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Abstract

Background: Parathyroid hormone (PTH) stability is
important. Many studies have shown divergent results
between EDTA and serum, which are mainly linked to
differences in protocols or cut-offs used to determine
whether or not PTH remained stable. No studies have yet
compared PTH stability as measured by second- and third-
generation assays on the same samples in hemodialyzed
patients and healthy subjects.

Methods: Five pairs of samples (EDTA and gel tubes) were
obtained in 10 hemodialyzed patients before a dialysis
session and in 10 healthy subjects. One pair was centri-
fuged and run directly to define the “T0”. Two pairs were
kept at +4°C and two pairs were kept at +25°C. They
were centrifuged after 4 and 18 h. Supernatant was kept
at -80°C for 1 week. All samples were measured in a
single batch, on Roche Cobas and DiaSorin XL second-
and third-generation PTH assays. We used three differ-
ent approaches to evaluate PTH stability: Wilcoxon test,
an Acceptable Change Limit (ACL) according to ISO Guide
5725-6 and a Total Change Limit (TCL) derived from the
sum of biological and technical variability according to
WHO.
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Results: PTH decreased in all samples. Stability of PTH
was mainly dependent on the way it was evaluated. Per-
centages of decrease were systematically lower in EDTA
vs. serum. Wilcoxon and ACL showed that PTH was no
more stable after 4 h at +4 °C in EDTA or serum gel tubes.
None of the subjects presented a PTH decrease higher
than the TCL with EDTA plasma. In serum gel tubes, PTH
was unstable only when kept at 25 °C for 13 h.
Conclusions: PTH seems more stable in EDTA than in
serum gel tubes but only when samples have to stay unpro-
cessed for a long period (18 h) at room temperature (25 °C),
which can happen when samples are delivered from exter-
nal care centers. For all the other conditions, using serum
gel tubes is recommended since calcium measurement,
which is necessary for a good PTH results interpretation,
can be achieved on the same tube.

Keywords: biological variation: parathyroid hormone;
stability.

Introduction

Parathyroid hormone (PTH) is a major player in phospho-
calcic metabolism, and its measurement is essential for
the correct diagnosis and treatment of several diseases
such as primary or secondary hyperparathyroidism and
for the evaluation of chronic kidney disease-mineral and
bone disorders (CKD-MBD) [1]. The pre-analytical phase is
unfortunately a major issue for a correct evaluation of PTH
levels. Indeed, PTH is quite unstable. Hence, many papers
and a recent systematic review [2] have been published
about PTH stability in EDTA and gel serum samples. Unfor-
tunately, the results of these studies are discrepant, and
the best sample to use for PTH determination, as well as
sample handling and storage conditions, remains contro-
versial [3]. These discrepancies may be explained by the
variability of the pre- and intra-analytical process used in
all the different studies on PTH stability. For example, the
different populations studied, either healthy subjects or
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hemodialyzed patients [4-9], the various assays used for
PTH determination [4-17], and the low number of samples
analyzed in many studies may importantly impact the
results. Moreover, PTH stability is not always studied in
both EDTA and serum gel tubes in parallel [7, 9, 12, 16]
and some studies have also evaluated PTH stability on
samples that had directly been centrifuged and not on
unprocessed samples like in “real life” [6, 8, 11, 14, 18, 19].

The cornerstone for PTH stability remains however,
its definition. First, the definition of “T0” (the initial time-
point for which PTH value is considered as the “true” value,
before degradation) is not always the same, and second,
PTH’s stability cut-off is not homogenous. According to ISO
Guide 30:2015, “stability is the ability of a sample to main-
tain 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 ( T0) and after a given
period of time (Tx)” [20]. Regarding the “T0” some studies
have used, as comparator, a sample that had been imme-
diately frozen [7-9, 12-17, 19] and not an unfrozen sample,
immediately assayed after centrifugation [4, 5, 11, 18, 21].
Concerning the the PTH's stability cut-off, a purely statis-
tical approach is performed by most of the studies (5, 6,9,
11-13, 15-17, 19]. However, this is unsatisfactory because a
variation that may be significant from a statistical point of
view may not be clinically relevant.

Taking all this information into consideration, decid-
ing on PTH stability and the best type of sample to use
for PTH determination is difficult. In this perspective,
we aimed to conduct a study to evaluate the effect of the
sample type and the effects of different storage tempera-
tures and storage times on the PTH levels of samples from
healthy subjects and hemodialyzed patients that were
kept unprocessed with second- and third-generation PTH
assays. As “T0” point, we chose an unfrozen sample, imme-
diately assayed after centrifugation, and for monitoring
changes in concentrations due to the pre-analytical insta-
bility of PTH, we used three different approaches described
in the literature [22]. For that purpose, we established in
our own population, the intra-individual variation of PTH

Table 1: Sample processing and storage conditions.
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when measured with second- and third-generation assays,
in healthy subjects.

Materials and methods
Samples

Blood samples, EDTA, and serum tubes (Becton Dickinson, Frank-
lin Lakes, NJ, USA) were obtained from 10 healthy laboratory staff
members, with age ranging from 20 to 60 vears and from 10 end-
stage renal disease patients undergoing hemodialysis three times a
week (hemodialyzed patients). All the subjects and patients signed
informed consent, and the study was approved by the Ethics Com-
mittee of the CHU de Liege.

Pre-analytical handling of samples

All the blood samples were collected in the morning (between 8
and 9 a.m.) afler an &h fast and befora the dialysis session for the
hemodialyzed patients. The blood was drawn at the Blood Collection
Center and at the Haemodialysis Service of our hospital.

Five pairs of samples (EDTA and gel tubes) were obtained from
each subject and were all completely filled. Immediately after the
blood collection, they were sent to the clinical chemistry laboratory,
where EDTA and gel tubes of each subject were processed differently
as described in Table 1. After 4 and 18 h of storage time at +4 °C and
+25°C, the samples were centrifuged and the supernatant was kept
at - 80°C for 1 week.

PTH assays

PTH was measured on two automated platforms, Roche Cobas and
DiaSorin Liaison XL, with the second- and third-generation PTH
assays in our ISO 15189 compliant laboratory. The inter-assay coef-
ficients of variation (CVa) range from 2.8% to 4.2% and from 4.1%
to 55% on EDTA samples according to DiaSorin for the second-
and third-generation PTH assays on Liaison XL, tespectively. They
are <2% on controls and range from 3.1% to 9.4% on serum for the
second- and third-generation assays according to Roche on Cobas
E411, respectively.

All samples were measured in duplicate, in a single batch, on
each instrument. One pair of samples was, however, run directly
after centrifugation and immediately frozen at - 80 *C after determi-
nation to be run in batch with the other pairs.

Tube type First pair Second pair Third pair Fourth pair Fifth pair
EDTA Gel tube EDTA Gel tube EDTA Geltube EDTA Geltube  EDTA Gel tube
Storage condition Centrifuged directly and Keptat+4°C—4h Kept at+4°C Kept at+25°C Kept at + 25 °C
immediately run: To -18h -4h -18h

Centrifugation — supernatant kept at - 80 °C/1 week — run in batch
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Statistics

Basically, there are three approaches to define PTH's stability
cut-off.

The first one is the purely statistical approach in which a Wil-
coxon test is performed to see if there is a difference before/after stor-
age.

The second one compares the mean percentage deviation with
an Acceptable Change Limit (ACL) according to ISO Guide 5725-6
[23]. The calculation of the ACL is based on the CVa of the methods
calculated with an ANQVAI on the duplicates and is expressed as
ACL=2.77x(CVa. The factor 2.77 is derived from ZxV2, where Z is
the statistical factor with a value of 1.96 that corresponds to the 95%
probability of a bi-directional change, and V2 is used because two
samples are used. A mean percentage deviation > 2.77 x CVa thus rep-
resents a probable difference in analyte concentration between two
measurements, with a probability of 95%.

The third one is the “biological” approach that defines, accord-
ing to the World Health Organization document “Use of anticoagu-
lants in diagnostic laboratory investigations and stability of blood,
plasma and serum samples,” the “maximum permissible instability”
based on the total error derived from the sum of bjol ogical and tech-
nical variability [22]. This approach is interesting because a statisti-
cally significant change is not always clinically relevant. Hence, we
decided to choose a standardized criterion, the Total Change Limit
(TCL), defined by Oddoze et al. [4], which takes CVa and intra-indi-
vidual coefficient of variation (CVi) coefficients of correlation into
consideration.

TCL=1/(1.96 %2 xCVa)' + (0.5%CVi)’

The different CVas for each PTH generation, method, popula-
tion, and sample used were calculated from the duplicates. The CVi
was established in our healthy population (see below), whereas
we used the CVi for hemodialyzed patients published by Gardham
et al. [24].

Establishment of the intra-individual coefficient of
variation of PTH in healthy subjects

We established the CVi of PTH in a papulation of 22 healthy volunteers
patients that gave informed consent to participate. Blood samples
were obtained at 08:00 h and 12:00 h on the Mondays, Wednesdays
and Fridays of two consecutive weeks. They were fasting at 08h00 and
received the same standardized breakfast after the sampling. They
were allowed to drink 500 mL of poorly mineralized water and were
not allowed to eat until the second sampling. They were asked not to
change their habits during the 2 weeks of the study. PTH determina-
tion was performed in duplicate with the Roche Cobas second-genera-
tion assay and with the DiaSorin Liaison third-generation PTH assays,
The CVi was calculated according to Fraser and Harris [25).

Results

At TO, no difference was observed between EDTA and
serum gels tubes for any of the methods (p < 0.05). There
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was neither any difference between the samples pro-
cessed and run immediately after centrifugation and
the TO samples kept 1 week at - 80 °C either for EDTA or
serum gel tubes, with any of the methods. The medians
(IQR) obtained at all the time points are presented in
Table 2.

The mean percentages of decrease, according to
the method, patient, and sample type are presented in
Table 3. In serum gel tubes, there was no significant dif-
ference between percentages of degradation observed
in healthy subjects vs. hemodialyzed patients. On the
contrary, in tubes containing EDTA, the percentages of
decrease were significantly (p <0.05) higher in hemodia-
lyzed patients when compared to healthy individuals with
both DiaSorin assays, but not with Roche assays. When
we compared the percentages of degradation in the dif-
ferent tubes at the same time points, there was no differ-
ence between serum and EDTA tubes when samples were
kept at +4 °C, whereas keeping samples at +25 °C induced
a significantly higher degradation of PTH in healthy indi-
viduals already after 4 h of storage but only after 18 h of
storage in hemodialyzed patients.

The CVa of all the methods, calculated on the dupli-
cates, the CVi calculated on our healthy population with
the third- and second-generation PTH assays according to
Fraser and Harris [25], the CVi obtained by Gardham et al.
[24] in hemodialyzed patients with the second- and third-
generation PTH assays, the ACL and the TCL are presented
in Table 4.

The Wilcoxon test showed that, compared to baseline,
PTH concentrations decreased si gnificantly (p < 0.05)in all
samples and with all methods in hemodialyzed patients
over time. The same observation was also true for healthy
subjects except for Liaison third-generation on serum
samples kept 4 h at +4°C, for Liaison third-generation
and Caobas second-generation on EDTA samples kept 4 h
at room temperature, and for Cobas third-generation on
EDTA samples kept 4 h at + 4 °C, which did not show a sig-
nificant decrease compared to T0.

Using the ACL limit, PTH in serum gel tubes was
stable in healthy subjects for only 4 h at +4°C with
second- and third-generation assays form DiaSorin and
second-generation assay from Roche; otherwise, it was
considered as unstable. In hemodialyzed patients, PTH
was only stable for 4 h at + 4 °C with third-generation PTH
assays from DiaSorin and Roche. In EDTA whole blood,
PTH was considered as stable in healthy subjects what-
ever the storage conditions with second-generation assay
from Roche, whereas it was stable 4 h, at+4°Cor+25°C,
with the other methods. In hemodialyzed patients, PTH
was considered as stable whatever the storage conditions
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with Roche third-generation assay and 4 h at +4°C with
Roche second-generation assay. The other storage condi-
tions did lead to a percentage of decrease higher than the
ACL.

The CVi were found to be 19% for Roche Cobas
second-generation PTH and 24% for DiaSorin third-
generation PTH assays. With these data, we calculated the
TCL, and taking the resultsin consideration, PTH in serum
gel tubes was considered as stable except when samples
were Kept for 18 h at +25°C, either in healthy subjects or
hemodialyzed patients. In whole EDTA blood, PTH was
stable whatever the storage conditions, in healthy sub-
jects or hemodialyzed patients.

Discussion

PTH stability is of paramount importance for correct
interpretation of results, and many papers have been pub-
lished on this topic. The best sample (EDTA or gel tubes)
to use for its determination, as well as sample handling
and storage, remains controversial. The main advantages
of using EDTA tubes are that clotting time before centrifu-
gation is bypassed, thus reducing the turnaround time,
and that the stability of the peptide may be increased due
to inactivation of metalloproteases by chelation of diva-
lent ions [9]. Another explanation for the higher appar-
ent stability in EDTA is that the clotting process releases
thrombin in serum which, in turn, can cleave the peptide
between the Arg in position 44 and the Asp in position 45,
making it invisible to the antibodies used in immunoas-
says [26]. This has also recently been shown with bovine
thrombin contained in Rapid Separator Tubes (RST) from
Becton Dickinson [27]. The major advantage of using
serum over EDTA plasma relates to the fact that clinical
interpretation of PTH concentration must be performed
together with calcium concentrations. Since calcium
cannot be determined in EDTA plasma, another (serum)
sample would be needed if EDTA was used.

As a consequence, many studies have been published
on PTH stability in EDTA and gel serum samples at dif-
ferent temperatures and times of storage. Unfortunately,
the results of the different studies on the topic are quite
contradictory. Indeed, as an example, in the papers pub-
lished by Morales Garefa et al, [12], and Jane Ellis [7], it
was showed that using EDTA tubes could maintain PTH
stability during a longer period without the necessity of
freezing the samples immediately (even if there was no
serum “control group” in these studies). On the contrary,
the results published by Joly et al. [14] led the authors to
recommend serum over EDTA (and citrate) plasma, while
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Table 4: Intra-assay coefficient of variation (CVa), intra-individual coefficient of variation (CVi), Acceptable Change Limit (ACL) and Total
Change Limit (TCL) obtained in serum gel and EDTA tubes, in healthy and hemodialyzed patients,

Healthy subjects Hemodialyzed patients
CVa (%) CVi (%) ACL (%) TCL (%) CVa (%) CVi (%) ACL (%) TCL (%)

Serum gel tubes
Liaison XL third-generation 2.0 24 5.5 13.2 34 30 8.6 17.3
Cobas third-generation 2.0 5.5 13.2 2.1 5.8 16.1
Liaison XL second-generation 2.0 19 5.5 11.0 1.9 26 5.3 14.0
Cobas second-generation 13 3.6 10.1 1.8 4.2 13.7

EDTA tubes

Liaison XL third-generation 1.5 24 4.2 12.7 2.5 30 6.9 16.5
Cobas third-generation 1.5 4.2 12.7 2.5 6.9 16.5
Liaison XL second-generation 1.7 19 4.7 10.6 2.4 26 6.6 14.6
Cobas second-generation 1.6 4.4 10.5 1.6 4.4 13.7

Parent et al. [13] showed that PTH determination was com-
patible with an indifferent use of serum or EDTA plasma,
if the samples were quickly processed, and Ratcliffe et al,
[16], after having tested the stability of PTH in whole blood
and serum, showed that PTH concentrations were not sig-
nificantly decreased when blood or serum was left for up
to 6 h at room temperature.

Unfortunately, none of the studies on PTH stability
are free from criticisms, mainly because of their designs.
As an example, only one type of tube was analyzed [7,
9, 12, 16] or the populations studied were often healthy
subjects [4-9], which does not reflect real-life laboratory
conditions. Also, most of the studies have used a second-
generation of PTH assay, which can detect large fragments
that could be more stable than the active peptideitselfand
little is really known on the 1-84 PTH as measured by a
third-generation PTH assay.

Many papers have also studied PTH stability in serum
or plasma on directly centrifuged samples [6, 11, 14, 18,
19] and not on whole or coagulated blood. Another point
of criticism is the definition of the “To” point since many
studies have used as comparator a sample that had been
immediately frozen at -~ 20°C [7, 8, 12-16, 19] or at - 80 °C
[9, 17] in order to run all the samples in a single batch to
reduce the CV. However, it remains unclear if prolonged
storage at -20°C or - 80 °C could have consequences on
the final results. Few studies have really used an unfrozen
sample, immediately assayed after centrifugation, as TO
(4,5, 11, 18, 21].

Even more important is the cut-off below which it
is decided whether PTH remains stable or not. In some
studies, the observed variations were mainly analyzed by
a purely statistical approach [5, 6, 9, 11-13, 15, 16, 19]. Also,
an arbitrary cut-off of 10% (7, 8, 17] or 20% [18] relative

to baseline concentrations has been used. This statisti-
cal way of estimating the stability is questionable since
a statistical significant change is not always clinically
significant. Very few studies have used the “biological”
approach, as recommended by the WHO guideline, which
defines the “maximum permissible instability”, which
should be smaller than half of the total error derived from
the sum of biological and technical variability [22]. In
our study, we decided to choose a standardized criterion
which takes both analytical (CVa) and biolegical (CVi)
variability into consideration.

In this paper, we tested the stability of PTH (measured
with second- and third-generation assays from two dif-
ferent manufacturers) in whole EDTA and clotted blood
samples obtained in healthy subjects and hemodialyzed
patients, and kept at +4 °C and +25°C during 4 and 18 h.
All the samples have been run in duplicate. We used a
“true” TO and three different approaches to evaluate the
stability: a purely statistical method, the ACL as suggested
by the ISO Guide 5725-6 and the WHO guideline, which take
into account the biological variation. For that purpose, we
established the biological variability of second- and third-
generation PTHs in a group of 22 healthy subjects accord-
ing to Fraser and Harrig’ methodology [25] and we used
the CVi published by Gardham et al. [24] to evaluate the
stability in hemodialyzed patients,

The first approach was the pure statistical evalua-
tion of the stability via a simple Wilcoxon test. Using this
approach, we showed that, basically, PTH could not be
considered as a stable peptide since a significant decrease
was systematically observed with all the methods even
when the samples were kept untreated for 4 h at +4°C,
This is, of course, purely statistical and does not really
reflect the different variations inherent to the analytical
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phase. That is why we also used the ISO Guide 5725-6
approach that defines ACL according the CVa of the differ-
ent methods and two factors, 1.96 for a bidirectional 95% of
a significant change and v2 because two results are taken
into consideration. This approach showed that, if serum
samples are used, they need to be treated and centrifuged
rapidly since PTH in stable only for 4 h at +4°C. PTH in
EDTA samples seems more stable, but not with all the com-
binations population/method/storage conditions. Since
some of these conditions did not show stability >4 h at
+4°C, treatment of EDTA samples should thus be the same
as treatment of serum gel tubes and these samples should
also be centrifuged and treated immediately. These two
approaches lack, however, a biological dimension since
a decrease of the peptide might be observed, but whether
this decrease is biologically significant or not remains to be
determined. So, we used a third approach based on a WHO
guideline that takes both biological and analytical varia-
tion to decipher whether a decrease of PTH is biologically
significant or not [22]. For that purpose, we determined
the CVi of PTH in a population of healthy young adults,
very close from the population used to test PTH stability in
order to calculate the TCL. The CVi we found (24% and 19%
for PTH run with third- and second-generation PTH assays,
respectively) was in total accordance with Gardham et al.
[24] who found a CVi of 23.8% and 19.29% for third- and sec-
ond-generation PTH assays, respectively. We thus used the
CVi published by these authors for hemodialyzed patients
(30.2% and 25.6% for third- and second-generation PTH
assays, respectively), and not the one we published previ-
ously for hemodialyzed patients (14.9% and 13.8%) [28].
The reasons why we observed such difference in hemodia-
lyzed patients need further investigations and are beyond
the scope of this manuscript. According to this approach,
we show that PTH is stable in EDTA samples whatever the
conditions tested, the population, and the generation of
PTH assays. In whole clotted blood, PTH is also stable,
except when samples need to be stored unprocessed for a
long period (18 h) at room temperature.

In conclusion, the concept of PTH stability mainly
relies on the way that this stability is evaluated. Our results
show that PTH seems more stable in EDTA than in serum
gel tubes but only when samples have to stay unprocessed
for along period of time (18 h) at room temperature (25 °C),
which can happen when samples are delivered from exter-
nal care centers. For all the other conditions, using serum
gel tubes is recommended since calcium measurement,
necessary for a good PTH results interpretation, can be
achieved on the same sample.
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