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Total turnaround time (TAT) in laboratory testing has been
traditionally characterized as the time from specimen collec-
tion to the reporting of results (1, 2). Despite improvements
in analytical testing systems (i.e., automation), little to no
measurable improvements have been demonstrated for the
preanalytical phase of TAT. Efforts to address some aspects
of the preanalytical phase, specifically specimen transport
(i.e., pneumatic tubes), as well as efforts to streamline lab-
oratory processes (i.e., Lean), have had little impact on TAT.
Total laboratory TAT remains a pertinent issue in today’s
healthcare environment (3).

In addition, with the growth in the aging population, the
volume of medical services, particularly in the clinical lab-
oratory, has increased. Since the information utilized for
patient diagnosis and treatment management is often based
on laboratory results, this increase may also cause additional
pressure to optimize the length of the total testing process in
order to assure effective patient care and to reduce unnec-
essary delays and costs (4–6).

In a Q-probes survey from the College of American Patho-
logists on Emergency Department (ED) TAT, laboratory TAT
was felt to cause delayed treatment and increased length of
stay in the ED more than half of the time (7). Therefore,
total TAT continues to be a factor in assessing laboratory
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performance and reinforces the challenge to collectively
search for innovative solutions to improve any or all phases
of total TAT.

In reference to this, we initiated a study at Charles Uni-
versity and Faculty Hospital Motol in Prague, Czech Repub-
lic. Our goal was to ascertain whether the combination of a
specimen collection device that provides serum in -5 min,
followed by a shortened centrifugation time of 3 min, would
impact the preanalytical phase of total TAT. This combina-
tion of BD Vacutainer� Rapid Serum Tube (RST) with a
thrombin clot activator w(BD RST), Franklin Lakes, NJ,
USAx and StatSpin� Express 3 centrifuge (Westwood, MA,
USA) was compared with the combination of the BD Vacu-
tainer� SST� II Advance with a silica clot activator w(BD
SST� II Advance), Plymouth, UKx and Heraeus Sepatech
Megafuge (Waltham, MA, USA) swing bucket centrifuge.
The clinical performance for select chemistry analytes for
the BD RST and BD SST� II Advance was evaluated using
both the Roche COBAS Integra� 400 (Rotkreuz, Switzer-
land) and the cobas c 111 (Rotkreuz, Switzerland).

Following approval of the University Hospital Motol Insti-
tutional Review Board, and receipt of informed consent from
each subject, blood was obtained from 100 healthy adult sub-
jects with randomization of each subject’s phlebotomy
sequence. The IRB approved the collection of only two addi-
tional tubes per subject. From each subject, specimens were
collected into one BD SST� II Advance (control) and one
BD RST (evaluation); the total amount of blood collected
was ;9.0 mL/patient. All tubes were mixed by five inver-
sions immediately after collection and then transported by
the lead operator from the collection room to the central
laboratory located one floor above. The BD SST� II
Advance were allowed to rest for a minimum of 30 min and
the BD RST for a minimum of 5 min prior to centrifugation
to allow for clotting. Visual observations of clot formation
were made by the lead operator who checked for clot for-
mation throughout the clotting time (maximum of 5 min for
BD RST and 30 min for BD SST� II Advance) by tilting
the tube and looking for a clot. The presence of thrombin as
the clot activator considerably shortened the BD RST clot-
ting time when compared to the BD SST� II Advance. Both
tubes were processed in the respective centrifuges to separate
serum from the cells. Serum samples from the BD SST� II
Advance and BD RST were then tested for 11 selected chem-
istry analytes – albumin, aspartate aminotransferase, chlo-
ride, cholesterol, creatinine, creatine kinase, glucose,
potassium, sodium, total bilirubin and triglycerides – using
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both the Roche COBAS Integra� 400 and Roche cobas c
111. The results were reviewed and compared with prede-
fined acceptance criteria to assess the clinical performance
of the evaluation tubes. In addition, preanalytical TAT was
evaluated by recording the times of collection, clotting, cen-
trifugation and loading onto the analyzer.

Data from the samples were obtained for select chemistry
analytes and assessed using various statistical calculations.
The mean and standard deviation (SD) (which includes a
between-subject component) were calculated for each tube
type. The units and study range of test results for each ana-
lyte on both analyzers, which was the range of test results
obtained for each tube for all subjects, were measured (Table
1). Also, we documented the mean and SD for each tube
type, the sample size (n) and number of reported values. The
results indicate that the means for the BD RST are in close
agreement with the control tube for all analytes.

Analysis of variance (ANOVA) procedures, followed by a
predetermined set of multiple comparisons, were used to
determine whether there was a significant tube effect and to
obtain the mean standard error for the confidence limits.
Mean tube biases and 95% confidence limits (corresponding
to 95% equivalence tests) for system comparison were
calculated.

To determine clinical equivalence between each system,
the mean bias and the 95% confidence limit were compared
with the clinical acceptance limit (CAL) for each analyte.
The CAL represents an estimate of the maximum allowable
difference in analyte test results between each system. These
values may reflect the opinion of investigators from the clin-
ical trial and, therefore, may not be constant from one study
to another. The laboratory should evaluate the data presented
and make its own determination concerning the acceptability
of results. There were no clinically significant biases (i.e.,
both the 95% confidence limits and the mean biases were
contained within the "CAL) for all analytes and for both
system comparisons. In addition, the BD RST tube has been
shown in other studies to yield results on the selected ana-
lytes that are comparable to the BD SST� tube on additional
instrument platforms including the Roche COBAS Integra�

800 (Rotkreuz, Switzerland) and Olympus AU5200 (Ham-
burg, Germany) (data not shown). To further determine
equivalence between BD RST and BD SST� II Advance
tubes, the following 19 general chemistry analytes were test-
ed and shown to be clinically equivalent (data not shown):
alanine aminotransferase, aspartate aminotransferase, albu-
min, direct bilirubin, total bilirubin, blood urea nitrogen, cal-
cium, carbon dioxide, chloride, cholesterol, creatine kinase,
creatinine, g-glutamyltransferase, glucose, high-density lip-
oproteins, iron, lactate dehydrogenase, lipase, low-density
lipoproteins, magnesium, phosphorus, potassium, sodium,
unbound iron binding capacity, total protein, transferrin, tri-
glycerides, uric acid, total iron binding capacity and amylase
using the Roche COBAS Integra� 800 and Olympus
AU5200. In addition, the BD RST tube was validated for
testing of the following special chemistry analytes: follicle
stimulating hormone, folate, free thyroxine, free triodothy-
ronine, lutinizing hormone, testosterone, thyroxine, triodo-

thyronine, vitamin B12, cortisol, ferritin, thyroid stimulating
hormone, creatine kinase-muscle band, myoglobin, troponin
I, pro-brain natriuretic peptide, troponin T, b-human
chorionic gonadotropin, estradiol and progesterone on the
Siemens Advia Centaur (Tarrytown, NY, USA), Siemens
Immulite (Flanders, NJ, USA), Beckman Coulter Access II
(Chaska, MN, USA), Abbott AxSym (Abbott Park, IL,
USA), Roche Elecsys (Rotkreuz, Switzerland) and Ortho
Clinical Vitros eCI (Raritan, NJ, USA) (data not shown). BD
RST and StatSpin Express 3 centrifuge results for follicle
stimulating hormone, folate, total thyroxine, total triodothy-
ronine, testosterone, vitamin B12, cortisol, ferritin, thyroid
stimulating hormone, troponin I, b-human chorionic gonado-
tropin and estradiol were shown to be equivalent to the con-
trol on the Beckman Coulter Access (data not shown).

To calculate the preanalytical TAT, average time differ-
ences (in minutes) with 95% confidence intervals (CI) were
determined as follows (Figure 1):

• collection time to actual specimen clot time
• actual specimen clot time to centrifugation time
• centrifugation time to load time
• preanalytical phase turnaround time (pre-TAT)s

collection time to load time

Negative time differences indicate that the average times
with the BD RST were shorter (i.e., faster) than with the BD
SST� II Advance. Overall, it was determined that the use
of BD RST along with shortened centrifugation (StatSpin�

Express 3 centrifuge) led to significantly faster preanalytical
TAT by an average of 38.5 min with a 95% CI of –42.4 to
–34.6 min. The largest gain in time was between the clot
and centrifuge times; a more rapid clot to centrifuge time
was observed with the BD RST by an average of 30.5 min
with a 95% CI of –36.5 to –24.4 min. Additional time sav-
ings were noted between the collection and specimen
centrifugation (means–4.9 min, 95% CIs–10.9 to –1.1
min) and centrifugation to instrument load (means–3.2
min, 95% CIs–9.2–2.9 min).

This shortening of the preanalytical phase can contribute
to overall time savings for total TAT. Of course, the time
saved for total TAT will be dependent on the specific tests
ordered and the analysis system used to perform the tests.
Each instrument/test system has different times for analysis
for the different methods. Even if a laboratory uses instru-
mentation with a slower throughput, the savings in preana-
lytical time can improve the overall total TAT.

In summary, the combination of the BD RST using a 3-
min centrifugation time on the StatSpin� Express 3 centri-
fuge led to significantly faster preanalytical TAT by an
average of 38.5 min. In addition, clinical equivalence was
demonstrated for the BD RST as compared to the BD SST�
II Advance with both the COBAS Integra� 400 and Cobas
c 111 for all assays evaluated.

Thus, integration of a combined system (BD RST and
StatSpin� Express 3) could vastly improve total TAT and
contribute to more rapid diagnostic capabilities for various
laboratory settings wCore or STAT Labs, Physician Office
Labs (POLs)x and enhance patient treatment and management.
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Figure 1 Average cumulative preanalytical TAT (mean and stan-
dard deviation) over each interval per tube type in minutes.
Phase 1, collection to clot time; phase 2, clot to centrifugation time;
and phase 3, centrifugation to instrument load time.

However, it is important to note that whenever changing
a manufacturer’s blood collection tube type, size, handling,
processing or storage condition for a particular laboratory
assay, laboratory personnel should review data from the tube
manufacturer, as well as their own data to establish or verify
the reference range for a specific instrument/reagent system.
Based on this information, the laboratory can then decide if
a change is appropriate.
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