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Background: Venipuncture for the purpose of blood analysis is often performed at remote locations, and
samplesmay be centrifuged locally to preserve the integrity of analytes. At the central laboratory, these tubesmay
be centrifuged again in the routine process. However, limited research shows that >1 centrifugation cycle of gel
separator tubes causes significant changes in analytes, in particular troponin I and potassium. These preanalytical
test changes are undesirable and may lead to errors in diagnosis and treatment of patients.
Methods: Ten volunteers donated blood in 10 lithium heparin gel tubes. Per volunteer, 5 tubes were centrifuged
with Becton Dickinson centrifugation settings and 5 tubes with our local centrifugation settings. For each centrif-
ugation setting, 1 tube was centrifuged directly after venipuncture; the second tube, directly after venipuncture
and again after 4 h; the third tube, directly after venipuncture and again after 8 h; the fourth tube, 4 h after
venipuncture; the last tube, 8 h after venipuncture. Thirty routine chemistry analyses were performed in plasma
directly after the last centrifugation cycle. All tubes were kept at room temperature. Analytes were considered
unstable when the mean percentage deviation exceeded the total allowable error.
Results: Except for calcium, which slightly exceeded the predefined total allowable error limit, all the investigated
analytes remained stable up to 8 h after a second centrifugation cycle with both centrifugation settings.
Conclusion: This study shows that recentrifugation up to 8 h after blood collection does not cause relevant
deviations in test results and may be applied safely.

IMPACT STATEMENT
This study describes the influence of recentrifugation up to 8 h after blood collection on a broad range of

frequently requested biochemical tests in lithium heparin gel separator blood tubes. Comparable studies were

only performed on a limited number of tests and with a second centrifugation cycle ≥12 h after blood collection.

Laboratories are undergoing scale enlargement all over the world. More blood collection centers are

adjoined to fewer larger central laboratories. Therefore, preanalysis becomes more complicated. Our issue

about repeated centrifugation is relevant to all laboratory professionals who manage preanalysis, including

transport of blood from remote locations.
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Timely separation of blood cells and plasma is
critical to preserve the integrity of a multitude of
analytes in plasma (1). To guarantee timely sep-
aration of blood cells and plasma, samples are
sometimes centrifuged at remote blood collec-
tion centers before transport to the central
laboratory. At the central laboratory, these cen-
trifuged blood tubes are recentrifuged along
with the rest of the normal workload.
However, limited research shows that >1 centrif-

ugation cycle of plasma gel separator tubes (PSTs)3

causes significant changes in some test results, in
particular troponin and potassium (2–6). The influ-
ence of recentrifugation within 12 h after blood
collection is scarcely examined. In this time frame,
a complete range of biochemical analytes is not yet
examined (6).
In this study we examined the effect of recen-

trifugation at 4 and 8 h on most frequently re-
quested biochemical analytes in gel-separated
plasma. We tested the influence of recentrifuga-
tion up to 8 h, because transport and analysis of
blood tubes usually do not exceed 8 h in daily
practice.
We used the desirable specifications of the to-

tal allowable error (TEa) as the limit for allowable
deviation (7).

MATERIALS AND METHODS

Participants, sample collection, and
processing

Ten healthy volunteers donated blood after writ-
ten informed consent. The study was performed
under the tenets of the Helsinki declaration and
local laws and regulations and was monitored by
the scientific committee of the Jeroen Bosch

Hospital. Blood was collected in 10 lithium heparin
gel tubes [Becton Dickinson (BD) PST II].
One tube per volunteer was centrifuged directly

after venipuncture with BD centrifugation settings
(1650g; 10 min) and another tube with local cen-
trifugation settings (3000g; 8 min). Both tubes
were analyzed subsequently. Two other tubes
were centrifuged directly with BD or local centrifu-
gation settings and again after 4 h and measured
subsequently. The next 2 tubes were centrifuged
directly and again after 8 h, also with BD or local
centrifugation settings, and measured subse-
quently. Finally, 4 tubes were stored for 4 or 8 h
before centrifugation with either BD or local cen-
trifugation settings and analyzed subsequently. All
tubes were stored at room temperature, 22 ± 1 °C.
All analytes were measured with Dimension VISTA
1500 (Siemens).

Analytes

The following analytes were measured: alanine
aminotransferase, albumin, alkaline phosphatase,
amylase, aspartate aminotransferase, bicarbonate,
bilirubin direct, bilirubin total, calcium, chloride, cho-
lesterol, creatinine, C-reactive protein, ferritin, folic
acid, free thyroxine 4, gamma-glutamyl transferase,
glucose, lactate dehydrogenase, lipase, magnesium,
phosphate, potassium, sodium, triglycerides, tro-
ponin I, thyroid stimulating hormone, urea nitrogen,
uric acid, and vitamin B12.

Statistics

Themean of the results obtained from 10 volun-
teers was calculated (Tx) for each analyte in each
storage and centrifugation time. Subsequently, the
mean percentage deviation was calculated for
each condition compared with the measurement

*Address correspondence to this author at: Laboratory for Clinical Chemistry and Haematology, Jeroen Bosch Hospital, Henri Dunantstraat 1,
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directly after blood collection [(Tx − T0)/T0 × 100%].
Mean percentage deviations with a 95% CI were
reflected to the desirable TEa, based on Ricos et al.
(7). TEa values of analytes vary in different sample
types. We chose to use the TEa established by
measurements in plasma. If not available, we used
serum or whole blood TEa.

RESULTS

The aim of this study was to investigate whether
a second centrifugation cycle at 4 or 8 h after blood
collection significantly changes frequently requested
biochemical analyte values in lithium heparin gel-
separated plasma.
Tables 1 and 2 show all the test results. Mean

deviations in double-centrifuged tubes did not ex-
ceed the limits, including potassium and troponin.
However, calcium did exceed the TEa after a sec-
ond centrifugation cycle with BD settings 8 h after
blood collection.
To confirm our earlier study results on stability

of whole blood, half of the donated blood was
stored during 4 or 8 h at room temperature; it was
subsequently centrifuged andmeasured. Calcium,
glucose, and phosphate exceeded the limits in this
single-centrifuged blood.

DISCUSSION

This study demonstrates that a second centrifu-
gation cycle performed up to 8 h after blood col-
lection has no relevant influence on the results of
frequently requested biochemical tests.
Other research showed that repeated centrifu-

gation of blood in gel separator tubes can lead to
significant deviations in analytes, in particular of
troponin and potassium (2–6). These changes
could bias patient laboratory test results and are
undesirable in clinical practice. Therefore, most in-
vestigators suggested avoiding repeated centrifu-
gation of PSTs. However, the examined time frame
of a second centrifugation cycle wasmostly 12 h or

longer or was performed on a limited number of
analytes (2–6). Therefore, in this study we exam-
ined the influence of a second centrifugation cycle
4 and 8 h after blood collection onmost frequently
requested biochemical analytes.
In our study, all examined analytes stayed within

their TEa limit, except calcium, which slightly ex-
ceeded the limit after the second centrifugation
cycle with BD settings 8 h after blood collection.
Our analytical variation for calcium is approxi-
mately 3%, which explains the deviation in test re-
sults. The TEa is based onbiological variation and is
for calcium very strict (2.55%). One can argue if a
rise of <0.1 mmol/L (3.4%) like we found in this
study is a clinically relevant change. Calcium did not
exceed the limit with our routine centrifugation set-
tings. Calcium deviations in previous research were
maximally 1% after repeated centrifugation up to
24 h (6).
Deviations in the concentration of potassium

were small in this study and were within the pre-
defined limits, which is in concordance with previ-
ous research (6), but it is in contrast with other
studies that show significant changes after re-
peated centrifugation after >12 h (4, 5). Apparently,
the time between the first and second centrifuga-
tion cycle is important in analyte stability.
Our troponin results showed no relevant changes

between 1 or 2 centrifugation cycles (<2%). In other
recentrifugation studies troponin values showed a
significant decrease after the second centrifuga-
tion cycle (2, 3). These different outcomes may be
explained by dissimilar study design: use of sam-
ples from healthy volunteers instead of patients,
different design of immunoassays, aliquoting of
plasma samples, and the time between the centrif-
ugation cycles.
Wrong interpretation of test results caused

by preanalytical handling, such as centrifugation,
should be avoided. In contrast to earlier results,
our results indicate that recentrifugation in a
broad range of biochemical blood tests may be
applied safely.
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Table 1. Stability of biochemical analytes after 1 or 2 centrifugation cycles (Becton Dickinson
centrifugation settings).a

Centrifuge cycle

At T0 and T4 Only at T4 At T0 and T8 Only at T8

Analyte Mean at T0 Min–max (Unit) Mean deviation (%) TEa (%)
ALTb 34 23–48 (U/L) 0 0.29 0.88 0 27.48
Alb 37 32–40 (g/L) 0.81 −0.54 2.70 1.08 4.07
AP 64.3 50–77 (U/L) −1.24 −2.02 −3.11 −3.58 12.04
Amy 78.1 52–118 (U/L) 0.26 0.13 −0.13 0.13 14.6
AST 22.5 16–31 (U/L) 0.26 −2.67 −1.33 −4.98c 16.69
Bic 30.5 27–33 (mmol/L) 0 −0.33 −4.59 −4.59 5.6
Bild 2.9 2–4 (μmol/L) −6.90 −20.69 −27.59 −15.38c 44.5
Bilt 11.2 7–14 (μmol/L) −5.36 −4.46 −6.25 −4.46 26.94
Ca 2.26 2.08–2.41 (mmol/L) 2.52 1.81 3.40 2.87 2.55
Cl 108.2 106–110 (mmol/L) 0.28 −0.09 0.65 −0.37 1.5
Chol 5.73 4.8–6.7 (mmol/L) −0.52 −0.87 −0.35 0.52 9.01
Cre 77.5 58–100 (μmol/L) −1.68 −1.03 −1.16 −2.19 8.87
CRP 1.6d <3–7 (mg/L) −6.25 −6.25 −6.25 −6.25 56.6
Fer 92 18–310 (μg/L) −0.43 −2.07 −6.25 0.98 16.9
Fol 19.1 12–43 (nmol/L) −2.62 −2.62 −3.66 −5.26 39
FT4 13.28 9.8–18 (pmol/L) 0.15 0.15 −0.60 0.15 8.74
GGT 24.2 5–73 (U/L) −4.13 −2.89 0 2.89 22.11
Gluc 5.76 4.5–7.7 (mmol/L) 0.17 −11.81 −3.13 −19.97 5.5
LD 187.9 166–222 (U/L) 2.71 −2.71 3.94 −4.96c 11.4
Lip 210 120–349 (U/L) 0.52 −0.67 1.57 1.00 37.88
Mg 0.82 0.74–0.92 (mmol/L) 1.22 0.24 0.73 −0.12 4.8
P 0.97 0.6–1.5 (mmol/L) −2.06 −11.34 4.12 −18.56 10.11
K 4.25 3.6–4.8 (mmol/L) 0.47 −4.24 −0.24 −4.71 16
Na 141.9 141–144 (mmol/L) 0.28 0.21 0.14 0.21 0.73
Trig 1.73 0.8–3.6 (mmol/L) −0.58 −1.16 0.58 −1.73 25.99
Tropl 0.051d < 0.045–0.28 (μg/L) 0 0 −1.98 −1.98 76.36
TSH 2.28 1.6–2.7 (mU/L) −0.88 −1.32 −1.32 −2.19 38.3
Urea 5.58 4.0–8.1 (mmol/L) 0.36 −0.18 −1.79 −1.97 15.55
UA 0.33 0.19–0.43 (mmol/L) −0.61 −0.61 −1.52 −0.91 11.97
VitB12 253.2 79–441 (pmol/L) −8.53 −6.16 −9.36 −1.55c 30

aMean%deviations in relation tomeasurement at T = 0. Bold values exceed the total allowable error (TEa). Analysis was performed in lithiumheparin
plasma from 10 healthy volunteers.
b ALT, alanine transaminase; Alb, albumin; AP, alkaline phosphatase; Amy, amylase; AST, aspartate transaminase; Bic, bicarbonate; Bild, bilirubin
direct; Bilt, bilirubin total; Ca, calcium; Cl, chloride; Chol, cholesterol; Cre, creatinine; CRP, C-reactive protein; Fer, ferritin; Fol, folic acid; FT4, free
thyroxin 4; GGT, gamma-glutamyl transferase; Gluc, glucose; LD, lactate dehydrogenase; Lip, lipase; Mg, magnesium; P, phosphate; K, potassium; Na,
sodium; Trig, triglycerides; TropI, troponin I; TSH, thyroid stimulating hormone; Urea, urea nitrogen; UA, uric acid; VitB12, vitamin B12.
c n = 9, one excluded because of hemolytic plasma.
d CRP values <3 were defined as 1 and troponin values <0.045 were defined as 0.025 to calculate the mean value.
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Table 2. Stability of biochemical analytes after 1 or 2 centrifugation cycles (local centrifugation
settings).a

Centrifuge cycle

At T0 and T4 Only at T4 At T0 and T8 Only at T8

Analyte Mean at T0 Min–max (Unit) Mean deviation (%) TEa (%)
ALTb 33.6 23–48 (U/L) 2.08 1.49 2.38 0.89 27.48
Alb 36.5 31–40 (g/L) 2.19 1.37 3.01 2.47 4.07
AP 63.8 51–77 (U/L) −0.63 −0.94 −2.66 −2.66 12.04
Amy 77.5 53–115 (U/L) 1.16 0.39 0.52 0.90 14.6
AST 22 16–31 (U/L) 2.73 1.82 0.91 −4.55 16.69
Bic 31 26–34 (mmol/L) 0 −1.29 −4.84 −5.16 5.6
Bild 2.6 2–3 (μmol/L) −19.23 −7.69 3.85 −15.38 44.5
Bilt 10.7 7–13 (μmol/L) −0.93 2.80 0 −2.80 26.94
Ca 2.26 2.07–2.41 (mmol/L) 2.17 1.99 2.44 2.35 2.55
Cl 108.1 107–110 (mmol/L) 0 −0.37 0.09 −0.46 1.5
Chol 5.71 4.8–6.7 (mmol/L) −0.35 0.18 −1.05 0.53 9.01
Cre 78.7 61–102 (μmol/L) −2.67 −3.05 −2.16 −3.05 8.87
CRP 1.5c <3–7 (mg/L) 1.5 1.50 1.50 1.50 56.6
Fer 90.6 18–300 (μg/L) 1.55 0.44 0.44 3.31 16.9
Fol 18.5 11–42 (nmol/L) 0 1.62 0 −1.62 39
FT4 13.07 9.7–17 (pmol/L) 0.99 0.99 1.76 0.15 8.74
GGT 24.6 7–73 (U/L) −3.66 −3.25 0 1.22 22.11
Gluc 5.72 4.4–7.8 (mmol/L) −0.70 −10.66 −3.85 −20.45 5.5
LD 182 152–200 (U/L) 3.52 −2.20 5.99 0.11 11.4
Lip 208.7 130–347 (U/L) 0.72 1.39 1.01 0.48 37.88
Mg 0.82 0.72–0.97 (mmol/L) −0.36 0.24 0.12 −0.24 4.8
P 0.94 0.6–1.4 (mmol/L) 2.13 −9.57 6.38 −17.02 10.11
K 4.31 3.8–4.7 (mmol/L) −0.93 −5.80 −1.16 −6.03 16
Na 142 141–144 (mmol/L) 0 −0.21 −0.21 0 0.73
Trig 1.7 0.8–3.6 (mmol/L) 1.76 0.59 1.18 2.35 25.99
Tropl 0.052c <0.045–0.29 (μg/L) −1.94 −1.94 −1.94 −1.94 76.36
TSH 2.23 1.7–2.7 (mU/L) 0.90 0.90 −1.35 −0.90 38.3
Urea 5.5 3.7–7.9 (mmol/L) 2.00 −0.36 −0.18 −1.82 15.55
UA 0.33 0.18–0.44 (mmol/L) 0 0.31 −0.31 0 11.97
VitB12 249.8 77–430 (pmol/L) −8.41 −3.04 −8.45 −4.84 30

aMean % deviations in relation to measurement at T0. Bold values exceed the total allowable error (TEa). Analysis was performed in lithium heparin
plasma from 10 healthy volunteers.
b ALT, alanine transaminase; Alb, albumin; AP, alkaline phosphatase; Amy, amylase; AST, aspartate transaminase; Bic, bicarbonate; Bild, bilirubin
direct; Bilt, bilirubin total; Ca, calcium; Cl, chloride; Chol, cholesterol; Cre, creatinine; CRP, C-reactive protein; Fer, ferritin; Fol, folic acid; FT4, free
thyroxin 4; GGT, gamma-glutamyl transferase; Gluc, glucose; LD, lactate dehydrogenase; Lip, lipase; Mg, magnesium; P, phosphate; K, potassium; Na,
sodium; Trig, triglycerides; TropI, troponin I; TSH, thyroid-stimulating hormone; Urea, urea nitrogen; UA, uric acid; VitB12, vitamin B12.
c CRP values <3 were defined as 1 and troponin values <0.045 were defined as 0.025 to calculate the mean value.
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