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Abstract

Objectives: Centrifugation is a time-consuming step which
increases the turnaround time (TAT) in laboratories. A few
studies have addressed the effect of altering centrifugation
settings on analytical quality for clinical chemistry analytes,
andmost of these studies have used collection tubes with gel
separators. However, gel separator tubes may be unsuitable
for some laboratories because they are slightly more
expensive than tubes without gel separators and are not
appropriate for some special tests. The aim of this study was
to investigate the effect of centrifugation conditions on
clinical chemistry analytes.
Methods: We compared centrifugation times of 7 min at
2,200×g and 5 min at 2,750×g with the manufacturer’s pro-
tocol of 10 min at 1,300×g as the reference condition. Twenty
general chemistry analytes were studied in lithium heparin
plasma tubes without gel separators.
Results: For all analytes except carbon dioxide (CO2), no
significant differences in analyte results were observed
when the centrifugation time was reduced. Deming regres-
sion and Bland–Altman plots demonstrated an acceptable
clinical concordance within the limits of total allowable
error for all analytes between the two rapid centrifugation
conditions with the reference centrifugation condition.
Conclusions: Our results confirmed that alternate centri-
fugation conditions for either 7 min at 2,200×g or 5 min at

2,750×g of samples collected in lithium heparin tubes
without gel are acceptable for clinical chemistry analytes.
Our data support using centrifugation at higher speeds for
shorter times to improve TAT without altering the quality of
the analytical results.

Keywords: centrifugation time; clinical chemistry analyte;
plasma; relative centrifugal force; turnaround time

Introduction

Reducing intra-laboratory turnaround time (TAT) is a ma-
jor challenge for clinical laboratories. The reduction in TAT
can lead to improved patient care and physician efficiency
and to improved satisfaction for both patients and physi-
cians [1]. Delays in reporting and laboratory results would
delay the diagnosis and treatment of patients [2]. Labora-
tory TAT is defined as the time from the reception of a
specimen to releasing results in the informatics lab system.
This includes specimen preparations, centrifugation steps,
analytical measurements, and post-analytical steps. Among
these processes involved in the laboratory TAT, centrifu-
gation steps for sample preparation are potential bottle-
necks in the laboratory throughput, causing prolonged TAT,
which may lead to stakeholder’s unsatisfaction with the
laboratory service [3], especially in emergency labora-
tories. Choosing optimum centrifuge conditions for blood
samples plays an important role in the pre-analytical pro-
cedure for sample quality, accuracy, precision, and TAT for
the laboratory results.

The separation efficacy of the centrifugation process
depends on five main parameters: centrifugation time,
speed or relative centrifugal force (RCF or g), temperature,
and acceleration and deceleration profiles [4]. Variations
in centrifugation temperatures are limited by the stability
of the analyte being tested. The acceleration and deceler-
ation rates of centrifugation depend on the type of sample
separation usually used according to the manufacturer’s
instructions. Thus, centrifugation time and speed can be
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easily varied to achieve the desired analytical quality of
sample separation for subsequent analyses. High-speed or
long-time centrifugation can generate hemolysis, but low-
speed centrifugation can lead to insufficient separation of
plasma or serum from the cellular blood components [5].
The Clinical and Laboratory Standards Institute (CLSI)
recommends using centrifugation time and relative cen-
trifugal force following the manufacturer’s guidelines for
specific blood collection tubes that typically recommend
centrifugation for 10–15 min, depending on the type of tube
[6]. The WHO guidelines recommend a centrifugation time
of at least 10 min and 1,500×g for serum and at least 15 min
and 2,000–3,000×g for plasma [7, 8].

Centrifugation is an important step in the pre-
analytical phase, and the influence of centrifugation on
clinical chemistry test results has been reported under
varying centrifugation conditions and different blood
sample types. A wide variety of centrifugation conditions
have been recommended in various guidelines from sci-
entific societies, but most rely either on recommendations
by experts or manufacturers rather than on published
scientific research. A few studies have investigated the ef-
fect of centrifugation times of less than 10 min on serum or
plasma chemical laboratory results, but these studies used
different centrifugation times, speeds, and types of blood
collection tubes [4, 9–12], so there are no consistent results
among them. Although most studies on the effect of
centrifugation conditions have used collection tubes with
gel separators [4, 9, 11, 13–15], previous studies have sug-
gested that the gel separator tubes are not appropriate for
some special tests, especially for therapeutic drug moni-
toring, clinical toxicology procedures, and allergy test [16,
17]. In addition, inappropriate blood separation following
centrifugation from gel separator tubes can occur due to
collection tube factors, laboratory factors (e.g., speed of
centrifugation, temperature, conditions of storage, and
acceleration/deceleration), and patient factor [18, 19]. A
statistically significant difference in myoglobin and CK-MB
levels has been reported between tubes with and without
separator gels [20]. The gel separator tubes are slightly
more expensive than non-gel separator blood collection
tubes. Moreover, collection tubes with gel separators are
still unavailable in our country and other low- and middle-
income countries due to cost savings strategy.

Therefore, the aim of this study was to compare the
manufacturer’s recommended centrifugation times with
two shorter centrifugation times, 2,200×g for 7 min and
2,750×g for 5 min, using lithiumheparin tubeswithout gel on
clinical chemistry testing.

Materials and methods

Sample collection and centrifugation

Venous blood samples were collected, following informed consent, by
experienced phlebotomists from 120 patients at the Emergency
Department wards at Songklanagarind Hospital, Thailand. Each blood
samplewas collected into a BD Vacutainer lithium-heparin tube (Cat No.
368496) (Becton Dickinson, Plymouth, UK). All samples were anony-
mized immediately after the phlebotomy, and centrifugation was per-
formed within 1 h after blood sampling. Of the three collected tubes of
each individual, centrifugationwas carried out for one tube according to
routine laboratory practice following the BDmanufacturer’s instruction
(10 min at 1,300×g) [21]. The other two blood collection tubes were
centrifuged in each of these setting conditions based on WHO recom-
mendation [7] and literature review [4, 8–15, 22, 23]: (a) 7 min at 2,200×g
and (b) 5 min at 2,750×g. Each tube was gently inverted 6 to 8 times and
then immediately centrifuged using a Beckman Coulter Allegra X-12
refrigerated centrifuge with a swinging bucket rotor at a controlled
temperature of 21 ± 1 °C, an acceleration time of 10 s (included in the
overall centrifugation time), and a deceleration time of 11 s (after
centrifugation). Following centrifugation, all samples were inspected
visually for any visible hemolysis, icterus, and lipemia and the quality of
plasma separation from the blood cells. They were then analyzed
immediately in random order. Blood samples with visible hemolysis
after centrifugation using reference condition (10min at 1,300×g) were
excluded from the study.

Methods of analysis

After centrifugation, the three tubes of each individual were immedi-
ately analyzed using a Cobas 6,000 analyzer (Roche Diagnostics, Rot-
kreuz, Switzerland) on a c 501 modules for chemistry assays. The
following selection of general chemistry analytes was measured in all
samples: glucose, blood urea nitrogen (BUN), creatinine, sodium (Na),
potassium (K), chloride (Cl), carbon dioxide (CO2), calcium (Ca), phos-
phorus (P), direct bilirubin, total bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total
protein, albumin, and lactate dehydrogenase (LDH). Serum Index Gen.2
(RocheDiagnostics) was used for semi-quantitative determination of the
lipemia, hemolysis, and icterus indices. A single analysis was performed
for all analytes. As is standard procedure in our laboratory, the Cobas
machine underwent a quality control check daily using control samples
from the manufacturer (Roche Diagnostics) to ensure all measurements
remained within the target ranges.

We also evaluated the effects of different centrifugation condi-
tions on the TAT of results. Of the three collected tubes of each indi-
vidual, centrifugation was carried out in each condition. The tube for
reference condition (10 min at 1,300×g) of the routine analysis was first
centrifugated. The tubes for rapid centrifugations at 7 and 5 min were
subsequently centrifugated. After centrifugation, the tube of each
individual was immediately analyzed using a Cobas 6,000 analyzer.
The TAT for each specimen was calculated as the time from specimen
receipt in the laboratory until the result was verified. However, the
waiting time for the centrifugation step was not included.
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Statistical analysis

The clinical chemistry analytes from the samples centrifuged
following the manufacturer’s instructions (10 min at 1,300×g) were
compared with samples centrifuged for 7 min at 2,200×g and 5 min at
2,750×g by plotting the data in the EP Evaluator software (Data
Innovations, South Burlington, USA) and R program (version 4.0.3). The
slopes, intercepts, standard errors of the estimate, and correlation
coefficients (R) were depicted in a scatter plot with a Deming regres-
sion fit using total allowable error (TEa) as acceptance limits [24]. Total
allowable error of each assay was based on the Clinical Laboratory
Improvement Amendments (CLIA) and the Royal College of Patholo-
gists of Australasia (RCPA). As some of the parameter values were
normally distributed while others were not, differences were consid-
ered non-significant when a p-value of >0.05 was obtained using the
Mann–Whitney U Test or t-test, depending on the data distribution.
Differences in the centrifugation conditions were assessed using a
Bland-Alman difference plot with an error index. The error index in
the Bland–Alman plot assesses the ratio of the difference between two
centrifugation conditions to the total allowable error. An index greater
than 1.00 or less than −1.00 means the difference between the two
conditions exceeds the total allowable error, and the results are
unacceptable. If more than 5 % of the specimens have an unacceptable
error index, the experiment fails (EP Evaluator software). The results
were also comparedwith the available analytical quality specifications
for total allowable error [25]. Coefficients of variation (CV) were
calculated by the Cobas 6,000 instrument software from internal
quality control samples of two levels (normal and clinically relevant
abnormal concentrations) for each analyte (Table 1). These quality
controls were run once a day.

Results

The results of the routine clinical chemistry analyses in
this study are summarized in Table 2. The samples
centrifuged for 10 min at 1,300×g following the manufac-
turer’s instructions were considered as the reference. The
slope and intercept of most measured analytes vary
around the ideal targets of 1.00 and 0.00, respectively.
Although the slope and intercept of LDH were aberrant
from the ideal values, strong correlations were found
between the two rapid centrifugation conditions and the
reference centrifugation condition. Most results of the
clinical chemistry tests centrifuged 7 min at 2,200×g, and
5 min at 2,750×g were not significantly different from the
results of the reference centrifugation condition. Only CO2

was significantly lower in the specimens centrifuged at
both 7 min at 2,200×g and 5 min at 2,750×g (p=0.019). There
was a strong agreement between the values of the chem-
istry analytes derived from the two rapid centrifugation
conditions and the reference centrifugation condition: the
correlation coefficient of the Deming regression ranged
between 0.982 and 0.999 in comparisons of the analytes

centrifuged for 7 min at 2,200×g, and 0.984 and 0.999 in
comparisons of those centrifuged for 5 min at 2,750×g
(Table 2, Supplemental Figures S1, S2).

To determine whether the two rapid centrifugation
conditions were equivalent within the total allowable error,
scatter plots with Deming regression fit and Bland–Altman
plots were created and analyzed. In comparisons between
the 10 min at 1,300×g and 7 min at 2,200×g centrifugation
trials, four analytes, albumin, direct bilirubin, glucose, and
LDH, had specimens that were outside the acceptable limits
of total allowable error. Comparing the differences between
samples centrifuged for 10 min at 1,300×g and samples
centrifuged for 7 min at 2,200×g revealed a high rate of
samples outside the acceptable allowable error limits,
notably 2.5 % (3/120 samples) for albumin and 3.3 % (4/120
samples) for LDH. Comparisons between samples centri-
fuged 10 min at 1,300×g and samples centrifuged 5 min at
2,750×g revealed that one specimen of albumin, ALT, and
direct bilirubin was outside the acceptable limits of total
allowable error. However, none of the analytes were outside
the limit of unacceptable because the error index for less
than 5 % of the specimens was outside the acceptable limits
(Figures 1 and 2). The hemolysis index, lipemia index, and
icterus index were generally low in most samples of all
centrifuge settings.

Table : Analytical variation and total allowable error of chemistry
analytes.

Parameters Units CV,
%a

Total allowable
errorb

Albumin g/dL . %
Alkaline phosphatase (ALP) U/L . %
Alanine aminotransferase (ALT) U/L . %
Aspartate aminotransferase
(AST)

U/L . %

Blood urea nitrogen (BUN) mg/dL . mg/dL or %
Calcium (Ca) mg/dL . mg/dL
Chloride (Cl) mmol/L . %
CO mmol/L . %
Creatinine mg/dL . .mg/dL or %
Direct bilirubin mg/dL . .mg/dL or %
Glucose mg/dL . %
Lactate dehydrogenase (LDH) U/L . %
Phosphorous (P) mg/dL . .mg/dL or %
Potassium (K) mmol/L . .mmol/L
Sodium (Na) mmol/L . mmol/L
Total bilirubin mg/dL . %
Total protein g/dL . %

aTotal coefficient of variation (CV) is the standard deviation divided by the
mean as deduced from internal control measurements of two-level
concentrations. bTotal allowable error of each parameter is evaluated based
on CLIA and RCPA.
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Reduced centrifugation time resulted in improvements
in TAT, with a median TAT for stat results decreasing from
30 to 27 min in samples centrifuged for 7 min at 2,200×g and
25 min in samples centrifuged 5 min at 2,750×g. Using
centrifugation at 10 min as the baseline, the number of
samples that exceeded the TAT limit >45 min decreased
from 11.3 to 9.3 % and 8.2 % in centrifugation time at 7 and
5 min, respectively. Moreover, the rate of outliers with
laboratory TAT >30 min decreased from 42.3 to 28.9 %
and 23.7 % in centrifugation at 7 and 5 min, respectively
(Supplemental Table S1).

Discussions

Timely reporting of patient test results to clinicians is a
critical indicator of laboratory performance [26, 27]. Most
delays attributed to laboratory testing do not occur in
the analytical phase but rather during the preanalytical
process. Specimen preparation for centrifugation is a well-
recognized cause of prolonged TAT, which may lead to
stakeholder’s unsatisfaction with the laboratory service,
especially in emergency laboratories [3]. Centrifugation
settings can be altered to optimize sample flow and TAT in
the clinical laboratory, but it is important to ensure that the
altered centrifugation settings do not compromise analytical
quality. The current CLSI guideline recommends using a
centrifugation time and relative centrifugal force following
the manufacturer’s guidelines for their blood collection
tubes [6]. Although shorter centrifugation times have been
investigated, the studies used different centrifugation times,
speeds, and blood collection tubes [4, 9–12, 15]. Given the
large disparity in recommended centrifugation conditions,
the results from studies using a particular type of collection
tube may not be generalizable to collection tubes from
different manufacturers. The blood collected by widely used
BD Vacutainer lithium-heparin suggests centrifugation of
blood samples at ≤1,300×g for 10 min at 25 °C [21]. The BD
study suggested that BD blood collection tubes with sepa-
rators, including BD Vacutainer SST II Advance tubes, BD
Vacutainer PST II tubes, and BD Vacutainer Barricor tubes
enable faster centrifugation times of 5 min at 3,000×g [13].
However, results of the previous studies indicated that some
chemistry analytes, especially LDH, are sensitive to high-
speed centrifugation at 3,000×g [10, 11]. Thus, in this study,
we chose centrifugation conditions below 3,000×g based on
the results of previous studies and WHO guidelines. Other
than the manufacturer’s instructions, there are no studies in
the current literature providing information on the minimal
centrifugation time that might be possible while still
obtaining suitable plasma specimens for clinical chemistryTa
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Figure 1: The error index plots for each chemical chemistry test of centrifugation at 1,300×g for 10 min and 2,200×g for 7 min. The X-axis represents the
values of centrifugation at 1,300×g for 10 min. The Y-axis represents the error index which is the ratio of the difference of centrifugation at 2,200×g for
7 min (Y) and 1,300×g for 10 min (X) to the total allowable error (TEa). The error index is measured for each X–Y pair. Points that fall in the shaded areas
have an unacceptable error index (>1.00 or <−1.00). The error index for less than 5 % of the specimen is acceptable, indicating that the two conditions are
clinically equivalent. The dotted lines represent the average error index. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BUN, blood urea nitrogen; CO2, carbon dioxide; LDH, lactate dehydrogenase.
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Figure 2: The error index plot for each chemical chemistry test of centrifugation at 1,300×g for 10 min and 2,750×g for 5 min. The X-axis represents the
values of centrifugation at 1,300×g for 10 min. The Y-axis represents the error index which is the ratio of the difference of centrifugation at 2,750×g for
5 min (Y) and 1,300×g for 10 min (X) to the total allowable error (TEa). The error index is measured for each X-Y pair. Points that fall in the shaded areas
have an unacceptable error index (>1.00 or <−1.00). The error index for less than 5 % of the specimen is acceptable, indicating that the two conditions are
clinically equivalent. The dotted lines represent average error index. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; BUN, blood urea nitrogen; CO2, carbon dioxide; LDH, lactate dehydrogenase.
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analytes using original BD lithium-heparin tubes without gel
separators.

The present study was designed to establish lower
acceptable centrifugation times for the original BD Vacu-
tainer lithium-heparin plasma preparation tube for clinical
chemistry testing to reduce the laboratory TAT. We
compared the performance of centrifugation for 10 min at
1,300×g as recommended by the manufacturer, with two
alternate rapid centrifugation conditions, 7 min at 2,200×g
and 5 min at 2,750×g, which were chosen for optimization
following a literature review for evidence-based recom-
mendations [4, 7, 9–15, 22, 23].We reduced the centrifugation
speed from 3,000×g to 2,200×g and 2,750×g because some
previous studies revealed that centrifugal force greater than
3,000×g might increase the rate of hemolysis [10, 11]. Our
results indicate that centrifugation at both 7 min at 2,200×g
and 5 min at 2,750×g using a swing bucket centrifuge for
samples collected in BD Vacutainer lithium-heparin tubes
without gel separator may still be suitable for clinical
chemistry analytes. Although a significant difference in the
median concentrations was observed for CO2 in samples
centrifuged in both rapid conditions, both were still within
the acceptable limits of total allowable error, much lower
than the result of 5 % of samples of each test outside the
limits indicating an unacceptable finding. This finding is in
contrast to a previous study [14], which found CO2 was not
adversely affected at centrifugation at 1900×g for 4 min.
However, the specimens in this study were collected into BD
Vacutainer PST gel and lithium heparin tubes, unlike the BD
Vacutainer lithium-heparin blood collection tubes used in
our study. To confirm that higher g-forces did not increase
in vitro hemolysis whichmight interfere with some analytes,
we measured AST, LDH, potassium, and hemolysis index as
indicators of hemolysis. There was no difference between
the reference and two rapid centrifugation conditions in
AST, LDH, and potassium. Most measured hemolysis index
values were below the lowest detection limit of the assay in
all three centrifugation settings. We can conclude that
alternate rapid centrifugation conditions, 7 min at 2,200×g
and 5 min at 2,750×g, did not increase hemolysis.

In order to compare our results to other studies, we
reviewed the literature for published scientific investigations
and found a few studies regarding the analysis of clinical
chemical analytes (Table 3). A few studies investigated the
effect of reduced centrifugation time on analytical quality
using other instruments and collection tubes, especially
lithiumheparin gel tubes. Generally, they found evidence that
centrifugation time can be decreased to 4–7min without
adversely affecting the analytical quality of the clinical
chemistry testing [4, 9–14]. One previous study examined the
difference between 3 different centrifugation protocols:

2,180×g for 15min, 2,180×g for 10min, and 1870×g for 7 min
[4]. In that study, blood samples were collected using lithium
heparin with gel tubes (Greiner Bio-One) and tested using a
Cobas 6,000 analyzer. The study concluded that therewere no
differences in results frommany general chemistry tests and
immunoassays between the centrifugation conditions.
Another study examined the effect of even a broader range of
centrifugation conditions, including 1, 2, 5, 10, or 15min with
constant centrifugal force at 1,200×g. Specimens were
collected in lithium heparin with gel tubes (Terumo Europe)
and analyzed for general chemistry and immunoassay ana-
lytes using a Roche Modular P system and a Roche Elecsys
2010. Statistically significant differences between ALT, cal-
cium, glucose, potassium, urea nitrogen, and creatine kinase-
MB results were observed in specimens centrifuged for less
than 5min. They suggested that a 10-min centrifugation time
at 1,200×g for samples collected in lithium heparin with gel
tube was suitable for clinical chemistry testing [9]. To our
knowledge, there have been only two investigations using BD
Vacutainer lithium-heparin tubes without gel, carried out by
Møller et al. [10] andKoenders et al. [12]. In the studybyMøller
et al., nine selected chemistry and immunochemistry analytes
were measured in specimens collected into BD Vacutainer
serum tubes and BD Vacutainer lithium-heparin tubes. Each
sample pair was centrifuged at 2,200×g for 10min as a stan-
dard protocol and at 3,000×g for 5 min. The study found that a
centrifugation protocol at 3,000×g for 5min gave acceptable
results for the general chemistry and immunochemistry
analytes, except LDH. LDH is present in large amounts in red
blood cells and platelets, and lysis of blood cells due to
centrifugation at higher g-forces may lead to an over-
estimation of LDH. However, it is difficult to directly compare
the analyte results between their study and ours because the
reference centrifugation conditions were different, as we
performed analyses using 1,300×g for 10min andMøller et al.
used 2,200×g for 10min. In our results, no differences in the
median concentrations for LDH between centrifugation set-
tings were detected. In the other study, Koenders et al. [12]
analyzed the chemistry and immunochemistry results of BD
Vacutainer lithium-heparin samples centrifuged for 5 and
10min at 1,885×g. They concluded that centrifugation couldbe
reduced to 5 min for most routine chemistry and immuno-
chemistry analytes except for the lipemia index. Overall, the
findings from previous studies and our study supported the
hypothesis that shorter centrifugation times can be used for
general chemistry analyteswithout compromising the quality
of the analytical results.

Intralaboratory TATs of up to 60min for common lab-
oratory tests are suggested as an initial goal for acceptable
TAT. However, TAT would differ based on the specificity of
the test ordered, the type of test (stat and routine), and the
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type of patient. Some studies have suggested that reasonable
laboratory TATs are 30 min or less for urgent samples from
the emergency department or intensive care unit (ICU)
[28, 29]. In our study, median TAT was lower when the time
of centrifugation was reduced to 7 or 5 min. Furthermore,
reducing the time of centrifugation from 10 to 5 min affected
the percentage of laboratory TAT outliers, reducing from
42.3 to 23.7 %. Thus, decreasing centrifugation time resulted
in a reduction not only for the median TAT but also for the
number of outliers.

Limitations of the study

A limitation of this study is that immunochemistry analytes
that are highly sensitive to higher-force centrifugation
were not investigated. However, studies using centrifuga-
tion protocol at 3,000×g for 5 min [10, 11] and 4,400×g for
3 min [30] showed no impact on measured immunochem-
istry parameters. The current laboratory practice recom-
mended that the optimal centrifugation conditions
required to complete plasma separation from blood cells
for clinical chemistry testing and centrifugation at higher
speeds or longer times could be a more effective platelet
clearance [6, 21]. Although platelet counts were also not
investigated in this study, the visual inspection and optical
measurement of blood samples centrifugated with three
conditions did not reveal any difference, including visible
hemolysis and quality of plasma separation. Centrifugation
at higher speeds for shorter times would lead to more
platelet remaining in the plasma than centrifugation with
lower speeds [31], and centrifugations at high speeds might
result in an increase in AST, LDH, hemolysis index, potas-
sium, and phosphorus. However, we did not observe any
increased plasma potassium and phosphorus concentra-
tions released from platelets supporting that centrifugation
conditions used in our study did not affect plasma
separation.

Conclusions

In this study, we provide evidence that blood specimens
collected in a tube without a gel separator for the mea-
surement of clinical chemistry analytes may be centrifuged
at 2,200×g for 7 min or 2,750×g for 5 min without affecting
the test results compared to centrifugation at 1,300×g for
10 min as the reference centrifugation condition. Blood
collection tubes without gel separators used in our study
could bemore advantageous than tubes with gel separators
for the laboratory process because of the cost-effectiveness

and convenience of transporting specimens from the
collection site to the laboratory for routine analysis.
A reduced centrifugation time from 10 to 5 min, a 50 %
decrease, would lead to significantly faster intra-laboratory
TAT. Therefore, it can reduce the pre-analytical turnaround
time without significant clinical effects on routine clinical
chemistry tests. However, further studies should consider
the effect of centrifugation at higher speeds for shorter
times on platelet counts and immunochemistry analyses.
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