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Evaluation of analytical performance of two iPTH immunoassay 
methods in hemodialysis patients

Parathormone (PTH) is a peptide synthesized as an 
115-amino acid preprohormone in the parathyroid 

gland in response to a decreased serum calcium level and 
is used as a marker for chronic kidney disease mineral and 
bone disorder (CKD-MBD) [1]. PTH is synthesized as a pre-
prohormone as a linear protein of 84 amino acids and the 
remainder is known as intact PTH (iPTH). iPTH rapidly breaks 
down in the blood to yield N-terminal and C-terminal frag-
ments of 34-amino acid. PTH can be present in the blood in 
3 forms: iPTH, N-terminal, and C-terminal. The iPTH and N-

terminal forms are biologically active, but have a short half-
life. C-terminal fragments, however, are an inactive form and 
have a longer half-life than iPTH. PTH is metabolized mainly 
in the kidneys and the liver. The kidneys play an important 
role in the excretion of inactive fragments [2]. Eighty percent 
of blood PTH in normal patients and approximately 95% of 
blood PTH in chronic kidney disease (CKD) patients is in the 
C-terminal form. Renal excretion of C-terminal fragments 
causes an accumulation of the C-terminal form in the blood 
in CKD patients [3]. The measurement of the accumulated 
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C-terminal form of PTH can overestimate the degree of sec-
ondary hyperparathyroidism in CKD patients. The Kidney 
Disease: Improving Global Outcomes (KDIGO) guidelines 
recommend maintaining an iPTH level 2-9 times the URL for 
patients with CKD [4]. Thus, the measurement of the active 
form of PTH has become an important concern [5].

As a result of years of studies, several kits have been devel-
oped to measure the active form of PTH. Since the first-gen-
eration kits developed used antibodies against the C-ter-
minal of PTH; they measured not only active iPTH, but also 
inactive forms. They were then replaced with two-zone im-
munoassay kits, called the second-generation, or iPTH kits, 
which use antibodies bound to both the N-terminal and the 
C-terminal. Subsequently, however, it was shown that these 
kits measured inactive N-terminal fragments and missed the 
first 4-7 amino acid N-terminal fragments [6]. Therefore, new 
kits, called biointact PTH kits or third-generation kits, were 
developed using a signaling antibody directed against the 
1-4 amino acid positions of the N-terminal [7]. In our country, 
second-generation kits are commonly used for iPTH mea-
surement.

The use of different antibodies in immunoassay methods and 
the lack of a reference method for measurement has reduced 
comparability between methods [8]. It has also been demon-
strated that there are many pre-analytical factors affecting 
iPTH measurement [9, 10]. These factors make it difficult to 
standardize iPTH measurement and to use it in treatment fol-
low-up.

The present study was carried out to compare the results of 
the Architect iPTH test (AiPTH) measured using the Architect 
i2000SR system (Abbott Laboratories, Lake Bluff, IL, USA) and 
the Beckman iPTH test (BiPTH) measured using the Beckman 
Coulter Dxi 800 analyzer (Beckman Coulter, Brea, CA, USA), 
which are 2 immunoassay systems commonly used in routine 
laboratories, and to evaluate their analytical performance in 
hemodialysis patients.

Materials and Methods
Samples
This analytic performance evaluation used blood samples 
from 45 dialysis patients who were treated and followed up 
regularly in the hemodialysis unit of a single hospital and 
had a request for an iPTH test. A control group (Group 1) 
was formed of patients with low, normal, and high iPTH lev-
els among samples from patients without CKD. A total of 41 
serum samples were selected from those taken from non-hos-
pitalized adult patients (aged >18 years) with normal liver and 
kidney function test results and no leukocytosis. The dialysis 
patient sample was identified as Group 2. All of the blood 
samples were drawn from the antecubital vein between 8:00-
10:00 am after a night of fasting using 5-mL BD Vacutainer SST 
II Advance Plus Blood Collection Tubes (lot 7327531; Becton, 
Dickinson and Company, Franklin Lakes, NJ, USA), serum-sep-

arating tubes with yellow caps. The serum samples used for 
iPTH analysis were all drawn according to standard pre-ana-
lytical protocols. In Group 1, 15 samples had an iPTH value of 
1-15 pg/mL; 15 samples were selected with a measurement 
15-68.3 pg/mL, and in 11 samples it was >69 pg/mL. Ethics ap-
proval for this study was obtained from the Clinical Research 
Ethics Committee of Bolu Abant Izzet Baysal University on 
05.07.2018 (no: 2018/113).

Laboratory measurements
The iPTH measurements were made on the same day using 
the Architect i2000SR System analyzer (AiPTH) and the Beck-
man Coulter Dxi 800 analyzer (BiPTH). Second-generation 
iPTH kits were used in both systems. The upper range limit 
(URL) of AiPTH and BiPTH was 68.3 pg/mL and 88.0 pg/mL, re-
spectively, and the reportable range for AiPTH and BiPTH was 
3.0-3000.0 pg/mL and 1.0-3500 pg/mL, respectively. All of the 
research was performed according to the evaluation proto-
cols of the Clinical Laboratory Standards Institute (CLSI) that 
are specific to each parameter [11–13].

Analytical performance studies
Accuracy
Three references from the 13th immunoassay report period 
of the Association of Clinical Biochemistry Specialists Exter-
nal Quality Control Program (KBUDEK) 2018 were used for the 
accuracy evaluation. The target mean values for the external 
quality control materials of this period were 4.925 pg/mL-
1420.9579 pg/mL, which were within the reportable measur-
ing ranges declared by the manufacturers. The average bias 
of the data obtained using the AiPTH and BiPTH was calcu-
lated based on the percentage bias taken from the KBUDEK 
program [13, 14]. The percent bias from the published target 
means was calculated using the formula of 100 x (measured 
result-mean)/mean. The acceptable accuracy value used was 
<8.8%, the specification for inaccuracy [15].

Precision
The data calculated in this study were used instead of the 
precision data in the Abbott and Beckman Coulter instruc-
tions. The precision, within-run, between-run, and between-
day variation was calculated using the mean and SD values 
obtained by consecutive and intermittent measurements re-
peated every day over 20 days. All of the analyses were carried 
out in accordance with the manufacturers’ instructions.
Architect iPTH internal quality control samples (Multichem 
IA Plus Ref. 05P76-10, Lot no. 37104170; Technopath Clin-
ical Diagnostics, Ballina, Co. Tipperary, Ireland) were used in 
precision runs. The within-run precision was determined at 
concentrations of 10.0±2 pg/mL, 65.05±11.37 pg/mL, and 
250.0±43.75 pg/mL after 20 consecutive runs with this tri-
level internal quality control material, and the between-run 
precision was determined after 20 intermittent runs using 
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these quality control samples within 1 day. The between-day 
precision was determined using the tri-level quality control 
samples and the reactive from the same lot in the same ana-
lyzer over 20 days [12, 14].
For BiPTH, the Dxi 800 iPTH internal quality control samples 
(Autonorm Lyo L-1, Ref. 212405, Lot.1608805 and Autonorm 
Lyo L-2, Ref. 212505, Lot.1609806; SERO AS, Stasjonsveien 44 
NO-1396 Billingstad, Norway) were used in the precision runs. 
The within-run precision was determined at concentrations 
of 17±2.2 pg/mL and 91.5±11.05 pg/mL after 20 consecutive 
runs with these 2 internal quality control samples. The be-
tween-run precision was determined after 20 intermittent 
runs with these internal quality control samples within 1 day. 
The between-day precision was determined using the two-
level system of internal quality control and the reactive from 
the same lot in the same analyzer over 20 days [12, 14]. Total 
precision was compared with the manufacturer’s claims. For 
AiPTH, the manufacturer stated that they had developed the 
product to be ≤9% for low control and ≤7% for medium and 
high control total coefficient of variation (CV). For BiPTH, the 
manufacturer stated that they developed the product to dis-
play ≤8% total CV.

Limit of blank, limit of detection, and limit of quantifica-
tion
The study was carried out according to the recommendations 
of the CLSI EP17-A2 document [11]. The limit of blank (LoB) was 
determined by running the zero calibrator of the manufac-
turer 20 times using the LoB=Mean (Blank)+1.645*SD(Blank) 
formula. The limit of detection (LoD) was determined by run-
ning a sample with the lowest concentration 20 times, which 
were prepared with 0.5 dilution, using the smallest non-zero 
calibrator and LoD=LoB+1.645*SD (control with low concen-
tration). The samples were prepared at concentrations close 
to the limits specified by the analyte manufacturers. The limit 
of quantification (LoQ) was determined by taking the smallest 
values within a CV ≤20% [11, 14].

Method comparison
The method comparison runs were carried out according to 
the guidance in the CLSI EP9-A3 document. AiPTH and BiPTH 
were used in the Group 1 and Group 2 serum samples [13, 14]. 
A Bland-Altman plot was drawn and Passing-Bablok regres-
sion analysis was performed.

Statistical analysis
Mean and SD for numerical variables and number and per-
centage values of categorical variables were given as descrip-
tive statistics. The correlation between the 2 immunoassay 
measurement methods was interpreted using the intraclass 
correlation coefficient (ICC). ICC values of <0.50 were consid-
ered poor, 0.50-0.75 intermediate, 0.76-0.90 moderate, and 
>0.90 excellent reliability ratings [16]. Since no information 

on whether there is a systematic and/or proportional error 
between ICC value and methods was provided, Passing and 
Bablok regression analysis and a Bland-Altman graph were 
used to evaluate the measurement errors between the meth-
ods. The measurement errors were evaluated according to 
95% confidence interval results of the regression model coef-
ficients. Among the model coefficients, the constant that does 
not include the zero value of the confidence interval indicates 
the presence of a proportional error, and the slope that does 
not include any value of the confidence interval indicates the 
presence of a systematic error. The analyses were carried out 
using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., 
Armonk, NY, USA) and MedCalc Statistical Software version 
11.3.0 (MedCalc Software bv, Ostend, Belgium). The signifi-
cance level was accepted as p<0.05. The CV% value was cal-
culated using the manufacturers’ internal quality control ma-
terials. The percent bias value was calculated as a systematic 
difference between the mean of the results obtained using 
the reference method and the mean of the test results of this 
study [17, 18].

Results
The median (min-max) AiPTH values obtained for Group 1 
were 59 pg/mL (3-227 pg/mL) and 456.5 pg/mL (15.2-1160.5 
pg/mL) for Group 2, while the BiPTH values for Group 1 were 
33.3 pg/mL (1-130.4 pg/mL) and 284 pg/mL (7.9-801.5 pg/mL) 
for Group 2. The performance characteristics for the AiPTH 
and BiPTH measurements are given in Table 1. Good accuracy 
studies use inaccuracy <8.8% as a comparison with a desirable 
specification. In our study, the between-day CV% values were 
4.37-7.68%, the within-run CV% values were 3.60-4.33%, and 
the between-run CV% values were 7.09-7.60% for the tri-level 
AiPTH control. Overall, the CVs were compatible with the man-
ufacturers’ claims.
The correlation between the 2 methods was evaluated using 
the ICC, and the ICC values for Group 1, Group 2, and the to-
tal were 0.809 (0.648-0.893), 0.818 (0.661-0.903), and 0.912 
(0.489-0.968), respectively. In order to examine the measure-
ment errors between methods, Passing and Bablok regression 
analysis and a Bland-Altman plot were used, as seen in Figure 
1 and Figure 2. According to the results, no deviation from lin-
earity existed between the methods (CUSUM test p=0.18) and 
a y=2.58+1.53x equation was obtained as a result of the Pass-
ing and Bablok regression analysis.
To evaluate the clinical effect of the 2 assays, the results ob-
tained from the instruments were categorized. The Group 1 
results from both assays were divided into 2 groups: normal 
and elevated PTH levels, according to the recommended the 
URL for PTH of the manufacturer. Twelve of 41 (29.3%) of re-
sults were high in the AiPTH assay and normal in the BiPTH 
assay. Twenty-six of 41 results were normal in both assays, 
and 3 of 41 results were measured as high on both assays. The 
Group 2 results from both assays were divided into 2 groups: 
higher or lower than 9 times the URL of the iPTH pg/mL levels. 
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In Group 2, while 1/45 (2.2%) BiPTH results was higher than 9 
times the URL of iPTH pg/mL, 9/45 (20%) AiPTH results were 
higher than the URL.

Discussion
Good performance was obtained in our iPTH test accuracy 
studies with measurements made with the Architect i2000SR 
system and the Dxi 800 system, which are widely used im-

Table 1. Performance characteristics of intact parathyroid hormone testing

Performance criteria   AiPTH BiPTH

Accuracy (% bias)   4.23 4.67
LoB (pg/mL)   0.31 0.42
LoD (pg/mL)   0.85 1.04
LoQ (pg/mL)   2.4 5.0
Precision
 Within-run
 SD (0.403-2.22-9.78)† (4.44-4.30)*
 Mean (9.84-61.58-225.67)† (18.02-93.91)*
 CV% (4.09-3.60-4.33)† (4.44-4.30)*
 Between-run
 SD (0.70-4.83-16.48)† (0.69-3.22)*
 Mean (10-63.54-229.71)† (17.97-92.15)*
 CV% (7.09-7.60-7.17)† (3.85-3.50)*
 Between-day
 SD (0.76-5.31-11.5 )† (1.08-6.68) *
 Mean (10.18-69.21-263.28)† (17.67-94.47)*
 CV% (7.49-7.68-4.37)† (6.12-7.07)*

†Architect iPTH internal quality control: Multichem IA Plus (Ref. 05P76-10, Lot no. 37104170; Technopath Clinical Diagnostics, Ballina, Co. Tipperary, Ireland). 
Levels: 10±2-65.05±11.37-250±43.75. *Dxi 800 iPTH internal quality control: Autonorm Lyo L-1, Ref. 212405, Lot.1608805 and Autonorm Lyo L-2, Ref. 212505, Lot.1609806; (SERO 
AS, Billingstad, Norway). AB Scientific, London, England). Levels: 17±2.2-91.5±11.05. AiPTH: Architect iPTH test measured using Architect i2000SR System (Abbott Laboratories, 
Lake Bluff, IL, USA); BiPTH: Beckman iPTH test measured using the Beckman Coulter Dxi 800 analyzer (Beckman Coulter, Brea, CA, USA); LoB: Limit of blank; LoD: Limit of 
detection; LoQ: Limit of quantification.

Figure 2. Bland-Altman plot of method comparison of 2 intact 
parathyroid hormone (iPTH) immunoassays. Group 1 is the control 
group, Group 2 is the dialysis patient sample group.

AiPTH: Architect iPTH test measured using Architect i2000SR System (Abbott 
Laboratories, Lake Bluff, IL, USA); BiPTH: Beckman iPTH test measured using the 
Beckman Coulter Dxi 800 analyzer (Beckman Coulter, Brea, CA, USA).
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munoassay systems in routine laboratories. In order to inves-
tigate the coefficient of correlation between the methods, the 
ICC was examined and there was a similar and good level of 
agreement in both groups; however, a perfect agreement was 
obtained when both groups were evaluated together. Accord-
ing to our results, there was no deviation from linearity be-
tween the methods. Therefore, Passing and Bablok regression 
analysis and a Bland-Altman graph were used to examine the 
measurement errors between the methods. The results of the 
regression analysis revealed both a proportional and system-
atic error/difference between the AiPTH and BiPTH methods. 
It was determined that the AiPTH method yielded a propor-
tionally higher measurement value compared with the BiPTH 
method. The repeatability values and accuracy were accept-
able for both methods. The LoB, LoD, and LoQ results in our 
study were consistent with the manufacturers’ data.
In a 2017 study conducted by Esther et al. [19], 2 iPTH kits 
were compared using the Siemens ADVIA Centaur XP instru-
ment (Siemens Healthineers GmbH, Erlangen, Germany) and 
the CV% was found to be 2.31-6.23%. We also obtained a CV% 
of 3-7%. The results were consistent with the current study in 
terms of precision.
In a study performed by Eddington et al. [5] in 2014, they 
used 17 different laboratories, 8 different methods, and 7 in-
struments for 37 patients with CKD, and they found that there 
were significant differences between the instruments, with the 
Abbott Architect instrument yielding the highest PTH values. 
In 2013, Tan et al. [7] compared a COBAS Elecsys instrument 
(Roche Diagnostics, Basel, Switzerland) with 4 instruments, in-
cluding the Abbott i4000SR and the Beckman Coulter Access2 
for 83 patients with CKD and observed that there were signif-
icant differences between the kits, with higher results from 
the Abbott instrument. In our study, it was also found that the 
AiPTH results were higher than those obtained using BiPTH. 
The higher AiPTH results in Group 2 were notable.
In CKD, decreased renal excretion of C-terminal PTH fragments 
causes accumulation of these fragments in the circulation [3]. 
Variation in the antibody used by assays, which recognize dif-
ferent fragments, results in differences in PTH measurements. 
This makes it difficult to maintain appropriate follow-up of a 
patient and comparability of results from different hospitals. 
KDIGO recommends that a patient requiring dialysis maintain 
a PTH level in the range of 2-9 times the URL. Although this 
a wide range, a study conducted with 149 patients with CKD 
found that 26.8% of the PTH levels were more than 9 times the 
URL when measured with the Abbott Architect while it was 
8.1% for the Beckman Access system (Beckman Coulter, Inc., 
Brea, CA, USA) [20]. Similarly, in the present study, 29.3% of re-
sults were higher than 9 times the URL with AiPTH, while it was 
2.2% with BiPTH. Thus, KDIGO recommends using the trend of 
PTH to guide treatment [4].
In a study performed by Einbinder et al. [21] in 2017, iPTH 
and biointact PTH kits were compared in patients with non-
dialysis CKD and as expected, the biointact PTH results were 

lower. Although PTH measurement with biointact PTH is effec-
tive, since it targets the first few amino acids at the N-terminal 
end, it is not yet widely used, either in our country or globally. 
Almond et al. [22] highlighted that bias differences between 
methods are caused by the use of antibodies with different 
sensitivities in commercial kits. The higher AiPTH results in our 
study may have been caused by the use of different antibod-
ies, which might be eliminated with widespread use of third-
generation kits.
In a systematic review performed by Hanon et al. [9] in 2013, 
it was stated that iPTH measurement is more stable in a tube 
containing ethylenediaminetetraacetic acid. A limitation to 
our study was the use serum separator tubes with a yellow 
top, which are already used in iPTH measurement in our labo-
ratories. A limited patient count is another constraint.

Conclusion
It was confirmed that the Abbott Architect i2000SR and the 
Beckman Coulter Dxi 800 analyzers widely used for iPTH mea-
surement operate with acceptable analytical performance. It 
was observed that the measurement results obtained from 
these 2 analyzers were consistent, but the Abbott Architect 
i2000SR had higher results than the Beckman Coulter Dxi 800. 
In conclusion, it is suggested that the growing use of iPTH 
testing requires support in order to obtain consistent results 
from different laboratories and provide harmonization. Until 
then, follow-up of CKD patients should be performed using 
the same kits, the same analysis system, and in the same lab-
oratory.

Conflict of interest: There is no conflict of interest between the 
authors.

Ethics Committee Approval: This study was approved by Bolu 
Abant Izzet Baysal University Clinical Researches Ethics Commit-
tee (Date:05.07.2018 and No: 2018/113).

Financial Disclosure: The authors declared that this study has 
received no financial support.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept – G.B., O.M.Y.; Design – G.B., 
O.M.Y., M.B.P.; Supervision – G.B., O.M.Y., M.B.G.; Funding – R.N.Y., 
M.B.P., O.M.Y.; Materials – R.N.Y., M.B.P., O.M.Y.; Data collection &/
or processing – R.N.Y., N.Y., O.M.Y.; Analysis and/or interpretation 
– R.N.Y., N.Y., O.M.Y., M.B.G.; Literature search – G.B., O.M.Y., R.N.Y., 
N.Y.; Writing – G.B., O.M.Y.; Critical review – G.B., O.M.Y., R.N.Y., 
M.B.G.

References
1. Tregear GW, Van Rietschoten J, Greene E, Keutmann HT, Niall 

HD, Reit B, et al. Bovine parathyroid hormone: minimum chain 
length of synthetic peptide required for biological activity. En-
docrinology 1973;93(6):1349–53. [CrossRef ]

https://doi.org/10.1210/endo-93-6-1349


61Yis, PTH method comparison / doi: 10.14744/ijmb.2020.08370

2.  Smit MA, van Kinschot CMJ, van der Linden J, van Noord C, 
Kos S. Clinical Guidelines and PTH Measurement: Does Assay 
Generation Matter?. Endocr Rev 2019;40(6):1468–80. [CrossRef ]

3.  D'Amour P. Circulating PTH molecular forms: what we know 
and what we don't. Kidney Int Suppl 2006;(102):S29–S33.

4.  Ketteler M, Block GA, Evenepoel P, Fukagawa M, Herzog 
CA, McCann L, et al. Executive summary of the 2017 KDIGO 
Chronic Kidney Disease-Mineral and Bone Disorder (CKD-
MBD) Guideline Update: what's changed and why it matters. 
Kidney Int 2017;92(1):26–36. [CrossRef ]

5.  Eddington H, Hudson JE, Oliver RL, Fraser WD, Hutchison AJ, 
Kalra PA. Variability in parathyroid hormone assays confounds 
clinical practice in chronic kidney disease patients. Ann Clin 
Biochem 2014;51(Pt 2):228–36. [CrossRef ]

6.  Lepage R, Roy L, Brossard JH, Rousseau L, Dorais C, Lazure C, 
et al. A non-(1-84) circulating parathyroid hormone (PTH) frag-
ment interferes significantly with intact PTH commercial assay 
measurements in uremic samples. Clin Chem 1998;44(4):805–9.

7.  Tan K, Ong L, Sethi SK, Saw S. Comparison of the Elecsys PTH(1-
84) assay with four contemporary second generation intact 
PTH assays and association with other biomarkers in chronic 
kidney disease patients. Clin Biochem 2013;46(9):781–6.

8.  Cavalier E, Delanaye P, Nyssen L, Souberbielle JC. Problems 
with the PTH assays. Ann Endocrinol (Paris) 2015;76(2):128–
33. [CrossRef ]

9.  Hanon EA, Sturgeon CM, Lamb EJ. Sampling and storage con-
ditions influencing the measurement of parathyroid hormone 
in blood samples: a systematic review. Clin Chem Lab Med 
2013;51(10):1925–41. [CrossRef ]

10.  Schleck ML, Souberbielle JC, Delanaye P, Plebani M, Cavalier E. 
Parathormone stability in hemodialyzed patients and healthy 
subjects: comparison on non-centrifuged EDTA and serum 
samples with second- and third-generation assays. Clin Chem 
Lab Med 2017;55(8):1152–9. [CrossRef ]

11.  CLSI. Evaluation of Detection Capability for Clinical Labora-
tory Measurement Procedures; Approved Guideline-Second 
Edition. CLSI document EP17-A2. Wayne; PA; USA. Clinical Lab-
oratory Standards Institute. 2012. Available at: https://clsi.org/
media/1430/ep17a2_sample.pdf. Accessed Apr 7, 2020.

12.  CLSI. Evaluation of precision of quantitative measurement 
procedures ; approved guideline-third edition. CLSI docu-
ment EP05-A3. Wayne; PA; USA. Clinical Laboratory Standards 

Institute. 2014. Available at: https://clsi.org/media/1438/
ep05a3_sample.pdf. Accessed Apr 7, 2020.

13. CLSI. Clinical Laboratory Standards Institute. Method Com-
parison and Bias Estimation Using Patient Samples; ap-
proved guideline. CLSI document EP09-A2. Wayne; PA; USA. 
Clinical Laboratory Standards Institute. 2010. Available at:  
https://clsi.org/media/1435/ep09a3_sample.pdf. Accessed 
Apr 7, 2020.

14.  Madenci ÖÇ, Orçun A, Yildiz Z, Sirmali R, Tunçbilek N, Yücel 
N, et al. Evaluation of new Beckman Coulter 25(OH) Vitamin 
D assay and potential improvement of clinical interpretation. 
Biochem Med (Zagreb) 2017;27(2):332–41. [CrossRef ]

15.  Desirable Biological Variation Database specifications - West-
gard. Available at:  https://www.westgard.com/biodatabase1.
htm. Accessed Apr 7, 2020.

16.  Koo TK, Li MY. A Guideline of Selecting and Reporting Intra-
class Correlation Coefficients for Reliability Research. J Chiropr 
Med 2016;15(2):155–63. [CrossRef ]

17.  Ozcan N, Ucar F, Arzuhal AE, Bulut E, Ozturk A, Taslipinar Yavuz 
M, et al. Evaluation of the analytical performance of Unicel 
DXI 800 for the Total 25 (OH) Vitamin D measurements. Clin 
Biochem 2016;49(6):486–91. [CrossRef ]

18.  Schoenmakers CH, Naus AJ, Vermeer HJ, van Loon D, Steen G. 
Practical application of Sigma Metrics QC procedures in clini-
cal chemistry. Clin Chem Lab Med 2011;49(11):1837–43.

19.  Fernández-Galán E, Bedini JL, Filella X. Analytical verification 
and method comparison of the ADVIA Centaur® Intact Parathy-
roid Hormone assay. Clin Biochem 2017;50(18):1222–7. [CrossRef ]

20.  Cavalier E, Delanaye P, Vranken L, Bekaert AC, Carlisi A, Chapelle 
JP, et al. Interpretation of serum PTH concentrations with dif-
ferent kits in dialysis patients according to the KDIGO guide-
lines: importance of the reference (normal) values. Nephrol 
Dial Transplant 2012;27(5):1950–6. [CrossRef ]

21.  Einbinder Y, Benchetrit S, Golan E, Zitman-Gal T. Comparison 
of Intact PTH and Bio-Intact PTH Assays Among Non-Dialysis 
Dependent Chronic Kidney Disease Patients. Ann Lab Med 
2017;37(5):381–7. [CrossRef ]

22.  Almond A, Ellis AR, Walker SW; Scottish Clinical Biochemistry 
Managed Diagnostic Network. Current parathyroid hormone 
immunoassays do not adequately meet the needs of patients 
with chronic kidney disease. Ann Clin Biochem 2012;49(Pt 
1):63–7. [CrossRef ]

https://doi.org/10.1210/er.2018-00220
https://doi.org/10.1038/sj.ki.5001599
https://doi.org/10.1016/j.kint.2017.04.006
https://doi.org/10.1177/0004563213491236
https://doi.org/10.1093/clinchem/44.4.805
https://doi.org/10.1016/j.clinbiochem.2013.01.016
https://doi.org/10.1016/j.ando.2015.03.018
https://doi.org/10.1515/cclm-2013-0315
https://doi.org/10.1515/cclm-2016-0914
https://doi.org/10.11613/BM.2017.036
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.clinbiochem.2015.11.022
https://doi.org/10.1515/cclm.2011.249
https://doi.org/10.1016/j.clinbiochem.2017.09.006
https://doi.org/10.1093/ndt/gfr535
https://doi.org/10.3343/alm.2017.37.5.381
https://doi.org/10.1258/acb.2011.011094

