Clin Chem Lab Med 2019; 57(12): 1882-1887

DE GRUYTER

Marijana Miler*, Nora Nikolac Gabaj, Jelena Culej, Adriana Unic, Alen Vrtaric

and Lara Milevoj Kopcinovic

Integrity of serum samples is changed by modified

centrifugation conditions

https://doi.org/10.1515/cclm-2019-0244
Received March 4,2019; accepted June 17, 2019; previously published
online July 25, 2019

Abstract

Background: Serum samples should be centrifuged for
at least 10 min at 1300-2500 x g. Changed centrifugation
conditions could compromise sample quality. The objec-
tive of this study was to compare the serum quality and
turnaround time (TAT) using different centrifugation
conditions.

Methods: The study was done in four different periods
(A, B, Cand D) at different conditions: for 10, 5and 7 (A, B
and C, respectively) at 2876 x g, and 7 (D) min at 4141xg.
Sample quality was assessed as the proportion of samples
with: (a) aspiration errors, (b) H index >0.5 g/L and
(c) suppressed reports of potassium (K) due to hemolysis.
TAT was calculated for emergency samples. The propor-
tions of samples (a), (b) and (c) were compared according
to period A.

Results: The number of aspiration errors was signifi-
cantly higher in samples centrifuged at 2876 xg for
5 min (p=0.021) and remained unchanged when cen-
trifuged for 7 min (p=0.066 and 0.177, for periods C
and D, respectively). In periods B, C and D, the propor-
tion of samples with hemolysis was higher than that in
period A (p-values 0.039, 0.009 and 0.042, respectively).
TAT differed between all periods (p<0.001), with the
lowest TAT observed for B and D. The lowest number of
samples exceeding 60-min TAT was observed in period
D (p=0.011).

Conclusions: The integrity of serum samples is changed
with different centrifugation conditions than those recom-
mended. Our study showed that shorter centrifugation at
higher force (7 min at 4141 x g) significantly decreases TAT,
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with unchanged proportion of samples with aspiration
errors.
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Introduction

Modern technology provides fast analyzers that are
usually capable of reporting accurate and precise results
for numerous biochemistry and immunochemistry tests.
However, despite almost perfect performances in the ana-
lytical phase, laboratories still struggle with the preana-
lytical phase, especially with sample quality. To provide
optimal samples for analytical systems, the blood should
be sampled in vacuum collection tubes and treated adher-
ing to special conditions provided by the manufacturers,
including clotting time, centrifugation time and force. The
Clinical and Laboratory Standard Institute (CLSI) guide-
lines and the World Health Organization (WHO) recom-
mend that serum samples should be centrifuged for at least
10 min at 1300-2500 x g after spontaneous clotting [1-4].
Although recommended by guidelines and manufac-
turers, a sample centrifugation time of 10 min (or more)
prolongs the turnaround time (TAT). In order to reduce
TAT, studies have been done with abbreviated centrifu-
gation times. It was demonstrated that shorter centrifu-
gation at higher force did not impact the results of the
most frequently ordered analytes in serum or plasma
samples. The stability, accuracy and precision of ana-
lytes in specimens were also unaffected [5-8]. Further-
more, as expected, TAT was significantly lower when
the time of centrifugation was reduced to 7 or 5 min (6).
However, these studies did not investigate the effect of a
shorter centrifugation time on sample quality. In order
to reduce TAT, plasma samples could be used, but serum
has several advantages. The stability of analytes in
serum is longer than that in plasma [9]. Serum samples
contain lower number of cells (leukocytes and thrombo-
cytes) that might affect some measurements (e.g. lactate
dehydrogenase). Also, serum is the suitable sample
for all chemistry and immunology tests; plasma would
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require additional samples for tests that are only meas-
ured in the serum.

According to some studies, the highest rejection
rate of samples in emergency laboratory is due to fibrin
clots [10]. For serum samples, fibrin residues are most
commonly caused by inadequate centrifugation condi-
tions. The remaining fibrin strands could lead to poorer
sample quality [11, 12], and results could be erroneous and
compromise patients’ healthcare and safety [13]. Addition-
ally, leftover fibrin strands could cause various problems
with analyzers, mainly obstruction of sample aspiration
systems. This could result in greater delays of the total lab-
oratory process, because every sample with leftover fibrin
should be manually managed after first pass through the
system, fibrin strands should be removed and samples
should be re-centrifuged. After re-centrifugation, as well
as after inadequate centrifugation, a problem of increased
hemolysis might occur [14, 15].

Therefore, the aim of this study was to compare serum
quality (as the proportion of samples with a high hemoly-
sis index and leftover fibrin strands) in different settings
of centrifugation time and force. The additional objective
was to determine if sample TAT could be significantly
reduced with shorter centrifugation time, without com-
promising patient safety.

Materials and methods

This study was done in the Department of Clinical Chemistry, Sestre
milosrdnice University Hospital Center in four different periods of
approximately 10 days: July 20th—August 4th (period A), September
20th-30th (period B), October 28th—November 8th (period C) and
December 18th—27th (period D) 2017.

Samples and setting

This study included only venous serum samples drawn in 4.5- or
6-mL tubes with clot activator without a separator (Greiner Bio-One
GmbH, Kremsmiinster, Austria).

Outpatient samples or samples from emergency and hospital
wards were delivered to the laboratory by the hospital staff (walking
on foot) using delivering boxes. After 30 min of clotting, all samples
were put on the total laboratory automation (TLA) system, Abbott
Accelerator a3600 (Abbott, Abbott Park, IL, USA), consisting of an
input-output module, two integrated centrifuges (Hettich Rotanta
46RSC; Hettich, Tuttlingen, Germany), decapper, two biochemistry
analyzers Architect c8000, one immunochemistry analyzer Architect
i2000, aliquoter and sealer.

According to the manufacturer (Greiner Bio-One), serum sam-
ples should be centrifuged at 1800-2200 x g for 10-15 min.

In the first period (A), all samples were centrifuged at 2876 x g
for 10 min, which were considered as the reference conditions. After
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the initial period, the conditions were changed for other periods as
follows: in period B and C, the centrifugation time was reduced
to 5 and 7 min, respectively, with the same centrifugation force
(2876 x g). In period D, the centrifugation force was increased to
4141 x g, while the time was set to 7 min.

After centrifugation, the samples were automatically decapped
and sent to the Architect c8000 for measurement of biochemistry
parameters (if requested) and indices (for all samples).

Methods

The index of hemolysis was measured using the Architect c8000 for
all emergency and routine samples received in the laboratory, regard-
less of the sample type (venous serum, capillary serum and plasma
with anticoagulants).

According to the manufacturer’s declarations, Architect c8000
used saline solution to dilute the samples and measure the spectra
at four pairs of wavelengths (500/524 nm, 572/604 nm, 628/660 nm
and 524/804 nm). The H index is then calculated using all the wave-
lengths and constant coefficients.

The H index corresponds to the concentration of free hemo-
globin (Hb). According to the manufacturer’s declaration and own
laboratory validation, serum with a H index of only 0.5 g/L was con-
sidered hemolyzed due to interference with potassium concentra-
tion. Potassium results from hemolyzed samples (H>0.5 g/L) were
suppressed, and the results were not reported and only the comment
about hemolysis was reported.

The analyzers Architect c8000 and Architect 2000 recognize
samples with clot or leftover fibrin strands as aspiration errors. The
same errors could appear in pediatric capillary samples due to the
low volume in tubes. To exclude possible confounding factors, i.e.
low fillings of tube, in this part of the study, only venous serum
samples with properly filled tubes were included. After one of the
analyzers recognized an aspiration error, such samples were sent
to the input-output module, visually inspected for fibrin leftovers,
then removed from the TLA and re-centrifuged. All aspiration errors
were saved in the analyzers (and are available for download as the
number of errors).

Sample quality parameters

The quality of samples was defined with the following parameters:
number of samples with aspiration errors and number of samples
with the H index above 0.5 g/L against the total number of serum
samples received in the laboratory in all the studied periods.
Additionally, the quality of samples was defined as the number of
samples with suppressed reports of potassium (K) due to a high H
index (>0.5 g/L) against the total serum samples with the requested
potassium received. We chose two indicators to reflect the degree
of hemolysis. All samples received in the laboratory are processed
on the TLA system Abbott Accelerator a3600 and the H index is
measured. Some samples are only aliquoted for other work stations
which are less sensitive to hemolysis, and mildly hemolyzed samples
(H: 0.5-1.0 g/L) are processed for immunology, while these samples
are discarded for biochemistry (potassium) measurement. There-
fore, the number of suppressed potassium results corresponds to the
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in aspiration errors (with p-values of 0.066 and 0.177,
respectively).

All centrifugation settings different from the recom-
mended conditions showed higher proportion of samples
with the H index above 0.5 (p-values 0.039, 0.009 and
0.042 for periods B, C and D, respectively). However, when
considering the number of suppressed results of potas-
sium, differences were not observed with p-values of
0.087, 1.000 and 0.399 for periods B, C and D, respectively.

TAT differed significantly between all tested periods
(p<0.001). Post-hoc analysis showed that the lowest TAT
was observed for both periods B (5 min at lower force) and
D (7 min at higher force), with medians of 32 (28-37) min
for both periods against 36 (32-42) min for period A (ref-
erence conditions). The 90% completion time was also
reduced for all tested periods (45-47 against 50 in period
A). When the number of samples exceeding a TAT of
60 min was compared, significant reduction was observed
only in period D (p=0.011).

Discussion

The main finding of our study is that a shortened cen-
trifugation time of 5 min at 2876 xg decreases TAT and
90% completion time; however, it significantly affects
sample integrity by increasing the number of samples
with leftover fibrin. Optimal conditions in our laboratory
are obtained at a centrifugation time of 7 min/4141xg,
with the highest reduction of TAT, lowest percentage of
samples exceeding 60 min TAT and without increase in
the number of aspiration errors according to the original
protocol. All investigated centrifugation conditions signif-
icantly increased the percentage of hemolyzed samples;
however, the increase was not high (from 3.7% to 4.6%,
4.9% and 4.7%, respectively).

In the laboratory, the quality of serum samples is
one of the prerequisites to deliver reliable results. Sample
quality is most commonly compromised with hemolysis,
unsuitable sample volume, wrong tube selection or inap-
propriate clotting [18]. That was the reason for choosing
hemolysis and residual fibrin for the assessment of sample
quality in this research. Hemolysis is usually caused by
inappropriate sampling techniques, or sample manage-
ment and transport [19]. Centrifugation conditions differ-
ent from those recommended, especially longer time and/
or higher force, as well as re-centrifugation could also
induce in vitro hemolysis of samples [20]. In our study, we
confirmed that centrifugation conditions can significantly
contribute to the proportion of hemolyzed samples.
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Previously published studies dealt mostly with com-
parison of results in samples processed in different cen-
trifugation conditions [5, 21]. Mgller and Cadamuro with
coauthors in their researches did not find differences in
test results for more than 70 biochemistry and immunol-
ogy parameters in samples centrifuged at shorter times or
higher force [8, 22]. Cadamuro et al. found that only the
concentration of free Hb was significantly higher in serum
samples with changed centrifugation conditions [8]. Our
study is consistent with those results. The percentage of
samples with the H index (or concentration of free Hb)
above 0.5 g/L was significantly higher when samples
were centrifuged for a shorter time and at higher force.
This could be due to insufficient settling of cells in serum
when centrifuged for less time or due to breakage of cells
when centrifuged at a higher force than recommended.
Cadamuro’s research was done on samples without
hemolysis with very low H index and, consequently,
showed a very small (maximum of 0.03) increase in free Hb
concentration. If the concentration of free Hb in samples
included in that research was about 0.5 g/L, even small
changes could lead to suppression of results and accord-
ingly to incorrect or delayed medical decisions [15]. Emer-
gency physicians usually (in more than 50% of patients)
request potassium for diverse conditions and symptoms
as well as for screening or diagnosis. The percentage of
suppressed K results therefore could correspond to the
proportion of hemolyzed samples. Our research showed
that incomplete or delayed coagulation in the serum tube
could also lead to a sample of lower quality. Moreover,
invisible clots or residual fibrin in serum samples could
interfere with the quality and accuracy of the test results
[23]. Residual fibrin strands in serum can affect immuno-
assays and lead to false-positive results for critical emer-
gency tests as, for example, troponin [24]. Changed results
due to fibrin strands could significantly affect patient
care. Fibrin strands could be aspirated by analyzers and
result with errors not only on specific immunoassays, but
for all tests due to obstruction of the aspiration system
and necessity for re-centrifugation of the sample [18, 25].
Re-centrifugation of the sample could lead to pseudohy-
perkalemia [26] and falsely increased concentration of
troponin [27] and should therefore be avoided [28]. Those
errors not only affect sample quality, but also the overall
management of analyzers in the laboratory. Our study
demonstrated that the frequency of aspiration errors was
higher when samples were centrifuged at a lower force
(2876 x g) for 5 min than was done initially.

An increased centrifugation force is beneficial for
the sample because it is more capable of sedimenting
cells that remain in the supernatant. For potassium,
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pseudohyperkalemia can occur when an increased
number of leukocytes is present in the sample. It is there-
fore important to provide as clean a sample as possible.

Modern laboratories encounter increased number of
different laboratory tests. Nevertheless, the number of
test requests is growing on a daily basis, and physicians
request all results to be not only accurate but also fast,
especially in emergency departments. One of the solu-
tions to reduce TAT is the introduction of fully automated
systems for total laboratory processes [29]. Previously pub-
lished researches showed significant TAT reduction when
the centrifugation time was reduced from 15 to 10 min [21].
Moreover, Holland and coauthors demonstrated that even
a shorter centrifugation time of 4 min is enough to provide
analytically comparable results and, of course, to shorten
TAT (5). However, although they did not find differences
between the results in those samples, their research lack
information about sample quality. Our study showed that
median TATs were lower for 2-4 min in all modifications
(5 and 7 min at 2876 and 4141x g, respectively), but the
percentage of samples that exceeded 60 min of TAT was
significantly lower only when the centrifugation time was
shortened at 7 min, but at higher centrifugation force. This
could be due to the necessity to re-centrifuge samples cen-
trifuged at lower force for 5 min because of higher pro-
portion of aspiration errors. With re-centrifugation, the
number of samples that exceeded 60 min was higher.

This study has some limitations. One of the biggest
limitations is that it was not performed using paired
samples but in four different periods with different cen-
trifugation conditions. Such a setting could introduce
several confounding factors such as tube filling or sample
collection. Tube filling was excluded by using only serum
samples in 4.5-6 mL tubes, checked for blood volume
before putting on the TLA. It is possible that different
tube volumes could affect results and change the number
of aspiration errors. This should be investigated in a new
study. We assume that conditions at the wards and emer-
gency departments are similar in studied periods, as,
during all selected periods, there were no major changes
in patient load, hospital organization, laboratory staff and
no major interventions or maintenance procedures were
done on analytical systems. Additionally, we are aware of
the fact that validation of centrifugation condition could
not only be related to the rate of hemolysis. Therefore, we
introduced another parameter, residual fibrin strands.
As previously published papers investigated the con-
centration of biochemistry parameters at different cen-
trifugation conditions [8, 22], we omitted comparison of
biochemistry parameters and addressed only the issue of
sample integrity.
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Our work strongly emphasizes the importance of sample
quality verification when sample processing conditions are
changing. The integrity of serum samples is affected when
centrifugation conditions are different from those recom-
mended. Based on the results of our study, 5 min of cen-
trifugation at lower force can increase the percentage of
samples with leftover fibrin strains. Centrifugation for 7 min
at a higher force (4141x g) provides the lowest TAT, without
increasing the proportion of samples with aspiration errors.
Each laboratory should investigate the optimal centrifuga-
tion conditions in their own laboratory setting.
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