83349 Auto EditedC.docx



Name of Journal: World Journal of Clinical Cases
Manuscript NO: 83349
Manuscript Type: MINIREVIEWS

2
Update on the current management of persistent and recurrent primary

hyperparathyroidism after parathyroidectomy
Pavlidis TE et al. Persistent and recurrent pHPT

Efstathios T Pavlidis, Theodoros E Pavlidis

Abstract

Primary hyperparathyroidism (pHPT) is the third most common endocrine disease. The
surgical procedure aims for permanent cure, but recurrence has been reported in 4%-10%
of pHPT pat'ﬁnts. Preoperative localization imaging is highly valuable. It includes
ultrasound, computed tomography (CT), single-photon-emission CI, sestamibi
scintigraphy and magnetic resonance imaging. The operation has been defined as
successful when postoperative continuous eucalcemia exists for more than the first six
months. Ongoing hypercalcemia during this period is defined as persistence, and
recurrence is defined as hypercalcemia after six months of normocalcemia. Vitamin D is
a crucial factor for a good outcome. Intraoperative parathyroid hormone (PTH)
monitoring can safely predict the outcomes and should be suggested. PTH < 40 pg/mL
or the traditional decrease = 50% from baseline minimizes the likelihood of persistence.
Risk factors for persistence are hyperplasia and normal parathyroid tissue on
histopathology. Risk factors for recurrence are cardiac history, obesity, endoscopic
approach and low-volume center (at least 31 cases/year). Cases with double adﬁlomas
or four-gland hyperplasia have a greater likelihood of persistence/recurrence. A 6-mo
calcium > 9.7 mg/dL and eucalcemic parathyroid hormone elevation at 6 mo may be

associated with recurrence necessitating long-term follow-up. 18F-fluorocholine positron




emission tomography and 4-dimensional CT in persistent and recurrent cases can be
valuable before reoperation. With these novel advances in preoperative imaging and
localization as well as intraoperative PTH measurement, the recurrence rate has dropped
to 2.5%-5%. Six-month serum calcium_2 9.8 mg/dL and parathyroid hormone = 80
pg/mL indicate a risk of recurrence. Negative sestamibi scintigraphy, diabetes a

elevated osteocalcin levels are predictors ofd'lultiglandular disease, which brings an
increased risk of persistence and recurrence. Bilateral neck exploration was considered
the gold-standard diagnostic method. Minimally invasive parathyroidectomy and neck
exploration are both effective surgical techniques. Multidisciplinary diagnostic and
surgical management is required to prevent persistence and recurrence. Long-term

follow-up, even up to 10 years, is necessary.
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Core Tip: Surgical intervention can permanently cure primary hyperparathyroidism.
Advances in preoperative imaging and localization as well as intraoperative
parathormone monitoring have significantly reduced the rates of persistence and
recurrence. The criteria for reoperation must be stricter and based on biochemical
confirmation of the diagnosis, review of preexisting data, and positive imaging findings.
However, diagnosis and treatment are multidisciplinary tasks. The final decision about
reoperation and its procedure should be made by an experienced endocrine surgeon. In
any case, preoperative assessment of recurrent laryngeal nerve function and

intraoperative measurement of parathyroid hormone are necessary.




INTRODUCTION

Basic prerequisites in parathyroid surgery are the ability to identify the parathyroids, the
deep knowledge of their anatomical location and its wide spectrum of variations, and the
ability to distinguish between a normal and pathological gland. The superior
parathyroids in 85% of cases are located within a radius of 1 cm from the inferior angle
of the thyroid, while infer'ar parathyroids in more than 50% of cases are located in the
lower third of the junction between the posterior end of the thyroid gland and the anterior
part of the thyaus gland or within it, within the mediastinum, or even within the thyroid
parenchyma. The exact anatomical location of the parathyroid glands comes in six
recognized types, as shown in Table 1[ll. The anatomical location of the supernumerary
parathyroid is located below the thyroid in the remnants of the thymus (two-thirds of
caseaor near the thyroid, usually between the other two parathyroids (one-third)*2l.

Primary hyperparathyroidism (pHPT) is the third most common endocrine
diseasel], with ongoing incidence and 100000 new cases a ally in the United States!4l.
It is sporadic (90%-95%) and hereditary (5%-10%) and is associated with multiple
endocrine neoplasia (MEN) syndromes. Its causes include mainly single parathyroid
adenoma (PA) (80%-85%), double adenoma (4%-5%), diffuse hyperplasia (10%-15%) and
parathyroid cancer (< 1%), as shown schematically in Figure 115 Cure has been defined
as the restoration of calcium levels (normal homeostasis) lasting six months at a
minimuml3l,

Cure rates currently range between 95% and 99%[367l. However, normocalcemia
before the initial operation exists in 10% of pHPT84]. Patients with pHPT with normal
calcium levels but persistently high PTH values after parathyroidectomy should be
evaluated for possible secondary HPT or recurrent diseasel”l.

Persistent hyperparathyroidism (P-HPT) is defined as the condition where calcium
either does not return to normal values or rises again within 6 mo of the initial
parathyroidectomy for pHPTIL It is mainly due to failure to remove an overactive
parathyroid (adenoma or unrecognized parathyroid hyperplasia)81011l, Recurrent

hyperparathyroidism (R-HPT) occurs when calcium increases beyond normal limits after




at least 6 mo of normal values after the initial parathyroidectomy for pHPT. It is due to
untreated parathyroid hyperplasia, parathyroid carcinoma (PC) or metastasis, autograft
hyperplasia or parathyromatosisi®®12. The latter (benign diffused multiple nodules of
hyperfunctioning parathyroid tissue in the neck and superior mediastinum) is a very rare
cause of R-HPTI13.14],

The causes of P-HPT/R-HPT are adenoma (68%), parathyroid hyperplasia (28%), PC
(3%), and other causes (1%, parathyromatosis, autograft relapse), as shown schematically
in Figure 2P°L Cases with double adenomas or four-gland hyperplasia have a higher
likelihood of P-HPT/R-HPT5] The ectopic locations of PA (approximately 0.3%-8%)
include the hypoglossal nerve, the posterior triangle of the neck, the axilla, the
mediastinum, the pericardium[*®l, the thymus gland!? and thyroid gland!'7I.

Risk for persistence constitutes hyperplasia and normal parathyroid tissue on the
histopathological reportl®l. Additionally, measuring parathyroid hormone and calcium in
the early postoperative period (after two weeks) may better predict later recurrent
pHPTI8] However, a postoperative increase in PTH does not always indicate P-HPT/R-
HPT; rather, it may be due to vitamin D insufficiency, mild renal failure, hyperfunction
of previously suppressed parathyroid glands, unrecognized familial hypercalciuric
hypocalcemia, and increased bone redistribution of calcium['®l. Subsequently,
preoperative 25-hydroxyvitamin D level must be assessed especially in patients without
severe hypercalcemia, and must be corrected if low for a good outcomel?9l.

The incidence of P-HPT/R-HPT was approximately 30% in 1990. Today, with the
ongoing advances in preoperative parathyroid imaging, implementation of
intraoperative PTH monitoring (IPM), and avoidance of bilateral neck exploration (BNE)
to locate the parathyroids, this percentage ranges between 2.5%-5%[12]; however, in recent
reports, it was higher than traditionally described, reaching up to 10% or even 14%[8l. The
predictors of P-HPT/R-HPT occurrence are shown in Table 212l Transient hypercalcemia
in the early postoperative period does not predict persistent pHPT, since it exists at a rate
of almost 10% after successful parathyroidectomy, which in most cases is normalized

within two weeks[20],




In this minireview, we evaluate the current management options for failure after
surgery for pHPT, highlighting the updated knowledge by selecting and focusing on the

most relevant articles from PubMed.

DIAGNOSIS

Multidisciplinary diagnostic and surgical management is required to prevent persistence
and recurrence. The preoperative localizatioaimaging of the initial operation is of great
importance. It can include ultrasound (US), computed tomography (CT), single-photon
emission CT (SPECT) and sestamibi scintigraphyl2!l.

The preoperative evaluation of P-HPT/R-HPT includes confirmation of the
diagnosis, review of preexisting data, stricter indications for reintervention, and
diagnostic imaging!”l. Confirmation of the diagnosis can be made by the following: (1) all
biochemical data before and after the initial operation should be rechecked; (2) checking
for medications that affect calcium metabolism (e.g., lithium, thiazide diuretics); (3)
detailed checks for elevated PTH from another cause, as mentioned above (e.g., renal
failure, vitamin D deficiency); (4) taking a detailed family history for MEN (MEN1,
MEN2A); and (5) investigation of possible parathyroid cancer and/or
parathyromatosisl7l.

The review of preexisting data is based on previous imaging scans, details of the

operative report, histopathological findings and even re-evaluation of paraffin blocksl!2l.

Diagnostic imaging
Diagnostic imaging includes US, sestamibi scintigraphy +/- SPECT, 4-dimensional (4D)
CT or magnetic resonance imaging (MRI) and elective venous catheterization. The
introduction of an iodine-containing contrast is contraindicated in cases where there is a
decrease in the filtration function of the kidneys['2l.

Normal parathyroid glands are typically not visible on US due to their small size (2-
3 mm). The advantages of US include no exposure to radiation, low cost, easy availability

and simultaneous checking of the thyroid gland. Its disadvantages are decreased




resolution with high body mass index, which depends on the sonographer’s experience,
limited visibility in parathyroid hyperplasia and low-lying upper or inferior glandsl’l. A
meta-analysis has shown a sensitivity of up to 79%[22. This falls to 35% in cases of
parathyroid hyperplasial’l. Specificity in some centers reaches 96%[24. In combination
with sestamibi or 4D-CT, US has the optimal cost benefit ratiol?5l. The combination of US
and sestamibi significantly increases the sensitivity for identifying an adenoma compared
to each method alone; however, it remains low in cases of parathyroid hyperplasia, at
30%-60%171.

Sestamibi scintigraphy is based on the differential uptake and retention of the
radiotracer in mitochondria-rich cells. Its advantages include assessment of deep-neck-
located or ectopic parathyroid even in the mediastinum, low radiation exposure and
ability to assess parathyroid tissue autografts. Its disadvantages are weaker assessment
of the thyroid gland, possible false-positive results from thyroid nodules and reduced
effectiveness in parathyroid hyperplasial’l. There are several protocols that use sestamibi
(dual-phase, ['3! subtraction, SPECT, and 4-D SPECT-CT imaging) with various strengths
and weaknesses|20],

SPECT imaging provides 4-D imaging with a sensitivity of 79% (range 45%-92%). It
is useful for detecting posteriorly located adenomas of superior parathyroids that are
usually obscured by thyroid uptake. According to a meta-analysis, its sensitivity is
reduced significantly in cases of parathyroid hyperplasia (44%) or double adenoma
(33%)18]. Additionally, the sensitivity of SPECT depends on the weight of the affected
gland. If it is more than 500 mg, the sensitivity will be 93%, whereas if it is less than 500
myg, it will fall to 51%?7). Typically, a PA is characterized by the rapid uptake of contrast
medium and thus the relative elimination of its distribution to the thyroid and
surrounding tissues. The advantages of 4D-CT include the accurate anatomical detail and
functional condition of the parathyroid whether it has a normal or ectopic position, its
being the only method that can identify normal parathyroids and its greater sensitivity
for parathyroid hyperplasia compared to other methods (62.5%-85.7%). Its disadvantages

are the cost, greater exposure to radiation, limited availability and accessibility, and the




requirement of specialized personnel to interpret the resultsl’l. According to another
meta-analysis, it has a sensitivity of 89%[2l. In a direct comparison, the sensitivity of 4D-

CT (88%) is superior to that of US (57%) and sestamibi (65%)[25L

Initial imaging

For the initial imaging of parathyroids, US of the neck is recommended to identify
parathyroid disease and assess possible coexisting thyroid pathology. An experienced
clinician should decide which other imaging modality to use, depending on the
capabilities available in each center or regionl”l. In reoperative parathyroid imaging, at
least one positive preoperative imaging is necessary to plan the reoperation, as abnormal
glands may also be ectopic. Otherwise, there is a fourfold greater likelihood of failure.
Some surgeons require one positive imaging test, while others require two positive
imaging tests before reoperation!?’l. 4D-CT has a higher sensitivity (88%) than Sestamibi
scintigraphy (54%) in reintervention/®l. In a study of 90 patients with reoperation, there
was 90% concordance between 4D-CT and surgical findings, while the concordance
between other imaging and surgical findings was only 63 %, with a shorter operating time
(76 min vs 114 min). Its efficiency in reoperations, especially in difficult undiagnosed-by-
sestamibi cases and hyperplasia, along with its growing use in recent years, makes it the

first choice imaging method for P-pHPT and R-pHPTI3!,

Imaging before reoperation

The two most commonly used preoperative diagnostic tools are neck US and
scintigraphy. The latter is typically performed using the radiotracer technetium-99m-
sestamibi in combination with SPECT plug 4D-CT if needed, which may be more cost-
effectivel®l. In cases of P-pHPT/R-pHPT, positron emission tomography (PET)/CT can
detect a hyperfunctioning parathyroid with accuracy and has been proven to be better
than 4D-CT. Therefore, 18F-fluorocholine PET/CT has been recently advocated before

reoperationl334],




A recent study demonstrated that in addition to US and myocardial perfusion
imaging (MIBI), noncontrast 3-Tesla MRI further increased the preoperative localization
of pHPT (sensitivity of 92.0%)31.

A scheme of the diagnostic approach is shown in Figure 3.

Despite the above, although it can be risky, no preoperative routine imaging
protocols to reduce the cost, only intraoperative PTH measurement, have been advocated

for pHPT with a skilled surgeon and without previous neck surgeryl3l.

Invasive imaging

While noninvasive imaging methods are preferred, invasive methods play a selective
role. In contrast to what happens in the initial surgery, in reoperation, US-guided fine
needle aspiration of the suspected parathyroid gland preoperatively may be useful by
providing cytology and PTH levels. Its potential complications are hematoma,
parathyromatosis and the spread of cancer cells. Thus, itis only recommended in selected
casesl79l.

Selective venous catheterization is rarely used and is impossible if there has been
ligation of the thyroid and parathyroid vessels. Catheterization of the femoral vein and
assessment of PTH in venous blood drained from the cervix and mediastinum can
identify the side where the pathological gland is located. Its sensitivity in EHP’T/R-HPT
is 83.3% for solitary adenomas and 91.6% for parathyroid hyperplasia. However, it is
expensive, requires expertise and is associated with inguinal hematoma and vascular

injuriesll.

Genetic diagnosis

There are rare cases of atypical tumors/®¥] or atypical PA (APA) with an ambiguous
potential for malignancy that have a good prognosis in the vast majority, but mutations
in the CDC73 gene are related to high P-HPT/R-HPT3%]. Flow-cytometric DNA analysis
has been recommended in such cases!*], especially in the context of MEN syndrgmes/41l.

CDC73 gene mutations are not involved in the tumorigenesis of sporadic APABSI. KMT2D




might be a novel candidate driver gene that can be used as a diagnostic biomarker for
PA. However, CDC73 mutations can be an early developmental event from PA to PCI42l.
Germline mutations in CDKIs (the CDKN1B gene and CDKN2C gene) should be included

in the genetic testing of patients with pHPT43].

Other diagnostic tools
In resected specimen biopsy, hypercellularity of an otherwise normal parathyroid does
not indicate multiglandular disease related to hyperfunction!44l.

In a multicenter study, two preoperative mathematical models predicted adenoma,

atypical adenoma and PC with reliability, thus determining the choice of surgical plan/*5l.

MANAGEMENT

The surgical operation aims for permanent curel?'4l. However, recurrence has been
reported in 4%-10% of surgery patientsl®l. The extent of surgical resection in pHPT
depends on its cause. Removal of the enlarged gland is the indicated surgical technique
in ade a, the most common case. The surgical strategy in diffuse hyperplasia includes
either subtotal parathyroidectomy (removal of 3.5 glands) or total parathyroidectomy
and autotransplantation of thin pieces (n = 10-15) of parathyroid tissue in the forearm.
The operative strategy in carcinoma includes the unblock removal of the affected gland
with the corresponding thyroid lobe and surrounding tissuesPl. A scheme of the
treatment approach is shown in Figures 4 and 5.

Ipsilateral cervical exploration has been recommended because the majority of cases
are due to an adenoma, there is a possibility of preoperative identification of the
responsible gland, and itis possible to quickly determine the parathyroid hormone levels.
Its advantages ensure a limited extent of the surgical wound, shorter operation and
reoperation on the contralateral intact side if needed. Its disadvantages include the
limited effectiveness in the presence of supernumerary glands and the possibility of
double adenomal*?l. With the current advancements in diagnostic adjuncts for accurate

abnormal parathyroid localization, surgery has moved from BNE to a focused open




parathyroidectomy or unilateral neck exploration as well as to a minimally invasive
parathyroidectomy (MIP) that necessitates even more accurate preoperative

localization[22-2547-49]

Outcomes
The success rate of surgical treatment is more than 95% in experienced handsl410. The
causes of its failure are shown in Table 3[%!2 In the following studies, the recurrences
occurred a long time after the first intervention. This means that the tumors probably
developed de novo during the follow-up period and were not missed during the first
operation.

A study from the United States including 345 patients who underwent surgical
intervention for pHPT, either single-gland resection (79%) or bilateral cervical
exploration (38 %), found that persistent hypercalcemia (9%) and recurrent hypercalcemia
(14%) were transient mainly for other reasons, while only 3.2% of them required
reoperation (median time to recurrence 12.2 years)[8l. Likewise, a more recent study from
the United Kingdom including 404 patients with pHPT who underwent successful MIP
had a long-term follow-up (median 6.5 years) with normocalcemia in 96% of cases; 3.85%
had biochemical recurrence after 5 years (median 7.7 years), and only one patient had
persistent hypercalcemial®l. Another recent study from the United Stateg including 261
patients after successful parathyroidectomy for pHPT reported a 10.7% late recurrence
rate (up to 17 years, mediap time 6.5 years) and an 89.3% cure rate of recurrences.
Multivariate analysis found calcium = 9.7 mg/dL and normocalcemic PTH increase as
independent risk factors for late recurrence at six monthskl. Another retrospective trial
including 196 patients found recurrence of 14.8% (median time 6.3 years), but 34.5% of
recurrences occurred later (> 10 years), without a difference between open
parathyroidectomy and MIP[5!. The above findings necessitate a long-term postoperative
follow-up. Additionally, concerns about the efficacy of preoperative US and sestamibi

scintigraphy alone provide more argument in favor of additional BNE again.




A recent large study from Taiwan including 522 patienthafter parathyroidectomy
(mostly MIP) with a median follow-up of 2.5 years found, by multivariate analysis, that
age > 66.5 years, serum calcium 2 9.8 mg/dL and parathyroid hormone = 80 pg/mL at 6
mo were risk factors for recurrence (rate of 2.5%); after MIP, the discrepancy of at least
one preoperative imaging study with intraoperative findings was a risk factorl4l.

A recent nationwide French study including 13247 patients after focused
parathyroidectomy by either open surgery (88.7%) or MIP (11.3%) found that the cure
rate was 97.3% for the former and 96.5% for the latter; the need for reoperation was 2.8%
at two years. The predictive risk factors for failure of the initial parathyroidectomy and
the need for reoperation shown by the multivariate analysis were cardiac history
(congestive heart failure, arrhythmias, and valvular disease), obesity, endoscopic
applaach, and surgery at a low-volume center (at most 31 cases per year)!46l.

A meta-analysis of 70 studies with 9643 patients undergoing MIP and 38 studies with
2471 patients undergoing open BNE confirmed the effectiveness of both operative
methods for the management of pHPT. Comparing BNE vs MIP, the cure raes were 98%
vs 97%, bleeding rates were 0.9% vs 0.1% [statistically significant (SS)], postoperative
(short-term and long-term) hypocalcemia 13.6% vs 2.3% (SS), laryngeal nerve injury 0.9 %
vs 0.3% (SS), infection 0.5% vs 0.5% and mortality 0.5% vs 0.1%, respectivelyll.

Useful recommendations

In patients with histologically large normal parathyroid and pHPT, a controversial issue,
excision exhibits a beneficial effect on PTH levels despite the higher risk of P-HPT/R-
HPT than in adenoma or hyperplasia; thus, these patients need stricter biochemical
postoperative follow-upl®.

Stricter indications for reoperation for P-HPT/R-HPT have been recommended
because it may cause fibrosis, alteration of normal anatomy and complications. These
indications are determined by the presence of severe features, i.e., persistent clinical
musculoskeletal or neuropsychiatric symptoms, nephrolithiasis, nephrocalcinosis and

osteoporosisl®*1747l According to the guidelines of the American Association of




Endocrine Surgeons, in the above indications are added to serum calcium > 1 mg/dL

above the normal upper value and young age (< 50 years)47l.

It has been reported that reoperation is linked with significantly lower cure rates
(82%-98%) and higher rates of hypoparathyroidism (5%-8%) and recurrent laryngeal
nerve palsy (15%) than initial parathyroidectomyl?l. Thus, rechecking nerve function
preoperatively is mandatory. Intraoperative neuromonitoring is also a useful tooll®l.

The cervical endoscopic approach for adenoma located at the posterior mediastinum
is a current preferable safe choicel>.

A normocalcemic PTH increase may occur after parathyroidectomy for pHPT. This
may be caused by higher preoperative PTH, vitamin D deficiency, and lower creatinine
clearance. Postoperative calcium and vitamin D administration have been recommended
in such casesl®5l.

The size of an adenoma (dwarf < 300 mg or giant > 3000 mg) does not affect the
outcomes of parathyroidectomy, which is indicated for all dwarf adenomas, while giant
adenomas do not have malignant behavior(%].

It has been postulated that the success of parathyroidectomy is reflected in a decrease
in the neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio by its modulatory
effect on systemic inflammation®7l.

Multiglandular disease (its predictors by multivaria»le analysis are negative
sestamibi scintigraphy, diabetes and elevated osteocalcin) iﬁlssociated with a higher risk
of intraoperative complications and P-pHPT/R-pHPT. The parathyroid glands are
associated with glucose metabolism. PTH, insulin and osteocalcin interact by modulating
insulin secretion and peripheral lipolysis(>.

After parathyroid tissue autotransplantation, usually in the forearm for diffuse
hyperplasia and pHPT, graft recurrence indicates reoperation that is difficult, requiring
much caution, but first, a recurrence in the neck or mediastinum must be excluded!*2]. For
this, the Casanova diagnostic test is useful. A tourniquet is applied to the arm, causing

ischemia for 15 min, and PTH is measured. The test is positive when the PTH level is




decreased to > 50% of the preischemic value at 10 min after the end of ischemia. A
decrease of < 20% indicates a negative test!®l.

The use of Cinacalcetéeduces PTH production and is limited in persistent-recurrent
pHPT. It is mostly used in patients with high surgical risk or as short-term operative
preparation in patients with high calcium levels (= 12 mg/dL). Antiresorptive drugs can
also be used in the conservative management of patients with P-pHPT/R-pHPTI®l. Other
than surgery, which is the gold standard for P-pHPT/R-pHPT, microwave ablation or
ethanol ablation has been reported, but they might have a place mainly in parathyroid
cancer spread or parathyromatosis/i2l. In a recent comparative study, microwave ablation
had comparable results with parathyroidectomy but a shorter procedure time an&
smaller incisionl!l. Likewise, radiofrequency ablation was safe and effective, ensuring a

cure rate of 98% and a recurrent HPT rate of 2%I621,

INTRAOPERATIVE TOOLS FOR PARATHYROID IDENTIFICATION

Several useful intraoperative tools facilitate accurate parathyroid assessment, but no tool
can replace the surgeon's judgment and experience. The following constitute the available
choicesl1.

The confirmation of parathyroid tissue removal is achieved eﬁner by IPM, which is
preferable, or by frozen section histopathological examination or ex vivo aspiration of the
resected parathyroid tissue to confirm the presumed parathyroid tissue
intraoperativelyl”l. IPM is considered to indicate successful parathyroidectomy when 10
min after excision it is decreased by = 50% from its highest value before excision (Miami
sole criterion, often used) or the latter plus a drop to a normal value (dual criteria)l6364].
IPM < 40 pg/mL minimizes persistence as the final PTH will fall < 65 pg/mLI®5.
Intraoperative PTH monitoring can safely predict the outcome (accuracy at six months
98% at least), even in patients with normohormonal HPT (8%)[6l. In a comparative study,
patients who underwent reoperation with the use of IPM and without it showed normal
calcium levels postoperatively in 94% and 74 %, respectivelyl®l. A recent meta-analysis of

28 studies with a total of 13323 patients documented that IPM reduces both persistent




and recurrent pHPT and so must be used!®l. However, IPM in MIP in patients with
positive and concordant preoperative ultrasonography and sestamibi scintigraphy is still
under debate because, on the one hand, it costs more and increases the operating time
and conversion rate; on the other hand, IPM may contribute to an increase in the cure rate
t0 97.6% from 93.3%!%8.

Visual identification of parathyroid can be achieved by near-infrared
autofluorescence angiography (infrared spectroscopy)®70 or indocyanine green (ICG)
angiography!70-72l, both with high sensitivity of up to 82% and 81%, respectively!”l.

The anatomical localization of the parathyroids by intraoperative US, bilateral
jugular venous sampling, or radioprobe guidance is another available choicel73l.
Identification using trackers is based on carbon nanoparticles (when they are collected
and deposited in the lymph nodes, the thyroid, and the drainage area of the lymph node
will be painted black)/7! or radioprobe guidancel®7. It is based on the use of technetium-
99m sestamibi for intraoperative identification of hyperactive parathyroidsl®l. The tracer
is injected 1-2 h before surgery. The surgeon with a handheld gamma camera detects the
gamma radiation. Confirmation of resection of parathyroid tissue is indicated by high
radioisotope concentrations. However, it has low specificity because the radioisotope is
also taken up by the thyroid and cardiac tissue.

Recurrent laryngeal nerve monitoring is valuable for identification and preservation,
thus avoiding injury and palsyl76.771.

Autotransplantation and cryopreservation should be considered when
hypoparathyroidism occurs after parathyroidectomy or when the target parathyroid in

reoperation is the only viable parathyroid tissue remaining/78l.

CONCLUSION

Much progress has been made in the management of pHPT over the last few years.
Parathyroidectomy for pHPT can offer a permanent cure, and its success depends on
accurate preoperative localization. Preoperative ultrasonography and technetium-99m

sestamibi scintigraphy-SPECT in addition to 4D-CT or PET/CT should be done if needed.




This in combination with intraoperative parathyroid hormone monitoring and other
novel localization adjuncts has contributed greatly to accurate parathyroid assessment,
leading to a significant decrease in persistent and recurrent hyperparathyroidism and
providing the best outcomes. Multidisciplinary diagnostic and therapeutic management
is highly valuable to prevent persistence and recurrence. Surgery may be either open or

endoscopic. Long-term follow-up, even up to 10 years, is imperative to detect late

recurrence.
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