
https://doi.org/10.11613/BM.2024.020704 Biochem Med (Zagreb) 2024;34(2):020704 

  1

Quality assurance of add-on testing in plasma samples: stability limit for 29 
biochemical analytes

Francisco J. Illana*1,2, Álvaro García-Osuna1,2,3, María Sospedra1, Rosa Ferrer1, Cecília Martínez-Brú3, Leonor Guiñón1,3,4

1Biochemistry Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
2Institut de Recerca Sant Pau (IR SANT PAU), Barcelona, Spain
3Core Laboratory, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
4Laboratories Quality Department, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain

*Corresponding author: fillana@santpau.cat

Original articles

©Copyright by Croatian Society of Medical Biochemistry and Laboratory Medicine. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creative-
commons.org/licenses/by/4.0/) which permits users to read, download, copy, distribute, print, search, or link to the full texts of these articles in any medium or format and to remix, transform and build upon 
the material, provided the original work is properly cited and any changes properly indicated .

Abstract

Introduction: Clinical laboratories should guarantee sample stability in specific storage conditions for further analysis. The aim of this study is to 
evaluate the stability of plasma samples under refrigeration for 29 common biochemical analytes usually ordered within an emergency context, in 
order to determine the maximum allowable period for conducting add-on testing. 
Materials and methods: A total of 20 patient samples were collected in lithium heparin tubes without gel separator. All analyses were performed 
using Alinity systems (Abbott Laboratories, Abbott Park, USA) and samples were stored at 2-8 °C. Measurements were conducted in primary plasma 
tubes at specific time points up to 48 hours, with an additional stability study in plasma aliquots extending the time storage up to 96 hours. The 
stability limit was estimated considering the total limit of change criteria.
Results: Of the 29 studied parameters, 24 demonstrated stabilities within a 48-hour storage period in primary plasma tubes. However, five analytes: 
aspartate aminotransferase, glucose, lactate dehydrogenase, inorganic phosphate and potassium evidenced instability at different time points (7.9 
hours, 2.7 hours, 2.9 hours, 6.2 hours and 4.7 hours, respectively). The stability study in plasma aliquots showed that all parameters remained stable 
for 96 hours, except lactate dehydrogenase, with a stability limit of 63 hours. 
Conclusions: A reduced stability of primary plasma samples was observed for five common biochemical analytes ordered in an emergency context. 
To ensure the quality of add-on testing for these samples, plasma aliquots provide stability for a longer period. 
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Highlights 

•	 Aspartate aminotransferase, glucose, lactate dehydrogenase, phosphorus and potassium showed instability in refrigerated primary plasma 
tubes

•	 All analytes, except lactate dehydrogenase, remained stable in refrigerated plasma aliquots
•	 Postanalytical aliquoting extends add-on testing time window for plasma samples

Introduction

Storing serum or plasma samples after the com-
pletion of the requested analysis is a standard 
practice in clinical laboratories. The specimen stor-

age conditions play a pivotal role in maintaining 
the integrity of samples after the initial analysis. 
Add-on tests are frequently requested for clinical 
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samples already present in the laboratory, typical-
ly in response to the results of the initial tests. This 
approach not only spares patients from additional 
venepuncture but also enhances laboratory effi-
ciency and reduces turnaround time for the re-
quested tests (1).

Due to the critical impact of analytical results on 
patient safety, clinical laboratory professionals 
bear the responsibility of ensuring the stability of 
samples throughout their storage period, thereby 
safeguarding the quality of analytical results for 
subsequent add-on tests. In this sense, the new 
edition of the ISO 15189:2022 standard states in 
section 7.2. the specific requirements to establish 
time limits for requesting additional examinations 
(2).

At our hospital, the majority of tests (more than 
75%) are performed within the biochemistry area 
of the core laboratory, accounting for approxi-
mately 1000 orders daily (70% routine samples, 
30% STAT samples). In particular, 5% of the orders 
correspond to add-on testing, with the Emergen-
cy Department being the main source of these or-
ders (50% approximately).

Recently, the biochemistry area in our laboratory 
underwent automation, integrating a refrigerated 
storage module with capacity for 10,000 tubes 
connected with the preanalytical and analytical 
area via a track. Before automation, the postana-
lytical storage was conducted using different pro-
cedures to ensure the stability of the analytes. Af-
ter the completion of analysis, routine samples 
were stored refrigerated for 7 days in the serum 
separator tubes with gel; while for STAT samples 
aliquots of plasma anticoagulated with lithium-
heparin were stored frozen for 2 days.

In our core laboratory, routine and STAT samples 
are managed simultaneously, optimizing the utili-
zation of personnel and reagents. With the auto-
mation of the area raised the integration of the 
postanalytical phase for both, routine and STAT 
samples, through the automated sorting and stor-
ing of primary tubes. For routine samples, analyte 
stability during the storage period was guaran-
teed by previous studies reported in the literature 
(3,4). However, incomplete, confusing and conflict-

ing evidence was found regarding analyte stability 
in plasma, both in the reagent information provid-
ed by the in vitro diagnostic company and in the 
stability studies published to date (5,6).

The present study evaluates the impact of refriger-
ated storage (2-8 °C) on the stability of plasma 
samples over durations ranging from 2 to 48 hours 
in primary tubes, with an extended evaluation to 
96 hours for aliquots. This assessment focuses on 
the most common biochemical analytes and aims 
to determine their suitability for add-on requests 
during the storage period.

Materials and methods

Materials

A total of 20 leftover plasma samples, collected in 
lithium heparin tubes without gel separator 
(Sarstedt, Nümbrecht, Germany) were selected 
from anonymous patients in the emergency de-
partment in September and October of 2023. Prior 
to analysis, the samples underwent centrifugation 
at 1900xg for 15 minutes in a Kubota 4000 
(KUBOTA, Tokio, Japan). Sample interference indi-
ces for hemolysis, icterus and lipemia were meas-
ured using the Alinity c system (HIL Saline Proto-
col) to confirm the absence of interferences.

Additionally, to maintain the add-on testing time-
frame established in the laboratory prior to auto-
mation, we planned to perform an extra study on 
plasma aliquots for any analyte with a stability lim-
it below 48 hours in plasma primary tubes.

Ethical approval for the study was granted by the 
Clinical Research Ethics Committee of our hospital 
(IIBSP-EMB-2023-78).

Methods

Adenosine deaminase (ADA), alanine aminotrans-
ferase (ALT), albumin (Alb), alkaline phosphatase 
(ALP), amylase (AMY), aspartate aminotransferase 
(AST), direct bilirubin (DBIL), total bilirubin (TBIL), 
calcium (Ca), chloride (Cl), total cholesterol (CHOL), 
creatinine (CREA), creatinine kinase (CK), glucose 
(Glc), gamma-glutamyltransferase (GGT), lactate 
dehydrogenase (LD), lipase (Lip), magnesium (Mg), 
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inorganic phosphate (Phos), potassium (K), sodium 
(Na), total protein (TP), triglycerides (TG), urea and 
uric acid (UA) were measured using the Alinity c 
system (Abbott Laboratories, Abbott Park, USA). 
Thyroid stimulating hormone (TSH), triiodothyro-
nine-free (fT3) and thyroxine-free (fT4) were meas-
ured using the Alinity i system (Abbott Laborato-
ries, Abbott Park, USA). All used reagents were 
Alinity original reagents (Abbott Laboratories, Ab-
bott Park, USA), with the exception of ADA (Biosys-
tems, Barcelona, Spain) and Lip (Architect reagent 
7D80, Abbott Laboratories, Abbott Park, USA) ad-
aptations.

For each sample collected in plasma primary 
tubes, 29 parameters were measured at specific 
time points: 0, 2, 4, 6, 8, 12, 24 and 48 hours. Excep-
tionally, some time points were not tested (NT) in 
plasma primary tubes due to technical reasons. 

For parameters exhibiting reduced stability in 
plasma primary tubes, an extended study in plas-
ma aliquots was conducted at 24, 48, 72 and 96 
hours. For the remaining parameters stability was 
only checked at 96 hours, then stability in plasma 
aliquots at 24, 48 and 72h was not studied. 

At each point, the handling of plasma samples at 
room temperature was limited to a maximum of 
15 minutes. After each measurement, samples 
were sealed and stored in a refrigerator (2-8 °C).

Data analysis

For each patient sample, relative differences were 
estimated as percentage differences (PD%) be-
tween basal measurement values (time 0) and the 
values at the different time points selected, ac-
cording to the formula: PD% = [(tx - t0) / t0] x 100, 
where tx is the concentration of an analyte at a 
specific time point x and t0 is the concentration of 
an analyte at time 0. Next, for each time point, the 
mean of the PD% was calculated. Maximum per-
missible differences between each time point and 
time 0 were defined based on the Total Limit of 
Change (TLC), according to the following equa-
tion: TLC = ± √(1.65*CVa)2 + (0.5*CVb)2, where CVa 
is the analytical variability of the measurement 

procedure in the last 6 months and CVb is the in-
traindividual biological variability obtained from 
the European Federation of Clinical Chemistry and 
Laboratory Medicine (EFLM) biological variation 
database (5,7,8). 

Finally, when the mean of the PD% exceeded TLC 
at any time point, the stability limit (SL) was esti-
mated by means of the instability equation 
through a regression analysis, in accordance with 
EFLM Working Group Preanalytical Phase recom-
mendations as follows: SL = TLC / β, where β is the 
slope of the instability equation for each analyte 
(9). Stability limit was established at the storage 
time (in hours) at which PD% equals TLC. For ana-
lytes that exhibit a mean PD% below the TLC at 
any time point, the last time point studied was set 
as SL. The SL in plasma aliquots for stable bio-
chemical analytes in plasma primary tubes was es-
tablished by verifying that the mean PD% at 96 
hours was below the TLC.

Results

Data of the study conducted in plasma primary 
tubes are shown in Table 1. Among the 29 parame-
ters studied, 24 parameters demonstrated stability 
in primary plasma tubes within a 48-hour storage 
period. Hemolysis, icterus and lipemia indices re-
mained consistently stable throughout the study 
(data not shown). However, the results revealed 
that five analytes were instable at different time 
points. Extrapolation of the instability equation at 
TLC shows a stability limit of 7.9 hours, 2.7 hours, 
4.7 hours, 2.9 hours and 6.2 hours for AST, Glc, K, 
LDH and Phos, respectively. For these analytes, 
graphical representations of the mean PD% with 
respect to the storage time are shown in Figure 
1A.

Data of the additional stability study conducted 
on plasma aliquots are shown in Table 2. Results 
demonstrated that all parameters were stable for 
96 hours, except LD that was stable for 63 hours. 
Graphical representation of the mean PD% with re-
spect to the storage time for LD is shown in Figure 
1B.
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Parameter CVa (%) CVb (%) TLC (%)
Mean PD%

SL
2 h 4 h 6 h 8 h 12 h 24 h 48 h

ADA 8.8 11.7 25.1 - 2.4 2.1 - 1.7 1.6 5.3 2.6 2.3 48 h

Alb 1.6 2.5 4.7 1.6 1.9 2.3 2.8 2.4 1.4 3.5 48 h

ALP 3.5 5.3 10.1 - 2.0 1.9 2.7 1.8 1.0 0.5 - 2.1 48 h

ALT 5.2 10.1 15.3 11.1 10.1 9.5 - 4.6 - 10.7 - 12.7 - 11.1 48 h

AMY 3.1 6.6 9.1 0.1 - 0.8 - 0.1 - 0.1 - 1.8 1.0 1.7 48 h

AST 2.6 9.6 8.7 - 0.1 3.3 7.2 9.1* 13.5* 11.9* 12.7* 7.9 h

Urea 3.9 13.9 12.8 - 0.4 - 1.0 - 1.2 9.6 9.6 -0.2 8.7 48 h

Ca 1.6 1.8 4.6 0.7 0.0 0.9 1.4 1.5 2.4 2.5 48 h

CHOL 1.4 5.3 4.7 1.1 1.5 1.5 2.3 2.5 1.6 3.6 48 h

CK 2.1 15 9.5 0.2 0.8 1.5 2.5 0.6 - 1.1 -1.6 48 h

Cl 1.7 1.1 4.8 0.5 0.0 4.2 4.2 4.6 4.2 3.6 48 h

CREA 3.6 4.5 10.1 3.9 2.4 3.2 0.2 4.6 2.4 0.8 48 h

DBIL 7.1 13.1 20.8 6.0 0.2 - 0.4 - 0.1 2.2 - 4.7 11.1 48 h

GGT 3.1 9.1 9.7 3.2 3.2 7.1 6.2 5.2 5.8 2.7 48 h

Glc 2.1 5 6.3 - 2.3 - 6.7* - 13.0* - 20.9* - 22.1* - 37.0* - 66.8* 2.7 h

K 1.5 4.1 4.7 0.5 1.1 5.5* 7.0* 14.0* 43.5* 99.6* 4.7 h

LD 4.0 5.2 11.5 4.2 9.4 19.6* 34.7* 81.2* 38.7* 75.0* 2.9 h

Lip 6.0 9.2 17.2 4.5 5.9 3.9 4.2 NT 5.9 3.7 48 h

Mg 3.9 2.9 11.0 - 1.1 - 1.1 0.3 2.2 2.1 3.7 7.1 48 h

Myoglobin 8.4 17.6 24.9 1.6 - 15.5 - 14.9 - 13.3 - 12.4 NT - 3.4 48 h

Na 1.1 0.5 3.0 0.4 1.0 1.3 1.8 2.1 1.1 0.0 48 h

Phos 2.3 7.8 7.4 1.7 2.5 5.4 12.5* 16.9* 12.6* 36.1* 6.2 h

fT3 5.2 5 14.6 3.7 5.3 NT NT NT 7.7 5.0 48 h

fT4 6.8 4.9 18.9 - 0.3 0.3 NT NT NT 3.2 2.0 48 h

TBIL 6.8 20 21.4 - 0.9 0.7 0.2 0.8 1.8 1.0 1.6 48 h

TG 2.0 20 11.4 0.6 0.7 0.7 0.7 0.8 0.1 - 1.2 48 h

TP 1.4 2.6 4.0 0.1 0.9 1.6 2.6 2.1 - 0.9 - 1.9 48 h

TSH 4.5 17.7 15.3 0.5 1.4 NT NT NT - 1.2 1.7 48 h

UA 2.6 8.3 8.3 0.7 0.7 0.6 1.8 1.9 2.0 4.5 48 h

*Mean percentage difference exceeds total limit of change. PD% - percentage difference. CVa - analytical coefficient of variation. CVb 
- within-subject coefficient of variation. TLC - total limit of change. SL - stability limit. NT - not tested. ADA - adenosine deaminase. 
Alb - albumin. ALP - alkaline phosphatase. ALT - alanine aminotransferase. AMY - amylase. AST - aspartate aminotransferase. Ca 
- calcium. CHOL - total cholesterol. CK - creatinine kinase. Cl - chloride. CREA - creatinine. DBIL - direct bilirubin. GGT - gamma-
glutamyltransferase. Glc - glucose. K - potassium. LD - lactate dehydrogenase. Lip - lipase. Mg - magnesium. Na - sodium. Phos - 
inorganic phosphate. fT3 - triiodothyronine-free. fT4 - thyroxine-free. TBIL - total bilirubin. TG - triglycerides. TP - total protein. TSH 
- thyroid stimulating hormone. UA - uric acid.

Table 1. Stability study data in plasma primary tubes
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Parameter TLC (%)
Mean PD%

SL
24 h 48 h 72 h 96 h

ADA 25.1 NT NT NT 6.7 96 h

Alb 4.7 NT NT NT - 1.1 96 h

ALP 10.1 NT NT NT - 4.9 96 h

ALT 15.3 NT NT NT - 11.7 96 h

AMY 9.1 NT NT NT - 0.6 96 h

AST 8.7 1.0 - 1.0 - 2.6 - 2.0 96 h

Urea 12.8 NT NT NT 2.1 96 h

Ca 4.6 NT NT NT - 0.5 96 h

CHOL 4.7 NT NT NT 0.6 96 h

CK 9.5 NT NT NT - 0.1 96 h

Cl 4.8 NT NT NT 0.8 96 h

CREA 10.1 NT NT NT 0.4 96 h

DBIL 20.8 NT NT NT - 2.4 96 h

GGT 9.7 NT NT NT 2.4 96 h

Glc 6.3 - 1.6 - 1.7 - 1.0 - 0.3 96 h

K 4.7 1.2 - 0.7 - 1.1 - 0.8 96 h

LD 11.5 - 5.0 - 9.8 - 14.1* - 16.5* 63 h

Lip 17.2 NT NT NT 2.7 96 h

Mg 11.0 NT NT NT 2.0 96 h

Myoglobin 24.9 NT NT NT 2.0 96 h

Na 3.0 NT NT NT -0.5 96 h

Phos 7.4 0.5 0.2 1.5 3.2 96 h

fT3 14.6 NT NT NT -3.6 96 h

fT4 18.9 NT NT NT 3.8 96 h

TBIL 21.4 NT NT NT 3.6 96 h

TG 11.4 NT NT NT 1.2 96 h

TP 4.0 NT NT NT -2.0 96 h

TSH 15.3 NT NT NT 1.4 96 h

UA 8.3 NT NT NT 1.2 96 h

*Mean percentage difference exceeds total limit of change. PD% - percentage difference. TLC - total limit of change. SL - stability 
limit. NT - not tested. ADA - adenosine deaminase. Alb - albumin. ALP - alkaline phosphatase. ALT - alanine aminotransferase. AMY 
- amylase. AST - aspartate aminotransferase. Ca - calcium. CHOL - total cholesterol. CK - creatinine kinase. Cl - chloride. CREA - 
creatinine. DBIL - direct bilirubin. GGT - gamma-glutamyltransferase. Glc - glucose. K - potassium. LD - lactate dehydrogenase. Lip 
- lipase. Mg - magnesium. Na - sodium. Phos - inorganic phosphate. fT3 - triiodothyronine-free. fT4 - thyroxine-free. TBIL - total 
bilirubin. TG - triglycerides. TP - total protein. TSH - thyroid stimulating hormone. UA - uric acid.

Table 2. Stability study data in plasma aliquots

https://doi.org/10.11613/BM.2024.020704


Illana FJ. et al. Stability limits for 29 analytes in plasma 

Biochem Med (Zagreb) 2024;34(2):020704  https://doi.org/10.11613/BM.2024.020704  

6

Figure 1. Graphical representation of the mean percentage difference (PD) with respect to storage time for aspartate aminotransfer-
ase, glucose, potassium, lactate dehydrogenase and inorganic phosphate in plasma primary samples (A), lactate dehydrogenase in 
plasma aliquots (B).
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Discussion

The results of the study revealed different stabili-
ties limits in plasma depending on whether prima-
ry or aliquot samples were stored. In primary plas-
ma tubes, five parameters showed stability below 
48 hours, indicating that the period for requesting 
add-on testing in these samples must be carefully 
controlled to avoid false analytical results. Our 
findings are aligned with those of prior research 
indicating that certain analytes are significantly in-
fluenced due to prolonged plasma-cell interaction 
(5,6). This interaction leads to cellular consumption 
of the analyte (i.e. Glc) or the release of intracellu-
lar constituents (i.e. AST, LD, Phos and K). The re-
sults of the study in plasma aliquots proved to 
overcome these limitations, even allowing to ex-
tend the stability limit of all the analytes studied. 
Therefore, we implemented a postanalytical ali-
quoting procedure for all STAT samples. This pro-
cedure involves the automatic separation of plas-
ma, being the resultant aliquot automatically 
stored in the postanalytical refrigerator for four 
days. This approach allowed us to integrate the 
storing of STAT samples into the overall laboratory 
workflow after automation. So that, currently, in 
our core laboratory we allow add-on orders of 28 
analytes in plasma (STAT) samples in the following 
96 hours after the first analysis. In case of LD, the 
laboratory information system enforces an elec-
tronic rule to automatically reject add-on testing 
after 63 hours.

One of the limitations of this study is that it was 
focused exclusively on one type of specimen and 
also that stability limits for plasma samples with 
other anticoagulants or plasma primary tubes with 
gel separator were not assessed. Additionally, the 

stability of plasma samples with hemolysis, icterus 
and lipemia interferences was not evaluated. An-
other limitation is that it was not possible to simul-
taneously collect, from the same patient, as many 
samples as the defined time points for the stability 
study. Moreover, conducting duplicate measure-
ments for each time point was not feasible due to 
insufficient plasma volume available to perform all 
measurements. Nevertheless, in an effort to miti-
gate the impact of temperature and evaporation 
on these samples during the analysis, special care 
was taken to minimize the duration that samples 
were kept outside the refrigerator.

This study is valuable in defining the maximum al-
lowed period for add-on testing in plasma sam-
ples for the majority of biochemical analytes or-
dered in an emergency context. Data provided 
could be useful for other clinical laboratories in 
which plasma samples are stored refrigerated for 
extended periods, to set stability limits either in 
primary tubes or aliquots.

Authorship contributions

FJI: Conceptualization, Methodology, Investiga-
tion, Writing - original draft. AGO: Conceptualiza-
tion, Writing - review & editing. MS: Investigation, 
Writing - review & editing. CMB: Writing - review & 
editing. LG: Conceptualization, Writing - review & 
editing. RF: Writing - review & editing.

Potential conflict of interest

None declared.

Data availability statement

The data generated and analyzed in the presented 
study are available from the corresponding author 
on request.

References
 1. García-Osuna Á, Guiñón Muñoz L, Costa Pallaruelo M, Man-

silla Usero A, Cuevas Eduardo B, Llanos Ramos J et al. Cha-
racterization of add-on testing before and after automati-
on at a core laboratory. Heliyon. 2023;9:e22096. https://doi.
org/10.1016/j.heliyon.2023.e22096

 2. International Organization for Standardization (ISO) 15189. 
Medical laboratories - requirements for quality and compe-
tence. 4th ed. Geneva:ISO;2022.

 3. Taylor EC, Sethi B. Stability of 27 biochemistry analytes in 
storage at a range of temperatures after centrifugation. Br 

https://doi.org/10.11613/BM.2024.020704
https://doi.org/10.1016/j.heliyon.2023.e22096
https://doi.org/10.1016/j.heliyon.2023.e22096


Illana FJ. et al. Stability limits for 29 analytes in plasma 

Biochem Med (Zagreb) 2024;34(2):020704  https://doi.org/10.11613/BM.2024.020704  

8

J Biomed Sci. 2011;68:147-57. https://doi.org/10.1080/0967
4845.2011.11730343

 4. Cuhadar S, Atay A, Koseoglu M, Dirican A, Hur A. Stability 
studies of common biochemical analytes in serum separa-
tor tubes with or without gel barrier subjected to various 
storage conditions. Biochem Medica (Zagreb). 2012;22:202-
14. https://doi.org/10.11613/BM.2012.023

 5. Oddoze C, Lombard E, Portugal H. Stability study of 81 
analytes in human whole blood, in serum and in plasma. 
Clin Biochem. 2012;45:464-9. https://doi.org/10.1016/j.clin-
biochem.2012.01.012

 6. Monneret D, Godmer A, Le Guen R, Bravetti C, Emeraud C, 
Marteau A et al. Stability of Routine Biochemical Analytes 
in Whole Blood and Plasma From Lithium Heparin Gel Tu-
bes During 6-hr Storage: Stability of Routine Biochemi-
cal Analytes in Whole Blood and Plasma. J Clin Lab Anal. 
2016;30:602-9. https://doi.org/10.1002/jcla.21909

 7. Parra-Robert M, Rico-Santana N, Alcaraz-Quiles J, Sandali-
nas S, Fernández E, Falcón I et al. Improvement in the sta-
bility of serum samples stored in an automated refrige-
rated module. Clin Biochem. 2016;49:1396-8. https://doi.
org/10.1016/j.clinbiochem.2016.10.012

 8. Aarsand AK, Fernandez-Calle P, Webster C, Coskun A, Gon-
zales-Lao E, Diaz Garzon J et al. The EFLM Biological Varia-
tion Database. Available from: https://biologicalvariation.
eu/. Accessed October 13th, 2023.

 9. Gomez-Rioja R, Von Meyer A, Cornes M, Costelloe S, Ver-
meersch P, Simundic AM et al. Recommendation for the de-
sign of stability studies on clinical specimens. Clin Chem Lab 
Med CCLM. 2023;61:1708-18. https://doi.org/10.1515/cclm-
2023-0221

https://doi.org/10.11613/BM.2024.020704
https://doi.org/10.1080/09674845.2011.11730343
https://doi.org/10.1080/09674845.2011.11730343
https://doi.org/10.11613/BM.2012.023
https://doi.org/10.1016/j.clinbiochem.2012.01.012
https://doi.org/10.1016/j.clinbiochem.2012.01.012
https://doi.org/10.1002/jcla.21909
https://doi.org/10.1016/j.clinbiochem.2016.10.012
https://doi.org/10.1016/j.clinbiochem.2016.10.012
https://biologicalvariation.eu/
https://biologicalvariation.eu/
https://doi.org/10.1515/cclm-2023-0221
https://doi.org/10.1515/cclm-2023-0221

