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SUMMARY
Background: Primary hyperparathyroidism (pHPT) is a common endocrine disorder, due to an excessive secretion of parathyroid hormone (PTH) from one or more parathyroid gland(s), where the only cure remains surgery.
The surgical approach has become less invasive over the years, thanks to the advances in the preoperative localization of the enlarged parathyroid gland, as well as to the possibility to measure intra-operative parathyroid hormone (IOPTH). After the targeted removal of a parathyroid gland, IOPTH can confirm biochemically the cure of
pHPT, such that it helps the surgeon to judge if the parathyroidectomy has been successful and there is no need of
additional dissection. As with all laboratory tests, the quality of IOPTH total testing process is essential to the best
utilization of patients’ results. However, this can be affected by errors occurring in different phases. This review
aims to describe the total testing process of IOPTH.
Methods: We performed a search in Pubmed and a review of the literature on the current management of pHPT
and the total testing process of IOPTH measurement.
Results: Compared to previous studies focusing on single aspects of the IOPTH testing process, here we have analyzed all the steps crucial for the quality of IOPTH from the “pre-pre” to the “post-post” analytical phase.
Conclusions: Clinicians and laboratory scientists should be aware of all the potential sources of errors in IOPTH
measurement in order to improve their daily management of pHPT.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190411)
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INTRODUCTION
Primary hyperparathyroidism (pHPT) is a common endocrine disorder, usually due to an excessive secretion
of parathyroid hormone (PTH) from one or more parathyroid gland(s), whose only cure remains surgery [1].
The surgical approach has become less invasive over
the years, thanks to the advances in the preoperative localization of the enlarged parathyroid gland, as well as
to the possibility to measure intra-operative parathyroid
hormone (IOPTH) [2]. After the targeted removal of a
parathyroid gland, IOPTH can confirm biochemically
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cium upon PTH release, leading to a state where higher
levels of calcium are required to suppress PTH [1]. In
this setting, higher levels of PTH promote bone demineralization, osteoporosis, and fragility fractures. In the
kidney, pHPT causes nephrolithiasis, nephrocalcinosis,
and renal function abnormalities. In addition, overproduction of PTH leads to hypercalcemia, with subsequent direct gastrointestinal and neurological manifestations.
Over the past decades, the presentation of pHPT has
markedly changed [14]. While initially pHPT was a
symptomatic disease, characterized by the presence of
kidney stones, fragility fractures, peptic ulcer, and neuropsychiatric symptoms, today, it is most often an
asymptomatic disease, discovered by biochemical
screenings. The diagnosis of pHPT should be established biochemically, by documenting a hypercalcemia
with simultaneously elevated (or inappropriately normal
i.e., > 20 pg/mL) intact PTH levels [15]. Of note, PTH
is synthesized as a large polypeptide (pre-proPTH) containing 115 amino acids and it undergoes two proteolytic cleavages to yield the 84-amino-acid molecule, (1 84) PTH. When assessing for pHPT, PTH levels should
be measured with assays that do not cross-react with
PTH-related peptides, such as long C-terminal fragments [16].
The only opportunity for a definitive cure of pHPT is
surgery [2]. Surgical resection of the abnormal gland(s)
is associated with resolution of biochemical abnormalities, bone mass density improvement [17], as well as
with a decreased risk of bone fracture [18] and kidney
stones. Consistent with these findings, indications for
surgery include symptomatic pHPT or at least one of
the following: hypercalcemia, hypercalciuria, nephrolithiasis, nephrocalcinosis, osteoporosis, and/or fragility
fractures [19,20].
The standardard operation performed in case of pHPT
has always been bilateral neck exploration (BNE) for
the visualization of all parathyroid glands and the removal of those that are enlarged [2,21]. However, the
increasing sensitivity of preoperative localization methods, such as 99Tc-sestamibi scanning and ultrasound, in
combination with the possibility to measure IOPTH
have led to the use of minimally invasive procedures in
parathyroid surgery [2,4,5,7,22-28]. These include open
minimally invasive parathyroidectomy (MIP), minimally invasive video-assisted parathyroidectomy (MIVAP),
minimally invasive radio-guided parathyroidectomy
(MI-RP), purely endoscopic parathyroidectomy (EP)
and video-assisted parathyroidectomy by the lateral approach (VAP-LA) with unilateral neck explorations [2,
4,7]. These minimally invasive procedures allow for reduced operative and recovery time, less postoperative
pain, and lower complication rates, in terms of parathyroid gland and recurrent laryngeal nerve injuries [27,
28].
These minimally invasive procedures are recommended
for most patients with at least one preoperative localization of a single parathyroid adenoma, measuring less

the cure of pHPT, such that it helps the surgeon to judge
if the parathyroidectomy has been successful and there
is no need of additional dissection [2].
It has been argued that at least 30% of clinical diagnoses/choices depend on laboratory tests [3]. Consistent
with its ability to demonstrate the biochemical cure of
pHPT, IOPTH is the paradigm of a laboratory test on
which to base clinical decisions, as it indicates whether
to stop or go on with the neck exploration [4-7].
As with all laboratory tests, the quality of IOPTH total
testing process (TTP), from the pre-preanalytical phase
right through to the post-post analytical phase (Figure
1), is essential to the best utilization of patients’ results
[8,9]. Errors can happen in each phase leading, at best,
to a waste of time that is crucial during surgery, or to
surgery failure, in the worst-case scenario. Recent studies have shown that errors are more frequent during extra analytical phases [8,9]. Nevertheless, the analytical
phase also matters to the quality of IOPTH, as does the
lack of standardization and harmonization of laboratory
assays. In addition, the existence of numerous sources
of interference and errors in this phase can lead to an
adverse clinical outcome [9,10].
Compared to previous studies focusing on single aspects of the testing process, here we aim to describe the
total testing process of IOPTH in order to analyze all
the steps that are crucial for its quality and help both
clinicians and laboratory scientists avoid potential
sources of error.
Overview of primary hyperparathyroidism and its
management
Primary hyperparathyroidism is a common endocrine
disorder due to an excessive secretion of PTH from one
or more parathyroid glands [1]. This disease is generally
sporadic and caused by a solitary adenoma (90%), but it
can also be due to multiple adenomas or hyperplasia of
the parathyroid glands. In about 10% of cases, pHPT is
part of hereditary endocrine syndromes, such as multiple endocrine neoplasia type 1 (MEN1), MEN2A, or
MEN4 [1]. Parathyroid carcinoma is extremely rare
(< 1%) [1].
Usually, the principal regulators of PTH secretion are
calcium and 1,25-dihydroxy-vitamin D [11]. In particular, when calcium levels are low, PTH is secreted, and
this response allows maintaining the stability of circulating calcium (with a daily excursion of values lower
than 6%). PTH increases circulating calcium by resorption of bone tissue, kidney reabsorption of calcium, and
the production of 1,25-dihydroxy-vitamin D, which increases calcium absorption in the small intestine [12].
The process is regulated by a negative feedback mechanism, with rising blood calcium levels inhibiting the release of additional PTH.
Having said that, in all forms of pHPT, the most likely
mechanisms underlying the excessive secretion of PTH
seem to be either an increase of parathyroid cell mass or
a reduction of the calcium-sensing receptor [13]. Both
cause a loss of the negative feedback of circulating cal-
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Therefore, both peripheral and central sample sites are
acceptable for use but the recommendation is to choose
only one site for all the samples [38]. Nevertheless, in
cases where peripheral sampling is compromised,
changing from a peripheral to a central site should not
alter the predictive accuracy of MIP [37].

than 3 cm, with no evidence of multiglandular disease
(MGD) [2]. They consist on the targeted removal of an
image-identified abnormal gland without further dissection, based on IOPTH, which provides real-time assessment of parathyroid function. In particular, if the peripheral PTH value drops after excision of the gland(s),
this confirms that the procedure has been successful and
it can be terminated without further exploration. Interestingly, it has been demonstrated that if IOPTH assay
is available, the cure rate following MIP is around 99%,
basically equal or even better than that of conventional
BNE with resection of abnormal glands [5,6,27-29].

Sampling time
The time of sampling is critical for the correct interpretation of the post-excision results. Consistent with this,
it is recommended to use a validated protocol of IOPTH
measurement [2]. The Miami protocol was the first
method to be described and one of the most used today.
It consists of taking a pre-incision sample before skin
incision, a pre-excision (T0) sample before clamping
the blood supply to the parathyroid gland; and a 5- and
a 10-minute sample after gland resection (T1). If PTH
values drop more than 50% compared to the highest
level (either pre-incision or pre-excision) to that at 10
minutes after excision, the surgical procedure can be
stopped [38,39].
Nevertheless, a unanimous agreement on the number
and timing of withdrawals has still not been reached.
The baseline timepoint (T0) most frequently used is the
pre-incision stage, corresponding to the collection of
blood in the operating room before skin incision [40,
41]. Several studies have addressed the issue of the optimal time for collecting pre-incision samples. In particular, Garbutt et al. [42] observed that baseline PTH measured 10 minutes after positioning the patient and inducing general anesthesia was significantly lower and
therefore better than that measured before the induction
of anesthesia, when the Miami criteria for results interpretation were used [42]. When a MGD is suspected,
however, Hong et al. [43] recommend to collect the T0
samples in the pre-induction phase, in order to avoid
possible errors ascribed to more elevated post-induction
values. Some surgeons are used to measuring PTH in
pre-incision and pre-excision samples and then choosing the higher of the two as the baseline PTH value
[44]. Nevertheless, it has to be noted that the manipulation of the area, especially with surgeons that do not
have much experience, may induce a false PTH increase
in pre-excision samples that can lead to an incorrect interpretation of PTH changes [44,45].
Due to the half-life of PTH, which is less than 5 minutes, the second sample (T1) can be withdrawn 5 minutes after gland resection. However, the T1 sample is
more frequently collected after 10 minutes, as it seems
to be the most accurate time at predicting a complete
excision [46-48]. Then, if there is a 50% reduction of
PTH between T0 and T1, surgery can be considered
successful and terminated without further exploration
[42,47]. If this is not the case, surgeons can proceed as
follows: a) they can extend the exploration, repeating
the protocol for blood sampling after each excision;
b) they can obtain another sample after 20 minutes from
excision (T2). Then if there is at least a 50% reduction
of PTH between T0 and T2, the procedure can be stop-

Intra-operative parathyroid hormone: from the prepreanalytical phase right through to the post-post
analytical phase
Pre-Preanalytical phase
Eligibility criteria
IOPTH assay monitoring is recommended for patients
undergoing MIP [4-7]. According to the literature, the
minimally invasive surgical approach is indicated for
patients with sporadic pHPT presenting with a single
well-localized adenoma, not bigger than 3 cm, without
simultaneous thyroid disease or malignancy and without
previous irradiation of the neck [2]. However, nowadays, the eligibility criteria are less strict and it is possible to perform these procedures on a larger number of
patients, such as patients with uncertain pre-operatory
localization, bigger adenomas, and multiglandular disease, at least in part due to the availability of IOPTH [47,24-30]. Furthermore, previous radiation and simultaneous thyroid disease no longer represent absolute contraindications for MIP [30].
Exclusion criteria
Patients with previous conventional neck surgery, persistent or recurrent hyperparathyroidism, mediastinal
adenomas or concomitant large goiter are not suitable
for MIP approaches [2].
Sample type
PTH is usually measured in serum tubes with or without
gel [31], in order to assay calcium or other analytes, too
[31,32]. However, EDTA coated tubes are preferred for
IOPTH due to their faster processing time in comparison to serum. The sample can be centrifugated immediately, in order to shorten the turnaround time (TAT) by
reducing the clotting time [32].
Sampling site
The site of sampling is usually a peripheral vein (peripheral arterial accesses are occasionally used, too
[33]). Central veins can be also considered, for the advantage of having only one invasive access for blood
drawing. In this case, it has to be noted that PTH levels
are higher when measured in central venous samples
taken before and 10 minutes after gland resection, but
they become comparable to those measured in peripheral venous samples 15 minutes after excision [34-36].
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Table 1. Intra-instrument turnaround time (time from starting the assay to obtaining the result) for parathyroid hormone
(PTH) using routine and/or intra-operative calibration, when available.
Test

Manufacturer

Generation

Method

Intra-instrument turnaround time

ARCHITECT Intact PTH

Abbott

2°

CMIA

Access Intact PTH

Beckman Coulter

2°

CMIA

Liaison N - tact PTH

DiaSorin

2°

CLIA

routine: 40 minutes
intraoperative: 18 minutes
routine: 30 minutes
intraoperative: 15 minutes
routine: 25 minutes

Liaison 1 - 84 PTH

DiaSorin

3°

CLIA

routine: 30 minutes

Vitros iPTH

OCD

2°

ELISA

routine: 32 minutes

Elecsys 2010 PTH

Roche

2°

ECLIA

routine: 20 minutes

ADVIA Centaur iPTH

Siemens

2°

CLIA

routine: 18 minutes

VIDAS PTH (1 - 84)

BioMérieux

3

ELFA

routine: 24 minutes

Lumipulse Whole PTH
QuiCk-Intraoperative
Bio-Intact PTH (1 - 84)

Fujirebio
Nichols Institute
Diagnostics

3°

CLEIA

routine: 35 minutes

3°

CMIA

intraoperative: 8 minutes

Cobas 1 - 84 PTH

Roche

3°

ECLIA

STAT-IO-I-PTH

Future Diagnostics

3°

CLIA

routine: 18 minutes
intraoperative: 9 minutes
intraoperative: 8 minutes

CMIA - chemiluminescent magnetic microparticle immunoassay, CLIA - chemiluminescence immunoassay, ELISA - enzyme-linked immunosorbent assay, ECLIA - electrochemiluminescence immunoassay, ELFA - enzyme-linked fluorescence assay, CLEIA - chemiluminescent
enzyme immunoassay system, CMIA - chemiluminescent microparticle immunoassay.

Table 2. The most common intra-operative parathyroid hormone (IOPTH) monitoring criteria used for prediction of outcomes
of parathyroid surgery.
Criterion
Miami [70,71]
Vienna [72]
Rome [48]
Halle [72]

Definition
IOPTH drop of ≥ 50% from the highest of either pre-incision or pre-excision PTH level at 10 minutes
after excision of hyperfunctioning parathyroid gland(s)
IOPTH drop of ≥ 50% from the pre-incision baseline value within 10 minutes after excision
IOPTH drop greater than 50% from the highest pre-excision level, and/or IOPTH concentration
within the reference range at 20 minutes post-excision, and/or ≤ 7.5 ng/L lower than the value at 10
minutes post-excision
IOPTH decay into the low normal range (≤ 35 ng/L) within 15 minutes after excision of
hyperfunctioning parathyroid gland(s)

should centrifuge blood samples, as they arrive, for 5
minutes at 2,200 g, and they should perform the IOPTH
assay using a dedicated instrument.

ed without further exploration. Otherwise, further dissection/exploration should continue until the Miami criterion is fulfilled or a complete BNE has been done [47,
49].

Sample acceptability
Hemolysis of IOPTH samples occurs commonly and
can falsely decrease IOPTH levels by 20 to 50% [50,
51]. It is important to know that such a decrease can be
sufficient to contribute to either a false negative or a
false positive result, leading to failed parathyroidectomy
or unnecessary additional exploration [50,51]. As a consequence, hemolyzed samples should be rejected, according to manufacturer’s instruction.

Pre-analytical phase
Preparation of the sample
If the measurements are performed directly in the operating room, using a point of care testing (POCT), the
whole blood collected at each time point can be immediately used to perform the IOPTH test. If the measurements are performed in a central laboratory, each EDTA
sample, at each time point, should immediately be delivered to the laboratory. There, the laboratory staff
4
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Figure 1. The total testing process (TTP) of intra-operative parathyroid hormone (IOPTH).

eration” assays are not used anymore, mostly due to
their lack of specificity, since they also detected inactive C-terminal PTH fragments. The “second generation” assays are also known as “intact” PTH assays, as
they were initially thought to recognize only intact (1 84) PTH. These “intact” PTH assays were developed to
detect PTH with two different antibodies: a capture antibody directed towards the carboxyl terminal and a detection antibody directed towards the amino terminal
(first 34 amino acids) [54,55]. Unfortunately, it was later demonstrated that these assays showed cross-reactivity with non-(1 - 84) PTH fragments (e.g., (7 - 84) PTH
[56], (10 - 84) PTH, (15 - 84) PTH [57-58]), which represent approximately 20% of circulating PTH in healthy
individuals and up to 50% in terminal renal failure patients [59]. The (1 - 84) PTH is the biologically active
fragment on bones and kidneys and its activity is mediated by type 1 PTH/PTHrP receptor. By contrast, other
PTH fragments, above all (7 - 84) PTH, interact with CPTH receptors and may have different or even inhibitory actions with respect to (1 - 84) PTH [57,60-62]. As
a consequence, when second generation assays are used
in patients with renal failure, who tend to accumulate
these fragments, biologically active PTH may be overestimated. Moreover, although the results of different
intact PTH assays normally correlate well, a remarkable
discrepancy in PTH concentrations has been observed

Analytical phase
Calibration and internal quality controls
IOPTH usually needs a proper calibration (intraoperative mode) of the assay, according to manufacturer’s instructions, to allow a reduction of assay time with respect to routine mode. Consequently, when a surgeon
schedules a MIP with IOPTH, the laboratory staff
should be advised at least one day before in order to
have time to perform the specific calibration, if available, [7] and verify internal quality controls (IQC) [52].
Moreover, the surgery staff should also communicate to
the laboratory staff the patient’s identification, the telephone number of the surgery room, and the time when
the MIP will be performed.
The latter is essential to plan IQC in time to have the instrument ready for the first sample arrival. Laboratory
scientists should be aware of possible failures of the desirable quality specifications of IQC, as they might need
additional time necessary to re-run IQC or re-calibrate
the assay, if necessary. External quality assurance/proficiency testing should also be periodically performed,
when available [52,53].
PTH assays
PTH is currently measured with “second” and “third”
generation assays, which use similar detection systems
and are referred to as "sandwich" assays. The “first genClin. Lab. 3/2020
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ratory practice, a report should contain both IOPTH results and comments regarding sampling time.

in CDK patients [55].
For these reasons, “third generation” assays were developed. They are known as “whole” PTH assays as they
recognize only the biologically active (1 - 84) PTH.
This recognition is guaranteed by the use of an anti-Nterminal antibody that is directed towards the very first
amino acids (1 to 4) of the peptide while the anti-C-terminal antibody is similar to the one of the “intact” PTH
assays [63]. However, not even this third-generation assay is perfect, as it cross-reacts with a N-terminal form
of PTH, phosphorylated on Ser-17, which is overproduced in parathyroid carcinoma but rarely in cases of
severe pHPT [61,62]. This form is called amino-PTH
and is not recognized by the second-generation assays.
It contributes to the inter-method variability of PTH assays, since the recognition may vary between them [55].
Finally, it is well acknowledged by now that the PTH
peptide contains 2 methionines, in position 8 and 18
[55,63]. These methionines can be oxidized and, as
such, PTH becomes biologically inactive. To date, the
accessible immunoassays are not capable of making a
distinction between the oxidized and non-oxidized PTH
and therefore cross-react with this inactive form. Hence,
the development of a “fourth-generation” assay, which
would recognize only the non-oxidized (1 - 84) PTH,
has been taken into consideration [63].
Usually, PTH concentrations are lower when measured
with the third-generation assay and therefore the third/
second generation PTH ratio is < 1 [64]. It was noted,
however, that when amino-PTH is overproduced, PTH
concentrations measured with the third-generation assays are higher than those measured with the second
one and there is an inversion of the third/second generation PTH ratio (> 1) [63,64]. Some authors suggest that
the inverted ratio could be used as a parathyroid cancer
marker [63,65]. Cavalier et al. reported a sensitivity of
81.8% and specificity of 97.3% in detecting parathyroid
cancer among pHPT patients [66].
Several studies showed that when it comes to the diagnosis of pHPT, the diagnostic sensitivity of both the
generations is similar [60,67,68]. However, it should be
kept in mind that the assays are different and therefore
not interchangeable.
In the intra-operative monitoring during the surgery, the
importance is given to the trend evaluation of PTH (delta value) and that being so, it does not matter if the assay is second or third generation, although one must
choose one method or the other and be consistent. However, in the intra-operative monitoring during the surgery, the processing time (time from starting the assay
to obtaining the result) is crucial (Table 1); as a consequence, faster methods should be the preferable choice.

Post-post-analytical phase
Interpretation of results
The IOPTH protocol to use for predicting the success of
surgery is still questioned [6,47]. The most common
IOPTH protocols are Miami, Halle, Rome, and Vienna
[6,47] (Table 2), and their overall accuracy, sensitivity,
specificity, positive predictive value, and negative predictive values, depending on the patient population,
have already been described in detail [6,39,47,69-71].
Nevertheless, given the lack of standardization of baseline PTH samples, sampling times, sampling frequency,
and the cutoff percentage of PTH decrease [6], it is still
controversial as to which is the best IOPTH protocol to
use.
Notwithstanding these limits, it has been argued that the
Miami and Vienna protocols/criteria are the most effective in predicting surgery success intraoperatively [39,
47]. On the contrary, in case of multiglandular diseases,
the Rome and Halle criteria seem to be more precise
[47]. However, using these on patients with concordant
pre-operative imaging would lead to a remarkably higher number of needless additional explorations and to only a minimal increase of success rate [39].
False positive and false negative results should always
be considered [39,69,72]. A false positive result is observed when, after the removal of suspicious glands,
PTH values drop to a level indicating the correctness of
the gland excision but the patient remains hypercalcemic. It is more likely to occur in patients with double
adenomas [72], renal impairment [73,74], simultaneous
thyroid surgery, and parathyroid cancer [7]. On the contrary, a false negative result is observed when PTH values remain elevated after parathyroid removal but the
exploration does not show any additional enlarged/abnormal parathyroid gland and the patient becomes normocalcemic. It is more likely to occur when more specific criteria, like Rome and Halle, are used [72]. As
said before, false negative results can also be due to the
use of pre-excision samples for the baseline PTH value
(instead of pre-incision), as excessive manipulation of
the adenoma could result in a pre-excision spike [75].
This spike could mask the success of the operation despite the eradication of the pathology, due to post-excision IOPTH level apparently not falling adequately. For
this reason, it has been suggested [76] to monitor
IOPTH also at 20 minutes after gland resection, preventing unnecessary BNE.
Finally, one of the major causes of false positive and
negative results is unrecognized hemolysis, which significantly reduce PTH [50,51]. Specifically, if this is the
case of pre-incision and pre-excision samples, it can
mask a sufficient drop in IOPTH after the resection of
the abnormal gland, leading to unnecessary exploration
or conversion to BNE and, consequently, unnecessary
morbidity. Conversely, if it is the post-excision sample
that is hemolyzed, the IOPTH drop observed after the

Post-analytical phase
IOPTH is a critical test [69], consequently any result
should be rapidly communicated to the surgery staff,
likely using a call-back communication. To the best of
our knowledge, there are no indications regarding how
to report IOPTH results but according to the best labo-
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resection of the abnormal gland could erroneously meet
the criteria for cure, leading to possible failure of parathyroidectomy and the need for reoperation [50,51].
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CONCLUSION
The possibility to measure IOPTH represents a clear advantage for patients and physicians, which has changed
the surgical management of hyperparathyroidism over
the years. Nevertheless, it is important to know the potential sources of errors that can occur in the whole testing process, in order to use and interpret IOPTH correctly.
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