection causes

Figure 2. The frequencies (%) of services sample rejection ratios in 
total sample rejection ratios. 
* The COVID-19 Isolation Department worked only in the 3rd group period.

Figure 3. Mean and 95% CI of total sample rejection ratios (%) for 
groups are presented. Group 1: Between November 2018 and May 
2019, used spray-dosed droplet liquid Lithium Heparin BGA syringes, 
Group 2: Between June 2019 and January 2020, used lyophilized 
dried Lithium Heparin BGA syringes, and Group 3: Between March 
2020 and September 2020, used spray-dosed droplet liquid Lithium 
Heparin BGA syringes.

Figure 4. The mean and 95% CI of the sample rejection ratios (%) 
according to the causes in the groups are presented. Group 1: Between 
November 2018 and May 2019, used spray-dosed droplet liquid 
Lithium Heparin BGA syringes, Group 2: Between June 2019 and 
January 2020, used lyophilized dried Lithium Heparin BGA syringes, 
and Group 3: Between March 2020 and September 2020, used spray-
dosed droplet liquid Lithium Heparin BGA syringes.

Table 2. Sample rejection ratios of departments (%) by groups
Groups Emergency department (ED) Pediatric and neonatal emergency department (PNED) Intensive care unit (ICU)

1 6.0±2.0 6.3±1.9 5.2±1.8
2 13.7±2.6* 9.5±1.5* 5.4±0.4
3 3.9±1.2 4.6±1.5 2.6±1.0**

Since the number of samples from other departments was insufficient for data comparison, three departments with the most frequent sample rejection ratios were evaluated. Data (%) are 
presented as mean and SD. Group 1: Between November 2018 and May 2019, used spray-dosed droplet liquid Lithium Heparin BGA syringes, Group 2: Between June 2019 and January 
2020, used lyophilized dried Lithium Heparin BGA syringes, and Group 3: Between March 2020 and September 2020, used spray-dosed droplet liquid Lithium Heparin BGA syringes *It 
is statistically significantly higher than the other groups (p<0.05) **It is statistically significantly lower than the other groups (p<0.05)
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DISCUSSION
In our study, a decrease in total BGA SRRs with the 
use of BGA syringes containing spray-dosed droplet 
liquid Lithium Heparin was indicated. Such a decrease 
is considered to be associated with the ability of 
liquid heparin to mix with whole blood much better 
compared to lyophilized dried heparin. It is assumed that 
anticoagulant activity in whole blood samples is crucial 
for sample quality and such activity may be enhanced 
in line with the ability to mix well with whole blood. 
On the other hand, no significant difference was found 
in SRRs in terms of the type of BGA syringes and the 
causes for sample rejection. As a result of the evaluation 
of department specific SRRs, a decrease in SRRs for BGA 
samples received from ED, PNED, and ICU after the 
replacement of BGA syringes was observed.

Kume et al. (33) found that BGA SRR as 17% and 
reported that the most frequent cause for BGA sample 
rejection consisted of clotted samples. Similarly, during a 
1-year SRR follow-up, Dikmen et al. (8) found BGA SRR 
as 9.2% and reported that the most frequent two causes 
of sample rejection were clotted samples and insufficient 
samples, respectively. In our study, it was indicated that 
an SRR higher than 10% was found only in Group 2 and 
this was in fact associated with the specifications of the 
BGA syringe. Cantero et al. (14) did not provide any total 
SRR in their study; however, they found that the sample 
rejection ratio of the samples rejected due to clotted BGA 
samples or equipment failure to total accepted samples 
was 15.8% for the point-of-care testing (POCT) analyzer 
in the Neonatal unit and 3.3% in the Central lab. In 
addition, they also reported that the ratios for insufficient 
samples for the two groups were 2.9% and 0.9%, 
respectively. Similarly, Oliver et al. (10) did not provide 
any specific total SRR; however, they reported that BGA 
SRR specific to each department would be expected to 
be less than 10% . Accordingly, they reported that only 
BGA SRRs of the samples received from the Delivery 
room exceeded 10% during certain months and the most 
frequent causes for sample rejection were often associated 
with the preanalytical phase. Moreno et al. (30) calculated 
SRRs for BGA samples associated with the preanalytical 
phase as 2.3-4.2%. In the same study, they indicated that 
POCT SRRs were higher (Central lab: 2.6%, POCT: 
4.2%) for the first year, during which SRRs in the Central 
lab and the POCT in the Nephrology department were 
evaluated, whereas there was no statistically significant 
difference between two groups for the second year 
(Central lab: 2.8%, POCT: 2.3%). On the other hand, 
O’Kane et al. (29) stated that the total SRR for BGA 
samples was 0.52% and reported that 77.5% of this SRR 
was associated with equipment failures. In our study, the 
most frequent causes for sample rejection were found as 

Figure 5. The mean and 95% CI of the sample rejection ratios (%) 
according to the services in the groups are presented. A: Emergency 
department, B: Intensive care unit, C: Paediatric and Neonatal 
Emergency department. Group 1: Between November 2018 and May 
2019, used spray-dosed droplet liquid Lithium Heparin BGA syringes, 
Group 2: Between June 2019 and January 2020, used lyophilized 
dried Lithium Heparin BGA syringes, and Group 3: Between March 
2020 and September 2020, used spray-dosed droplet liquid Lithium 
Heparin BGA syringes.
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clotted, inappropriate, and insufficient samples resulting 
from preanalytical processes, similar to the findings of 
the studies except for the study conducted by O’Kane et 
al. (29) It was assumed that the difference between the 
findings of O’Kane et al. (29) and our findings was due 
to the differences between the two studies in terms of the 
QIs and the method for SRR follow-up.

In fact, there are studies on the follow-up of BGA/POCT 
processes (4,5,12,34). Nevertheless, a generally accepted 
quality specification approach is not available since the 
QIs evaluated in TTP could not be efficiently aligned 
with BGA/POCT processes (14). For these reasons, it is 
considered that laboratories may not effectively carry out 
the follow-up of such processes. Future studies particularly 
focusing on BGA/POCT processes are considered to 
have the potential to contribute to this area and the safety 
of patients, physicians, and laboratories in general can be 
improved as a result. BGA and POCT processes are not 
exclusively controlled by laboratories (1). For this reason, 
follow-up, and evaluation of the preanalytical phase, 
which is the most vulnerable stage of TTP, can be more 
challenging for BGA and POCT (5). In this context, the 
organization of activities, symposiums, and work groups, 
involving other physicians, phlebotomists, and nurses, 
in addition to the laboratory staff as well as publishing 
guidelines can be beneficial for the determination of 
problems and finding possible solutions (6,13).

For the laboratory quality management procedures, 
all aspects are required to be addressed with an 
integrated approach (35). Both root cause analysis for 
sample rejection and clinical evaluations makes a great 
contribution to finding solutions to the problems (36). 
At this point, it should not be overlooked that blood 
collection systems are one of the key variables of this 
process (37). Blood collection systems and sets should 
be ergonomic and easy to use with all types of samples 
and for BGA/POCT samples in particular (1). In this 
way, it is possible to reduce the number of inappropriate 
samples causing sample rejection (38). In this context, 
the European Federation of Clinical Chemistry and 
Laboratory Medicine (EFLM)-Working Group for 
Preanalytical Phase (WG-PRE), in an opinion paper, 
suggested that laboratories should also perform technical 
evaluations for blood collection systems (39). Especially 
in smaller laboratories, such technical evaluations may 
not be possible under routine conditions. The authors 
suggest that technical evaluations may be carried out 
using SRR follow-up. A close follow-up for SRRs could 
significantly contribute to laboratories in the evaluation 
of sample quality and blood collection systems.

This study had certain restrictions. Firstly, taking 
into consideration the turnaround time change in the 
BGA process within the relevant period in addition to 

calculation and comparison of SRRs as well as technical 
service and maintenance requirements for BGA analyzer 
may allow for more accurate results. In addition, since the 
evaluation of hemolysis in BGA samples is challenging 
in routine procedure, it was excluded from this study. 
However, since hemolysis is one of the most frequent 
causes for inappropriate samples and spurious hemolysis 
is common especially in BGA samples, it is considered 
useful to evaluate BGA samples with hemolysis and take 
necessary steps applicable in routine procedure.

CONCLUSION
Our study demonstrated that SRRs decreased following 
the use of syringes containing spray-dosed droplet 
lithium heparin instead of those containing lyophilized 
dried lithium heparin. In addition to clinical evaluations, 
technical evaluations of blood collection systems used 
may empower laboratories in quality management. 
Routine SRR follow-up is considered as one of the key 
tools to help laboratories determine the causes and find 
solutions for inappropriate/nonconforming samples. 
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