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Abstract

Intraoperative parathyroid hormone monitoring (IPM) has been increasingly considered as a valuable adjunct in surgery for primary
hyperparathyroidism (PHPT). In view of the attributed extra cost and time, its routine use has been debated. Similarly, controversies
have encompassed various aspects of IPM implementation. This article will display the up to date evidence relating to IPM use in
different clinical scenarios, discuss the pros and cons of its controversial technical aspects, highlight the relevant recommendations
and identify areas which need further research. The aim of this review is to help surgeons deciding whether IPM is needed in a
particular PHPT patient and what is the optimal protocol to be followed in that patient.
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Introduction
Surgery has been agreed as the definitive management
for primary hyperparathyroidism (PHPT), however, the
optimal surgical plan has usually been challenging. Such
challenge stems primarily from the fact that, although,
anatomically, four glands exist in 84% of individuals (1);
PHPT is caused by pathology of single gland in up to 88%
of cases (2). Additionally, although classic bilateral neck
exploration (BNE) has been the standard of care for decades, its appeal and indications have been progressively
decreasing in the era of minimally invasive parathyroidectomy (MIP) for what the latter has of many advantages; including minimal incision, minimal dissections and short
hospital stays. This brings two requirements for optimal
surgical management; 1) Confirmation of which gland is
the culprit and should therefore be removed and 2) Exclusion of any possibility of additional hyper-functioning
glands.
Despite the development of many perioperative tools,
most importantly imaging localization studies, none has
achieved 100% accuracy of localization. Combined ultrasound (US) and MIBI/SPECT have achieved an overall
accuracy of 91% for preoperative localization of single
gland disease (SGD) in some reports (3). Radio-guided
surgery has achieved only 83% accuracy of localization
in surgery for PHPT (4). Additionally, frozen section examination has not proved much usefulness in operative
decision making because of its inconsistent diagnostic
accuracy (5). By contrast, intraoperative parathyroid hor-

mone (ioPTH) monitoring (IPM) has been demonstrated to have an accuracy of up to 98.5% (4). Monitoring
ioPTH has improved the surgical success rates of PHPT
from 90%-95% to 100% in some series (6,7). However,
since its advent, controversies have been evolving about
the prudency of its use in various PHPT clinical scenarios, considering its inherent extra time and cost involved.
Similarly, the optimal ioPTH protocol to be used has been
a subject of considerable debate; what baseline should be
considered? What drop should be viewed as satisfactory?
And when decision should be made? Furthermore, should
PTH be measured as “intact” or “whole”? In theatres or in
the central laboratory?
Materials and Methods
In this review, we summarize the published results of
these controversial and debatable issues and display the
ongoing arguments with a view to resolve uncertainties
and highlight recommendations that would help in better
utilization of this intraoperative adjunct and subsequent
optimization of the surgical plan for PHPT patients.
In order to approach this, we reviewed the literature from
2005 to 2015, by using the search terms “intraoperative
parathyroid hormone monitoring” and “rapid parathyroid assay”. For this review, we used a variety of sources by
searching through PubMed/Medline, Scopus, EMBASE,
EBSCO and directory of open access journals (DOAJ). Eligible articles were those concerned with ioPTH debates
of concern. Additional articles were extracted from the
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Implication for health policy/practice/research/
medical education

Since its advent, the use of intraoperative parathyroid
hormone monitoring (IPM) has been a subject of continuous
debates. The present article aims to guide surgeons tailoring
IPM use to individual clinical scenarios and specific health
care settings, through summarizing the state of art pertinent
knowledge and highlighting the relevant recommendations.
Additionally, the IPM- related arguments are discussed, with
a trial to resolve some controversies, while gray-zone areas
are emphasized for future research.

eligible article bibliographies for their relevance. A total of
77 articles were therefore used to construct this narrative.
When to use?
In this context, it is important to first define various possible ioPTH results (Table 1). In the table, the definition
of “adequate” or “inadequate” decline varies according to
ioPTH protocol followed (Table 2). Cure is usually defined when the patient remains eucalcemic for 6 months
after surgery, while persistent disease is defined if hypercalcemia is encountered in the six months postoperatively.
Preoperative localization studies
Much of the debate about when to use IPM in surgery for
PHPT is contributed by the results of preoperative localization studies in terms of addressing two points 1) How
probable the disease would be multi-glandular (MGD)
and 2) How IPM would change decision in terms of a.
value added accuracy on account of true negative (TN)
results and b. unnecessary BNEs caused by false negative
(FN) results.
The term equivocal imaging has been coined if localization
studies are formally reported as “negative” while remain
suspicious by either the surgeon or the radiographer. In
such scenario, ioPTH has significantly increased the like-

lihood of the procedure to be concluded as focused (8),
supporting, therefore, its use in such cases.
In PHPT patients with single positive preoperative localization study, the risk of MGD has been reported by Sebag et al (9) to be 3.6%; justifying, therefore, the use of
IPM in association with MIP. The latter is in agreement
with Barczynski et al (10) who have reported an IPM value added accuracy of 18.9% in such cases . Stalberg et al
(11), however, opined against the use of IPM if MIBI was
unequivocally localizing; since they have documented
only 1% value added accuracy at the expense of 9% unnecessary BNEs if IPM results have been used to make
the operative decision. Again, the later opinion was subsequently challenged by Gill et al who have demonstrated failure of MIBI scan alone to predict MGD in 73% of
time and the significantly improved operative success rate
with IPM (12).
The inadequate accuracy of a single localizing study has
prompted surgeons to use combination of imaging localization studies. Ultrasonography and scintigraphy have
long been the most commonly used localizing studies on
account of acceptable performance, cost and availability.
The results of preoperative studies may match; either concordantly localizing or non localizing, or may contradict
each other.
As low as 0% risk of MGD has been reported in association with concordantly localized PHPT (9); thus, giving
more confidence for surgically addressing the culprit parathyroid by MIP and causing, however, more debate about
whether IPM is indicated. On the one hand, retrospective
studies from Haciyanli et al (13), Thakur et al (14) and
Mownah et al (15) have reported excellent cure rates in
concordantly localized cases without the use of ioPTH;
suggesting, therefore, eliminating its use in such cases, in
view of time and cost effectiveness. On the other hand, in
Barczynski et al cohort of 260 PHPT patients with preopertive imaging concordantly suggestive of solitary adeno-

Table 1. Definitions of possible ioPTH results
Results

IoPTH decline

True-positive
False-positive
True-negative
False- negative

Adequate ioPTH decline
Adequate ioPTH decline
Failure of ioPTH to decline adequately
Failure of ioPTH to decline adequately

Outcome
Pathological
All pathological glands were removed
Not all pathological glands were removed
Not all pathological glands were removed
All pathological glands were removed

Clinical
Disease cured
Disease persisted
Disease persisted
Disease cured

Table 2. Different ioPTH protocols
Protocol
Baseline
Time
PTH decline
Highest
5
≥50%
Highest
10
≥50%
Highest
10
≥50% and within normal (≤65 pg/mL)
Highest
10
≥50% and below pre-incision
Highest
20
≥50% and/or within normal and/or ≥7.5 ng/L lower than T10
Pre-incision
10
≥50%
Pre-excision 10
≥50%
None
15
Low normal (≤35 pg/mL)
Abbreviations: FP, False positive; FN, False negative.
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Percentage of false results
FP
FN
0.6
11
0.4-0.9
2.3-2.6
0.4
24
0.6
6
0
16.2
0.3-0.4
7.3-16
0.6
15
0
35

Reference
(54,67)
Miami (16,54)
(51,54)
(29,54)
Rome (16,68)
Vienna (16,54,65)
(54,69)
Halle (16,65)
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ma, IPM has picked 8 out of nine MGD cases; contributing a significant value of 3.1% in the reported overall
success rate (99.6%) (16). In the latter study, consideration
of delayed post-excisional values (15 and 20 minutes) has
caused no necks to be unnecessarily explored. Consistently with the later study, in their retrospective analysis of
338 concordantly localized single gland PHPT, Riss et al
have found that abstaining from IPM would have significantly raised the rate of persistent disease from 0.9% to
5.0% (17). Whether to employ IPM in PHPT patients with
single unequivocally localizing study or two concordantly
localizing studies remains highly debatable and depends
largely on surgeon experience and discussion with the patients.
The results of preoperative imaging could occasionally,
however, be non-matching or discordant. Three main patterns of discordance have been recognized by Smith et al,
MIBI+/US-, MIBI-/US+ and contradictory MIBI/US; in
which IPM has been reported to change the operative decision in 13%, 22% and 62% of cases respectively, leading
to an overall success rate of 97% in this group of patients
(18). Since the risk of MGD is known to be higher in MIBI
–ve versus MIBI +ve cases, more MGD cases have been
reported among patients with localizing US than localizing MIBI (36.2% vs 12%) (19,20). In the latter studies, the
value added accuracy of IPM was notably and expectedly
higher in MIBI-ve/US+ve than in MIBI+ve/US –ve cases
(26.3% and 10% respectively) (19,20). Given the relatively
high risk of MGD and the considerable value added by
IPM in discordant cases, its use in such cases is therefore
prefered.
On another perspective, preoperative imaging could
be non localizing or negative, in which case the reported
MGD risk is high (31.6%) (9) and basically the surgeon
has no clue about which gland should be first explored;
BNE is therefore indicated, another IPM debate turns up
here.
Type of surgery
MIP versus BNE
On the one hand, despite being decreasingly indicated in
the era of MIP, BNE has still been used as an initial surgery for PHPT patients with non informative localization
studies or as an extension to initially focused approach in
case of intraoperatively picked MGD. In those patients, in
whom the neck is bilaterally explored by experienced surgeon the value of IPM has been questioned if 4 glands have
been visualized (21). Some surgeons, however, have recommended using a post excision ioPTH measurement to
intraopertively pick possible “ectopic” or “supernumerary”
which are potential sources of recurrence (22) or to assure
the adequacy of resection (23). A similar debate has, on
the other hand, been raised if MIP has been employed,
since a satisfactory success rate of 98% has been reported
without IPM (24); discouraging, therefore, its routine use.
Consequently, a selective approach of not using IPM in
concordantly localized PHPT has also been suggested to
cut costs (25) or time (26). Multiple comparative studies

have, however, clearly demonstrated significantly higher
cure rate in IPM guided versus non-guided MIP (97%100% vs 90%-93% respectively) (6,7,27). To conclude,
routine use of IPM has been recommended for all PHPT
patients, especially those undergoing MIPs (28).
Initial versus reoperative surgery
Monitoring ioPTH in initial parathyroidectomy has been
demonstrated to improve cure rate (18), though, admittedly the cure rate for such cases has been reported to be
high even without IPM (24). On the contrary, recurrent
PHPT represents a consistently challenging situation in
which surgeons usually tend to use every possible adjunct
to optimize the chance for cure. In their comparative
study, Irvin et al (29) have demonstrated that employing
IPM improved the success rate of reoperative parathyroidectomy from 76% to 94%. Such IPM-attributed success rate has latter been confirmed by Parikh et al (30).
Conversely, however, Sebag et al (31) have shown that the
IPM-attributed improvement of success rate of reoperative parathyroidectomy was not significant. Keeping in
mind that subsequent neck entry is undoubtedly potentially more hazardous than the first time, and admitting
the IPM demonstrated ability to define cure, its use would
therefore be prudent for all reoperative PHPT patients
(32).
How to use it?
What type of ioPTH decline?
Early report from Chapuis et al (33) required ioPTH to
drop to a value within the normal range. However, subsequent reports have demonstrated up to 75% failure rate
of this criterion when solely used for prediction of postoperative normocalcemia (34). An intraoperative drop
of PTH to within normal range has not also been found
to correlate with cure from PHPT (35). Such criterion is
somewhat troublesome in itself, since up to 14% of PHPT
patients may have normal preoperative PTH level; a fact
that prompted investigators to require a certain percentage to ioPTH drop rather than a drop to within normal
range. However, ioPTH drop by 50% but not to normal
level has been found to be associated with 19 times greater likelihood of surgical failure than a drop by 50% and
to normal (36); a (dual criterion), that requires ioPTH to
drop both by percent and to normal, has therefore been
suggested. Expectedly, such hardening of the cure criterion has been found to be associated with higher operative
success rate by minimizing the false positive (FP) results.
However, the latter would come at the expense of more
unnecessary BNEs, brought by the elevated FNs. In their
retrospective study, Carneiro et al (37) have not found a
significantly higher recurrence rate among those having
their ioPTH dropped by 50% and still above normal range,
compared to dropped by 50% and to within normal range.
Additionally, despite having a higher incidence of postoperatively elevated PTH, majority of patients in the former
group maintained postoperative eucalcemia i.e. cure. In
their comparative study of (percent drop criterion) versus
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(dual criteria), Sugg et al (38) have demonstrated higher
sensitivity of the former in SGD and the latter in MGD.
Conclusively, therefore, based on preoperative localization studies and biochemical profile, it is reasonable to
employ percent drop criterion if SGD is suspected and/or
in cases of normo-parathyroid PHPT (39) and to add (the
drop to within normal) requirement if MGD is suspected.
How low should we go?
If the (percent drop) is opted for IPM, it is important to
determine what percentage ioPTH drops would be accepted to predict cure. A 50% drop (either solely or in
combination with drop to normal range) has been used
in most literature. However, greater ioPTH drops (e.g. by
75% or 80%) have been required by some surgeons with
the intent of reducing the likelihood of FP results (40,41).
Requiring greater percent drops is another approach to
hardening the cure criteria, which admittedly would increase the validity of IPM in PHPT; however, this would
inevitably increase the frequency of unnecessary BNEs.
Therefore, greater ioPTH drops should be required on selective basis; PHPT patients 1) suspected to have MGD
(42), which may have resulted in failed surgery if not
properly addressed (43) or 2) had their surgery as BNE, as
hardening the cure criterion in such situation would not
entail any additional morbidity; rather, it is important to
assure surgical adequacy (23).
Which baseline?
Subsequent to determining what percentage decline
would be accepted, it is also important to set the baseline
PTH level against which post excision values would be
compared. Kantora et al (44) suggested the use of work-up
PTH (wPTH) as the baseline, since this would have resulted in an equal number of FP results while maintaining the same accuracy, when compared to other proposed
baselines. On account of the wide PTH fluctuation, the
use of such PTH has been discouraged (45), while using
a pre-incision measurement has been adopted by many
authors (6,46).
When considering pre-incision measurement for baseline
value, most literature tends not to mention the exact timing of withdrawing the blood samples in relation to anesthetic induction; some authors, however, clearly stated
“before induction” (47) or “after induction” (48); another
controversy, hence, turns up. In fact, the latter controversy has gained its importance, from recent reports of PTH
rise in relation to anesthetic technique, a point that raised
concern that induction-related effect on PTH kinetics
may lead to an inappropriately set PTH baseline, which
could potentially mislead subsequent interpretation of
intraoperative result. Hong et al (49) have recommended
that a pre-incision sampling should be prior to induction
to avoid incorrect operative decision based on the deceptively elevated post-induction value. On the other hand,
Grabutt et al (50) have recently demonstrated a significantly higher ioPTH overall accuracy when considering
post-induction vs pre-induction pre-incision baselines.
6
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A probable explanation to this apparent controversy is
that the former study (49) has restricted the analysis of
anesthesia related IPM performance to MGD cases, in
which stricter protocol is required i.e. incorporating the
deceptively higher post-induction PTH value would have
led to a false satisfactory PTH percent decline being encountered at 10 minutes post-excision; therefore, inappropriately terminating the procedure. If a pre-incision level
is to be considered a baseline, a prudent approach would
therefore be to use the post-induction value except if
MGD is suspected, in which case the lower pre-induction
value would be preferably taken into consideration, as a
another approach to hardening the cure criteria. Another
issue has been argued to probably confound the accuracy
of the pre-incision measurement as a baseline; that is a rise
of PTH level occasionally observed prior to gland excision
(PTH spike). Such rise, in fact, is spurious since it does not
result from an exaggeration of function of the overactive
gland; rather, it represents a momentary burst of PTH into
the blood stream secondary to gland manipulation. Yet,
recognizing such spikes is clinically important since they
may not allow the PTH level to decay satisfactorily by the
due time after the pre-incision baseline; hence, a negative
result could be incorrectly considered (i.e. FN), potentially leading to unnecessary BNEs (46,51).
Some authors have therefore preferred a pre-excision,
rather than pre-incision, timing to withdraw a sample for
a baseline value, while securing the possibility of picking
up a probable spike (52). However, other authors have
denied the detection of any such rise (53). Moreover, a
significant drop at the pre-excision time point has been
reported in other authors’ experience; probably due to
early inadvertent devascularization of the gland (54). In
the latter case, a pre-excision sample would already have
a deceptively reduced PTH level, which again if solely
considered as a baseline, would subsequently lead to an
adequate PTH decline to be incorrectly appreciated as inadequate (i.e. FN).
Conclusively, therefore, taking the baseline as the highest
of pre incision/pre excision values, as initially proposed by
Irvin et al (55), would reasonably achieve a better accuracy (98%), through minimizing the FNs; by allowing to
appropriately consider a probable manipulation-induced
PTH spike as a baseline (in which case a pre-excision value is considered) and by avoiding a probable devascularization induced PTH drop to be inappropriately considered as a baseline (in which case a pre-incision value is
considered).
Lastly, not only the baseline has been recommended to
be the higher among the pre-excision values, but also it
has been allowed to be re-set to “the 5-minute post-excision” value if the latter demonstrated a rise, relative to the
preceding readings. The latter approach “Wisconsin rule”
has been reported to result in 100% cure rate among such
cases (56).
When to decide?
Many time points have been used for ioPTH measure-
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ment; as short as 3 minute post-excision (42) and as long
as 30 minutes post excision (57). The role of IPM in assuring adequacy of resection in surgery for PHPT has its basis
from the physiological fact that PTH has short half-life; 5
minutes on the average (58). Most authors, therefore, tend
to test the ioPTH at 5 minutes after the pre-set baseline.
Decision, nevertheless, is usually made based on 10 minutes sampling; giving few additional minutes to compensate for any possible confounders of ioPTH kinetics e.g.
adenoma weight, vitamin D status (59) and body mass index (60). Other authors, however, have used a (12 minute)
time point for their decision on account of the reported 4
to 10 minutes PTH half-life (26). Continued monitoring to
15 minutes after gland excision has been recommended in
PHPT patients in whom slower PTH decline is anticipated
(e.g. mild PHPT, chronic renal insufficiency) to avoid unnecessary BNEs resulting from FN (61,62). Other authors
also used 15 minute measurement so as to reduce possible
failures resulting from MGD missed by a FP ioPTH test
at the 5 or 10 minute time points (63). Data from Proctor
et al (34), however, failed to demonstrate any significant
difference in the success rate when comparing 15 minute
versus 10 minute measurements. Moreover, Calo et al (64)
have reported that extending monitoring to 20 minutes,
while increasing the operative time only modestly, would
minimize the possibility of unnecessary BNEs. A 30 minute measurement has also been recommended in suspected MGD to ensure the operative success (42). Conclusively, longer waiting time for intraoperative decision making
is recommended if MGD is suspected to avoid failure resulting from possible FP in a preceding measurement, or
if slow PTH decay is expected to avoid unnecessary BNE
resulting from possibly FN result.
Which protocol?
Varying combinations of the aforementioned debatable
parameters have been used to formulate “protocols” or
“criteria” to be followed in IPM (Table 1). Barczynski et al
(16) and Carneiro et al (54) have evaluated these criteria
and came to the conclusion that Miami criterion achieved
the best overall accuracy, in terms of balancing FP rate (i.e.
high specificity or avoiding missed adenomas) and FN
rate (i.e. high sensitivity or avoiding unnecessary BNEs).
However, some important issues need to be considered in
the context of selecting the most appropriate criterion for
a particular patient
A. Whether the disease is suspected to be multi-glandular:
since BNE is usually planned in this situation, specificity
issues become more important in order to minimize the
risk of persistence, while sensitivity become less important since the neck is already bilaterally opened; hence
the prudency of opting criteria with least or no FPs (e.g
Rome/Halle). Riss et al (65), however, have opined that a
strictly defined baseline would improve the intraoperative
diagnosis of MGD, hence the superiority of Vienna criterion in such cases.
B. Whether surgery is reoperative: The most important
consideration in this situation is to minimize the chance

of subsequent, consequently hazardous neck entry; hence
the need for stringent criterion to optimize the chance of
cure; those with least FP i.e. entailing a “drop to within
normal” component (32).
C. Whether a “spike” has been observed intraoperatively: a
manipulation-induced rise of ioPTH has been detected
in up to 12% of surgeries for PHPT. A pre-incision-based
protocol (e.g. Vienna) has been observed by Riss et al (66)
to elevate the risk of FN results in such cases; hence, better
avoided; Miami protocol has been recommended instead.
What to measure?
Two main types of PTH assays have been recognized; intact and whole PTH assays. Intact PTH assay, also known
as second generation assay, react not only with bio-active1-84 PTH fragment , but also with non-active large
carboxyl terminal PTH fragments, mainly 7-84 fragment.
Whole PTH or third generation assay, on the other hand,
exclusively react with the whole PTH molecule (1-84
fragment) (70). Yamashita et al (71) have demonstrated a slower intraoperative decline of intact versus whole
PTH assays after adenectomy for PHPT; probably caused
by longer half-life of 7-84 fragment. Such findings raised
concern that the cross reactivity of intact PTH assay with
the non-biologically active, yet slowly metabolized 7-84
fragment, may cause the PTH measurement at the 10 minute time point not to decline satisfactorily, resulting therefore in a FN result. While assays measuring whole, rather
than intact, PTH have been clearly recommended for IPM
in renal HPT surgery (72), it remains to be determined,
however, whether the use of either assay would make a
difference in PHPT surgery.
Which vascular access?
Some controversy has been raised concerning which
vascular line should be used to withdraw blood samples
for PTH measuring. In their study, Urquhart et al (73)
found no significant difference in baseline and 10 minute
post-excision PTH between arterial and venous samples.
Subsequently, Abdel-Misih and colleagues (74) demonstrated that validity of the assay was not significantly altered by central versus peripheral venous sampling. Moreover, if the peripheral vein was no longer functioning,
shifting to central venous sampling did not compromise
the predictive value of IPM. Hence, for the purpose of
IPM, arterial or venous lines, whether central or peripheral, can be safely used for blood sampling.
Where to measure?
Quick PTH assays used for measuring PTH intraoperatively were traditionally placed in the hospital central laboratories (CLs) where biochemists work, quite far from
the site of the patient care. Measuring PTH near the site
of the patient care (Point of Care Testing or PoCT) has
recently gained much interest, which raised concern about
its measurement accuracy, time and cost effectiveness in
comparison with CL settings. In a comparative study by
Terris group (75,76), PTH measured in the PoCT setting
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showed an excellent correlation with results obtained
from CL. In addition, PoCT setting has been demonstrated to have a time edge over the CL setting; saving,
therefore, time for the already extra-time consuming IPM
guided surgery (76,77). Cost effectiveness, however, has
been controversial. In their cost effectiveness comparison,
O’connell et al (77) have demonstrated the cost effectiveness of the CL setting, taking into account the more expensive equipment, reagents and dedicated OR technician
needed for PoCT measurement of PTH. On account of
PoCT attributed reduction of the operating time, Terris et
al (75), on the contrary, concluded that the PoCT setting
additionally had a cost reducing privilege. In the latter
study, however, the “time is money” concept is assuming
that ORs have been running at 100% efficiency. Conclusively, the current state of knowledge cannot recommend
for or against the setting to be used for ioPTH and further
prospectively designed comparative studies are needed to
provide adequate evidence.
Summary
Guiding MIP by IPM is highly recommended for PHPT
patients with equivocal or discordant imaging. If the disease is preoperatively localized through unequivocal MIBI
scan or concordant MIBI/US, the use of IPM in guiding
MIP is generally preferred, although this depends primarily on surgeon practice/experience and relevant discussion with the patients. In PHPT operated through BNE,
the use of IPM is controversial if four glands have been
intraoperatively visualized. For reoperative cases, every effort, including IPM use, should be employed to optimize
the outcome.
Reduction of ioPTH by 50% at 10 minutes post-excision
time point is generally used by most surgeons, on account
of having the best balance between minimizing unnecessary explorations (FN) and minimizing failures (FP).
Adding a drop to within normal range, requiring drop by
greater percent and waiting longer time for decision making are all strategies meant to make the cure criteria more
strict, and should be employed selectively, mainly in cases
in which MGD is suspected. Taking the highest PTH level attained intraoperatively as a baseline has been shown
to have the highest success rate and should therefore be
employed.
Arterial or venous samples, drawn from peripheral or central lines can be used for ioPTH measurement. Measuring
whole PTH is theoretically advantageous over measuring
intact PTH; however, whether this would significantly
impact results of PHPT surgery needs prospectively designed comparative studies. In comparison with CL setting, measuring PTH through in-theatre setting is accurate, time effective and cost effective if theatres are run at
full efficiency.
Acknowledgements
MSS would like to thank the Ministry of Higher Education- Missions sector, Egypt and the British Council for
their support through Newton-Musharafa program via
the Egyptian Cultural Bureau in London.
8

Journal of Parathyroid Disease, Volume 5, Issue 1, March 2017

Author’s contribution
MSS is the single author of the manuscript.
Conflicts of interest
Author declares no conflict of interest.
Ethical considerations
Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by the
author.
Funding/Support
None.
References
1.

Mohebati A, Shaha A. Anatomy of thyroid and parathyroid
glands and neurovascular relations. Clin Anat. 2012;25:1931.
2. Ruda JM, Hollenbeak CS, Stack BC Jr. A systematic review of
the diagnosis and treatment of primary hyperparathyroidism
from 1995 to 2003. Otolaryngol Head Neck Surg.
2005;132:359-72.
3. Patel CN, Salahudeen HM, Lansdown M, Scarsbrook AF.
Clinical utility of ultrasound and 99mTc sestamibi SPECT/
CT for preoperative localization of parathyroid adenoma
in patients with primary hyperparathyroidism. Clin Radiol.
2010;65:278-87.
4. Chen H, Mack E, Starling JR. A comprehensive evaluation
of perioperative adjuncts during minimally invasive
parathyroidectomy: which is most reliable? Ann Surg.
2005;242:375-80.
5. Irvin GL III, Carneiro DM. Management changes in primary
hyperparathyroidism. JAMA. 2000;284:934-6.
6. Chen H, Pruhs Z, Starling JR, Mack E. Intraoperative
parathyroid hormone testing improves cure rates in patients
undergoing minimally invasive parathyroidectomy. Surgery.
2005;138:583-7.
7. Kim HG, Kim WY, Woo SU, Lee JB, Lee YM. Minimally
invasive parathyroidectomy with or without intraoperative
parathyroid hormone for primary hyperparathyroidism.
Ann Surg Treat Res. 2015;89:111-6.
8. Khan AA, Khatun Y, Walker A, Jimeno J, Hubbard JG. Role
of intraoperative PTH monitoring and surgical approach in
primary hyperparathyroidism. Ann Med Surg. 2015;4:301-5.
9. Sebag F, Hubbard JG, Maweja S, Misso C, Tardivet L, Henry
JF. Negative preoperative localization studies are highly
predictive of multiglandular disease in sporadic primary
hyperparathyroidism. Surgery. 2003;134:1038-41.
10. Barczynski M, Konturek A, Cichon S, Hubalewska-Dydejczyk
A, Golkowski F, Huszno B. Intraoperative parathyroid
hormone assay improves outcomes of minimally invasive
parathyroidectomy mainly in patients with a presumed
solitary parathyroid adenoma and missing concordance of
preoperative imaging. Clin Endocrinol (Oxf). 2007;66:87885.
11. Stalberg P, Sidhu S, Sywak M, Robinson B, Wilkinson
M, Delbridge L. Intraoperative parathyroid hormone
measurement during minimally invasive parathyroidectomy:
does it “value-add” to decision-making? J Am Coll Surg.
2006;203:1-6.
12. Gill MT, Dean M, Karr J, Aultman DF, Nathan CO.
Intraoperative parathyroid hormone assay: a necessary tool
for multiglandular disease. Otolaryngol Head Neck Surg.
2011;144:691-7.

Intraoperative parathyroid hormone monitoring

13. Haciyanli M, Genc H, Damburaci N, Oruk G, Tutuncuoglu P,
Erdogan N. Minimally invasive focused parathyroidectomy
without using intraoperative parathyroid hormone
monitoring or gamma probe. J Postgrad Med. 2009;55:242-6.
14. Thakur A, Sebag F, Slotema E, Ippolito G, Taieb D, Henry
JF. Significance of biochemical parameters in differentiating
uniglandular from multiglandular disease and limiting
use of intraoperative parathormone assay. World J Surg.
2009;33:1219-23.
15. Mownah O, Pafitanis G, Drake W, Crinnion J. Contemporary
surgical treatment of primary hyperparathyroidism without
intraoperative parathyroid hormone measurement. Ann R
Coll Surg Engl. 2015;97:603-7.
16. Barczynski M, Konturek A, Hubalewska-Dydejczyk A,
Cichon S, Nowak W. Evaluation of Halle, Miami, Rome,
and Vienna intraoperative iPTH assay criteria in guiding
minimally invasive parathyroidectomy. Langenbecks Arch
Surg. 2009;394:843-9.
17. Riss P, Scheuba C, Asari R, Bieglmayer C, Niederle B. Is
minimally invasive parathyroidectomy without QPTH
monitoring justified? Langenbecks Arch Surg. 2009;394:87580.
18. Smith N, Magnuson JS, Vidrine DM, Kulbersh B, Peters GE.
Minimally invasive parathyroidectomy: use of intraoperative
parathyroid hormone assays after 2 preoperative localization
studies. Arch Otolaryngol Head Neck Surg. 2009;135:110811.
19. Calo PG, Pisano G, Loi G, Medas F, Tatti A, Piras S, et al.
Surgery for primary hyperparathyroidism in patients with
preoperatively negative sestamibi scan and discordant
imaging studies: the usefulness of intraoperative parathyroid
hormone monitoring. Clin Med Insights Endocrinol
Diabetes. 2013;6:63-7.
20. Hwang RS, Morris LF, Ro K, Park S, Ituarte PH, Hong JC,
et al. A selective, Bayesian approach to intraoperative PTH
monitoring. Ann Surg. 2010;251:1122-6.
21. Ahmed K, Alhefdhi A, Schneider D, Sippel RS, Chen H,
Mazeh H. Utility of intraoperative parathyroid hormone
assay following parathyroidectomy with four gland
visualization. Ann Surg Oncol. 2013;1:S15-S6.
22. Hoda NE, Phillips P, Ahmed N. Recommendations after
non-localizing sestamibi and ultrasound scans in primary
hyperparathyroid disease: order more scans or explore
surgically? J Miss State Med Assoc. 2013;54:36-41.
23. Hughes DT, Miller BS, Doherty GM, Gauger PG.
Intraoperative parathyroid hormone monitoring in
patients with recognized multiglandular primary
hyperparathyroidism. World J Surg. 2011;35:336-41.
24. Gil-Cardenas A, Gamino R, Reza A, Pantoja JP, Herrera MF.
Is intraoperative parathyroid hormone assay mandatory for
the success of targeted parathyroidectomy? J Am Coll Surg.
2007;204:286-90.
25. Pasternak JD, Oliveria J, Nguyen P, Young JM. Minimally
invasive parathyroidectomy without the use of intraoperative
parathyroid hormone measurements. Thyroid. 2014;24:A116.
26. Zawawi F, Mlynarek AM, Cantor A, Varshney R, Black MJ,
Hier MP, et al. Intraoperative parathyroid hormone level
in parathyroidectomy: which patients benefit from it? J
Otolaryngol Head Neck Surg. 2013;42:56.
27. Sugino K, Nagahama M, Kitagawa W, Shibuya H, Ohkuwa
K, Yano Y, et al. Minimally invasive surgery for primary
hyperparathyroidism with or without intraoperative
parathyroid hormone monitoring. Endocr J. 2010;57:953-8.
28. Sokoll LJ, Remaley AT, Sena SF, Wians FH Jr, Wu J, Libutti
SK, et al. Intraoperative parathyroid hormone. Laboratory

29.
30.

31.
32.

33.

34.
35.

36.
37.

38.

39.

40.

41.
42.

43.

44.
45.

medicine practice guidelines: evidence-based practice for
point-ofcare testing. Washington DC: National Academy of
Clinical Biochemistry (NACB); 2006:105-19.
Irvin GL, Carneiro DM. Rapid parathyroid hormone assay
guided exploration. Oper Tech Gen Surg. 1999;1:18-27.
Parikh PP, Farra JC, Allan BJ, Lew JI. Long-term
effectiveness of localization studies and intraoperative
parathormone monitoring in patients undergoing
reoperative parathyroidectomy for persistent or recurrent
hyperparathyroidism. Am J Surg. 2015;210:117-22.
Sebag F, Shen W, Brunaud L, Kebebew E, Duh QY, Clark
OH, et al. Intraoperative parathyroid hormone assay and
parathyroid reoperations. Surgery. 2003;134:1049-56.
Yen TW, Wang TS, Doffek KM, Krzywda EA, Wilson SD.
Reoperative parathyroidectomy: an algorithm for imaging
and monitoring of intraoperative parathyroid hormone
levels that results in a successful focused approach. Surgery.
2008;144:611-9.
Chapuis Y, Icard P, Fulla Y, Nonnenmacher L, Bonnichon
P, Louvel A, et al. Parathyroid adenomectomy under local
anesthesia with intra-operative monitoring of UcAMP and/
or 1-84 PTH. World J Surg. 1992;16:570-5.
Proctor MD, Sofferman RA. Intraoperative parathyroid
hormone testing: what have we learned? Laryngoscope.
2003;113:706-14.
Davis DD, Tee MC, Kowal J, Holmes DT, Wiseman SM.
Streamlining of intra-operative parathyroid hormone
measurements for cure during parathyroidectomy. Am J
Surg. 2013;205:597-601.
Wharry L, Yip L, Armstrong M, Virji M, Stang M, Carty S,
et al. The Final Intraoperative Parathyroid Hormone Level:
How Low Should It Go? World J Surg. 2014;38:558-63.
Carneiro-Pla DM, Solorzano CC, Lew JI, Irvin GL, 3rd.
Long-term outcome of patients with intraoperative
parathyroid level remaining above the normal range during
parathyroidectomy. Surgery. 2008;144:989-93.
Sugg SL, Krzywda EA, Demeure MJ, Wilson SD. Detection
of multiple gland primary hyperparathyroidism in the
era of minimally invasive parathyroidectomy. Surgery.
2004;136:1303-9.
Alhefdhi A, Pinchot SN, Davis R, Sippel RS, Chen
H. The necessity and reliability of intraoperative
parathyroid hormone (PTH) testing in patients with mild
hyperparathyroidism and PTH levels in the normal range.
World J Surg. 2011;35:2006-9.
Kao PC, van Heerden JA, Farley DR, Thompson GB, Taylor
RL. Intraoperative monitoring of parathyroid hormone with
a rapid automated assay that is commercially available. Ann
Clin Lab Sci. 2002;32:244-51.
Rezvani M, Kurian A, Azadarmaki R, Pezzi C. A new
endpoint for intraoperative PTH measurement: normal. J
Minim Invasive Surg Sci. 2014;3:e18135.
Lupoli GA, Fonderico F, Panico A, Del Prete M, Marciello
F, Granieri L, et al. Stricter criteria increase the validity of a
quick intraoperative parathyroid hormone assay in primary
hyperparathyroidism. Med Sci Monit. 2009;15:CR111-6.
Stratmann SL, Kuhn JA, Preskitt JT, O’Brien JC, Stephens JS,
McCarty TM. Surgical treatment of hyperparathyroidism
using the quick parathyroid assay. Proc (Bayl Univ Med
Cent). 2002;15:363-5.
Kanotra SP, Kuriloff DB, Vyas PK. A simplified approach
to minimally invasive parathyroidectomy. Laryngoscope.
2014;124:2205-10.
Mazeh H, Chen H. Intraoperative adjuncts for parathyroid
surgery. Expert Rev Endocrinol Metab. 2011;6:245-53.

Journal of Parathyroid Disease, Volume 5, Issue 1, March 2017

9

Shawky MS et al

46. Emmolo I, Corso HD, Borretta G, Visconti G, Piovesan A,
Cesario F, et al. Unexpected results using rapid intraoperative
parathyroid hormone monitoring during parathyroidectomy
for primary hyperparathyroidism. World J Surg. 2005;29:7858.
47. Shenoy R, Behl A, Pawar T. Utility of Intraoperative
Parathormone Assay as an Index to Successful
Parathyroidectomy. Journal of Hormones. 2014;2014:4.
48. Vignali E, Picone A, Materazzi G, Steffe S, Berti P, Cianferotti
L, et al. A quick intraoperative parathyroid hormone assay
in the surgical management of patients with primary
hyperparathyroidism: a study of 206 consecutive cases. Eur
J Endocrinol. 2002;146:783-8.
49. Hong JC, Morris LF, Park EJ, Ituarte PH, Lee CH, Yeh MW.
Transient increases in intraoperative parathyroid levels
related to anesthetic technique. Surgery. 2011;150:1069-75.
50. Garbutt L, Sigvaldason H, Sharaf Eldin MH, Dembinski
T, Nason RW, Pathak KA. What is the most appropriate
intraoperative baseline parathormone? A prospective cohort
study. Int J Surg. 2016;25:49-53.
51. Yang GP, Levine S, Weigel RJ. A spike in parathyroid
hormone during neck exploration may cause a false-negative
intraoperative assay result. Arch Surg. 2001;136:945-9.
52. Siperstein A, Berber E, Mackey R, Alghoul M, Wagner K, Milas
M. Prospective evaluation of sestamibi scan, ultrasonography,
and rapid PTH to predict the success of limited exploration
for sporadic primary hyperparathyroidism. Surgery.
2004;136:872-80.
53. Seybt MW, Loftus KA, Mulloy AL, Terris DJ. Optimal
use of intraoperative PTH levels in parathyroidectomy.
Laryngoscope. 2009;119:1331-3.
54. Carneiro DM, Solorzano CC, Nader MC, Ramirez M, Irvin
GL, 3rd. Comparison of intraoperative iPTH assay (QPTH)
criteria in guiding parathyroidectomy: which criterion is the
most accurate? Surgery. 2003;134:973-9.
55. Irvin GL, 3rd, Solorzano CC, Carneiro DM. Quick
intraoperative parathyroid hormone assay: surgical adjunct
to allow limited parathyroidectomy, improve success rate,
and predict outcome. World J Surg. 2004;28:1287-92.
56. Cook MR, Pitt SC, Schaefer S, Sippel R, Chen H. A rising
ioPTH level immediately after parathyroid resection:
are additional hyperfunctioning glands always present?
An application of the Wisconsin Criteria. Ann Surg.
2010;251:1127-30.
57. Mozzon M, Mortier PE, Jacob PM, Soudan B, Boersma
AA, Proye CA. Surgical management of primary
hyperparathyroidism: the case for giving up quick
intraoperative PTH assay in favor of routine PTH
measurement the morning after. Ann Surg. 2004;240:949-53.
58. Bieglmayer C, Prager G, Niederle B. Kinetic analyses of
parathyroid hormone clearance as measured by three rapid
immunoassays during parathyroidectomy. Clin Chem.
2002;48:1731-8.
59. Singh DN, Gupta SK, Chand G, Mishra A, Agarwal G, Verma
AK, et al. Intra-operative parathyroid hormone kinetics and
influencing factors with high baseline PTH: a prospective
study. Clin Endocrinol. 2013;78:935-41.
60. Leiker AJ, Yen TW, Eastwood DC, Doffek KM, Szabo A,
Evans DB, et al. Factors that influence parathyroid hormone
half-life: determining if new intraoperative criteria are
needed. JAMA Surg. 2013;148:602-6.
61. Schneider DF, Burke JF, Ojomo KA, Clark N, Mazeh H,
Sippel RS, et al. Multigland disease and slower decline
in intraoperative PTH characterize mild primary
10

Journal of Parathyroid Disease, Volume 5, Issue 1, March 2017

hyperparathyroidism. Ann Surg Oncol. 2013;20:4205-11.
62. Sohn JA, Oltmann SC, Schneider DF, Sippel RS, Chen H,
Elfenbein DM. Is intraoperative parathyroid hormone
testing in patients with renal insufficiency undergoing
parathyroidectomy for primary hyperparathyroidism
accurate? Am J Surg. 2015;209:483-7.
63. Richards ML, Thompson GB, Farley DR, Grant CS. An
optimal algorithm for intraoperative parathyroid hormone
monitoring. Arch Surg. 2011;146:280-5.
64. Calo PG, Pisano G, Loi G, Medas F, Barca L, Atzeni M,
et al. Intraoperative parathyroid hormone assay during
focused parathyroidectomy: the importance of 20 minutes
measurement. BMC Surg. 2013;13:36.
65. Riss P, Kaczirek K, Heinz G, Bieglmayer C, Niederle B. A
“defined baseline” in PTH monitoring increases surgical
success in patients with multiple gland disease. Surgery.
2007;142:398-404.
66. Riss P, Krall C, Scheuba C, Bieglmayer C, Niederle B.
Risk factors for “PTH spikes” during surgery for primary
hyperparathyroidism. Langenbecks Arch Surg. 2013;398:8816.
67. Irvin GL, 3rd, Deriso GT, 3rd. A new, practical intraoperative
parathyroid hormone assay. Am J Surg. 1994;168:466-8.
68. Lombardi CP, Raffaelli M, Traini E, Di Stasio E, Carrozza
C, De Crea C, et al. Intraoperative PTH monitoring
during parathyroidectomy: the need for stricter criteria
to detect multiglandular disease. Langenbecks Arch Surg.
2008;393:639-45.
69. Weber CJ, Ritchie JC. Retrospective analysis of sequential
changes in serum intact parathyroid hormone levels
during conventional parathyroid exploration. Surgery.
1999;126:1139-43.
70. Taniguchi M, Tanaka M, Hamano T, Nakanishi S, Fujii
H, Kato H, et al. Comparison between whole and intact
parathyroid hormone assays. Ther Apher Dial. 2011;15:42-9.
71. Yamashita H, Gao P, Cantor T, Noguchi S, Uchino S,
Watanabe S, et al. Comparison of parathyroid hormone
levels from the intact and whole parathyroid hormone
assays after parathyroidectomy for primary and secondary
hyperparathyroidism. Surgery. 2004;135:149-56.
72. Yamashita H, Cantor T, Uchino S, Watanabe S, Ogawa T,
Moriyama T, et al. Sequential changes in plasma intact and
whole parathyroid hormone levels during parathyroidectomy
for secondary hyperparathyroidism. World J Surg.
2005;29:169-73.
73. Urquhart AC, Wiley C. Arterial and venous parathyroid
hormone levels in minimally invasive surgery. Arch
Otolaryngol Head Neck Surg. 2005;131:137-9.
74. Abdel-Misih SRZ, Broome JT, Li X, Arrese D, Jacobs JK,
Chambers EP, et al. Changing intraoperative parathyroid
hormone collection sites from peripheral to central does
not affect predictive accuracy during minimally invasive
parathyroidectomy. Ann Surg Oncol. 2011;18:771-6.
75. Terris DJ, Weinberger PM, Farrag T, Seybt M, Oliver JE.
Restoring point-of-care testing during parathyroidectomy
with a newer parathyroid hormone assay. Otolaryngol Head
Neck Surg. 2011;145:557-60.
76. Farrag T, Weinberger P, Seybt M, Terris D. Intra-operative
parathyroid hormone monitoring: advantages of point-ofcare assay. The Laryngoscope. 2011;121:S114-S.
77. O’Connell DA, Seikaly H, Harris JR. Central laboratory
versus point of care testing in intraoperative monitoring of
parathyroid hormone levels: cost comparison. J Otolaryngol
Head Neck Surg. 2008;37:91-7.

