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Do rapid serum tubes provide comparable test results or
improved stability when compared with
serum separator tubes?
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Objective: For some analytes test results can be affected by choice of blood collection tubes. Several studies comparing the new BD Vacutainer® Rapid Serum
Tubes with the Serum Separator Tubes for routine chemistry and immunoassay tests have been published. However, published studies have not investigated
Insulin, C-peptide and High Sensitivity C-Reactive Protein (hsCRP) tests. The
aim of this study was to evaluate the comparability of some laboratory tests and
rates of hemolysis using Rapid Serum Tubes and Serum Separator Tubes and to
also investigate the stability on serum storage time.
Materials and Methods: Blood specimens were collected into the two tube
types from 97 participants. All tubes were centrifuged (1500×g,10 minutes).
Serum from each tube was tested for Insulin, C-peptide, hsCRP, parathyroid
hormone, 25-OH Vitamin D, glucose, potassium, phosphorus, AST, magnesium
and LDH measurements. Detection of hemolysis was carried out by a spectrophotometric method. Paired blood specimens (n=15) were stored at 4°C and retested at 4 and 24 hour for the evaluation of specimen stability. The significance
of the differences between samples was assessed by paired-t test or Wilcoxon
test. The mean percentage difference was calculated. Desirable analytical quality specifications and total change limit were used for the interpretation of the
test results and the stability of analytes, respectively.
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Results: Although the results for measured analytes showed statistically significant differences between the two tube types (p<0.05), the mean percentage differences (except for LDH) were within the current desirable allowable bias. No
serum samples in the study were hemolysed (≥0.5 g/L) and most of the analytes
investigated remained stable (24 hour at 4°C) for both tube types.
Conclusion: This study suggests that BD Rapid Serum Tubes are suitable for
collection of blood and storage of serum up to 24 hour at 4°C for some laboratory analytes including Insulin, C-peptide, hsCRP.
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Introduction

P

reanalytical errors account for approximately
40-70% of all mistakes made in laboratory diagnostics [1-3]. An important component of preanalytical errors is associated with the specimen quality.
Several factors related to the preanalytical process
can affect the accuracy of test results [4,5]. Proper
technique of sample collection, sample handling and
preparing for analysis can have a major effect on the
quality of the specimens. Lack of adherence to proper technique can result in hemolysis, or in incomplete clotting leading to interference from fibrin [5].
According to the National Committee for Clinical
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Laboratories Standards (NCCLS) document, the
blood collection tubes should be processed within
2 hour to reduce preanalytical errors in the serum
owing to prolonged contact with cells [6]. Standard
serum tubes required a blood clotting time of minimum 30 minutes. Although serum separator tubes
are widely used in the clinical laboratories, plasma
can be used an alternative specimen type for chemistry analytes to improve test result turnaround
time (TAT) [7]. However, there are some limitations
with respect to using plasma, such as differences between plasma and serum test results, a problem of
23
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adequate mixing of blood with anticoagulants and Statistical Analyses
reduced analyte stability [8,9].
All statistical analyses were carried out using the
Preanalytical system manufacturers have intro- SPSS statistical package software version 15.0 (SPSS
duced a range of blood collection tubes. For some an- Inc., Chicago, Illinois, USA). The Kolmogorovalytes test results can be affected by choice of blood Smirnov test was used to determine the normalicollection tubes [10]. In recent years a new tube ty of distribution for all variables. The significance
from Becton Dickinson (BD) Diagnostics, the BD of the differences between samples was assessed by
Vacutainer® Rapid Serum Tube (RST) has been in- paired-t test or Wilcoxon test. Data were described
troduced to overcome the clotting problems for se- by the mean±standart deviation (SD) for normally
rum samples. The tubes’ wall is coated with throm- distributed data and median and interquantile range
bin-based clot activator providing rapid clotting [11]. (IOR) for non-normally distributed data. For all staPrevious studies investigating the performance of RST tistical comparisons, p<0.05 values were considtubes for common analytes did not evaluate Insulin, ered significant.
C-peptide and High Sensitivity C-Reactive Protein
The mean percentage difference was calculated
[12,13]. The purpose of this study was to evaluate the according to the formula: Mean difference(%)=[(RST
comparability of some laboratory tests and rates of mean-SST mean/SST mean)×100]. For the interprehemolysis using BD Vacutainer® RST tubes and BD tation of the test results, clinical significance was
Vacutainer® Serum Separator Tubes (SST) and to ad- assessed by bias compared with the current desirable allowable bias based on biological variation [15].
ditionally investigate the stability on serum storage.
The mean percentage difference due to the instabilMaterials and Methods
ity of an analyte was compared with total change
Blood specimens were collected into RST and SST limit (TCL) which was calculated by the estimation
from 97 participants (58 female, 39 male, 41.08±9.84 of the square root of the sum of the squared analytyears). Participants were randomly selected from the ical (CVa) and intra-individual imprecisions (CVb)
outpatient clinics. All tubes were inverted gently for (TCL=[(2.77 × CVa)2 + (0.5 × CVb)2]1/2) [16].
5 to 6 times. RST tubes were centrifuged after 5 minutes and SST tubes were centrifuged after 30 min- Results
utes (1500xg for 10 minutes). Serum from each tube The comparison of routine chemistry assay and imwas tested for Insulin, C-peptide, High Sensitivity munoassay test results between RST and SST tubes
C-Reactive Protein (hsCRP), parathyroid hormone for seven routine chemistry assays and four immu(PTH), 25-OH Vitamin D, glucose, potassium (K), noassays are shown in Table 1. Although the rephosphorus, aspartate aminotransferase (AST), sults for measured analytes showed statistically sigmagnesium (Mg) and lactate dehydrogenase (LDH) nificant differences between the two tube types
measurements. Glucose, K, phosphorus, AST, Mg, (p<0.05), the mean percentage differences (except
LDH and hsCRP measurements were performed by for LDH) were within the current desirable allowADVIA 2400 (Siemens Healthcare Diagnostics Inc., able bias. No serum samples in the study were heTarrytown, USA) autoanalyzer. PTH and Insulin molysed (≥0.5 g/L). Analyte stability studies showed
measurements were performed by ADVIA Centaur that most of the analytes investigated remained staXP (Siemens Healthcare Diagnostics Inc., Tarrytown, ble (24 hours at 4°C) for both tube types (Table 2 and
USA). C-peptide and 25-OH Vitamin D measure- Table 3). However, PTH remained stable up to 4 hour
ments were performed by Immulite 2000 (Siemens at 4°C for both tube types. Some similarities and difHealthcare Diagnostics Inc., Tarrytown, USA) and ferences between the RST and SST tubes were sumLiaison (DiaSorin,Italy), respectively. Hemolysis in- marized in Table 4.
dex was carried out by using absorbance measurements of samples at multiple wavelengths [14]. Paired Discussion
blood specimens (n=15) were stored at 4°C and re- In the present study we evaluated; (i) the perfortested at 4 hour and 24 hour for the evaluation of mance of BD RST tubes for some laboratory tests,
specimen stability. This study was approved by the (ii) the rates of hemolysis, (iii) the effects of BD
ethics review committee at Diskapi Yildirim Beyazit RST tubes on serum stability in reference with BD
Training and Research Hospital, Turkey. Informed SST tubes. There was a statistically significant difference between the two tube types. However, the
consent was obtained from each participant.
24
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Table 1. Comparison of routine chemistry assay and immunoassay test results between RST and SST tubes
RST
(n=97)

SST
(n=97)

Mean Bias
(%)

Desirable Bias
(%)

P value

95(16.5)

93(17)

1.27

2.34

0.008

AST (U/L)

22.29±6.24

22.73±6.29

–2.40

6.54

0.001

LDH* (U/L)

175 (36)

181(38.5)

–4.47

4.3

<0.001

K (mmol/L)

4.6 (0.45)

4.6(0.4)

0.70

1.81

0.041

Mg (mg/dL)

2.07 (0.31)

2.09 (0.26)

0.41

1.8

0.033

3.3 (0.7)

3.5 (0.65)

–2.31

3.38

<0.001

hsCRP (mg/L)

2.54(4.86)

2.51(4.87)

2.08

25.53

<0.001

25-OHVitamin D (ng/mL)

10.7 (9.33)

9.86 (9.96)

3.94

5

<0.001

65.50±29.90

64.22±29.29

1.95

8.8

0.02

Insulin (mU/L)

10.6 (9.13)

10.17(8.28)

9.80

15.5

<0.001

C-peptide (ng/mL)

2.3 (1.82)

2.15(1.72)

3.25

7.1

0.001

Analytes (units)
Glucose (mg/dL)

Phosphorus (mg/dL)

PTH (pg/mL)

Data are presented as mean±SD or median (IQR). *Mean Bias>Desirable Bias for LDH

differences in all except LDH were small enough
and within the current desirable allowable bias.
Several studies investigated the performance of
RST tubes for some laboratory analytes. In general, the results of these studies show that RST tubes
provide acceptable performance for routine chemistry and immunoassay tests and a short clotting

time [4,8,13,14,17-21]. To our knowledge, this is
the first study that investigates the performance of
RST tubes for insulin, C-peptide and HsCRP analytes. Neither the Food Drug Administration (FDA)
510(k) decision summary nor other published studies mention the evaluation of RST tubes for insulin, C-peptide and HsCRP analytes [12]. In our study,

Table 2. Stability analysis of some routine chemistry and immunoassay analytes in RST tubes
RST0
(n=15)

RST4
(n=15)

RST24
(n=15)

RST0–4
Mean Bias
(%)

RST0–24
Mean Bias
(%)

Total Change
Limit
(TCL)

Acceptable
Delays

109.66±24.20

112.26±24.30

112.80±24.84

2.37

2.85

5.5

24h

AST (U/L)

19.86±5.69

20.06±5.79

20.20±5.55

1

1.67

8.3

24h

LDH (U/L)

180(28)

180(30)

172(34)

0.96

-3.68

5.3

24h

K (mmol/L)

4.68±0.33

4.72±0.35

4.62±0.34

0.85

-1.28

5.0

24h

Mg (mg/dL)

2.12±0.33

2.38±0.54

2.24±0.37

11.94

5.61

22.0

24h

Phosphorus (mg/dL)

3.38±0.40

3.43±0.55

3.63±0.46

1.39

7.3

6.7

4h

hsCRP (mg/L)

5.41±3.49

5.54±3.58

5.61±3.61

2.35

3.58

25.9

24h

25-OH Vitamin D (ng/mL)

12.57±9.76

13.72±10.62

13.36±10.29

9.16

6.34

15.3

24h

PTH (pg/mL)

73.68±18.66

62.88±15.74

53.65±12.83

–14.64

–27.18

19.5

4h

Insulin (mU/L)

16.48±18.08

13.71±14.21

14.10±14.72

–16.79

–14.46

20.6

24h

3.19±2.40

3.03±2.14

2.96±2.15

–4.90

–7.09

22.1

24h

Analytes (units)
Glucose (mg/dL)

C-peptide (ng/mL)

Data are presented as mean±SD or median (IQR).
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Table 3. Stability analysis of some routine chemistry and immunoassay analytes in SST tubes
Analytes (units)
Glucose (mg/dL)

SST0
(n=15)

SST4
(n=15)

110.53±25.65 110.93±25.56

SST24
(n=15)

SST0–4
Mean Bias
(%)

SST0–24
Mean Bias
(%)

Total
Change Limit
(TCL)

Acceptable
Delays

114.40±5.75

0.36

3.49

5.5

24h

AST (U/L)

21±5.50

22.33±6.85

20.66±5.75

6.34

–1.58

8.3

24h

LDH (U/L)

189(30)

194(37)

182(37)

6.08

–3.51

5.3

24h

K (mmol/L)

4.65±0.33

4.74±0.38

4.64±0.31

1.86

–0.14

5.0

24h

Mg (mg/dL)

2.08±0.19

2.18±0.44

2.35±0.52

14.41

12.94

22.0

24h

Phosphorus (mg/dL)

3.44±0.46

3.32±0.66

3.66±0.47

–3.48

6.58

6.7

24h

hsCRP (mg/L)

5.52±3.59

5.53±3.77

5.76±3.73

0.21

4.27

25.9

24h

25-OH Vitamin D (ng/mL)

13.25±10.12

12.79±9.91

12.72±9.98

–3.48

–3.98

15.3

24h

PTH (pg/mL)

71.57±18.66

59.16±16.16

52.28±14.55

–17.34

–26.95

19.5

4h

Insulin (mU/L)

15.50±16.20

13.01±14.05

13.51±14.62

–16.04

–12.82

20.6

24h

3.26±2.55

3.05±2.28

3.05±2.44

–6.25

–6.31

22.1

24h

C-peptide (ng/mL)

Data are presented as mean±SD or median (IQR).

the mean bias was smaller than the desirable bias for
these analytes.
In a recent study, Yan et al [17] analyzed for 54, 50
and 10 chemistry and/or immunoassay tests on different analyzer. They found that the RST tubes were
comparable with those SST tubes for most analytes,
only for PTH on Abbott Architect, the RST tube
showed clinically significant bias in opposition to
the SST tube (–15.3%). However we found 1.95% bias
for PTH. In another study Wai-Yoong et al observed
that means of the RST tubes were in close agreement
with that of the SST tubes for 22 analytes [8].
The BD RST tubes contain a thrombin-based
clotting agent that can provide a fast sample clotting
time within 5 minutes following collection of blood,
compared with the usual 30 minutes clotting in the
SST (Table 4). This property has enabled a shorter
TAT [11,20]. Nevertheless, the drawback of BD RST
tubes is that it is not recommended for patients on
heparin therapy, direct thrombin inhibitor therapy
or those with Factor I deficiency [12]. According to
visual inspection, the clotting time was up to 5 minutes after blood sampling. However we didn’t evaluate the clotting time and its effects on TAT in this
study. Budak et al [20] investigated the influence of
RST use on cardiac troponin T (hs-cTnT) and creatine kinase-MB (CK-MB) test results. They found
that the hs-cTnT and CK-MB test results did not significantly differ when RST or SST tubes were used.
26

Similar to our findings, Dimeski et al [18] observed that no specimens showed significant hemolysis (≤0.5 g/L free hemoglobin) irrespective of the
tube type. This magnitude of hemolysis is very low
and unlikely to influence clinically any of the analyte determinations. A larger study compared RST
to plasma tubes for hemolysis markers in an emergency department setting in 347 patients and found
that RST specimens showed small increases in several hemolysis markers, but the proportion of elevated hemolysis markers was similar to plasma [14].
In addition we investigated the analyte stability
Table 4. Comparison of some characteristics between
the RST and SST tubes

Separator Gel
Tube Dimension (mm)
Draw Volume (mL)
Clot Activator
Clotting Time (min)
Closure

RST

SST

Polymer gel

Polymer gel

13 × 100

13 × 75
13 × 100
16 × 100

4

3–10

Thrombin

Silica

5

30

Conventional
rubber closure

Conventional rubber
closure and BD
Hemogard™ closure
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by retesting the same analytes after 4 hour and 24 clotting time, which is valuable particularly in an
hour storage at 4°C. La’ulu et al [21] designed a study emergency setting and provides an alternative opto investigate PTH degradation in RST tubes. In tion for the use of plasma instead of serum. From the
contrast to our study, they found that PTH degra- results of this study, it can be concluded that the BD
dation was faster for RST than SST. However, in the RST tubes are suitable for collection of blood and
present study PTH remained stable up to 4 hour at storage of serum up to 24 hour at 4°C for some labo4°C for both tube types. There was no difference be- ratory analytes including insulin, C-peptide, hsCRP
tween the two tube types in terms of stability for all and it provides acceptable performance for cominvestigated analytes.
mon analytes.
As observed in other studies, using RST tubes
have some advantages for clinicians and laboratory Acknowledgements
practitioners; RST tubes potentially allow time gains The authors thank Becton Dickinson for the supply
in terms of reduced turnaround times with rapid of serum tubes used in the study.
REFERENCES
[1]

Plebani M. Quality indicators to detect pre-analytical errors
in laboratory testing. Clin Biochem Rev 2012; 33(3): 85-88.

[2]

Carraro P, Plebani M. Errors in a stat laboratory: types and
frequencies 10 years later. Clin Chem. 2007; 53(7):1338-1342.

[3]

Bonini P, Plebani M, Ceriotti F, Rubboli F. Errors in laboratory medicine. Clin Chem 2002; 48(5): 691-698.

[4]

Kocijancic M, Cargonja J, Delic-Knezevic A. Evaluation of
the BD Vacutainer(®) RST blood collection tube for routine
chemistry analytes: clinical significance of differences and stability study. Biochem Med 2014; 24(3): 368-375.

[5]

Reichstein E. The Importance of Preanalytical Factors in
Immunodiagnostic Testing. eJIFCC 2003; 14: 3.

[6]

National Committee for Clinical Laboratories Standards
(NCCLS) document H18-A2. Procedures of the handling and
processing of blood specimens. Wayne, PA: NCCLS, 1999.

[7]

[8]

[9]

Chance J, Berube J, Vandersmissen M, Blanckaert N.
Evaluation of the BD Vacutainer PST II blood collection
tube for special chemistry analytes. Clin Chem Lab Med
2009;47(3):358-361.
Ng WY, Yeo CP. Thrombin-accelerated quick clotting serum
tubes: an evaluation with 22 common biochemical analytes.
Adv Hematol 2013; 2013: 769479.
Er TK, Tsai LY, Jong YJ, Chen BH. Selected Analyte Values
in Serum Versus Heparinized Plasma Using the Synchron
LX Pro Assay Methods/Instrument. Lab Medicine 2006;
37(12):731-732.

[10] Çuhadar S. Preanalytical variables and factors that interfere
with the biochemical parameters: a review. OA Biotechnology
2013; 2(2):19.

[13] Yan R, Colantonio D, Wong PY, Chen Y. Suitability of
Becton Dickinson Vacutainer rapid serum tube for collecting
and storing blood samples for antibiotic and anticonvulsant
drug monitoring. J Clin Pathol 2014; 67(9): 807-810.
[14] Ryan J, Stuart L, Southby S, Than M, Mackay R, Florkowski
C, et al. Comparison of BD Vacutainer® Rapid Serum Tube and
plasma for haemolysis markers in the emergency department.
Ann Clin Biochem 2014 Apr 8. pii: 0004563214533317.
[15] Ricos C, Iglesias N, Garcia-Lario JV, Simon M, Cava F,
Hernandez A, et al. Within-subject biological variation in
disease: collated data and clinical consequences. Ann Clin
Biochem. 2007; 44(Pt 4): 343-352. Available at: http://www.
westgard.com/biodatabase1. html/. (Accessed Feb 2015).
[16] Oddoze C, Lombard E, Portugal H. Stability study of 81 analytes in human whole blood, in serum and in plasma. Clin
Biochem 2012; 45(6):464-469.
[17] Yan R, Lou A, Watts G, Tarr H, Smith H, Kinney L, et al.
Comparison of Becton Dickinson Vacutainer rapid serum tube
with the serum separator tube for routine chemistry and immunoassay tests. J Clin Pathol 2014; 67(7): 599-604.
[18] Dimeski G, Masci PP, Trabi M, Lavin MF, de Jersey J.
Evaluation of the Becton-Dickinson rapid serum tube: does it
provide a suitable alternative to lithium heparin plasma tubes?
Clin Chem Lab Med 2010; 48(5): 651-657.
[19] Strathmann FG, Ka MM, Rainey PM, Baird GS. Use
of the BD Vacutainer Rapid Serum Tube Reduces FalsePositive Results for Selected Beckman Coulter Unicel DxI
Immunoassays. Am J Clin Pathol 2011;136:325-329.

[11] Becton Dickinson Vacutainer® Blood Collection Tube
Product Ordering Information. http://www.bd.com/
vacutainer/products/venous/ordering_info_tubes.
asp#specialty_other_plastic. (Accessed Feb 2015).

[20] Budak YU, Huysal K, Bulut M, Polat M. Evaluation in an
emergency department of rapid separator tubes containing
thrombin for serum preparation prior to hs-cTnT and CK-MB
analyses. BMC Clin Pathol 2013; 13: 20.

[12] BD Vacutainer Rapid Serum Tube Plus Blood Collection
Tube. 510(k) Substantial Equivalence Determination Decision
Summary. K091292. Decision Date 8/29/2009. Accessed Feb
2015.at:
http://www.accessdata.fda.gov/cdrh_docs/reviews/
K091292.pdf.

[21] La’ulu SL, Straseski JA, Schmidt RL, Genzen JR. Thrombinmediated degradation of parathyroid hormone in serum tubes.
Clin Chim Acta 2014; 437: 191-196.

© 2015 Acta Medica. All rights reserved.

27

