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One in 5,000 to 1 in 50,000 births have multiple endocrine neoplasia type 1 (MENT).
MENT1 is a hereditary syndrome clinically defined by the presence of two of the following
endocrine tumors in the same patient: parathyroid adenomas, entero-pancreatic
endocrine tumors and pituitary tumors. Most commonly, patients with MEN1 manifest
primarily with signs and symptoms linked to primary hyperparathyroidism. By age
50, it is estimated that 100% of patients with MEN1 will have been diagnosed with
primary hyperparathyroidism. These patients will need to undergo resection of their
hyperfunctioning glands, however there is no clear consensus on which procedure to
perform and when to perform it in these patients. In this original study we describe
and explain the rational of our peri-operative approach and management at MD
Anderson Cancer Center of MEN1 patients with hyperparathyroidism. This protocol
includes preoperative evaluation, intraoperative decision-making and detailed surgical
technique adopted for these patients’ care. Additionally we review follow-up and disease
management in instances of recurrent primary hyperparathyroidism in patients with
MEN1 syndrome.

Keywords: hyperparathyroidism, MEN1, subtotal parathyroidectomy, technique, hypercalcemia, decision making,
parathyroidectomy, recurrence

INTRODUCTION

Definitions

Multiple endocrine neoplasia type 1 (MEN1) is a hereditary syndrome with an autosomal
dominant pattern of inheritance. It is characterized by a mutation in the MENI gene on
chromosome 11q13 (1). The MENI gene encodes the menin protein which plays a crucial role in
transcriptional regulation as a co-repressor or co-activator, cell cycle regulation, DNA repair, cell
signaling, cytoskeletal structure, cell adhesion and cell motility.

MENT1 syndrome can be difficult to define as it is responsible for combinations of presentation
of over 20 different endocrine and non-endocrine tumors. According to the most recent MEN1
Clinical Practice Guidelines (2) there are three ways to diagnose MEN1. The clinical diagnosis of
this syndrome is done by diagnosing 2 of the 3 major MEN1 related endocrine tumors in the patient,
which are parathyroid adenomas, entero-pancreatic endocrine tumors, and pituitary tumors. It
is considered a familial MENT if beyond the index patient with a clinical diagnosis of MEN1, a
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first-degree relative is diagnosed with at least one of the main
MENI associated tumors. The genetic diagnosis of MEN1 is
made in a patient who has a germline mutation in the MENI
gene but may be asymptomatic and has not manifested evidence
of tumor presence (2).

Epidemiology

The incidence of MEN1 syndrome is estimated at 1 in 30,000
births (3, 4). Primary hyperparathyroidism (PHPT) is the most
common endocrinopathy in patients with MEN1 syndrome and
nearly 100% of patients present with PHPT by age 50 (2).
The female to male ratio of PHPT among patients with MEN1
syndrome is 1:1 and only 2-4% of patients with PHPT have
MENI syndrome.

Clinical Presentation and Diagnosis
Symptoms associated with PHPT tend to be the first clinical
manifestation of MEN1 syndrome and usually present at age 20—
25 (5, 6). Hypercalcemia associated symptoms, such as weakness,
fatigue, constipation, bone pain, difficulty with concentration,
depression, sleep disorders or decreased social interaction are
some of the clinical manifestations (7). In many instances,
the first sign of PHPT in a patient with MEN1 syndrome is
hypercalcemia on routine laboratory work with concomitant
non-suppressed (i.e., inappropriately normal) or elevated intact
PTH levels in a patient <30 years old.

MENT1 patients with PHPT tend to have multigland disease
at presentation (8). There is an asymmetric and asynchronous
multigland growth in these patients and the pathology of the
parathyroid glands frequently reveals hypercellular parathyroid
gland (9).

The diagnosis of PHPT is made biochemically through high
normal or elevated serum calcium levels and concomitant
inappropriate elevation of intact serum PTH levels. A high index
of suspicion for MEN1 syndrome should arise when there is
young age at presentation of PHPT, multigland disease, family
history or presence of another endocrine tumor. All patients
with suspected MEN1 syndrome should undergo genetic testing.
Additionally, according to the last MEN1 Guidelines (2), genetic
testing should be offered to every patient diagnosed with MEN1
and their first-degree relatives whether they are symptomatic
or asymptomatic. Germline mutation testing should always be
preempted by genetic counseling and it should be offered to
relatives prior to undergoing any other screening (2) if a germline
MENI mutation has been identified. Genetic testing may help
identify at risk family members so that they may receive early
treatment.

Imaging is not necessary for the diagnosis of PHPT. During
surgery, as discussed later on, all four parathyroid glands will be
explored limiting the role of preoperative imaging as well (5).

INDICATIONS FOR TREATMENT

The treatment of choice for MEN1 associated PHPT is
parathyroidectomy. Due to the presence of multigland disease in
this patient cohort, there is a high risk of persistent or recurrent
hyperparathyroidism (4). The inability to recognize multigland

pathology in these patients leads to performing an incomplete
resection of all affected parathyroid glands and is associated with
a risk of post-operative persistent or recurrent PHPT (6, 10).

There is a fine line between the complexity of crafting the
residual tissue to avoid rapid recurrence which would make
for multiple reoperations during the individual patient’s lifetime
vs. overtreatment which would render the patient aparathyroid
commanding lifelong calcium replacement therapy. Weighing
the risk-benefit ratio of recurrence, the timing of surgery as well
as measurement of outcomes and type of procedure is key in the
management of patients with MEN1 syndrome.

Whether patients are symptomatic or asymptomatic,
parathyroidectomy is indicated if their (i) calcium level is 1
mg/dL above upper normal range and (ii) they have simultaneous
non-suppressed PTH levels (11). In patients that do not meet
these criteria but have been diagnosed with PHPT and present
with signs and symptoms of hypercalcemia, such as loss of bone
mineral density, nephrolithiasis, worsening kidney function,
pathological fractures and neurocognitive symptoms have
strong indications for parathyroidectomy (11). When a patient
with a known MENI mutation presents with no symptoms of
hypercalcemia and does not meet the biochemical criteria for
parathyroidectomy as mentioned above, there is no level of
evidence to support the timing of surgical intervention. Some
experts recommend waiting for symptomatic hypercalcemia to
manifest itself while monitoring the patient closely (2). This
is based on the long-term management strategy of avoiding
multiple cervical explorations which pose a higher risk of nerve
injury and hypoparathyroidism earlier in life. Additionally, some
suggest that waiting for the disease to progress leads to more
enlargement of the hypercellular glands allowing them to be
more easily identifiable intraoperatively (5, 12). Nonetheless it
has been found that decreased bone mineral density manifests
itself early on in the disease process and does not correlate
with serum calcium levels. It has also been shown that even
after parathyroidectomy, restoration of age appropriate bone
mass is unobtainable if osteopenia is advanced, hence the
recommendation of performing early parathyroidectomy in
MENTI patients (13). In a comparative review at MD Anderson
Cancer Center (MDACC) between patients with sporadic and
MENI associated hyperparathyroidism, Silva et al. observed
early bone loss in the fourth decade of life in MEN1 patients
with hyperparathyroidism as well as increased bone loss
at the lumbar spine, femoral neck and total hip compared
to the other group (14). This suggests that the deleterious
effects of hyperparathyroidism occur well before other clinical
manifestations appear.

At MDACC, we favor early parathyroidectomy in patients
with known MENI syndrome with the goal to limit fewer
downstream disabilities in our patients. It has been shown
that bone mineral density loss and damage to the kidneys are
processes that start early on in the disease progression even
though patients may be asymptomatic (15, 16). Additionally
many patients considered asymptomatic manifest with
neurocognitive symptoms and parathyroidectomy improves
their quality of life (11). Nonetheless, the timing of surgery
for each patient is individualized, taking into account other
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pathologies they may present with and the overall wishes of
the patient and his/her family. For those wishing to postpone
parathyroidectomy, the ability to accept monitoring in the short
and long term must also be taken into account. These patients
will require biannual measurement of their calcium, PTH levels
and renal function as well as annual bone mineral density scans.

Parathyroidectomy

The main goals when treating patients with MENT1 associated
PHPT are: (i) to obtain normocalcemia, (ii) avoid permanent
hypoparathyroidism, and (iii) minimize the number of
operations whilst facilitating future surgeries in light of the
disease process, which manifests at the germline level causing
almost inevitably recurrent hyperfunctioning parathyroid tissue.
It is critical to choose the best surgical strategy to achieve optimal
results with the aforementioned goals in mind.

Three approaches have been described for parathyroidectomy:
(i) less than subtotal parathyroidectomy with removal of <3
glands, (ii) total parathyroidectomy with autotransplantation,
and (iii) subtotal parathyroidectomy with removal of 3-
3.5 glands. In a less than subtotal parathyroidectomy, <3
parathyroid glands are removed. This has been shown to have
higher recurrence rates in shorter time periods compared to
the other techniques. In a retrospective review performed at
MDACC, Romero et al. studied outcomes in MEN1 pediatric
patients undergoing a parathyroidectomy. They found that more
than 40% of the patients had recurrent HPT with a median time
to recurrence of 5.1 years and this was associated with undergoing
a less than subtotal parathyroidectomy. In another retrospective
review performed at MDACC it was found that 92% of the
patients who underwent a less than subtotal parathyroidectomy
had persistent or recurrent hyperparathyroidism at 4 years (17).
Additionally, in a retrospective review Nilubol et al. showed
persistent hyperparathyroidism of 69 and 20% in patients
who underwent a less than subtotal parathyroidectomy of 1-
2 and 2.5-3 glands, respectively, compared to 6% in patients
who underwent removal of at least 3.5 parathyroids (18).
In a retrospective review of total parathyroidectomies with
autotransplantation, Tonelli et al. found a recurrence rate of 10%
followed with a mean time of 7 years (19).

Hypoparathyroidism is a known risk and possible
complication of bilateral neck exploration and subtotal
parathyroidectomy. In Nilubol et al.’s review, 10% of the patients
who had two or more parathyroids removed had persistent
hypoparathyroidism, which was treated with cryopreserved
parathyroid autotransplantation in 6% of these patients. This has
led the authors to advocate for cryopreservation of parathyroid
tissue in these patients (18). In the MDACC review by Lambert
et al., none of the patients who underwent a less than subtotal
parathyroidectomy had hypoparathyroidism after 10.5 months
of follow-up and 7% of the patients who underwent a subtotal
parathyroidectomy had hypoparathyroidism after a median
follow-up of 3 years (range 10 months to 15 years) (17). Of all
three techniques, total parathyroidectomies have the highest
risks of permanent hypocalcemia (2, 8, 17) as shown by Lambert
et al. (17) and Tonelli et al. (19) where 25% of those cases
had permanent hypoparathyroidism. This demonstrates that

despite total parathyroidectomy with autotransplantation
presenting with the lowest rate of persistent or recurrent
hyperparathyroidism in MENI1 patients as indicated previously,
it has the highest rate of hypoparathyroidism.

In light of the relative advantages of the subtotal
parathyroidectomy procedure, various institutions (8, 17, 20, 21)
and experts (2, 4, 5, 18) have favored the removal of 3.5 glands
while performing a parathyroidectomy in patients with MEN1
syndrome.

A cervical thymectomy should be performed with any MEN1-
related parathyroidectomy as the thymus may contain ectopic
or supranumerary parathyroid tissue and it may help remove
tissue that has a potential to develop thymic neuroendocrine
malignancy. It is estimated that in average only 30-40% of
the thymus is removed in a transcervical thymectomy (TCT)
(22, 23), which has led its value to be questioned given that
thymic carcinoids have still developed in certain patients after
transcervical thymic resection (24, 25). Thymic carcinoid in
MENI patients is estimated to have a prevalence between 2
and 3% (26, 27), and appears to have a male predominance
(21). Additionally, the incidence of ectopic or supranumerary
thymic parathyroids in these patients is estimated to be 53%
(with <4 glands identified during surgery) and 6% (with at
least 4 glands identified during surgery) according to Powell
et al. (23) This has led Powell et al. to conclude the benefit of
TCT to be significant only when <4 parathyroid glands have
been identified during surgery. However, at MDACC, we believe
there is a dual benefit to performing prophylactic TCT in these
patients by removing any ectopic or supranumerary parathyroid
glands present in the thymus and decreasing the risk of thymic
carcinoid. In a retrospective review performed at MDACC it
was found that MEN1 patients who were diagnosed with thymic
carcinoid, had been diagnosed with PHPT in average 1 year prior
to second diagnosis and none of the patients who underwent a
parathyroidectomy had a prophylactic TCT to their knowledge
(28). Additionally in a series of 97 MEN1 patients, a Dutch group
found no incidence of thymic carcinoid in their patients who
underwent a prophylactic TCT during parathyroidectomy with
an average follow-up of 8 years (range 0-40 years) (29).

Subtotal Parathyroidectomy (Our Selected Approach)
The most important decision making with regards to patient
management takes place in clinic. Accurate diagnosis of MEN1
syndrome in the preoperative setting is crucial as it will allow
appropriate counseling and dictate the correct procedure. This
requires confirmative genetic testing or clinical documentation
meeting the definition of MEN1 as described previously. Failure
to recognize the presence of MEN1 preoperatively is associated
with higher rates of persistent PHPT (10, 12).

For our preoperative imaging, we only obtain an ultrasound of
the neck. This allows for evaluation of the thyroid gland to rule
out any concomitant pathology that may warrant intervention.
We do not advocate for additional imaging. Localization
studies, such as functional nuclear medicine assessment are not
warranted since all four parathyroid glands will be explored
during the operation (5). In their review, Nilubol et al.
found that only 7% of ectopic parathyroids were identified
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by preoperative imaging in their patients while the median
number of parathyroids identified by preoperative imaging in
their patients was only one gland. The most cost-effective
study was ultrasound as it identified 3 of the 4 ectopic
parathyroids (7%) identified preoperatively. Additionally in 5%
of their patients no hyperfunctioning parathyroid was identified
by preoperative imaging. The authors recognize the use of
preoperative ultrasound as it can help identify the majority
of extrathymic ectopic parathyroids and is more economic.
However, they do not advocate the routine use of preoperative
imaging in MENI1 patients undergoing bilateral neck exploration
and subtotal parathyroidectomy as it will potentially alter the
surgical approach in only 7% of the patients (30). Imaging will
not add great value (defined as outcome/cost) to our patient
management and we agree with the authors, as the cost is not
justified for preoperative workup in these patients.

At MDACC, we perform subtotal parathyroidectomy in
patients with MEN1 syndrome by removal of 3.5 glands or
more, but <4 with the goal of leaving a remnant 1.5-2 times
the size of a normal gland or the equivalent: 40-60mg (a
normal gland measures ~30mg). We also perform bilateral
cervical thymectomy. The aggressiveness of this latter aspect of
the operation is performed with judgment to ensure that the
blood supply to the remnant, if in the inferior position, is not
compromised.

Description of procedure

Preoperative planning: If this is the patient’s first neck surgery,
we do not use the nerve monitor as it has not been shown to
reduce nerve injury (31). The only instance where we use the
nerve monitor is in the reoperative cervical procedure where
extensive scarring is anticipated or when one of the recurrent
laryngeal nerves has been damaged previously. Our goal of nerve
monitoring is to ensure the nerve is intact at the conclusion of
the case. This allows us to be prepared for cautious scrutiny of
the airway at extubation and in the immediate post-operative
period. We do not use the nerve monitor to decrease our risk
of injury. Even in reoperative necks, the use of intraoperative
nerve monitoring has not shown to reduce nerve injury (32).
Additionally we do not use intraoperative PTH (IOPTH) in these
patients as it will not give us additional information in our
management but does considerably increase operative time and
cost. In our practice, IOPTH suggests when to stop operating
because adequate removal of all hyperfunctioning tissue has
occurred and further inspection of the other glands is not
necessary, such as in minimally invasive parathyroidectomy for
single gland disease. This is not the case in our planned bilateral
cervical explorations for known four gland disease as it will
not guide the extent of the parathyroidectomy (18). In other
institutions, IOPTH is part of their practice even in planned
bilateral neck explorations as it may indicate successful or failed
removal of all hyperfunctioning tissue (33) (nonetheless there
can also exist a false positive decrease in IOPTH despite the
presence of other hyperfunctioning tissue). However, as shown
by Nilubol et al., having a cutoff for IOPTH, even if high (>75%)
does not exclude persistent PHPT or hypoparahyroidism (34).
In our practice we believe that performing IOPTH will not add

anything to our surgical planning: we are already planning on
finding the four glands, but it will however increase our costs
and operative time as mentioned previously, therefore limiting its
value.

Procedure: In the operating room, the patient is placed in a semi-
Fowler position with physiologic hyperextension of the neck.

We proceed to mark the skin for our incision and draw a
line two fingerbreadths above the sternum and clavicles in the
midline.

We systematically start our procedure on the right side,
unless there are unusual circumstances. This ensures consistency
with our OR team for labeling of specimens to avoid any
confusion. The skin, subcutaneous tissue and platysma are
cauterized and divided. The right-sided strap muscles are then
identified and retracted medially while the sternocleidomastoid
muscle is retracted laterally. The muscles are retracted off of
the anterior surface of the thyroid parenchyma. We place two
Kochers on the right thyroid lobe, % from superior pole and
% from the inferior pole and retract the gland medially toward
the ceiling and away from the operating surgeon in an up and
over motion (Figure 1). This will expose the recurrent laryngeal
nerve and both parathyroid glands. Once these structures have
been identified, we dissect both superior and inferior parathyroid
glands with the aid of the bipolar device. During this initial
dissection we are extremely cautious to only dissect medial to
the glands as not to disrupt the blood supply from the pedicle
to ensure chosen remnant viability. We start our resection with
crafting of our chosen remnant. Whenever possible we favor
the right inferior parathyroid for our remnant as anatomically
inferior glands are easiest to re-access in the future if necessary.
In our decision making process, we also use size, degree of
nodularity, consideration of which gland is the most normal
appearing, location of the remnant to the recurrent laryngeal
nerve and the positioning relative to the superior aspect of
the thymus. If indeed the inferior parathyroid gland meets
these qualifications, we place a large Hemoclip across the distal
% of the right inferior gland and while holding the clip in
place, we sharply resect the distal end of the parathyroid with
a #10 blade knife. The Hemoclip is left in place to facilitate
future identification if necessary (Figures2, 3). The resected
distal specimen is sent to pathology for frozen section review
and confirmation that this is indeed hypercellular parathyroid
tissue. We then direct our attention to the superior gland
and remove it by dividing the pedicle with the bipolar device
(Figures 4, 5). All specimens are placed on laminated illustrations
of the right and left neck where we lay our specimens to
document their positioning. This is photographed for the medical
record (Figure 6). By performing our partial resection early on
during the procedure we will be able to reassess our remnant’s
viability after completing bilateral neck explorations, giving it
time to manifest ischemic changes if the blood supply was
compromised.

We then proceed toward the left side of the neck and repeat
the above dissection and proceed with resection of the thymus
first. We retract it meticulously with sequential right angled
retractors delivering the tissue from the mediastinum into the
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FIGURE 1 | Left recurrent laryngeal nerve and left parathyroids are exposed
by performing the “up and over” motion. S, superior; |, inferior; L, left thyroid
lobe; N, recurrent laryngeal nerve.

FIGURE 2 | Transection of the remnant with a hemoclip and sharp blade
(preferable #10). S, superior, |, inferior, R, right thyroid lobe.

FIGURE 3 | Presence of hemoclip on remnant of the right inferior parathyroid
gland. S, superior; |, inferior; R, right thyroid lobe.

neck (Figure 7). We then proceed with grasping the inferior-
most aspect of thymic parenchyma that is safely delivered and

FIGURE 4 | Right superior parathyroid gland is isolated. S, superior; I, inferior;
R.S.P, right superior parathyroid.

FIGURE 5 | Ischemic right superior parathyroid gland after dissection and
being transected. S, superior; |, inferior; R.S.P, right superior parathyroid.

transect it with Harmonic or electrocautery. This is critical to
avoid bleeding. We then complete a symmetric procedure on the
right cervical bed if the two aspects of thymus are anatomically
separated. In certain instances the positioning of the right inferior
parathyroid may put it at risk for devascularization during
the thymectomy and we may choose to forego this portion
of the procedure. Upon resection of the thymus we inspect
the tissue in an ex-vivo fashion to confirm the absence of an
inferior or supernumerary gland. Prior to resecting the left sided
parathyroid glands we return to our right neck to evaluate our
remnant and confirm its perfusion and viability. We also confirm
hypercellular parathyroid tissue by the pathology frozen section
analysis. Having this in process while we dissect the contralateral
glands avoids inefficiencies. Once we have confirmed that the
parathyroid remnant is viable (at least 15-20 min of operating
time has occurred since crafting the residual tissue) we proceed
with resection of our left sided parathyroid glands with the
bipolar device (Figure 8). If our remnant is not well-perfused or
we are concerned of its viability, we proceed with crafting a new
remnant from one of the left sided glands. All removed glands are
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FIGURE 6 | Laminated illustration with our specimens laid in their anatomical
position.

FIGURE 7 | Left cervical thymectomy. S, superior; I, inferior; T, thymus; L, left
thyroid lobe.

sent for pathologic review. The neck incision is then closed in the
usual fashion.

One of the challenges can be identification of the parathyroid
glands, particularly if they are pathologic and have displaced
themselves due to their weight. We use a systematic approach
following embryological principles to identify the parathyroids
which we will discuss.

Identification of the Parathyroid Glands

We have previously described an alphabetical nomenclature
system to better communicate and standardize exploration of
parathyroid glands. Superior glands will be type A, B, or C and

FIGURE 8 | Dissection of the left superior parathyroid gland. S, superior; I,
inferior; L.S.P, left superior parathyroid; L.I.P, left inferior parathyroid.

inferior glands will be type E or F. A type D gland can be either
and a type G gland is intrathyroidal.

Superior parathyroid glands are lateral to the recurrent
laryngeal nerve. We look for them on the posterior thyroid
capsule (Type A), in the tracheoesophageal groove behind the
thyroid lobe (Type B) and inferiorly toward the clavicle (Type
C). We also inspect along the course of the recurrent laryngeal
nerve (Type D) (many glands are within 1cm of the RLN).
Embryologically inferior glands reside near the external edge of
the inferior thyroid pole (Type E) or have fallen inferiorly into the
thyrothymic ligament or the thymus (Type F). The preoperative
ultrasound examination may support or refute the possibility of
an intrathyroidal gland (Type G) which is a very rare instance
(35).

By following this systematic approach, all eutopic parathyroid
glands should be accounted for.

POST-OPERATIVE MANAGEMENT AND
FOLLOW-UP

Two hours after the subtotal parathyroidectomy in these patients,
we draw a calcium level and an intact PTH. We repeat these
values around 5 p.m. of the day of surgery and at 5a.m. on post-
operative day 1. PTH has a 2-4 min half-life, which is why we
order blood work twice on post-operative day 0, to monitor the
PTH trend and observe if it reacts to a decrease in serum calcium
levels. If our patients present with signs of hypocalcemia, such as
perioral numbness and finger paresthesias we provide them with
calcium carbonate tablets which usually relieves their symptoms.
If the patient’s PTH does not trend upwards and keeps decreasing
on our laboratory values, or our calcium is significantly low post-
operatively we will consider placing the patient on supplemental
calcium until their post-operative visit and reassess. We do not
systematically place our patients on calcium supplement as we
want to stimulate the remnant in producing PTH and giving
the patient oral calcium could inhibit this stimulation. Patients
may have transient hypoparathyroidism but it is not defined as
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permanent until 6 months post-operatively with persistent low
PTH levels. We revisit with our patients 2 weeks after surgery.
We see them again 6 months after surgery to monitor their PTH
and calcium.

Following  parathyroidectomy, we perform annual
surveillance with serum measurements of intact PTH and
calcium levels. One year after surgery and then every 2 years, we
order a bone mineral density scan focusing on the distal forearm,
lumbar spine and femoral neck. Due to its lower bone turnover,
the distal radius is the earliest and most affected bone in sporadic
PHPT (36) as well as in the MEN1 subset (15). Therefore,
post-operatively, the bone mineral density of the lumbar spine
and femoral neck are the most reliable to evaluate bone health
as the distal radius may take longer (18 months) to recover and
does not always recover completely (36, 37).

RECURRENCE

Recurrence is defined as recurrent hypercalcemia with
inappropriately normal or elevated serum intact PTH 6
months after surgery, when normocalcemia and normal intact
PTH levels had been achieved post-operatively. If this happens in
the first 6 months after surgery it is considered persistent PHPT
and not recurrent (11). It is estimated that 40-60% of MEN1
patients with PHPT will recur 10-12 years after their initial
parathyroidectomy (2) with nearly half of the patients recurring
by 15 years (20) compared to about only 6% in patients with
single parathyroid gland disease after 10 years (38). When we
perform the initial parathyroidectomy in these patients, we know
they will require a re-operation in most cases, particularly if they
are young (third to fourth decade or younger) (10). Therefore, it
is inappropriate to consider these patients cured after their initial
procedure.

We follow-up these patients on an annual basis, and the
diagnosis of recurrence is done biochemically. We see a
progressive increase in their calcium levels with concomitant
inappropriate intact PTH levels. Our decision to re-operate in
these patients is more conservative. The risk of complications is
higher in re-operative cervical exploration (12-33% compared
to 2% in non-operated neck (19, 39) and the decision to re-
operate and which procedure to perform is individualized for
each patient.

The decision to proceed or not with reoperative cervical
intervention in our patients with recurrent hypercalcemia is
multifactorial. First we confirm the diagnosis biochemically.
We then perform non-invasive imaging studies, such as
an ultrasound of the neck and a Tc99m sestamibi-SPECT
(Mibi/SPECT) in order to localize an additional parathyroid
gland that could have been missed during the first surgery
or localize the remnant, particularly if the first procedure was
performed at an outside hospital. It is important to obtain prior
pathology records and operative reports. All patients with prior
cervical operation require an evaluation of their vocal cord
function preoperatively and this will also influence our decision
to proceed with intervention or not. We re-operate on patients
who have symptoms of PHPT or significant hypercalcemia

(above 11 mg/dL). If our patients have significant comorbidities
increasing their American Society of Anesthesiologists Score,
and have increased risk of morbidity, medical therapy, such as
calcimimetics is an alternative to a second cervical operation
(4, 40).

In re-operative cervical exploration we use the nerve monitor,
as we expect extensive scarring and particularly if there is
a known unilateral cord paralysis. This allows us to ensure
the nerve is intact at the end of the case and if it appears
to have been damaged, we cautiously monitor the airway
during extubation and in the immediate post-operative period.
Additionally we use IOPTH as this informs us of when to stop
our cervical exploration. This practice correlates with Keutgen
et al.’s reccommendation when they reviewed their data in MEN1
patients with recurrent or persistent HPT after a bilateral neck
exploration (10).

Patient positioning is as described in the earlier portion
of this manuscript. If our localization studies did not suggest
the presence of an additional gland apart from the remnant,
we perform a focused parathyroidectomy, such as a minimally
invasive approach if deemed safe or a unilateral neck exploration
to localize the remnant. Our incision is performed as described
above and our baseline IOPTH is drawn at the time of incision.
Assuming our remnant is on the right side as we tend to leave
it and following our nomenclature mentioned previously, we
direct our attention to the right neck. Due to the scarring we
favor a lateral approach and separate the strap muscles off of
the thyroid lobe and retract them laterally. The thyroid lobe is
retracted medially as described previously. Once the remnant and
the recurrent laryngeal nerve have been localized and dissected
using the bipolar device, we perform a debulking of the remnant
with our hemoclip technique, leaving here again, a remnant 1.5-
2 times the size of a normal gland. We send the transected tissue
to pathology for frozen confirmation and draw an IOPTH after 5
and 10 min. We expect a 50% decrease in our IOPTH compared
to baseline. If this drop in IOPTH is not obtained we may
decide to resect additional tissue from our remnant or perform
an autotransplantation into the brachioradialis muscle. If our
imaging suggested the presence of an additional parathyroid
gland we start our procedure targeting that specific gland and
then direct our attention to the remnant if our IOPTH is
persistently elevated.

If we encounter significant scarring and a difficult dissection,
we may decide to complete a total parathyroidectomy with
autotransplantation of the remnant into the nondominant
brachioradialis muscle. As discussed, patients with MEN1
syndrome are at a high risk of lifetime recurrence of PHPT and
we know they may require additional debulking of the remnant.
If we estimate that a future cervical repeat re-exploration
would have unacceptable high morbidity risks, we favor an
autotransplantation.

CONCLUSION

PHPT in MENI patients is a difficult disease that requires
strategic planning with regards to management. Thorough
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knowledge of therapeutic options and understanding of the
long-term outcomes is critical to the optimal care of these
patients. It is a constant balance between the benefits and the
risks we subject our patients to, knowing that the mutation in
the MENI gene predisposes the remaining parathyroid tissue
to become hypercellular. With all the disease factors taken
into consideration we perform subtotal parathyroidectomy in
MENT1 patients with PHPT, knowing that they will present
with recurrent PHPT within 15 years of their first operation.
The lifelong consequences of making a patient aparathyroid
are devastating and we prefer to reoperate on a patient in 15
years rather than increasing their risk of hypoparathyroidism by
removing all four glands at the first operation through a total
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