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Abstract
Objectives: The aim of the present study was to compare the stability of 7 routine analytes using a BD Vacutainer Barricor plasma blood collection tube, a BD Vacutainer SST (Becton Dickinson and Company, Franklin Lakes, NJ, USA) and
a Vacusera SST ((Disera A.S., Izmir, Turkey).
Methods: Five mL blood samples from 60 volunteers were collected into the 3 tubes. Glucose, urea, creatinine, lactate
dehydrogenase (LD), sodium (Na), chloride (Cl) and potassium (K) levels were analyzed at 0, 4, 8, and 12 hours on a
Cobas 8000 analyzer ((F. Hoffmann-La Roche Ltd., Basel, Switzerland). Bias and bias% results were calculated and compared to clinically acceptable limits (CAL).
Results: Intraclass correlation results revealed excellent agreement in the 7 chemistry analytes between the 3 tubes
(0.863-1.000). The CAL for Cl, creatinine, glucose, K, LD, Na and urea are 3 mmol/L, 10%, 0.3 mg/dL, 10%, 0.5 mmol/L,
20%, 3 mmol/L and 2mg/dl, respectively. At the 12th hour, there was a difference observed in glucose between Barricor-SST and Barricor-Vacusera SST were 10.06 mg/dL (11.38 %) and 11.14 mg/dL (-12.76%). Analytical coefficient (CV)
of variation results for glucose, LD, creatinine, urea, Na, K, and Cl were 3.22%, 5.80%, 5.28%, 3.90%, 2.00%, 1.95%, and
1.37% respectively.
Conclusion: Although the stability of all 7 analytes was within the CAL during a 12-hour period, clinically different results were obtained. In terms of stability evaluation, the use of plasma might be preferable in clinical laboratories. The
routine chemistry analytes studied were within the clinically acceptable range in both plasma and serum specimens,
but validation and estimation of reference intervals for plasma tubes are needed.
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T

he total testing process includes preanalytical, analytical,
and postanalytical phases based on the brain-to-brain
loop concept [1]. The preanalytical phase is the primary
source of laboratory mistakes in clinical laboratories [2].
Numerous studies have indicated that this remains a matter
of interest and concern to laboratory physicians. Errors in
this phase lead to an increase in hospital costs of between
0.5% and 1.5% [3].
The International Federation of Clinical Chemistry and Laboratory Medicine Working Group on Laboratory Errors and Patient
Safety (IFCC WG-LEPS) created a list of quality indicators for reducing errors in the laboratory as well as 16 quality indicators

related to important preanalytical steps required for the reliability of laboratory results, such as proper blood collection, the
correct specimen type, and timely processing [2, 4].
Clinical laboratories commonly use plasma and serum separating tubes (SSTs) to analyze chemistry analytes. It has been
reported that the polymer gel used in these tubes is interfering with most analytes [5]. Becton, Dickinson and Company (BD, Franklin Lakes, NJ, USA) developed the BD Barricor
plasma tube, which has a mechanical barrier. According to the
manufacturer, this tube requires a shorter centrifugation time
and provides improved plasma quality and a longer stability
period than the primary tube.
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There are several studies in the literature examining stability
when using Barricor plasma tubes in a biochemistry panel.
The objective of this study was to analyze the stability of 7
routine analytes: urea, lactate dehydrogenase (LD), creatinine,
glucose, Na, K, and Cl, using Barricor tubes, BD Vacutainer SST
II tubes (BD, Franklin Lakes, NJ, USA), and Vacusera SST tubes
(Disera A.S., Izmir, Turkey).

Materials and Methods
Subjects and collection tubes
The study was conducted in the Research and Training Hospital of at Pamukkale University Hospital and included 60 apparently healthy volunteers. The study received approval from the
Non-Interventional Clinical Research Ethics Committee of Pamukkale University on 27.11.2018. We collected 5 mL venous
blood samples from each study participant into Vacutainer
SST II, Barricor, and Vacusera SST tubes. Randomization, filling
volume, mixing tubes, and 30-minute clotting time for serum
tubes were monitored during the blood draw. Centrifuge conditions were monitored by an observer in the laboratory. All of
the tubes were centrifuged at 4000 rpm for 10 minutes under
temperature control. The serum and plasma samples were visually inspected and hemolyzed samples were excluded. Fibrin
particles were removed, if present. Likely sample drawing, in
sample analysis we regarded randomization.
Instruments
Glucose, Na, Cl, K, urea, creatinine, and LD levels were analyzed
at 0, 4, 8, and 12 hours on a Cobas 8000 c702 automated biochemistry analyzer (F. Hoffmann-La Roche Ltd., Basel, Switzerland). Glucose, urea, creatinine, and LD levels were analyzed
using an electrochemiluminescent method, while an ion selective electrode method was used for Na, Cl, and K levels. All
analyzer flags were noted. Internal and external quality studies were performed for 2 days and in a monthly rotation for all
of the biochemistry parameters.
Statistical analysis
Descriptive statistics are presented as median and interquartile range. Intraclass correlation coefficients (ICC) were used to
identify the agreement and relationship between tubes.
Bias and bias% values were determined using the Vacusera
SST tube as a reference. Bias and bias% values were compared
with the clinically acceptable limits (CAL) provided by Westgard QC (https://www.westgard.com/clia.htm). Statistical
analysis was performed using IBM SPSS Statistics for Windows,
Version 25.0 (IBM Corp., Armonk, NY, USA). A p value of <0.05
was considered statistically significant.
Analytical variation was calculated from the repeated results
used in the internal quality control for each analyte. Nested
analysis of variance was used to perform variate analysis.

Results
Baseline, 4th, 8th, and 12th hour measurements of the levels of
the different parameters in the Vacutainer SST II, Barricor, and
Vacusera SST tubes are compared in Table 1. Analyte levels
were presented as median and interquartile range. The intraclass correlation coefficient (ICC) values were between 0.9-1.0
and accepted as indicating high similarity, with the exception
of the Na ICC value of 0.869 at the 12th hour (Table 1). The Clinical Laboratory Improvement Amendments proficiency testing limits to determine acceptable analytical performance for
Cl, creatinine, glucose, K, LD, Na and urea are 3.0 mmol/L, 0.3
mg/dL, 10.0%, 0.5 mmol/L, 20.0%, 3.0 mmol/L, and 2 mg/dl,
respectively. The 7 routine chemistry analytes studied were
within the acceptable limits for clinical laboratories according
to Westgard QC, except glucose. The differences observed between the Barricor and the Vacutainer SST II and the Barricor
and the Vacusera SST were 10.06 mg/dL (11.38 %) and 11.14
mg/dL (-12.76%), respectively (Table 2).
Figure 1 shows the concentration over time of the 7 parameters in the Vacutainer SST II, Barricor, and Vacusera SST tubes.
The analytical coefficient of variation results for glucose, LD,
creatinine, urea, Na, K, and Cl were 3.22%, 5.8%, 5.28%, 3.9%,
2%, 1.95%, 1.37% respectively.

Discussion
The present study evaluated the stability of 7 routine chemistry analytes in plasma and serum specimens at the 4th, 8th,
and 12th hours after blood collection in the Barricor tube, the
Vacutainer SST II, and the Vacusera SST tubes routinely used
in our laboratory. Our results revealed that the chemistry analytes were all within the CAL at all time intervals, with the exception of glucose at the 12th hour when comparing the Barricor/SST and the Barricor/Vacusera SST findings.
When we evaluated the changes in glucose, aspartate aminotransferase (AST), LD, and K concentrations, we noticed fluctuations of these analytes were different from those seen in serum.
The workload of clinical laboratories has increased in recent
decades, which means that sample stability and storage are
becoming even more important. There has been significant
discussion in the literature about how blood collection materials and devices can alter chemistry test results.
Blood collection tubes with additives can affect test results. In
the analytical phase, the most preferred sample type is serum.
SSTs contain silica particles, which facilitates clotting. The gel
moves upward to the supernatant-cell interface during centrifugation, which could result in interference with the results
in analysis of many routine chemistry parameters. These effects
could result in instability [5-7]. Cuhadar et al. [6] found no significant differences between gel or non-gel tubes, but they noted
some restrictions must be applied for glucose, aspartate-aminotransferase, blood urea nitrogen, high-density lipoprotein, and
uric acid storage for prolonged periods of time in gel tubes.
The Barricor tube is a single-use plastic tube with a mechanical
separator that stretches into the tube bottom during centrifu-
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Figure 1. Concentrations over time (hours) in 3 tubes for 7 analytes: (a) chloride, (b) creatinine, (c) glucose, (d) potassium, (e) lactate dehydrogenase, (f)
sodium, (g) urea. (BD Barricor and Vacutainer SST II: Becton, Dickinson and Company, Franklin Lakes, NJ, USA; Vacusera SST: Disera A.S., Izmir, Turkey).

gation. BD has claimed that this tube has enhanced plasma
quality by lowering the cell count in plasma. Our study examined whether the use of plasma could improve the stability of

the biochemistry analytes. Glucose concentrations decreased
in the Barricor tube over time, whereas in the other 2 tubes
have limited in CAL. Some plasma cells were still present and
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Table 1. Intraclass correlation for the 7 analytes in 3 tubes at each time interval
			

Median (interquartile range)

Analyte

Unit

Time (hours)

BD Barricor

BD Vacutainer SST II

Vacusera SST

ICC (95% CI)

Cl

mmol/L
4th
8th
12th
mg/dL
4th
8th
12th
mg/dL
4th
8th
12th
mmol/L
4th
8th
12th
U/L
4th
8th
12th
mmol/L
4th
8th
12th
mg/dL
4th
8th
12th

Baseline
102 (100.5-103)
103 (101-104)
103 (101.5-105)
Baseline
0.66 (0.61-0.85)
0.68 (0.59-0.85)
0.72 (0.62-0.92)
Baseline
91 (82-100.5)
90 (79-98)
86 (76-97.5)
Baseline
4.33 (4.09-4.58)
4.39 (4.13-4.64)
4.43 (4.19-4.68)
Baseline
162 (150.75-206.5)
167 (155.7-212.75)
174 (158.5-216.25)
Baseline
144 (142-145)
145 (143-146)
146 (144-148)
Baseline
24 (19.05-28.95)
24 (19-29.25)
23.5 (19.35-29.3)

101 (99-103)
102 (100-104)
102 (100.5-104)
103 (101-104)
0.7 (0.63-0.89)
0.67 (0.6-0.84)
0.66 (0.61-0.87)
0.74 (0.62-0.9)
95 (84.5-104)
93 (85.5-104.5)
94 (85-105)
96 (86.5-104.5)
4.21 (3.99-4.43)
4.67 (4.46-4.84)
4.67 (4.45-4.88)
4.72 (4.54-4.93)
160 (149-201.75)
176 (160.75-201.5)
177.5 (162-205.25)
179 (163.5-208.75)
142 (132.5-144)
143 (141-144.5)
144 (142.5-146)
145 (143-147)
23 (18.6-28.6)
23.9 (18.9-29.1)
23.9 (19.25-29.15)
24.6 (19.1-28.85)

101 (98.5-102.5)
101 (100-103)
102 (101-104)
103 (101-105)
0.68 (0.62-0.89)
0.7 (0.64-0.92)
0.7 (0.63-0.87)
0.77 (0.65-0.94)
93 (85.5-105)
95 (86.5-105)
96 (86.5-105.5)
96 (87-106)
4.61 (4.31-4.82)
4.61 (4.44-4.85)
4.66 (4.48-4.88)
4.68 (4.51-4.92)
175.5 (158.25-203)
158.5 (143-187)
160 (144-192.25)
161 (146.25-191.75)
142 (132.5-143.5)
143 (141.5-144.5)
145 (143-146)
146 (143-147.5)
23 (19.2-29)
24.2 (19.1-29.15)
24 (19.2-29.15)
23.5 (18.95-29.2)

101 (98-102.5)
0.978 (0.964-0.987)
0.972 (0.954-0.984)
0.984 (0.973-0.990)
0.74 (0.67-0.96)
0.993 (0.989-0.996)
0.983 (0.972-0.990)
0.993 (0.989-0.996)
94 (86-104)
1.000 (0.999-1.000)
0.999 (0.998-0.999)
0.998 (0.997-0.999)
4.54 (4.29-4.8)
0.970 (0.951-0.983)
0.968 (0.948-0.981)
0.968 (0.948-0.981)
158 (142.25-187.75)
0.993 (0.988-0.996)
0.990 (0.984-0.994)
0.987 (0.979-0.993)
142 (132.5-144)
0.981 (0.968-0.989)
0.974 (0.957-0.985)
0.869 (0.786-0.924)
23.6 (19.4-29.35)
1.000 (0.999-1.000)
0.999 (0.998-0.999)
0.999 (0.998-0.999)

0.992 (0.987-0.995)

Creatinine

Glucose

K

LD

Na+

Urea

0.996 (0.993-0.998)

1.000 (1.000-1.000)

0.98 (0.967-0.988)

0.995 (0.992-0.997)

0.911 (0.854-0.948)

0.930 (0.886-0.959)

CI: Confidence interval; ICC: Intraclass correlation; LD: Lactate dehydrogenase; BD Barricor and Vacutainer SST II: Becton, Dickinson and Company, Franklin Lakes, NJ, USA;
Vacusera SST: Disera A.S., Izmir, Turkey.

glucose had metabolized into glucose-6-phosphate. Although
in serum tubes, the glucose levels were within the CAL, an increase was observed. It might have been an effect of the silica
separator gel effect, we concluded.
Dimeski compared the stability of potassium, glucose, LD,
and phosphate in a BD plasma separator tube, a Barricor
tube, a rapid serum tube, and an SST and revealed decreasing
changes in potassium, LD, and phosphate concentrations due
to cellular lysis and glucose. They suggested that the Barricor
tube should become the new standard for lithium heparin
plasma [8]. LD activity in the Barricor tube was similar to the 2
SSTs, but the rate of increase was much greater in the Barricor
tube when compared with the others. Similarly, potassium increased in all of the tubes, but in the Barricor tube, the increase
was >0.2 mmol/L in 12 hours, though it was within the CAL.
These findings suggested chemistry analytes in plasma have
required new reference intervals.
In 2017, Arslan et al. [9] conducted a validation study analyzing 6 chemistry parameters in 22 volunteers in the Barricor

tube. They performed secondary tests, including analysis of
centrifugation at the 3rd and 10th minute and hemolysis experiments, and found clinically different results for AST and LD
in plasma compared with serum. The authors concluded that
the difference was not the result of hemolysis and might have
been related to the number of platelets, cellular fragility, or the
functional environment.
There are some limitations to our study. We compared
plasma samples to serum samples, and the inclusion of another plasma tube could have added to the evaluation of
plasma effects. In addition, a glass tube (Z tube) as a standard could have been used to compare all of the analytes to
a reference.
Sample quality and type can influence the accuracy of the results of any test. In recent years, using plasma in routine chemistry analyses instead of serum has become an important issue. As a result of gel effects in SSTs, using plasma has become
more common. Validation studies and our study suggest each
tube needs its own reference intervals.
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Table 2. Comparison of bias and bias% of 7 chemistry analytes with CAL limits
Analytes
Chloride
CAL
3.0 mmol/L
			
			
Units
mmol/L

Creatinine
Glucose
K
LD
Na
0.3 mg/dL
10%
0.5 mmol/L 20%
3.0 mmol/L
(26.5 µmol/L)					
or 10%
mg/dL
mg/dL
mmol/L
U/L
mmol/L

mg/dL

t0 Mean		
to Barricor/SST
Analyte
Bias/% Bias
t0 Barricor/Vacusera		
t0 Vacusera/SST		
t4 Mean		
t4 Barricor/SST
Analyte
Bias/% Bias
t4 Barricor/Vacusera		
t4 Vacusera/SST		
t8 Mean		
t8 Barricor/SST
Analyte
Bias/% Bias
t8 Barricor/Vacusera		
t8 Vacusera/SST		
t12 Mean		
t12 Barricor/SST
Analyte
Bias/% Bias
t12 Barricor/Vacusera		
t12 Vacusera/SST		

100.48
-0.02/-0.02

0.76
0.00/0.39

111.31
3.29/3.02

4.45
-0.34/-7.47

175.59
-9.50/-5.17

139.27
0.26/0.18

24.99
-1.13/-4.43

0.31/0.31
-0.33/-0.33
101.76
0.27/0.26

-0.04/-5.47
0.05/6.20
0.73
0.01/2.04

-0.36/-0.32
3.64/3.34
110.75
-3.04/-2.73

-0.30/-6.69
-0.04/-0.83
4.53
-0.34/-7.27

5.75/3.41
-15.25/-8.30
177.04
-7.30/-3.94

1.20/0.87
-0.94/-0.68
143.04
0.44/0.31

-0.80/-3.17
-0.33/-1.30
25.41
-0.46/-1.81

0.27/0.26
0.00/0.00
102.30
0.42/0.41

-0.03/-3.42
0.04/5.66
0.73
0.00/-0.61

-2.198/-1.687*
1.893/1.700*
110.26
-6.31/-5.65

-0.30/6.49
-0.04/0.84
4.57
-0.31/-6.54

9.77/5.81
-17.07-/9.22
180.14
-4.59/-2.45

0.29/0.20
0.16/0.11
144.35
0.40/0.28

-0.43/-1.47*
0.38/1.50*
25.40
0.07/0.27

0.22/0.22
0.20/0.20
102.7778
0.44/0.43

-0.04/-5.22
0.03/4.87
0.769759
0.00/0.15

-8.40/-7.38
2.09/1.87
109.7778
-11.38/10.06*

-0.31/-6.56
0.00/0.02
4.613704
-0.30/-6.30

12.36/7.26
-16.95/-9.05
182.8182
-2.32/-1.22

0.16/0.11
0.24/0.17
144.8444
0.73/0.51

0.08/0.32
-0.01/-0.05
25.39285
0.30/1.18

0.22/0.22
0.22/0.22

-0.03/-4.10
0.03/4.43

-12.76-/11.14* -0.28/-6.05
1.38/1.22
-0.01/-0.27

15.55/9.05 2.13/1.48
-17.86-/9.42 -1.40/-0.97

Urea 9% or
2mg N/dL (CAP)
15.7% (BV)

0.43/1.69
-0.13/-0.50

The CAL used were obtained from https://www.westgard.com/clia.htm; CAL: Clinically acceptable limits; LD: Lactate dehydrogenase; (BD Barricor and Vacutainer SST II: Becton,
Dickinson and Company, Franklin Lakes, NJ, USA; Vacusera SST: Disera A.S., Izmir, Turkey).

Our stability study of 7 routine chemistry parameters revealed
that plasma use continues to be an important issue in clinical
laboratory practice.
We concluded that plasma meets the requirements of clinical
laboratory practice and may be preferred.
Ethics Committee Approval: The study received approval from
the Non-Interventional Clinical Research Ethics Committee of Pamukkale University on 27.11.2018.
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