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Abstract
Objectives—Several previous studies have described the effects of interfering substances on
clinical assay results; however, the effects of exogenous substances, particularly additives from
blood collection tubes on quality control (QC) specimens and serum specimens have not been well
examined. This study examines the effects of blood-collection tube additives on total
triiodothyronine (TT3), and thyroxine (TT4), cortisol, and routine clinical chemistry tests in QC
and serum specimens from apparently healthy volunteers.

Methods—QC and serum specimens were poured or collected into different blood collection
tubes. TT3 and TT4, cortisol, and routine chemistry tests were analyzed from the different blood-
collection tube types.

Results—The findings of this study demonstrate clinically and/or statistically significant blood
collection tube-related alterations in the TT3, TT4, and cortisol concentrations of QC specimens
and TT4 concentrations from serum specimens.

Conclusions—These findings have important implications for clinical laboratories,
demonstrating that QC specimens should ideally, like patients’ specimens, be poured into blood
collection tubes. This strategy would reveal any adverse effects caused by blood collection tubes,
which otherwise would not likely be detected by most routine QC practices. The results of this
study also show the importance of producing blood collection tubes that contain additives that are
truly inert and do not adversely affect clinical laboratory testing.
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Introduction
Blood collection and processing are two major steps in pre-analytical laboratory testing [1].
Proper blood collection and timely processing, by well-trained staff using appropriate
devices, are needed to ensure test reliability. Blood collection devices have typically been
regarded as inert specimen carriers; many laboratories have thus invested relatively little in

© 2013 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
*Corresponding author: Raffick A.R. Bowen, 300 Pasteur Drive, Room H-1507B, Stanford, CA 94305, USA, Tel: 650-736-8080, Fax:
650-736-1473, rbowen@stanfordmed.org.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Clin Biochem. Author manuscript; available in PMC 2015 February 01.

Published in final edited form as:
Clin Biochem. 2014 February ; 47(3): 150–157. doi:10.1016/j.clinbiochem.2013.11.003.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



evaluating new blood collection devices, and do not routinely monitor their performance.
Previous studies have reported statistically and clinically significant differences in some
immunoassay test results from blood collected in some types of serum evacuated blood
collection tubes manufactured by Becton Dickinson (BD) because of tube additives,
particularly surfactants [2,3,4]. To solve immunoassay problems with the BD Vacutainer
serum separator (SST), SST II, and Microtainer tubes that surfaced in 2004, BD
reformulated the serum tubes to reduce the amount of surfactant in them in order to
eliminate assay interference [2,5]. No clinically significant differences were observed with
use of the reformulated tube types; it thus appeared that the reformulated BD tubes had been
successfully adjusted to reduce assay interference and yield results that were similar to those
of glass and Vacuette tubes for the total triiodothyronine (TT3), total thyroxine (TT4), and
cortisol assays tested [2,5]. However, further studies by Wang et al. [6] and Lima-Oliveira et
al. [7], as well as recent TT3, TT4, and cortisol results from patients’ specimens in the
author’s clinical laboratory have indicated that BD blood collection tube related interference
in some clinical assays may not be fully resolved.

One of the central tenets of quality control (QC) and quality assurance is that a) control
materials should be handled by well-trained and competent laboratory personnel, and b)
these control materials should be treated in exactly the same way as patients’ specimens [8].
Unfortunately, this is not always adhered to in routine practice, and previously published
studies with blood collection tubes have underscored this point [8].

To the author’s knowledge, only one study has investigated the impact of QC material
poured into blood collection tubes on TT3, TT4, and cortisol concentrations; that single
study examined only one tube type, SST [8]. The effects of other BD serum tube types and
serum tubes from a different tube manufacturer commonly used in clinical laboratories in
North America on QC material analyte concentrations are not known. There is thus little
information about the potential impact of blood collection tubes on QC specimen analyte
concentrations. It was hypothesized that adverse effects of additives in blood collection
tubes would be apparent if the QC specimens were poured into blood collection tubes and
processed in the same way as patients’ specimens are processed.

The purpose of this study is to evaluate the QC specimens poured into BD PRT, RST, and
SST tubes and in Greiner Vacuette tubes and compare them to BD glass blood collection
tubes on the Siemens Immulite™ 1000 analyzer for TT3, TT4, and cortisol, which are
immunoassay analytes shown to be significantly affected by tube surfactant [2,3]. In
addition, routine clinical chemistry assays from QC material poured in the five different
blood collection tubes will be evaluated on a Siemens Dimension RxL™ analyzer.

Materials and Methods
Collection Tube Types and QC specimens

Five types of evacuated blood collection tubes were examined in this study as shown in
Table 1. Glass collection tubes are considered the control tubes in this study because this
tube type has been the standard device for collecting serum samples for over five decades
and these tubes contain no clot activator, internal tube coating, or separator gel [2,3]. All
blood collection tubes were used before their expiration dates. QC specimens (Bio-Rad
Liquichek Immunoassay Plus Control) 1 (lot 40781), 2 (lot 40782), and 3 (lot 40783) were
poured (2 mL per tube) and mixed end-over-end into BD and Greiner blood collection tubes
and processed as described by Kricka et al [8].

Blood samples were drawn after written informed consent from 20 apparently healthy
volunteers (ages 18 and over) by trained phlebotomists, using a butterfly connected to a
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vacuum tube holder. Blood samples were collected into Greiner and BD collection tubes in a
randomized drawing order, and the tubes were filled to capacity. The blood collection tubes
were inverted eight times after the blood was drawn to ensure proper mixing of the blood
with tube additives. Serum samples from the BD glass tubes were obtained after clotting for
30 minutes at room temperature followed by centrifugation at 1300 g for 10 minutes.
Following centrifugation, all tubes were inspected visually for complete barrier formation
(except the glass and PRT tubes), fibrin, and hemolysis. All serum samples were processed
within two hours of blood collection. The serum drawn in Vacuette and BD SST and RST
tubes remained on the separator gel. In contrast, the serum drawn in the BD glass and PRT
tubes was transferred into 13 × 75 mm plastic test tubes in order to minimize the metabolism
of the serum analytes by cellular elements in the blood tube because these two tube types
have no separator gel. These samples were capped at room temperature if they were tested
within 4 hours. Alternatively, they were stored between testing intervals at 4 °C for up to 7
days. TT3, TT4, and cortisol were shown in our laboratory to be stable for 7 days at 4°C in
the different blood collection tube (data not shown). The volunteers were contacted if
critical values (based on the clinical laboratory critical values list) were obtained from
specimens collected from either the Greiner or BD plastic tubes. This study was approved by
an institutional review board of the National Institute of Diabetes and Digestive and Kidney
Disease.

Clinical Laboratory Analysis
1. Determination of QC TT3, TT4, and cortisol concentrations—Total thyroxine
and triiodothyronine and cortisol levels in QC specimens poured into the five different types
of blood collection tube were measured in random order on an Immulite™ 1000 analyzer,
according to the manufacturer’s instructions (n=18) [2,3]. Multiple reagent and calibrator
lots were used for the Immulite™ 1000 analyzer, but the data represent a single lot.

2. Routine chemistry analytes—A routine chemistry panel (as shown in Supplemental
Data Fig. 4–8) was performed on QC materials poured into the five tube types on a RxL™

analyzer (n = 4). The QC specimens were analyzed singly in random order and in the same
analytical run.

Removal of blood collection tube coatings
To determine whether immunoassay analytes in the QC material measured on the
Immulite™ 1000 analyzer were affected by the clot activator, internal tube coating, or
lubricant from the rubber stopper, we followed our previously described procedure [2].

Statistical analysis
Serum TT3 levels were chosen for the sample size calculation for t-test because, they are
known to be greatly affected by changes in the constituents of the interior surface of the tube
[2,3], which caused clinically significant errors. The sample size needed to achieve an 80%
power to detect a clinically significant difference in TT3 levels among tube types (beta =
0.20; Zβ = 0.84) with a significance level (2-sided) (alpha = 0.01; Zα=2.58) [alpha = 0.01 is
derived from (alpha = 0.05 ÷ 5 tube means compared; Bonferroni adjustment for multiple
mean comparisons] is given by n = (2.58 + 0.84)2 × 2 × (0.18 nmol/L)2÷ (0.54 nmol/L)2==
1.40 (~2) specimens per tube type, where 0.18 nmol/L is the SD of TT3 from the usual SD
of QC material at a mean TT3 concentration of 1.20 nmol/L determined in our laboratory
over a six-month period, and 0.54 nmol/L is the clinically significant difference in TT3
results based on analytical and biological variation [2, 9,10]

For the removal of tube coating experiments, the means of triplicate results for TT3, TT4,
and cortisol measurements were used for statistical analysis. For all other experiments, the
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analytes were analyzed in singleton. The results were reported as the mean (SD). A two-
tailed Student t-test was used to compare the results of all measured immunoassay analyte
concentrations obtained from the different plastic collection tubes compared to glass tubes
[2,3]. A repeated-measures ANOVA was used to compare unadulterated and cleaned tubes
TT3, TT4, and cortisol concentrations and for the QC material chemistry analytes among the
tube types.

All P values were adjusted using the Bonferroni correction for the multiple comparisons
inherent in the pairwise testing procedures using Analyze-It™ for Microsoft Excel (version
1.71; Analyze-It Software) software and significant change limits were calculated as
described by Boyanton and Blick [10]. QC analyte concentrations for the different blood
collection tubes that exceeded their respective significant change limits were considered to
be clinically significant. The bias for TT3, TT4, and cortisol in the Vacuette, PRT, RST, and
SST tubes were compared with the current desirable quality specifications for bias derived
from biological variation as described by Wang et al. [6].

Results
Tube comparisons (versus glass tubes) with QC material for TT3, TT4, and cortisol
concentrations

Compared to the glass tubes, there were no significant differences in TT3 and TT4
concentrations from the Vacuette tubes across the three levels of QC material (Tables 2 and
3). In contrast, the TT3 and TT4 concentrations in PRT, RST, and SST tubes were all
significantly higher, (~7.8% to 24.9%) than those in the glass tubes across the three levels of
QC material (Tables 2 and 3). Compared to the glass tubes, the maximum desirable bias for
TT3 (4.8%) and TT4 (3.0%) in the QC material was exceeded by the three QC levels in the
PRT, RST, and SST tubes (Tables 2 and 3). The maximum desirable bias for TT4 in the QC
material was also exceeded in the Vacuette tubes for QC level 2. The higher TT3 and TT4
concentrations in the SST tubes compared to glass tubes exceeded the significant change
limit for QC levels 2 and 3 for TT3 (Table 2) and QC level 3 for TT4 (Table 3).

Compared to the glass tubes, Vacuette had significantly higher (~9.2%) cortisol
concentrations for QC material level 1, but not for QC material levels 2 and 3 (Table 4). The
comparison of the PRT tubes to the glass tubes revealed that the cortisol concentrations were
significantly higher (~12.2%) in level 1, but not in levels 2 and 3 of the QC material (Table
4). Both RST and SST tubes had significantly higher cortisol concentrations compared to the
glass tubes across the three QC levels (Table 4). The maximum desirable bias for cortisol
(~12.5%) was exceeded only in the RST and SST tubes for QC level 1 (Table 4). None of
the tube types exceeded the significant change limit for cortisol concentrations among the
three levels of QC material (Table 4).

Effect of blood collection tube components on QC material TT3, TT4, and cortisol
concentrations

To determine whether TT3, TT4, and cortisol concentrations in QC materials were affected
by the clot activator, internal tube coating, or lubricant on the stopper, we poured QC
materials into unadulterated tubes and into tubes that were cleansed with a gauze sponge to
remove coating in the tube and on the rubber stopper. No significant difference in TT3
concentrations was observed for unadulterated and cleaned glass and Vacuette tubes across
the three levels of QC material (Supplemental Data Fig. 1). Unadulterated PRT tubes were
significantly higher than cleaned PRT tubes in TT3 concentrations for QC levels 2 and 3
(Supplemental Data Fig. 1). The TT3 concentrations in unadulterated RST tubes were higher
than in the cleaned PRT tubes only in QC level 3 materials (Supplemental Data Fig. 1). The
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TT3 concentrations were significantly higher in unadulterated SST tubes than in cleaned
SST tubes for all three QC levels (Supplemental Data Fig. 1).

Similar to TT3, no significant differences in TT4 concentrations were observed in
unadulterated and cleaned glass and Vacuette tubes across the three levels of QC material
(Supplemental Data Fig. 2). The TT4 concentrations were significantly higher in
unadulterated PRT tubes compared to cleaned PRT tubes for QC levels 1 and 3. In contrast,
TT4 concentrations were higher in unadulterated RST tubes compared to cleaned RST tubes
for QC level 2 (Supplemental Data Fig. 2). The TT4 concentrations were significantly higher
in unadulterated SST tubes compared to cleaned SST tubes for QC levels 2 and 3
(Supplemental Data Fig. 2).

No significant differences in cortisol concentrations were observed for unadulterated and
cleaned glass tubes for QC levels 1, 2, and 3 (Supplemental Data Fig. 3). Unlike TT3 and
TT4, the cortisol concentrations were significantly higher in unadulterated Vacuette tubes
compared to cleaned Vacuette tubes for QC material level 1 (Supplemental Data Fig. 3).
Unadulterated PRT tubes were also significantly higher than cleaned PRT tubes in cortisol
concentrations in QC level 1 (Supplemental Data Fig. 3). The cortisol concentrations in
unadulterated RST tubes were higher compared to cleaned RST tubes for QC material levels
1 and 3 (Supplemental Data Fig. 3). No significant differences in cortisol concentrations
were observed between unadulterated SST tubes and cleaned SST tubes across the three
levels of QC material (Supplemental Data Fig. 3).

Tube comparisons of chemistry analytes from QC material
We tested the effect of pouring QC material in glass, Vacuette, PRT, RST, and SST tubes on
general chemistry analytes (Supplemental Data Tables 1 and 2). The difference among the
tubes types was not statistically significant ((Supplemental Data Tables 1 and 2). None of
the tube types exceeded the significant change limit in the chemistry analytes examined
across the two levels of QC material (Supplemental Data Tables 1 and 2).

The bias in chemistry analytes from QC materials processed in Vacuette, PRT, RST, and
SST tubes compared to glass tubes exceeded the desirable bias in many chemistry analytes
(Supplemental Data Tables 1 and 2). The concentrations of all chemistry analytes examined
in QC specimens were similar and not statistically different in the unadulterated and cleaned
tubes in every type of collection tube (Supplemental Data Fig. 4–8.).

Tube comparisons with serum specimens from apparently healthy volunteers for TT3, TT4,
and cortisol

The effects of blood collection tube types on serum TT3 and cortisol concentrations
collected from 20 apparently healthy volunteers are shown in Table ?. No statistically or
clinically significant differences in serum TT3 and cortisol concentrations were found
among the five tube types measured in the Immulite 1000 analyzer (Table 5). The maximum
desirable bias for TT3 and cortisol concentrations were not exceeded by the serum
specimens collected from the healthy volunteers.

For TT4, compared to glass tubes, statistically significant differences in serum TT4
concentrations were found in Vacuette™ (p=0.0037) and SST (p=0.0001) tubes (Table 5).
However, no clinically significant differences in serum TT4 concentrations were observed
among the tubes types (Table 5). The maximum desirable bias for TT4 was exceeded for the
serum specimens collected in both the Vacuette and SST tubes from the apparently healthy
volunteers.
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Tube comparisons of chemistry analytes in serum specimens from apparently healthy
volunteers

To determine the effect of the blood collection tubes on serum clinical chemistry analyte
concentration, we collected blood in the five different tube types from 20 apparently healthy
volunteers, and then ran the serum specimens on the Siemens RxL Dimension analyzer for
the chemistry assays shown in Supplemental Data Fig. 9. We observed no statistically and
clinically significant differences among the tube types for the 14 serum analytes examined.

Discussion
The overall purpose of this study was to compare the effect of QC material poured into
different blood collection tubes on a variety of routine clinical laboratory assays. As
discussed below, the individual components of blood collection tubes were individually
examined for their ability to affect the measurement of TT3, TT4, cortisol, and general
chemistry analytes. We also discuss how potential changes in QC testing practices can be
used to monitor blood collection tube problems.

Tube wall
Based on this study, materials on the wall of the collection tube can be excluded as a
possible cause of the significant increase in QC material TT3 and TT4 concentrations poured
into PRT, RST, and SST tubes, as compared to glass tubes (Tables 2 and 3). The Vacuette,
PRT, RST, and SST tubes are made of similar tube-wall material, polyethylene terephthalate
(PET), and there was a significant increase only in QC material TT3 and TT4 concentrations
in the PRT, RST, and SST tubes but not in the Vacuette tubes (Tables 2 and 3). In addition,
the cortisol concentrations in the QC material were variable and unlikely because of the tube
wall material (Table 4). For example, neither Vacuette nor PRT tubes showed significantly
elevated cortisol concentrations when compared to glass tubes across all QC levels. Hence,
it is not likely that the tube wall material was responsible for the elevation in these analyte
concentrations compared to those in the glass tubes since all the tube types examined were
made of PET.

Stoppers
The results of this study showed that the rubber stoppers in the different collection tubes
examined is not likely the cause for a significant increase in the QC material TT3 and TT4
concentrations (Tables 2 and 3) because the rubber stoppers in the BD glass tubes were
presumably made of the same material as that of the PRT, RST, and SST tubes [11].
Moreover, although the rubber stoppers in the PRT tubes were presumably made of the same
material as those in the RST and SST tubes, the PRT tubes showed significantly elevated
cortisol concentrations only in the level 1 QC material (Table 4). Furthermore, incubation of
rubber stoppers from the different blood-collection tubes for 30 minutes in level 1 and 2 QC
materials did not significantly alter the TT3, TT4, and cortisol concentrations (data not
shown), which is consistent with our previous publications [2,3]. Thus, compared to glass
tubes, the rubber stopper can be excluded as the cause of the significantly higher
concentrations of TT3, TT4, and cortisol in the QC material in the different tube types.

Clot activators
Blood collected in evacuated tubes often must be clotted prior to clinical examination. To
achieve this, blood collection tubes often employ a contact (e.g. inorganic silicates) or
biochemical (e.g. thrombin) clot activators with polyvinylpyrrolidone as a carrier [12–15].
The clot activators and/or polyvinylpyrrolidone used in the BD tubes can be excluded as a
potential cause of higher QC material TT3 and TT4 concentrations in the PRT, RST, and
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SST tubes compared to those in glass tubes, because the PRT and SST tubes use inorganic
silicates and the RST tubes use thrombin as clot activators (Table 1). Moreover, the
Vacuette tubes also use inorganic silicates clot activators presumably the same as PRT and
SST tubes, but there was no significant difference compared to the glass tubes in
concentrations of TT3 and TT4 (except level 2) in the QC material (Tables 2 and 3). There
was a significantly higher cortisol concentration in the QC material compared to that found
in the glass tubes, particularly in the RST and SST tubes, although the clot activators are
different in these two tubes (Table 4). Therefore, the results showed that the clot activators
in the blood collection tubes most likely did not cause the higher concentrations of TT3,
TT4, and cortisol in the QC material observed in the different tube types.

Separator gels
The separator gel contains viscous liquid, fillers, and/or tackifiers [16–18]. The main
difference among the Vacuette, RST, and SST tubes examined in this study is the kind of
separator gel used in them. The separator gel used in Vacuette tubes is an unhalogenated
olefin oligomer [19], whereas the RST and SST tubes use a polymer gel (Table 1) [12]. The
separator gel in the RST tube is composed of a different polymeric material than that in the
SST tube (Table 1) [11]. The glass and PRT tubes used in this study do not use separator
gel. It is conceivable that the higher TT3 and TT4 concentrations of QC material poured into
the RST and SST tubes, compared to the Vacuette tubes, might be caused by the release or
increased release of liquid polymer, inorganic filler, or tackifier from the separator gel of
RST and SST tubes, but not Vacuette tubes. The release of separator gel component(s) may
interfere with TT3 and TT4 assays. However, increases in TT3 and TT4 concentrations in the
QC material were observed in the PRT, RST, and SST tubes, although the PRT tubes had no
separator gel. The cortisol concentrations in the QC material were variable and unlikely to
have been caused by the separator gel because, in addition to the RST and SST tubes having
separator gels, the PRT tubes without separator gel also produced a significant increase in
cortisol concentrations, compared to those found in glass tubes. It thus appears unlikely that
the separator gel caused statistically and/or clinically significant increases in the
concentrations of TT3, TT4, and cortisol in the QC material poured into the different blood
collection tubes.

Surfactants
We previously identified a silicone surfactant, Silwet L-720, in BD plastic serum-collection
tubes that was associated with falsely elevated concentrations of some analytes, most
notably TT3, when measured on the Immulite 2000 and 2500 analyzers [2,3]. In the present
study, the variable increases in TT3, TT4, and cortisol concentrations in QC material among
the tube types, particularly PRT, RST, and SST, were likely caused by surfactant
interference. There were some relationships among certain tube types with and without
Silwet L-720 and measured concentrations of TT3, TT4, and cortisol in the QC material
(Tables 2–4). The Silwet L-720 causes the desorption from and/or possible denaturation of
antibodies on the polystyrene beads in the Immulite TT3 assay [3]. The same mechanism of
action by the Silwet L-720 surfactant on the Immulite TT4 and cortisol assays might account
for the variable increase in the concentrations of TT3, TT4, and cortisol in the QC material
among the PRT, RST, and SST tubes, compared to glass tubes in this study [2,3]. However,
tube additives other than the silicone used to coat the interior of blood collection tubes (i.e.,
polyvinylpyrrolidone, polyethylene oxide, and polyvinyl alcohol) might also be responsible
for the significantly elevated TT3, TT4, and cortisol concentrations in QC material among
the different tube types when compared to glass tubes, as measured on the Immulite™ 1000
analyzer [2–4]. The removal of the clot activator, internal tube coating, and stopper lubricant
did not alter the QC material concentrations of routine chemistry analytes in the blood
collection tubes examined (Supplemental Data Fig 4–8). These results are in agreement with
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a previous study that found that the silicone surfactant, Silwet L-720, did not significantly
alter concentrations of routine chemistry analytes [2,3].

The significantly higher TT3, TT4, and cortisol concentrations in the QC material specimens
that were poured into the Vacuette, PRT, RST, and SST tubes and compared to the glass
tubes measured on the Immulite™ 1000 analyzer might also be dependent not only on the
presence of silicone but also on its quantity in the collection tubes. This point is supported
by the observation that 2 mL of QC exposed to different tubes with varying volumes and
presumably different amounts of surfactants had variable TT3, TT4, and cortisol
concentrations compared to the glass tubes with no internal tube coating. It is also
conceivable that during production, not all collection tubes were coated with a homogeneous
layer of the silicone coating. Hence, this possible variation in the quantity of silicone in the
collection tubes might explain the differences among the tube types in the concentrations of
TT3, TT4, cortisol, and clinical chemistry analytes in the QC material. The exact mechanism
of the interference caused by the components of the blood collection tubes in different
assays is not very clear. Further studies are warranted to elucidate the exact mechanism by
which tube components interfere with different chemistry assays.

Tube-related alterations in TT3, TT4, and cortisol concentrations were observed in serum
specimens collected from apparently healthy volunteers (Table 5). Yet, there were no
statistically and clinically significant differences in serum TT3 and cortisol concentrations
among tube types from apparently healthy volunteers (Table 5). Compared to glass tubes,
TT4 concentrations were statistically and clinically significant for Vacuette and SST tubes
(Table 5). The reason for the differences in findings between TT3 and cortisol and TT4
among the tube types is not known and further work is needed to fully understand the
immunoassay analyte and tube type effects. No statistically and clinically significant
differences among tube types were observed for the 14 general chemistry analytes
(Supplemental Data Figure 9). This is consistent with previous studies showing that these
five tube types did not significantly alter chemistry test results [2].

The discordance between QC material and specimens from apparently healthy volunteers in
TT3, TT4, and cortisol concentrations among tube types may be attributable to matrix
effects. The QC material used in this study is serum-based, whereas the specimens from
apparently healthy adults are serum isolated from whole blood specimens. The cellular
material in the whole blood specimens from volunteers may adsorb some of the tube
additives, particularly surfactants and/or clot activators, and, therefore, decrease its
concentration in the serum layer, producing possibly less interference with components of
the immunoassays studied. It is also conceivable that the higher volumes of whole blood
from volunteers collected in the tubes (from 3.5 mL to 10 mL per tube) compared to QC
specimens (2 mL per tube) may have diluted out the interferent(s), resulting in minimal
alterations in the TT3, TT4, and cortisol concentrations. These findings suggests that the
effect of tube additives on TT3, TT4, and cortisol assays may be greater if specimens from
volunteers were partially compared to completely filled to their designated tube volumes
with blood. Furthermore, the additives used in commercially available blood collection tubes
are likely titrated for whole blood rather than QC specimens. Because QC materials are
made from artificial sources that are different from authentic clinical samples, it is not
uncommon that these two specimens may give different test results and interpretations as
seen in this study. However, even with the differences in matrix between QC and serum
specimens from healthy volunteers, tube-related alterations in immunoassay test results were
observed in each specimen type. Future work should determine the concentration of
surfactants and other tube components in both the serum and cellular phase of blood
specimens. Hence, it appears that tube-related changes in immunoassay analyte
concentrations of QC materials and serum specimens from apparently healthy volunteers are
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affected by multiple processes and it is unpredictable in magnitude for any particular blood
collection tube type and assay combination. Thus, reinforcing the importance of having tube
additives that are truly inert to clinical assays.

Study limitations
The present study has some limitations. First, this study examined only TT3, TT4, cortisol
and a panel consisting of 14 routine chemistry analyte concentrations in QC materials.
Therefore, many immunology and chemistry analytes performed in a typical clinical
chemistry laboratory were not examined in this study. Thus, the effects on QC material for
these other analytes poured into different blood collection tubes are unknown. Second, the
TT3, TT4, and cortisol concentrations processed in different blood collection tubes were
examined only on the Immulite 1000 platform. The general chemistry analytes were
examined on the RxL platform. The effects on QC material processed in different blood
collection tubes and examined on other immunoassay and chemistry platforms are also
unknown. Third, we examined five types of serum tubes that are commonly used by clinical
laboratories in North America; however, we did not examine other commercially available
tube types made by different manufacturers. Fourth, QC specimens are typically
noncommutable with native patient specimens because the QC specimen matrix is usually
altered by manufacturing processes from that of native patient specimens [20]. Hence, the
variation in the matrix of QC material due to blood collection tube constituents as
demonstrated in this study may not exactly mimic patient specimens. Nonetheless, pouring
QC material into blood collection tubes may be good for showing collection tube additive
interference on test results. If the QC material analyte concentrations are not significantly
altered by different tube additives, the blood collection tube may be considered acceptable to
use for patient testing. However, if the QC material analyte concentrations are significantly
different among tube types used in the clinical laboratory, this should prompt a further
investigation by laboratorians as to the root cause of the tube-related differences in QC
material analyte concentrations and action should be taken to fix this problem. This strategy
will have a significant impact on the laboratory resources and costs, so it may be more
appropriate to test blood collection tubes on a lot-by-lot basis or with each new shipment of
tubes.

It is noteworthy that participation in external quality assurance programs would not reveal
the tube-related problems described in this study. Proficiency samples received by the
clinical laboratory for evaluation are contained in the same type of sealed vials or tubes;
therefore, any effect of variations in the components of the collection tubes on the analyte(s)
test result(s) would have been excluded from proficiency testing as shown in Supplemental
Data Table 3). This is of particular importance for clinical laboratories that receive serum or
plasma specimens collected in tubes that are made by different manufacturers. Routine
monitoring of moving averages based on patient data may be potentially useful for
identifying future tube-related problems, but this may be difficult to track if a wide variety
of tubes from different phlebotomy locations are used [21,22]. Furthermore, the routine
evaluation of blood collection tubes by clinical laboratories should be incorporated into QC
plans based on risk management to help prevent or detect tube-related errors and enhance
the quality of test results [28].

Conclusions
Although it is a potentially important source of pre-analytical errors, the detection and
prevention of interference from additives in blood collection tubes is a challenging problem
for most clinical laboratories. The findings of this study demonstrate statistically and/or
clinically significant blood collection tube-related alterations in the TT3, TT4, and cortisol
concentrations of QC specimens. The data also show that the alterations in analyte

Bowen et al. Page 9

Clin Biochem. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



concentrations in QC specimens from blood collection tubes are manufacturer-dependent.
Other immunoassays from different manufacturers that use a similar approach of adsorbing
antibodies to the solid phase may also be affected by blood collection tube components, such
as surfactants. These findings have important implications for clinical laboratories,
demonstrating that QC materials should routinely be poured into blood collection tubes in
current use by laboratories before performing test analysis. This strategy should reveal any
adverse effects caused by blood collection tube components. The results of this study also
show the importance of producing blood collection tubes that contain additives that do not
adversely affect clinical laboratory testing. Blood collection tube-related interferences
observed in this study may potentially influence patient outcomes, decrease laboratory
efficiency, delay test results, and increase cost per test due to recollection and retesting.
Thus, optimization and standardization of blood collection tubes are crucial for the reliable
test analysis. All stakeholders should increase their vigilance regarding the effect of blood
collection tube components on laboratory assays, in addition to working together to prevent
and minimize these problems.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Blood collection tube additives are important sources of pre-analytical errors.

• Quality control and serum specimens were poured and mixed into different tube
types.

• Significant tube-related alterations in hormone concentrations were observed

• The study shows that tube additives should be truly inert to clinical assays.
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