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Time Results: Most of the analytes investigated remained stable up to 24 h under all storage conditions prior to

Tubes centrifugation. However, some analytes were significantly affected either by delay, tube type or temperature,

Whole blood such as potassium, inorganic phosphorus, magnesium, LD, glucose, lactate, mean corpuscular volume, mean

Serum corpuscular hemoglobin, activated partial thromboplastin time, insulin, C-peptide, PTH, osteocalcin,
Plasma C-telopeptide and ACTH.

Conclusion: This study may be useful to help define acceptable delay times and storage conditions when

a short time between sample collection and processing is not possible.
© 2012 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
Introduction included data at different times and temperatures; studies are gener-

As part of a laboratory accreditation process and to address the pre
analytical requirements of ISO 15189 [1], a study was conducted in
our laboratory to look at the effect of different pre-analytical storage
conditions of blood samples. They included storage temperature,
type of blood collection tube and whether the serum or plasma was
separated immediately or whether centrifugation was delayed. Post-
centrifugation delays were also investigated. The impact on the
stability of 81 biochemical, hormonal, hematological analytes and
routine coagulation tests was evaluated.

Some of the recommendations from WHO [2] and CLSI [3], are dif-
ficult to apply in routine practice as the analyte stability times de-
scribed are often not compatible with the time taken to transport
blood samples from the place of collection to the laboratory. As
such, a delay before plasma separation from red blood cells occurs
frequently which can modify analyte stability (for example WHO
states that potassium and phosphate stability in the whole blood is
less than 1 h).

In the literature, the stability of numerous analytes following pro-
longed contact of serum with cells has been described [2-8], but
information is often incomplete and contradictory. Some reports
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ally dedicated to one specific discipline; the number of samples in an-
alyte studies is sometimes very low [9,10]; samples are centrifuged
and subsequently aliquoted and frozen before testing which can
introduce a bias into the results [5,11]. In these studies, the observed
variations were analyzed in different ways: by statistical analysis such
as Student's t-test [5], ANOVA [12], Wilcoxon [13], the Bonferroni
t test [10], a change more than 10% relative to baseline concentrations
[11,14] or allowable variability as given by the German Federal Medical
Council recommendations [8], or from an analytical SCL (significant
change limits) approach [15] or combined analytical and biological
variation [9]. These various methods give considerably different perfor-
mance limits [16]. It is difficult, because of these differences in approach,
to define standard limits for the stability of most analytes. To our knowl-
edge, no studies have been conducted using the same criteria for the
investigation of the stability of 81 analytes.

Our study was designed to provide information relevant to our
current testing methods, on:

(a) delays before analysis (2 h, 4 h, 6 h and 24 h for biochemistry,
coagulation and hematology and up to 72 h for hormonology),

(b) different storage temperatures (4 °C 4+/—2 or Room Tempera-
ture (RT) 25 °C +/—2),

(c) choice of collection tubes (serum plain glass tube, serum sepa-
rator tube, K3 EDTA (tri potassium ethylenediaminetetraacetic
acid), lithium heparin, sodium fluoride, CTAD (sodium citrate-
theophylline-adenosine-dipyridamol)),
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(d) immediate separation versus delayed centrifugation before
analysis.

Materials and methods
Subjects and collection tubes

Blood specimens were collected from a total of 50 apparently
healthy donors following ethics committee approval (10 donors per
analyte). Specimens from donors were used for multiple analytes.

Specific Becton Dickinson (BD) Vacutainer™ blood collection
tubes were selected for each of the following analysis types:

Biochemistry analyses: plain glass tubes (ref 367614); serum sepa-
rator tubes with clot activator BD SST™ II (ref 367957) and lithium
heparin tubes (ref 368884).

Glucose and lactate: sodium fluoride tubes (ref 368521).
Hematology analysis: K3 EDTA tubes (ref 368860).

Coagulation analysis: CTAD tubes (ref 367599).

Hormonology analysis: plain glass tubes (ref 367614), BD SST™ II
(ref 367957) and K3 EDTA tubes (ref 368860).

Lithium heparin tubes were used only for biochemistry analytes
and then only tested up to a delay of 4 h. This was to investigate, partic-
ularly, the stability of electrolytes (especially potassium) and glucose, to
identify any differences in stability versus plain glass tubes.

The SST™ II tubes were not tested in the whole blood portion of
the study because we considered that analyte stability in whole
blood in SST II tubes would be equivalent to analyte stability in
plain glass serum tubes. The real advantage of SST™ II tubes is
serum conservation after centrifugation thanks to cells being separat-
ed from the serum.

Filling and mixing of the tubes collected in the laboratory were
performed according to the manufacturer's recommendations to
avoid any collection order effect.

The collection duration (maximum 5 min) for each donor was suf-
ficiently short to avoid any bias between first and last collected tube.
In accordance with safe practice, a maximum of 115 mL (23 tubes) of
blood was drawn from each donor.

Centrifugation also complied with BD's recommendations: 2000 g
for 10 min at 20 °C except tubes for ACTH analysis where tubes were
centrifuged at 2600 g for 10 min at +5 °C.

After collection, the “T0” specimen (first time point) from each
volunteer was centrifuged after 30 min for blood clotting for serum
samples, and immediately after phlebotomy for plasma samples,
and then analyzed. The mean of these results represented the initial
value (TO) for each analyte.

The mean results, “Tx”, from all ten volunteers for each analyte,
each delay and each tube were obtained according to the two follow-
ing methods.

For whole blood analyte stability, tubes were stored for the chosen
delay either at 4 °C or RT and then were centrifuged and immediately
analyzed.

For serum or plasma analyte stability, tubes were centrifuged
either immediately or 30 min after phlebotomy, depending on whether
the sample was plasma or serum, and stored either at 4 °C or RT and
then analyzed after the chosen delay.

Each sample was analyzed in a primary tube without removing an
aliquot or storage in a frozen state.

Instruments

The analytes with their abbreviations and the instruments included
in the study are summarized in Table 1.

Table 1

Analytes and instruments.

Hormonology

Hematology and coagulation

Advia 120® (Siemens)

Biochemistry

Liaison® (Diasorin)

Cobas® 6000 e601

STAR® (Stago)

G5®

RxLDimension®
(Siemens)

BNProspec® (Siemens)

Modular® PP (Roche Diagnostics)

(Roche Diagnostics)

(Tosoh)
HbAlc

Vitamin D (vit D),
growth hormone

Adrenocorticotrophic hormone

Red blood cells counts (RBC), hemoglobin Fibrinogen (FG),

concentration (HG), hematocrit (HT),

Myoglobin (MG),

Apolipoprotein A1

Alanine aminotransferase (ALT), albumin

(ACTH), cortisol (COR), C-peptide

Prothrombin Time

C-Reactive Protein

(CRP)

(ApoAT1), Apolipoprotein
B (ApoB), haptoglobine

(AL), alkaline phosphatase (ALP), amylase
(AM), aspartate aminotransferase (AST),

total bilirubin (TB), bicarbonate (BIC),

(Gh), insulin -like
growth factor

(IGE-1).

(C P), C-telopeptide (CTELO), Insulin
(INS), follicle-stimulating hormone
(FSH), luteinizing hormone (LH),

(PT), Factors 11, X, V,
Activated partial

mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration

(HAP), a2 macroglobulin
(AMG), transferrin (TF),

Thromboplastin Time

(MCHC), mean corpuscular hemoglobin
(MCH), white blood cell counts (WBC),
neutrophil (N:C), eosinophil (E:C),

calcium (Ca), chloride (Cl), total cholesterol

(APTT), Anti Thrombin estradiol (E2), osteocalcin (OST),

Il (AT)

soluble transferrin receptor

(STFR)

(TC), creatinine (CREA), creatine kinase (CK),
fructosamin (FRU), y-glutamyltransferase

parathyroid hormone (PTH),

progesteron (PROG), folate (FOL),
vitamin B12 (vB12), DHEA sulfate

(DHEAS), prolactin (PROL),

monocyte (M:C), lymphocyte (L:C)

counts, platelet counts (P:C)

(GGT), glucose (GLU), iron (Ir), lactate (LAC),

lactate déshydrogénase (LD

magnesium (Mg), phospholipids (PLIP),
inorganic phosphorus (P), potassium (K),

testosterone (TEST), TSH, free T3

(FT3), free T4 (FT4), SHBG

total protein (TP), sodium (Na), triglyceride

(TG), urea (BUN), uric acid (UA), cholesterol

component in HDL (HDL) and LDL
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Statistics

According to ISO GUIDE 30 [17]: “stability is the ability of a sample
to maintain the initially measured value, within specified limits, of a
constituent over a period of time under specified storage conditions.
The instability is given as an absolute difference, as a quotient or as
a percentage deviation of results obtained from measurements at
initial time (TO) and after a given period of time (Tx)".

The ten donors mean percentage deviation (or difference), [(Tx —
TO)/TO]x 100, was calculated.

We considered 2 approaches for establishing outcome-related
analytical performance goals:

(a) The mean percentage deviation was compared to the Accept-
able Change Limit (ACL), according to ISO 5725-6 [18]. The
ACL for interpreting a measured difference is based on the
analytical imprecision (CVa), using the formula ACL=2.77 CVa.
The factor 2.77 is derived from Z~'2, where Z= 1.96, determined
by the 95% of confidence interval value for bi-directional
changes, and 2 as we are comparing two results with the
same CVa. We concluded that a mean percentage deviation
greater than 2.77 CVa represents a probable difference in analyte
concentration. The CVa was obtained from in house routine
mean data of QC values accumulated over a six month period
for each analyte.

The second approach had taken into account the acceptable
imprecision based on the intra individual biological variation.
According to the College of American Pathologists recommen-
dations [19,20], the imprecision of a method, for individual single
and multipoint testing, should be equal or less than one-half of
the average within-subject variation (CVb), and this should be
the goal for short-term laboratory imprecision (<0.5 CVb). The
CVb of each analyte was taken from the listing of biological varia-
tion for 316 analytes by Ricos et al. [21]. This database was most
recently updated in 2010 but some analytes are still missing [22].

G
=

For monitoring changes due to the instability of an analyte, in the
same sample for a same individual, we combined the two approaches
(analytical and intra-individual imprecisions) by the estimation of
the square root of the sum of the squared analytic and biologic impre-
cisions, defined as the total change limit (TCL):

TCL = 6(2.77 CVa)* + (0.5 CVb)*.

If the results for an analyte had a mean percentage difference
which exceeded the TCL, then the difference was judged to be signif-
icant and not to meet the stability criteria.

Results

Tables 2a and 2b show the statistical analysis for biochemistry,
Tables 3a and 3b for hematology and coagulation and Tables 4a and
4b for hormonology. The tables compare the mean percentage differ-
ences with the TCL, with a “+” for an increase and a “~"for a decrease.
These tables only show results for analytes exceeding the TCL because
of prolonged contact with cells or delayed analysis.

For the 39 biochemistry analytes, the tests that were suitable for
analysis after 24 h storage at 4 °C and RT in whole blood and in plas-
ma glass tubes, BD SST™ II serum tubes or lithium heparin tubes
were: sodium, chloride, total protein, albumin, calcium, urea, total
bilirubin, uric acid, creatinine, total cholesterol, triglyceride, phospho-
lipids, HDL and LDL cholesterol, fructosamine, iron, ALP, ALT, AST, CK,
amylase, GGT, CRP, lipase, ApoA1, ApoB, haptoglobin, a2macroglobu-
lin, transferrin, soluble transferrin receptor, myoglobin. HbAlc is
stable in whole blood for 24 h stored at 4 °C and RT in K3 EDTA tubes.

Stability of hematological analytes is not affected by storage at
4°C or RT in K3 EDTA up to 24 h, except for MCV and MCH which
increase and decrease respectively after 6 h at RT.

The clotting factors investigated, except APTT, are remarkably
stable in CTAD whole blood and plasma.

Thirteen of the twenty three tested hormones were not signifi-
cantly affected up to 72 h in whole blood and in serum or plasma at
4°C and RT in glass, in BD SST™ II and in K3 EDTA tubes: cortisol,
IGF;, GH, vitamin D, TSH, FT,4, FTs3, LH, progesterone, testosterone,
DHEA sulfate, vitamin B12, and SHBG (K3 EDTA is not recommended
for SHBG by Roche Diagnostics).

Discussion

In this large study we investigated the effects that the time, the
temperature, the type of tube and the delay before centrifugation
have on the subsequent concentration of 81 analytes (about 20,000
tests).

Our definition of a change exceeding the analytic and biologic
imprecision limit, defined as the TCL, tended to reflect the pre-
analytical instability.

Most tested analytes remained stable up to 24 h at all storage
conditions prior to centrifugation, using our statistical approach.
However, some important analytes were significantly affected be-
cause of:

- prolonged contact of plasma and serum with cells and leakage of
intracellular constituents such as potassium, inorganic phospho-
rus, magnesium, LD.

Table 2a
Stability of biochemical analytes on whole blood.
Analytes To Tubes TCL Mean difference% Acceptable
T2h T4h T6h T24h delays
4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C
K* 4.3 mmol/L Glass tube +28% +87' 424 +183* 424 +36.1°  +3.8° +132.0° +187* <2h 4h
Li heparin +5.8% +3.57 +13.8° +4.3? NT NT NT NT <2h <2h
Bicarbonate 28.9 mmol/L  Glass tube +8.6% —13 +0.9 —14 +1.4 —5.0 —6.6 —0.9 —5.1 24 h 24 h
Li heparin —0.2 +0.1 —0.6 —-1.0 NT NT NT NT >4h >4h
Inorganic phosphorous ~ 1.09 mmol/L  Glass tube +52% +16 0.0 +1.9 —2.1 —0.5 —3.8 —2.2 +20.1"  24h 6h
Li heparin +1.3 —44 +1.6 —7.9° NT NT NT NT >4h 2h
Lactate 1.33 mmol/L  Fluoride +17.8% NT NT NT NT +10.6 +9.9 +16.2 +31.7*  24h 6h
LD 158 UI/L Glass tube +64%  +5.1 +6.5% 5.2 +6.8% +6.8° +113* 41237 +14.0"° 4h <2h
Glucose 4,73 mmol/L  Glass tube +4.5% —4.0 —9.5° —7.5° —17.0* —8.8° —19.7¢ —33.0° —62.8* 2h <2h
Li heparin —43 —-100* —6.7° —15.8* NT NT NT NT 2h <2h
Fluoride NT NT NT NT —03 —0.6 0.7 —-09 24h 24h
Magnesium 0.86 mmol/L  Glass tube +55% —0.1 +0.8 —-0.7 +2.1 +0.5 +1.4 +2.7 +64° 24h 6h
Li heparin —-03 +0.1 —0.7 +0.5 NT NT NT NT >4 >4h

NT: non tested; To: initial value; TCL: Total Change Limit.
2 Exceeds the TCL.
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Table 2b
Stability of biochemical analytes on serum or plasma.
Analytes To Tube TCL Mean difference% Acceptable
T2h T4h T6H T24h delays
4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C

K* 4.3 mmol/L Glass tube +28% +0.7 —0.6 +1.0 +1.5 +2.8 —-1.0 +20.6" +0.1 6h 24h
SST +1.1 +0.6 +13 NT +0.6 +13 +0.9 +1.1 24h 24h
Li heparin +08 +1.2 +14 —1.8 NT NT NT NT >4h >4h

Bicarbonate 289 mmol/L  Glass tube +8.6% +2.6 +0.3 +17 00 —6.5 —75 —20 —55 24h 24h
SST +28 406 +27 00 —-73 13.0° —8.8° —132* 6h 4h
Li heparin +1.0 —0.1 —0.5 —0.8 NT NT NT NT >4h >4h

Inorganic phosphorous 1.09 mmol/L  Glass tube +5.2% +0.3 +1.9 +0.4 +0.9 —18 0.0 —04 +7.0° 24h 6h
SST +08 +1.1 +05  +21 +0.1 —-0.8 +26 +3.8 24h 24h
Li heparin +0.6 +0.5 +0.9 +0.7 NT NT NT NT >4h >4h

Lactate 1.33 mmol/L Fluoride +17.8% NT NT NT NT +8.8 +3.1 +11.8 +6.8 24h 24h

LD 158 UI/L Glass tube +6.40% NT NT NT NT —0.6 +1.5 +1.2 +4.1 24h 24h
SST NT NT NT NT +3.8 +5.8 42 +6.9? 24h 6h

Glucose 4.73 mmol/L Glass tube 4-4.5% +4.5% —0.5 +1.7 —0.6 0.0 —2.6 —6.6% —11.9° —-17.7% 6h 4h
SST +1.2 +0.8 +0.9 +2.0 +0.9 +1.7 +1.1 +0.6 24h 24h
Li heparin —-1.1 0.0 -19 =28 NT NT NT NT >4h >4h
Fluoride NT NT NT NT 0.0 0.0 0.0 0.0 24h 24h

Magnesium 0.86 mmol/L  Glass tube +5.5% —03 —0.7 —0.8 —0.1 —0.1 +0.6 +0.5 +2.5 24h 24h
SST —-08 —-06 00 -10 —-04 +11 +0.1 +14 24h 24h
Li heparin —-05 —0.6 —-0.5 +0.1 NT NT NT NT >4h 4h

NT: no tested; To: initial value; TCL: Total Change Limit.
Exceeds the TCL.

o

- glycolysis in cells which consumes glucose and produces lactate.

- some changes were temperature dependent such as for potassium
(more stable at 25 °C), phosphorus, magnesium, and glucose
(more stable at 4 °C) and for hematological parameters: MCV
and MCH were more stable at 4 °C.

- degradation of proteins and peptides by blood enzymes; samples
collected in tubes with EDTA as anticoagulant and transported at
4 °C were practical for the measurement of hormones because
EDTA is known to protect peptides from proteolysis.

The percentage change in potassium (+ 6 to 9% after 2 h) is great-
est at 4 °C because the lower temperature induced inhibition of Na-K
ATPase pump that leads to increased release of potassium from cells.
The change became clinically significant within 6 h of serum-clot con-
tact at RT which is in agreement with some authors [4,9], but not with
others [5,6,8].

Glucose is stable for 24 h in whole blood stored at 4 °C and 25 °C
only in sodium fluoride tubes because glycolysis is inhibited by this
additive [23]. In all the other tubes we observed a significant decrease
according to the time the sample was left in contact with cells. This
decrease was greater at RT (—10%) than at 4 °C (—4%) after 2 h, as
previously described in the literature because glycolysis is slowed
by low temperature. The decrease of glucose is mirrored by a time -
and temperature - dependent increase in lactate concentration [24].

The increase of LD activity during the first 2 h is due to change in
cell membrane activity. This increase at RT is very small (+ 6.5%) dur-
ing the first 4 h, but exceeded our analytical and biological limits

Table 3a
Stability of hematological and coagulation analytes on whole blood.
Analytes To Tube TCL Mean difference% Acceptable
T6h T24h delays
4°C 25°C 4°C 25°C 4°C 25°C
MCV 85.2fL K3 +17% +04 +12 +08 +49* 24h 6h
EDTA
MCH 211 K3 +28% —05 —13 —10 —48" 24h 6h
mmol/LEr EDTA
APTT 32s CTAD +53% +39 +3.6 +10.0" +54° 6h 6h

(6.4%). Zhang et al. [9] observed values remaining within the clinical-
ly acceptable limits until 24 h because his limit was 9.5%. The ques-
tion is to know if such a small increase will cause changes in clinical
interpretation. Beyond 6 h the activity increases (>10%) so that the
results overestimate LD. Storage is better at 4 °C (4 h) than RT (<2 h).

For hematological analytes, MCV and MCH increase (+4.9%) and
decrease (—4.8%) respectively at 24 h at RT. These observations are
consistent with those of Imeri et al. [12].

For coagulation tests, APTT increases after 6 h at 4 °C and RT (re-
spectively 10.1 and 8.5% at 24 h) as previously described, but Zurcher
etal. [25] do not observe a significant difference because they decided
to consider a 10% change limit which is larger than our TCL (5.28%).

The estradiol instability has been reported previously and seems
to be collection volume dependent [26-28].

We observed a temperature effect on several hormonological ana-
lytes: insulin is stable only for 6 h at RT in glass tubes and then decreases,
but is stable 72 h at 4 °C. However, insulin is also very sensitive to hemo-
lysis providing liberation of intra-erythrocyte insulinase.

Except in K3 EDTA, stability of C-peptide and PTH is lower at RT
than at 4 °C, folate shows a better stability at 4 °C, and osteocalcin is
stable 48 h at 4 °C, but not at RT.

This study demonstrated that for all these hormones, except ACTH
(24 h) and osteocalcin (48 h), collection into K3 EDTA, transport and
storage in whole blood at 4 °C is practical up to 72 h. K3 EDTA is the
recommended sample type in which ACTH is stable for 24 h [14].

Our results in whole blood are consistent with WHO for several
analytes as LD, LH, FSH, prolactin, PTH, TSH, cortisol, DHEAS, testos-
terone and vitamin D. However, it should be noted that we observe
improved stability in our study: bicarbonate is stable 24 h in glass
tubes at RT, instead of 30 min in WHO, and, in K3 EDTA at RT, insulin
is stable 72 h versus 15 min, C peptide 24 h versus 6 h, and osteocalcin

Table 3b
Stability of coagulation analytes on plasma.
Analytes To Tube TCL Mean difference% Acceptable
T6h T24h delays
4°C  25°C 4°C 25°C 4°C 25°C
APTT 32s CTAD +53% +45 +35 +101* +85* 6h 6h

To: initial value; TCL: Total Change Limit; Er: erythrocytes.
¢ Exceeds the TCL.

To: initial value; TCL: Total Change Limit; Er: erythrocytes.
2 Exceeds the TCL.
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Table 4a
Stability of hormonological analytes on whole blood.
Analytes To Tubes TCL Mean difference% Acceptable
T6h T24h T48h T72h delays
4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C
FSH 12.7 UI/L Glass tube +9.8% +1.1 +2.0 +1.8 +3.6 +2.7 +6.1 +3.9 +8.2 72h 72h
K3 EDTA +0.4 +0.9 +1.2 +34 +2.1 +8.1 +34 +10.5% 72h 48 h
Estradiol 168.4 ng/mL Glass tube +13.9% —2.2 +2.8 +0.2 +3.8 +9.6 +9.3 +7.2 +10.6 72h 72h
K3 EDTA +4.4 +4.7 +4.8 +7.6 +2.6 +3.9 +5.5 +1.5 72h 72h
Prolactin 236 mUI/L Glass tube +6.6% —038 +0.3 +0.1 +0.1 —0.2 +20 —0.1 +4.1 72h 72h
K3 EDTA —1.6 +0.1 —0.8 +2.5 +1.2 +7.7% +3.2 +10.6* 72h 24 h
Folate 14.1 nmol/L Glass tube +22.4% +7.7 +24 +6.2 —4.7 +2.8 —15.1 +4.3 —274% 72h 48 h
Insulin 10.6 mUI/L Glass tube +14.4% —3.7 +0.1 —-93 —22.1° —10.2 NT —114 NT 72h 6h
K3 EDTA —89 —64 —81 —5.5 —5.5 —7.6 —8.2 —11.2 72h 72h
C-peptide 0.73 nmol/L Glass tube +9.5% —0.6 —2.0 —2.1 —184° —1.6 NT -39 NT 72h 6h
K3 EDTA —-1.0 —-1.9 —15 —6.5 —03 —23.7¢ —2.0 —41.3% 72h 24 h
PTH 5.85 pmol/L Glass tube +16.0% +0.5 —7.7 —1.1 —29.0° —5.8 NT —6.6 NT 72h 6h
K3 EDTA +0.8 +2.9 +14 +1.7 +0.9 —3.2 —0.2 —7.8 72h 72h
Osteocalcin 27.0 ng/mL Glass tube +8.9% —53 —9.7¢ —6.1 —30° —9.9° NT —14.6° NT 24h <6h
K3 EDTA —5.7 —8.1 —84 —19? —78 —29° —10.9° —38° 48 h 6h
C-telopeptide 0.41 ng/mL Glass tube +8.4% —7.8 —11.0° —14.8° —41° —15.8° NT —232° NT 6h <6h
K3 EDTA —4.5 —24 —6.8 —5.8 —-3.0 —-1.1 —0.6 —44 72h 72h
Analyte To Tube TCL Mean difference% Acceptable
T4h T8h T12h T16h T24h delays
ACTH 4.72 pmol/L K3 EDTA +7.5% —-1.6 —6.7 —42 —104° —6.6 13.3% —35 —14.2° —4.8 —23.7¢ 24h 4h

NT: Not tested; To: initial value; TCL: Total Change Limit.
2 Exceeds the TCL.

6 h versus 15 min. For glucose and lactate WHO do not indicate the sta-
bility in sodium fluoride tubes. Elsewhere, results presented in WHO
are mainly evaluated at RT whereas we demonstrated that storage at
4 °C sometimes improves the stability as for ACTH 24 h at 4 °C versus
1-4 h at RT. Finally, WHO is a meta-analysis which combines the re-

sults of several stability studies with lack of homogeneity.

In summary, it is important to know whether a parameter is stable
or not. Stable parameters, if processed in 24 h, don't need to be centri-
fuged prior to the shipment to a central laboratory. The reduction of a
pre-analytical step limits the number of uncontrolled variables in the
laboratory and leads to a gain in time. Both contribute to the contin-
uous improvement of the laboratory workflow.

Table 4b
Stability of hormonological analytes on serum or plasma.
Analytes To Tubes TCL Mean difference% Acceptable
T6h T24h T48h T72h delays
4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C 25°C
FSH 12.7 UI/L Glass tube +9.8% +1.1 +1.0 +3.0 +3.5 +1.5 +2.8 +2.9 +4.5 72h 72h
SST +0.8 +23 +4.0 +64 +26 +4.2 +3.7 +5.7 72 h 72h
K3 EDTA —0.1 +0.6 +1.8 +2.1 +1.8 +1.9 +23 +2.9 72h 72h
Estradiol 168.4 ng/mL Glass tube +13.9% —3.2 +0.8 +2.0 +2.5 +8.7 +8.5 +8.3 —0.6 72h 72h
SST -13 —3.1 +8.5 NT —-1.0 +4.2 —-13 —15.0° 72 h 48 h
K3 EDTA +2.3 +3.8 +5.7 +5.2 +5.0 +2.6 +04 +1.0 72h 72h
Prolactin 236 mUI/L Glass tube + 6.6% —-1.7 —14 —0.5 —0.6 —-1.1 —-1.7 —-1.0 —2.2 72h 72h
SST —-15 —-0.9 +0.1 —1.6 —04 —2.0 —0.5 —2.6 72h 72h
K3 EDTA —13 —1.2 0.0 +0.4 +0.1 +0.05 +0.1 —0.03 72h 72h
Folate 14.1 nmol/L Glass tube +22.3% +3.8 +0.2 +6.1 +2.9 —3.5 —9.2 —0.5 —11.1 72h 72h
SST —3.2 —5.5 +1.3 —2.5 —4.5 —12.8 —34 —304° 72h 48 h
Insulin 10.6 mUI/L Glass tube +14.3% —0.5 —7.7 —44 —19.0° —52 —37.5% —8.8 —48.8* 72h 6h
SST —25 —5.8 —4.2 —25.7¢ —0.2 —214° —1.8 —32.2° 72h 6h
K3 EDTA —0.2 —4.8 —2.0 —83 —-1.9 —12.7 —2.8 —18.3° 72h 48 h
C—Peptide 0.73 nmol/L Glass tube +9.4% —0.7 —1.7 —1.8 —6.5 —1.2 —12.0° —2.7 —21.9° 72h 24h
SST —0.6 —04 —0.6 —1.7 +0.2 —-7.1 —0.6 —13.37 72h 48 h
K3 EDTA —0.2 —14 +0.8 —53 +0.1 —12.5% —-1.0 —29.7¢ 72h 24h
PTH 5.85 pmol/L Glass tube +16% +34 —3.7 —-1.7 —20.9° +0.3 NT —34 NT 72h 6h
SST —1.6 —5.6 —6.6 —26.0° —23 —34° -39 —44° 72h 6h
K3 EDTA +2.6 +9.1 +2.3 +6.8 —2.8 —-3.0 —23 —14.1 72h 72h
Osteocalcin 27.0 ng/mL Glass tube +8.9% —24 —-13? —84 —28% —76 NT —14.3° NT 48 h <6h
SST —33 —10.6% —10.6" —20° —6.8 —29° —12.8° —327 6h <6h
K3 EDTA —2.8 —7.8 —-7.0 —16* —1.7 —23? —54 —30° 72h 6h
C-Telopeptide 0.41 ng/mL Glass tube +8.4% —8.1 —10.6° —13.9° —25% —15.3 NT —204° NT 6h <6h
SST —74 —10.3° —14.2° —21° —12.3° —31° —16.3° —38? 6h <6h
K3 EDTA —35 —45 —5.5 —6.0 —24 —54 —13 —6.3 72h 72h

NT: Not tested; To: initial value; TCL: Total Change Limit.
2 Exceeds the TCL.
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A standardized approach is proposed in this publication to investi-
gate the impact of pre-analytical conditions for most of the analytes
and this approach can easily be applied by other laboratories in order
to complete these data. The CVa used, the methods and the instruments
are those of our own laboratory and could be extended to others using
their own analytical imprecisions. We assume that this study was per-
formed on healthy donors and that these outcomes should be applicable
for a large majority of specimens. Follow-on studies would benefit from
the inclusion of pathological subjects, to increase the analyte data range,
and by being extended to include other analyzers.
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