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ABSTRACT

Reoperative parathyroid surgery is challenging even for experienced surgeons. Cure rates are lower than primary surgery. Good
anatomical and embryological knowledge is important. Preoperatively, a comprehensive surgical strategy should be planned.
Pre-operative imaging modalities should be used extensively to find the overlooked gland to have a possibility to perform focused
parathyroid surgery to avoid possible complications. One of the important developments is the new ancillary methods to find
overlooked parathyroid glands. Orthotopic and possible ectopic locations should be known well by the surgeon to increase the
surgical success rate. Reoperative parathyroid surgery needs a distinctive approach compared to primary parathyroid surgery.
Basic principles include the selection of the incision and route for entering the thyroid region, use of ancillary methods, and intra-
operative nerve monitoring and also require a meticulous dissection. Obtaining a surgical cure is difficult and high surgical caution
is needed. Post-operative complication rates are higher compared to primary parathyroid surgery. Other treatment methods and
medical treatment options may be evaluated in a patient who cannot undergo surgery.
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Reoperative surgical intervention is performed in pa-
tients who have a confirmed diagnosis of persistent
(perHPT) and recurrent (recHPT) hyperparathyroidism with
surgical indication. Reoperation may be required in up to
10% of patients operated for primary hyperparathyroid-
ism (pHPT).M" Reoperation in pHPT is still challenging for

both the patient and the surgeon. Pre-operative localiza-
tion studies should be performed and operation should be
performed by an experienced surgeon with an extensive
knowledge of anatomy and embryology. Reoperative para-
thyroid surgery is an important cause of stress even for ex-
perienced surgeons due to the technical difficulty associ-
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ated with the operation, the higher complication rate, and
the lower cure rate compared to the primary intervention.

For optimal surgical success in reoperative parathyroid sur-
gery, a high-volume surgeon with a good knowledge of
parathyroid anatomy and embryology is required. Anato-
my and embryology knowledge has a critical role in form-
ing the strategy about which gland or glands are over-
looked and where to look for them.2?!

In this study, we aimed to review the intraoperative adjunc-
tive methods and surgical strategy that can be used in the
reoperative surgery.

Intraoperative Auxiliary Methods

Intraoperative methods that might contribute to the oper-
ation of pHPT have been extensively discussed in our pre-
vious review.®

Intraoperative Parathormone (IOPTH)
Measurement

Among them, the most effective method is intraoperative
parathormone (ioPTH) measurement. Especially in reoper-
ative parathyroid surgery, ioPTH measurement is recom-
mended.® During reoperative parathyroidectomy, when
focused surgery (FS) guided by pre-operative localization
studies is performed, ioPTH can predict the surgical cure
with high sensitivity, and it prevents unnecessary explora-
tion of the scar tissue and reduces the rate of the compli-
cations.”!

Other ioPTH Measurement Options

ioPTH may contribute to intraoperative lateralization, dif-
ferentiating parathyroid tissue from other tissues, and rec-
ognizing normal and pathological glands. If reoperative
surgery is to be performed in patients whose pre-operative
localization studies are negative or incompatible, ioPTH
can be checked by taking blood from the right and left jug-
ular veins after anesthesia induction. In case of detecting
a gradient of more than 10% between the two sides, then
the surgery can be started from the side with higher PTH.
When the pathological gland is found and removed on the
first explored side, the rate of unilateral exploration or FS
can be increased by terminating the operation without ad-
ditional exploration in patients with adequate reduction in
ioPTH values.®!

ioPTH may contribute to distinguish whether the excised
tissue is parathyroid or not. It can contribute to the differ-
entiation of the removed tissue with fine-needle aspiration
and PTH washout, or by taking a 1 mm? tissue sample from
the removed tissue and measuring ioPTH levels. Especially
in a tissue biopsy, the PTH level being over 1000 pg/mL was
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found to be 99% sensitive and appropriate in separating
parathyroid tissue.”

The amount of tissue required for PTH measurement is sig-
nificantly less than that of required for frozen examination,
providing an advantage of cost and time. This method can
be defined as a biochemical frozen examination and used
as an alternative to pathological frozen examination.™.

Sometimes the size of the pathological gland is borderline
and it may be difficult to distinguish it from the normal
parathyroid gland. Preservation of normal parathyroids is
important in terms of post-operative hypoparathyroidism
risk. In reoperative parathyroid surgery, an ioPTH value
above 1000 pg/mL from an aspirate of an intraoperative
suspicious gland is a strong indicator of the pathological
gland. Its sensitivity of predicting the pathological gland
is 87%, specificity is 75%, positive predictive value is 74%,
and negative predictive value is 88%."%.

Use of Intraoperative Ultrasonography (USG)

Intraoperative USG can be applied in reoperative parathy-
roid surgery, depending on the experience and the condi-
tions of the center.!'""

Due to the neck extension and muscle relaxation, anatomi-
cal localization of the pathological parathyroid may change
compared to the pre-operative localization, the patholog-
ical gland can be determined by USG at the beginning of
the operation, the skin incision can be made directly on the
lesion, and the gland can be reached with less dissection.!'?

In patients with discordant pre-operative imaging, intra-
operative USG before incision may contribute to the solu-
tion of this problem and allow FS.'"¥ If the gland localized
in pre-operative imaging cannot be explored, the gland
can be localized with intraoperative USG.™ The accuracy
of USG is related to the operator’s ability and experience,
the patient’s body mass index, the size of the pathological
gland, the presence of thyroid pathology, and previous
neck surgery. Although intraoperative USG is recommend-
ed as an additional method in the guidelines and its possi-
ble advantages, there is no study in the literature evaluat-
ing the role of USG and intraoperative USG in reoperative
parathyroid surgery.

Intraoperative Gamma-Probe Application

The use of intraoperative gamma-probe in the localiza-
tion of the pathological gland in parathyroid surgery is
also recommended among the additional intraoperative
methods."" However, there is no clear consensus on the
use of gamma-probes in parathyroidectomy. Although
some studies have reported that the use of gamma-probe
will make a significant contribution to parathyroidecto-
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my, other studies have reported that the contribution of
gamma-probe to parathyroidectomy is limited.” While it
is recommended not to use the gamma-probe routinely
in various publications, it is also reported that it may be
useful in reoperative parathyroidectomy.'" As a result of
retention of Tc99m-sestamibi in hyperfunctional parathy-
roid tissue, it is aimed to detect the pathological gland
with gamma-probe in surgery. In the study suggesting
the use of intraoperative gamma-probe in reoperative
parathyroidectomy, it is reported that the gamma-probe
allows the pathological gland to be localized intraoper-
atively and removed with minimal dissection in the area
having fibrotic changes and dense scar tissue. It has been
reported that with this approach, parathyroidectomy can
be performed with low complication rates similar to the
initial parathyroidectomy.!™

Radio-guided Occult Lesion Localization (ROLL)
Approach

In solitary lesions with negative scintigraphy, positive
pre-operative USG, and confirmed to be parathyroid with
PTH washout, it has been reported that gamma-probe ap-
plication by ROLL technique can be performed with occult
lesion marking. Macroaggregate albumin labeled with
mCi Tc99m is injected into the suspected gland. The lesion
site is marked on the skin with a gamma-probe before the
operation, and the lesion is excised with a gamma-probe
through an incision made over the lesion. It has been stat-
ed that ROLL application does not impair the post-opera-
tive histopathological examination.''®

It is reported that the ROLL technique can be used espe-
cially in reoperative parathyroid surgery, providing a great
advantage in localizing and removing the pathological le-
sion with less dissection in the neck region with adhesions
due to the previous intervention.!'”?

Localization with Ultrasound-Guided
Methylene Blue Injection

In patients who will undergo reoperative parathyroidec-
tomy, it is recommended to remove the lesion after ap-
plying 0.2 mL of 0.2% methylene blue to the parathyroid
lesions determined by USG under the guidance of pre-op-
erative USG. In two studies on this subject, it has been re-
ported that it is a cheap, effective, and safe method for
removing the lesion in reoperative parathyroidectomy.
No local or systemic complications related to methylene
blue have been reported.'®' In addition, it has been re-
ported that with the intravenous administration of meth-
ylene blue, the pathological parathyroid glands can be
identified quickly by calorimetrical measurement. How-

ever, false-positive staining has been reported in normal
parathyroid glands, lymph nodes, thyroid tissue, thymic
tissue, and fatty tissue.”?%

Frozen Section Technique

Considering the limitations of frozen examination and the
widespread use of other methods such as intraoperative
PTH measurement today, and the limitations of frozen
examination, routine use of frozen section examination is
not recommended. It can be said that it is a more rational
option to use it in selected cases where the surgeon mac-
roscopically suspects whether a nodule is a parathyroid
tissue.™

Parathyroid Imaging with Optical
Technologies

Recently, new methods with optical technologies have
been described in the literature to increase the localiza-
tion of the parathyroid glands and evaluate their viability.
These are autofluorescent parathyroid imaging, indocy-
anine green fluorescent, methylene blue, 5-aminolevulinic
acid, optical coherence tomography, laser speckle contrast
imaging, dynamic optical contrast imaging, and Raman
spectroscopy.™ All of these methods are newly developing
methods and have no routine use. Near-infrared autofluo-
rescence, which has received increasing attention recent-
ly, has been described in one of the last meta-analyses as
an excellent indicator to identify the parathyroid gland in
thyroid and parathyroid surgery.?" These results give great
hope for future studies. It has been reported in a limited
number of cases that infrared fluorescent imaging can be
used in the localization of the pathological gland in reoper-
ative parathyroid surgery.?? There is a need for new clinical
studies to provide clear recommendations on the use of
these new methods.

Intraoperative Nerve Monitoring (IONM)

Although visualization is the gold standard for preserving
the recurrent laryngeal nerve (RLN) in thyroid and parathy-
roid surgery, it is difficult to visualize the RLN, especially
in secondary thyroidectomy and parathyroidectomies.’?*!
There is consensus on the use of IONM in reoperative para-
thyroid surgery.M

In thyroid reoperations, it has been reported that 80% of
the RLN route changes secondary to the first operation and
the nerve travels within the scar tissue in approximately
60% of the cases. IONM makes an important contribution
to the finding and mapping of RLN in the scar tissue.¥ In
general, the RLN is anterior and more superficially to the
enlarged upper parathyroids, posterior, and deep to the
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lower parathyroids." Especially secondary to scar tissue,
enlarged parathyroid and RLN are closely related. Most of
the time, the RLN can be observed to be adherent to the
enlarged parathyroid. Early detection and visualization are
important for the preservation of the RLN in the dissection
of parathyroids. In these cases, the IONM can contribute
significantly to the identification and mapping of the RLN
before visualization.

Possible Locations of Overlooked Glands

When evaluating where the overlooked parathyroid glands
might be, parathyroid embryology and anatomy should be
well-known. While most of the overlooked pathological
glands are located in the orthotopic position, the majori-
ty of those located in the ectopic position can be reached
from the cervical route.?>?%

Normal Location of the Parathyroids

The upper parathyroids are located in the region of the cri-
cothyroid joint between the inferior aspect of the thyroid
cartilage and the cricoid cartilage, in the posterolateral as-
pect of the upper and middle 1/3 of the thyroid, at a rate of
80-85%. This region is an area of 2 cm in diameter, in which
the central point is 1 cm superior point to the intersection
of the inferior thyroid artery (ITA) and the RLN.”

Approximately 60-70% of the lower parathyroid glands are
located posterior, lateral, or anterolateral to the lower pole
of the thyroid in an area within 1 cm diameter. About 26%
of the lower parathyroids can be located in the thyrothy-
mic ligament region.?¥ In general, the upper parathyroids
are 80%, the lower parathyroids are 70% symmetrical, and
the relative symmetry of both the upper and lower para-
thyroids is 60%.8

The expected relationship of both the upper and low-
er parathyroids with the RLN can be described within an
imaginary rectangular prism area at the thyroid gland lo-
cation when the thyroid lobe is rotated anteromedially. It
is formed by the coronal plane, which passes the posterior
surface of the prism tangent to the anterior surface of the
esophagus, and the coronal plane, whose anterior surface
is tangential to the anterior surface of the trachea. The up-
per surface of the prism is formed by the transverse plane
passing through the highest point of the thyroid lobe, and
the lower surface by the transverse plane passing 4 cm be-
low the lowest point of the thyroid lobe. The outer surface
of the prism is the vertical plane passing through the carot-
id artery edge, and the medial surface is the vertical plane
passing through the anterolateral edge of the trachea.
The normal course of the RLN divides the defined rectan-
gular prism into 2 triangular prisms dorsal and ventral to
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the nerve. Accordingly, the upper parathyroids are located
in the dorsal triangle above-posterior of the RLN, and the
lower parathyroids are located in the anterior-lower prism,
ventral to the RLN.22%1

Another definition; In the coronal plane passing through
the trace of the RLN, the upper parathyroids remain in the
deep plane in the dorsal plane and the lower parathyroids
in the ventral plane in the superficial plane.’® Therefore,
the course of RLS can be a guide in determining the local-
ization of the parathyroids during surgery. This is a more
reliable relationship than the relationship between ITA po-
sition and parathyroids.

Ectopic Localization of Parathyroids

Congenital ectopia that develops during embryological mi-
gration in parathyroids and acquired ectopia due to migra-
tion of enlarged parathyroids may develop. At the 6™ ges-
tational week, the lower parathyroid gland develops from
the dorsal part of the third pharyngeal pouch, the primitive
thymus from the ventral part, the upper parathyroid from
the dorsal part of the fourth pharyngeal pouch, and the ulti-
mobranchial body (lateral thyroid) with cells from the neural
crest from the ventral part. Congenital ectopia may develop
due to abnormal migration of parathyroids during their mi-
gration to their normal anatomical localizations in the neck.

Since the migration path of the upper parathyroids is short-
er, the embryological migration of the upper parathyroids
is less than that of the lower parathyroids. About 13% of
the upper parathyroid glands are located posterior to the
upper pole of the thyroid, lateral to the cricoid cartilage
and the pharynx, or at the intercricothyroid area between
the thyroid and cricoid cartilage. They are located behind
the esophagus, pharynx, or larynx in 1-4% of cases. Rarely,
(1-2%) it may be located in the cranial part of the upper
pole or in a more superior localization. Approximately 4%
of the upper parathyroids are blocked caudal to the ITA,
which can be perceived as lower parathyroids. The upper
parathyroids may rarely be located lateral to the carotid
sheath.?”

Most of the ectopic localizations of the upper parathyroids
are acquired ectopia. Enlarged upper parathyroid glands
may be displaced due to regional dynamics such as repet-
itive muscle contractions during swallowing, intrathoracic
negative pressure, cervicomediastinal fascial planes, and
gravity. Enlarged upper parathyroid glands, up to 40%, can
descend to the inferior of the neck, and even to the poste-
rior mediastinum, as the paraesophageal and retroesopha-
geal parathyroids, within the porous tissue on the preverte-
bral fascia. These glands are usually located posterior to the
ITA and posterolateral to the RLN.1”]
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The embryological migration path of the lower parathy-
roids is longer than the upper parathyroid, and the proba-
bility of congenital ectopia is higher, and most of the lower
parathyroid ectopias are congenital ectopias. Due to the
long embryological migration route, they can be located
in any region between the corner of the mandible and the
pericardium. Due to inadequate migration of the upper
parathyroids, they can be located in the cranial part of the
ITA at a rate of about 3% and may be perceived as the up-
per parathyroid. In the 2% of the lower parathyroid glands
due to migration defect can be located along the carotid
sheath from the corner of the mandible to the level of the
lower pole of the thyroid.?

The inability to separate from the thymus during migration
may result in lower ectopia due to further migration. Sec-
ondary to this, the probability of being in the upper and
middle part of the thymus is 2%, and the rate of localization
in the mediastinum, which is more inferior to the thymus,
is reported as 3%. Rarely, it can be found more inferiorly
on the pericardium. If there is a thymus remnant around
a parathyroid that gland should be considered as a lower
parathyroid.”?”

Lower parathyroids may be localized to a lesser extent in
acquired ectopic conditions. Enlarged lower parathyroids
may migrate to the anterior mediastinum, rarely posterior
mediastinum, usually through the thyrothymic ligament
and thymus for the reasons mentioned above.””!

Parathyroids can be ectopically located intrathyroidally.
According to autopsy series, thyroid surgery specimens,
and parathyroid series, the incidence of true intrathyroidal
parathyroid is 0.5-4%. Both the upper and lower parathy-
roids can be located intrathyroidally. However, parathy-
roids can be located capsular or subcapsular.?%

Parathyroids other than true intrathyroidal parathyroid
may be located capsular or subcapsular and these should
be differentiated from true intrathyroidal parathyroid. Es-
pecially in nodular goiter, the nodule surrounds these cap-
sular and subcapsular parathyroids and can be considered
as intrathyroidal parathyroid.?>3% It is reported that the
subcapsular parathyroid can be seen at a rate of approxi-
mately 15%.12"

In the meta-analysis including cadaver and hyperpara-
thyroidism series in which parathyroid anatomy was ex-
amined, 15.9% of the parathyroid glands are located ec-
topically, 11.6% of ectopic localizations are located in the
cervical region, and 4.3% in the mediastinum. Of the para-
thyroids located ectopically in the cervical region, 31.4%
are in the retroesophageal, paraesophageal region, 20.3%
are intrathyroidal, 17.7% are in the carotid sheath, 17% are
in the thyrothymic ligament, 5.1% are in the tracheoesoph-

ageal groove, and 8.4% are in other areas (thyroid cartilage
and adjacent to the hyoid bone, retropharyngeal area). It
has been determined that most of the mediastinal parathy-
roids are located in the thymus.2" In this meta-analysis, su-
pernumerary parathyroids were found in 4.9% of cadaver
series and 6.3% of patients with hyperparathyroidism.="

Supernumerary parathyroid glands are often found within
the thymus. In addition, an important part of ectopic local-
izations such as the pyriform sinus, adjacent to the vagus
nerve or inside the vagus nerve, in the carotid sheath, in
the posterior cervical triangle, in the aortopulmonary win-
dow (in front of the pulmonary artery, behind the aortic
arch and tracheal carina), pericardium and diaphragmatic
dome, and laryngeal submucosa are where the pathologi-
cal parathyroids detected during surgery for hyperparathy-
roidism.[252730]

Basic Principles in Reoperative Parathyroid
Surgery

Due to the scar formation and deteriorated anatomy sec-
ondary to previous surgery, reoperative parathyroid sur-
gery is more challenging, it is more difficult to reveal the
pathological gland and the risk of complications is signifi-
cantly higher. A surgical strategy that can provide the high-
est cure with the least dissection and the least morbidity
should be determined. Therefore, reoperative parathyroid
surgery should be performed by a knowledgeable surgeon
who is experienced in both decision-making and tech-
nique.?®

Before reoperative parathyroid surgery, the diagnosis of
primary HPT should be confirmed, and the indication for
surgery should be established according to the patient’s
symptoms and target organ involvement.l

Although the rate of multi-gland disease is higher in per-
sistent and recurrent patients than in primary surgery,
the major cause is adenoma. Pre-operative imaging is
mandatory in patients with surgical indications. It should
be aimed to obtain at least 2 positive and concordant lo-
calization studies.!*>32 Reoperation should be applied to
patients with positive localization studies. Approximately
95% of abnormal glands can be localized, especially when
imaging modalities are combined.®¥ Pre-operative local-
ization studies can increase surgical success and reduce
morbidity.3334 FS should be performed in imaging-positive
patients.!"

Blind exploration without imaging should not be per-
formed in these patients. Selected severely symptomatic
patients with negative imaging can be reoperated. If reop-
eration is to be performed on these patients, reoperation
should be performed by a surgeon with high experience.
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However, the rate of negative and inconsistent imaging
methods in multi-gland disease is high. Reoperation should
be performed in severely symptomatic patients from pa-
tients with a high suspicion of multiple gland disease.®!

To optimize surgical success, all pre-operative imaging
findings from the first operation, operative findings, pa-
thology reports, and final pre-operative imaging should be
carefully evaluated and an operative strategy should be de-
termined. All patients should undergo pre-operative vocal
cord examination. The previous surgical complications and
current health status of the patient should be evaluated.B2.
Before the reoperation, it should be tried to predict wheth-
er there is a single or multiple gland disease, the locations
of the abnormal gland or glands, the number of normal
parathyroid glands removed, whether the pathological
gland is the only gland remaining, and a surgical strategy
should be determined accordingly.=?%!

Except for extreme cases, FS should be performed under
the guidance of pre-operative localization studies. An ap-
proach should be preferred in such a way that the patho-
logical gland is reached through the region having the
least scar tissue. The operation should be performed under
the guidance of IONM. Intraoperative PTH measurement in
the operation should confirm surgical success. According
to the conditions of the center and the surgeon’s prefer-
ence, the above mentioned intraoperative contributing
techniques should be used. In the case of post-operative
hypoparathyroidism, primary autotransplantation should
be performed. If technical facilities are available in the op-
eration center, cryopreservation should be performed.!3

Which Surgery to Whom?

Since the surgical methods and technical details to be
applied in parathyroidectomy were given in detail in our
previous study, some details will be emphasized in this sec-
tion.?”

Bilateral exploration may be required according to the ini-
tial surgery data of the patient who is planned to be reoper-
ated with the diagnosis of multiple gland disease. If bilater-
al exploration was performed in the first operation and no
gland was removed or a single hyperplastic gland was re-
moved, bilateral exploration may be required. Exploration
can be done by widening the anterior border of the ster-
nocleidomastoid muscle laterally on both sides through
the same incision. When entered from the midline, previ-
ous operative adhesions may cause difficulties until reach
the thyroid gland. Alternatively, the thyroid gland can be
reached with a lateral approach by entering between the
anterior border of the sternocleidomastoid muscle and the
lateral border of the strap muscles separately from the right
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and left sides. Hyperplastic parathyroid glands can usually
be found in the orthotopic position. Both areas can be ex-
plored, pathological glands revealed, and subtotal parathy-
roidectomy can be performed. With this approach from the
lateral, if necessary, thymectomy can be performed from
both sides in terms of an ectopic gland or an accessory
gland in the thymus.

If three normal glands were removed in the first operation,
subtotal resection of this gland can be performed if there is
only one pathological gland in the patient. It is often diffi-
cult to predict and extract the amount of tissue that would
allow a desired reduction in PTH levels before hypopara-
thyroidism develops. It should also be taken into account
that, although perhaps lowering PTH levels sufficiently, at
least for a time, the remaining tissue is pathological and
may regrow and cause recurrent hyperparathyroidism in
the future. In this case, a difficult reoperation from a scarred
area may be required.

An alternative approach is the total removal of the remain-
ing pathological gland and a portion of the gland implant-
ed into the sternocleidomastoid muscle or subcutaneous
tissue near the incision and marked with a polypropylene
suture or clip. The success rate of parathyroid autotrans-
plantationis uncertain; the patient may develop permanent
hypoparathyroidism. In addition, if possible, the remaining
parathyroid tissue can be preserved by cryopreservation. If
the autotransplanted tissue does not function, the parathy-
roid tissue stored by freezing can be reimplanted. It should
be noted that secondary autotransplantation after cryo-
preservation is not equally successful.B* In patients who
develop post-operative hypoparathyroidism, secondary
autotransplantation should not be performed immediately
and should be waited for a while. Some hypoparathyroid-
ism may improve over time.”?”

In the reoperation, if midline intervention was performed
in the first operation and the pathological gland is thought
to be the upper parathyroid gland, the intervention can be
performed from the area where there is no scar tissue with
a lateral approach. This approach can also be preferred in
patients who have had a previous thyroidectomy. The ca-
rotid sheath is exposed by entering between the anterior
border of the sternocleidomastoid muscle and the lateral
border of the strap muscles. Vagus stimulation (V1) is ob-
tained with IONM in the carotid sheath. The carotid sheath
is taken laterally and the anatomical space of the thyroid
gland is entered. If the cross-sectional imaging points to
the upper parathyroid, especially in the orthotopic posi-
tion, the parathyroid can be easily accessed by opening
the prethyroid fascia, which is the middle leaf of the su-
perficial layer of the deep neck fascia originating from the
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anterior surface of the carotid sheath. With this approach,
it is not necessary to dissect the thyroid. RLN can be easi-
ly identified and mapped with IONM. If the parathyroid is
located at the paraesophageal or retroesophageal space,
this region can be easily seen and explored after the deep
leaf of the superficial layer of the deep neck fascia (pretra-
cheal fascia) is opened. The upper parathyroids can usual-
ly descend paraesophageally. It is usually located behind
the ITA and can be found in this region. However, lower
parathyroids can be explored with this incision. To reach
the parapharyngeal upper parathyroid located in the cra-
nial part of the thyroid space, around the thyroid upper
pole or in the upper pole cranial, it may be necessary to
separate the thyroid upper pole vessels and release the
upper pole. Upper pole release can be done with this inci-
sion. For this purpose, cutting the omohyoid muscle may
provide additional benefits.?”

It is not uncommon for overlooked parathyroids to be lo-
cated medial to the entrance of the RLN to the larynx, ad-
jacent to the ligament of Berry. This region cannot be seen
well without separating the upper pole vessels and mobi-
lizing the lobe medially. Sometimes, adenomas in this re-
gion can be removed by dissection along the RLN without
separating the upper pole.k

If the first operation was performed with a lateral approach
or if an operation such as anterior cervical discectomy was
performed before, these patients can be approached from
the midline. However, this area can be entered by carefully
dissecting the scar tissue with the lateral approach. Metic-
ulous dissection should be performed as there is a risk of
injury to the RLN, esophagus, and trachea due to adhesions
in this area. IONM should be used routinely to reduce the
complication rate and sharp dissection should be applied
instead of blunt dissection. After the vagus stimulation is
received, RLN can be found by searching the operation
area with the IONM probe.

The lower parathyroid glands located anterior to the tra-
chea, or the lower parathyroids located in the upper me-
diastinum extending to the thymus, can be explored with
an incision reached from the midline, and medial aspect
of the lower lobe and thyrothymic region can be explored
and thymectomy can be performed from this incision. It is
not necessary to dissect the lower pole on both sides to
explore this area." If the lower parathyroid gland is lateral
to the lower pole of the thyroid gland and toward the pos-
terior mediastinum, this area can be entered with a lateral
approach. The lower pole of the thyroid lobe is released
and pulled medially and superiorly. The RLN can be identi-
fied and the parathyroid can be searched around the lower
pole medial to the RLN. With the lateral approach, the area

around the lower pole can be explored and thymectomy
can be performed.

An overlooked parathyroid adenoma may be intrathyroidal.
Most of them may have remained in the subcapsular area
and within the nodular thyroid tissue. These subcapsular
lesions can be removed without lobectomy. True intrathy-
roidal adenoma is rare. It can be confirmed with FNAB and
PTH washout when pre-operative intrathyroidal parathy-
roid adenoma is suspected. Lobectomy may be necessary
for true intrathyroidal parathyroid adenoma.k®

Parathyromatosis is a rare condition. In patients with para-
thyromatosis, all parathyromatosis tissue should be aimed
to be removed. The only curative treatment is en bloc re-
moval of all foci. However, it is difficult to provide a cure in
these patients.B”!

In particular, it can be very difficult to separate the para-
thyroid tissue from the RLN. Whenever possible, attempts
should be made to dissect foci from the RLN. The patient
should be informed that the risk of RLN paralysis is high.5*

Up to 50% of patients with parathyroid cancer develop lo-
cal recurrences. Surgery is still the only effective treatment.
Therefore, residual tissue should be removed en bloc, if nec-
essary, together with adjacent invading organs.?>331

Most mediastinal parathyroid adenomas are located in
the anterior and posterior mediastinum above the aortic
arch and can be removed by the cervical course.””! Most of
those in the anterior mediastinum are associated with the
thymus. It can be delivered from the mediastinum by trac-
tion from the upper end of the thymus from the cervical
route and carefully blunt dissection around it. Blind sharp
dissection of the mediastinum should not be performed.
136l However, a mediastinal approach may be indicated in
1-2% of mediastinal adenomas. Mediastinal parathyroid
adenomas are often located in the aortopulmonary win-
dow and are a good indication for video-assisted thoraco-
scopy.B A blind thoracic approach should not be used in
imaging-negative patients.®

Surgical Outcomes

Surgical cure rates are lower in reoperative parathyroidec-
tomy.[" The surgical cure rate was reported as 82-98% in
the literature." If the first surgery is performed by an in-
experienced surgeon, a surgical cure rate of up to 95% can
be achieved without any localization studies.** However,
it should not be forgotten that the key to a high cure rate
in reoperative parathyroidectomy is optimal pre-operative
imaging.B®*! In reoperations performed by experienced
teams, high cure rates comparable to primary surgery can
be achieved.23840
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Post-Operative Complications

Complication rates are higher in reoperative parathyroid-
ectomy. Compared to primary surgery, vocal cord paral-
ysis is 6 times higher and post-operative bleeding is 2
times higher.*"! Post-operative hypocalcemia rates of up
to 82% have been reported. Permanent hypoparathyroid-
ism rates are reported between 5 and 13.6%.2%4 |t has
been demonstrated that the use of intraoperative PTH
may reduce the development of post-operative perma-
nent hypoparathyroidism. Richards et al. have reported
that with intraoperative PTH measurement in reoperative
parathyroidectomy, the rate of permanent hypoparathy-
roidism reduced from 13% to 3% compared to patients
without intraoperative PTH monitoring.” Temporary and
permanent RLN paralysis rates are reported as 11.4 and
6.8-9%, respectively.23%41]

In a study evaluating parathyroidectomies performed
between 2008 and 2011 from the American College
of Surgeons National Surgical Quality Improvement
Program database, the presence of obesity in patients
who underwent reoperative parathyroidectomy com-
pared with those who underwent first surgery (48.5% vs.
40.0%, p=0.009) and ASA class 3 ratio (40.7% vs. 30.3%,
p=0.001) were higher. Median operation time is longer
in reoperative cases (101 min vs. 76 min, p<0.001), hos-
pital stay (median days until discharge 1, IQR: 1.1 vs. 1,
IQR: 0.1, p<0.001) was longer. The rate of re-admission
to the hospital within 30 days of reoperation was higher
(12.7% vs. 2.6%, p<0.001).12

Other Treatment Methods

Recently, some studies have reported that thermal abla-
tion methods including ultrasound-guided microwave
ablation and radiofrequency ablation are safe and can be
applied in the treatment of primary HPT. The surgical cure
rate of both methods is around 80%, which is lower than
that of the primary surgical treatment. In these methods,
the complication rate for hoarseness was reported as
5%.143441 |t has been reported that 73% of normocalcemia
was achieved with percutaneous ethanol injection in pa-
tients with recurrent HPT in MEN 1 syndrome. It has been
reported that ethanol injection is an effective method
and can be applied with low hypocalcemia rates."’!

These ablative methods are rarely used in patients with
perHPT and recHPT who cannot undergo surgery. These
thermal ablation and percutaneous ethanol injection
methods can be considered as alternatives in patients for
whom secondary surgery is not appropriate.
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Medical Treatment Options

Medical treatment in perHPT and recHPT should be re-
served for patients who have an indication for parathyroid
surgery but will not undergo parathyroid surgery. Specific
pharmacological therapy should be reserved for situations
where there is an indication to increase bone mineral den-
sity (BMD) and/or decrease serum calcium concentration.
Evidence in the literature indicates that it should be used
when there is a clinical indication to reduce serum calcium
and/or increase BMD. Cinacalcet is likely to normalize serum
calcium levels and lower PTH levels. Alendronate, denosum-
ab, vitamin D, and estrogen therapy increase BMD."!

Disclosures

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - M.U., N.A,, A.l; Design -
M.U,, N.A.,, A.l; Supervision — M.U.,, N.A,, A.l; Fundings - M.T.U,,
MK., O.C, N.A.,, M.U,; Materials - M.T.U., M.K,, O.C., N.A,, M.U,; Data
collection &/or processing - M.T.U,, MK,, O.C,, N.A,, M.U.; Analy-
sis and/ or interpretation - M.T.U., M.K,, O.C,, N.A,, M.U,; Literature
search - M.U,, N.A,, A.l; Writing - M.T.U,, MK,, O.C,, N.A,, M.U., All,;
Critical review — M.U., N.A,, A.l.

References

1. Stack BC Jr, Tolley NS, Bartel TB, Bilezikian JP, Bodenner D,
Camacho P, et al. AHNS Series: do you know your guidelines?
Optimizing outcomes in reoperative parathyroid surgery:
definitive multidisciplinary joint consensus guidelines of the
American Head and Neck Society and the British Association of
Endocrine and Thyroid Surgeons. Head Neck 2018;40:1617-29.
[CrossRef]

2. Nawrot |, Chudzinski W, Cig¢ka T, Barczynski M, Szmidt
J. Reoperations for persistent or primary
hyperparathyroidism: results of a retrospective cohort study at a
tertiary referral center. Med Sci Monit 2014;20:1604-12. [CrossRef]

3. Tunca F, Akici M, Iscan Y, Cem Sormaz |, Giles Senyurek Y,
Terzioglu T. The impact of combined interpretation of localization
studies on image-guided surgical approaches for primary
hyperparathyroidism. Minerva Endocrinol 2017;42:213-22. [CrossRef]

4. Aygun N, Uludag M. Intraoperative adjunct methods for
localization in primary hyperparathyroidism. Sisli Etfal Hastan Tip
Bul 2019;53:84-95.

5. Harrison BJ, Triponez F. Intraoperative adjuncts in surgery
for primary hyperparathyroidism. Langenbecks Arch Surg
2009;394:799-809. [CrossRef]

6. 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. [CrossRef]

recurrent


https://doi.org/10.1002/hed.25023
https://doi.org/10.12659/MSM.890983
https://doi.org/10.23736/S0391-1977.16.02396-8
https://doi.org/10.1007/s00423-009-0532-6
https://doi.org/10.1016/j.amjsurg.2014.09.039

Uludag et al., Persistent and Recurrent Primary Hyperparathyroidism / doi: 10.14744/SEMB.2023.47701

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Richards ML, Thompson GB, Farley DR, Grant CS. Reoperative
parathyroidectomy in 228 patients during the era of minimal-
access surgery and intraoperative parathyroid hormone
monitoring. Am J Surg 2008;196:937-42. [CrossRef]

Barczynski M, Konturek A, Hubalewska-Dydejczyk A, Cichon
S, Nowak W. Utility of intraoperative bilateral internal jugular
venous sampling with rapid parathyroid hormone testing in
guiding patients with a negative sestamibi scan for minimally
invasive parathyroidectomy--a randomized controlled trial.
Langenbecks Arch Surg 2009;394:827-35. [CrossRef]

Conrad DN, Olson JE, Hartwig HM, Mack E, Chen H. A prospective
evaluation of novel methods to intraoperatively distinguish
parathyroid tissue utilizing a parathyroid hormone assay. J Surg
Res 2006;133:38-41. [CrossRef]

Kiblut NK, Cussac JF, Soudan B, Farrell SG, Armstrong JA,
Arnalsteen L, et al. Fine needle aspiration and intraparathyroid
intact parathyroid hormone measurement for reoperative
parathyroid surgery. World J Surg 2004;28:1143-7. [CrossRef]
Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL, Duh QY, et al.
The American Association of Endocrine Surgeons Guidelines for
definitive management of primary hyperparathyroidism. JAMA
Surg 2016;151:959-68. [CrossRef]

Uslu Erdemir R, Tasdéven i, Bayraktaroglu T, Karadeniz Cakmak
G. Intraoperative ultrasound imaging and sono-scintigraphic
concordance improves success rates of minimally invasive
parathyroidectomy. Turk J Med Sci 2021;51:2341-5. [CrossRef]
Al-Lami A, Riffat F, Alamgir F, Dwivedi R, Berman L, Fish B, et
al. Utility of an intraoperative ultrasound in lateral approach
mini-parathyroidectomy with discordant pre-operative
imaging. Eur Arch Otorhinolaryngol 2013;270:1903-8.
[CrossRef]

Inabnet WB 3rd, Kim CK, Haber RS, Lopchinsky RA. Radioguidance
is not necessary during parathyroidectomy. Arch Surg
2002;137:967-70. [CrossRef]

Pitt SC, Panneerselvan R, Sippel RS, Chen H. Radioguided
parathyroidectomy for hyperparathyroidism in the reoperative
neck. Surgery 2009;146:592-8. [CrossRef]

llgan S, Ozbas S, Bilezikci B, Sengezer T, Aydin OU, Gursoy A, et
al. Radioguided occult lesion localization for minimally invasive
parathyroidectomy: technical consideration and feasibility. Nucl
Med Commun 2014;35:1167-74. [CrossRef]

Terzioglu T, Senyurek YG, Tunca F, Tirkmen C, Mudun A,
Salmaslioglu A, et al. Excision efficiency of radioguided occult
lesion localization in reoperative thyroid and parathyroid surgery.
Thyroid 2010;20:1271-8. [CrossRef]

Candell L, Campbell MJ, Shen WT, Gosnell JE, Clark OH, Duh QY.
Ultrasound-guided methylene blue dye injection for parathyroid
localization in the reoperative neck. World J Surg 2014;38:88-91.
[CrossRef]

Haciyanli M, Koruyucu MB, Erdogan NK, Dere O, San E,
Kumkumoglu Y, et al. Successful localization of abnormal

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

151

parathyroid gland using ultrasound-guided methylene blue dye
injection in the reoperative neck. Indian J Surg 2015;77 Suppl
3:1094-7. [CrossRef]

Patel HP, Chadwick DR, Harrison BJ, Balasubramanian SP.
Systematic review of intravenous methylene blue in parathyroid
surgery. BrJ Surg 2012;99:1345-51. [CrossRef]

Wang B, Zhu CR, Liu H, Yao XM, Wu J. The accuracy of near infrared
autofluorescence in identifying parathyroid gland during thyroid
and parathyroid surgery: a meta-analysis. Front Endocrinol
(Lausanne) 2021;12:701253. [CrossRef]

Zaidi N, Bucak E, Yazici P, Soundararajan S, Okoh A, Yigitbas H, et
al. The feasibility of indocyanine green fluorescence imaging for
identifying and assessing the perfusion of parathyroid glands
during total thyroidectomy. J Surg Oncol 2016;113:775-8. [CrossRef]
Aygun N, Kostek M, Isgor A, Uludag M. Anatomical, functional, and
dynamic evidences obtained by intraoperative neuromonitoring
improving the standards of thyroidectomy. Sisli Etfal Hastan Tip
Bul 2021;55:146-55. [CrossRef]

Wojtczak B, Sutkowski K, Kaliszewski K, Barczynski M, Bolanowski
M. Thyroid reoperation using intraoperative neuromonitoring.
Endocrine 2017;58:458-66. [CrossRef]

Henry JF. Reoperation for primary hyperparathyroidism: tips and
tricks. Langenbecks Arch Surg 2010;395:103-9. [CrossRef]
Udelsman R. Approach to the patient with persistent or
recurrent primary hyperparathyroidism. J Clin Endocrinol Metab
2011;96:2950-8. [CrossRef]

Uludag M, Aygiin N, isgér A. Main surgical principles and methods
in surgical treatment of primary hyperparathyroidism. Sisli Etfal
Hastan Tip Bul 2019;53:337-52. [CrossRef]

Akerstrom G, Malmaeus J, Bergstrom R. Surgical anatomy of
human parathyroid glands. Surgery 1984;95:14-21.

Herrera MF, Gambao-Dominguez A. Parathyroid embryology,
anatomy, and pathology. In: Clark OH, Duh QY, Kebebew E,
Gosnell JE, Shen WT, editors. Textbook of Endocrine Surgery. 3rd
ed. Philadelphia: The Health Sciences Publishers; 2016. p. 627-46.
[CrossRef]

Randolph GW, Grant CS, Kamani D. Principles in surgical
management of primary hyperparathyroidism. In: Randolph GW,
editor. Surgery of the Thyroid and Parathyroid Glands. 2nd ed.
Philadelpia: Elsevier Saunders; 2013. p. 546-66.

Taterra D, Wong LM, Vikse J, Sanna B, Pekala P, Walocha J, et al. The
prevalence and anatomy of parathyroid glands: a meta-analysis
with implications for parathyroid surgery. Langenbecks Arch
Surg 2019;404:63-70. [CrossRef]

Uludag M, Unlu MT, Kostek M, Caliskan O, Aygun N, Isgor
A. Persistent and recurrent primary hyperparathyroidism:
etiological factors and pre-operative evaluation. Sisli Etfal Hastan
Tip Bul 2023;57:1-17. [CrossRef]

Guerin C, Paladino NC, Lowery A, Castinetti F, Taieb D, Sebag F.
Persistent and recurrent hyperparathyroidism. Updates Surg
2017;69:161-9. [CrossRef]


https://doi.org/10.1016/j.amjsurg.2008.07.022
https://doi.org/10.1007/s00423-009-0516-6
https://doi.org/10.1016/j.jss.2006.02.029
https://doi.org/10.1007/s00268-004-7563-5
https://doi.org/10.1001/jamasurg.2016.2310
https://doi.org/10.3906/sag-2101-126
https://doi.org/10.1007/s00405-012-2284-0
https://doi.org/10.1001/archsurg.137.8.967
https://doi.org/10.1016/j.surg.2009.06.031
https://doi.org/10.1097/MNM.0000000000000188
https://doi.org/10.1089/thy.2009.0441
https://doi.org/10.1007/s00268-013-2234-z
https://doi.org/10.1007/s12262-014-1172-9
https://doi.org/10.1002/bjs.8814
https://doi.org/10.3389/fendo.2021.701253
https://doi.org/10.1002/jso.24237
https://doi.org/10.14744/SEMB.2021.45548
https://doi.org/10.1007/s12020-017-1443-x
https://doi.org/10.1007/s00423-009-0560-2
https://doi.org/10.1210/jc.2011-1010
https://doi.org/10.14744/SEMB.2019.67944
https://doi.org/10.5005/jp/books/12798_51
https://doi.org/10.1007/s00423-019-01751-8
https://doi.org/10.14744/SEMB.2023.39260
https://doi.org/10.1007/s13304-017-0447-7

152

34,

35.

36.

37.

38.

39.

40.

Hessman O, Stalberg P, Sundin A, Garske U, Rudberg C, Eriksson
LG, et al. High success rate of parathyroid reoperation may be
achieved with improved localization diagnosis. World J Surg
2008;32:774-81. [CrossRef]

Singer MC, Iwata A, Stack Jr BC. Revision parathyroid surgery.
In: Randolph GW, editor. Surgery of the Thyroid and Parathyroid
Glands. 3nd ed. Philadelpia: Elsevier Saunders; 2021. p. 585-90.
[CrossRef]

Heller KS. Reoperative parathyroid Surgery. Oper Tech Otolayngol
Head Neck Surg 2009;20:66-70. [CrossRef]

Haciyanli M, Karaisli S, Gucek Haciyanli S, Atasever A, Arikan Etit
D, Gur EQ, et al. Parathyromatosis: a very rare cause of recurrent
primary hyperparathyroidism - case report and review of the
literature. Ann R Coll Surg Engl 2019;101:e178-83. [CrossRef]
Camenzuli C, DiMarco AN, Isaacs KE, Grant Y, Jackson J, Alsafi A, et
al. The changing face of reoperative parathyroidectomy: a single-
centre comparison of 147 parathyroid reoperations. Ann R Coll
Surg Engl 2021;103:29-34. [CrossRef]

Karakas E, Muller HH, Schlosshauer T, Rothmund M, Bartsch DK.
Reoperations for primary hyperparathyroidism--improvement of
outcome over two decades. Langenbecks Arch Surg 2013;398:99-
106. [CrossRef]

Shen W, Diren M, Morita E, Higgins C, Duh QY, Siperstein
AE, et al. Reoperation for persistent or recurrent primary
hyperparathyroidism. Arch Surg 1996;131:861-7. [CrossRef]

41.

42.

43.

44,

45.

46.

The Medical Bulletin of Sisli Etfal Hospital

Mariette C, Pellissier L, Combemale F, Quievreux JL, Carnaille
B, Proye C. Reoperation for persistent or recurrent primary
hyperparathyroidism. Langenbecks Arch Surg 1998;383:174-9.
[CrossRef]

KuoLE,WachtelH, FrakerD,KelzR.Reoperative parathyroidectomy:
who is at risk and what is the risk? J Surg Res 2014;191:256-61.
[CrossRef]

Wei Y, Peng CZ, Wang SR, He JF, Peng LL, Zhao ZL, et al.
Effectiveness and safety of thermal ablation in the treatment
of primary hyperparathyroidism: a multicenter study. J Clin
Endocrinol Metab 2021;106:2707-17. [CrossRef]

Liu F, Liu Y, Peng C, Yu M, Wu S, Qian L, et al. Ultrasound-
guided microwave and radiofrequency ablation for primary
hyperparathyroidism: a prospective, multicenter study. Eur
Radiol 2022;32:7743-54. [CrossRef]

Singh Ospina N, Thompson GB, Lee RA, Reading CC, Young WF Jr.
Safety and efficacy of percutaneous parathyroid ethanol ablation
in patients with recurrent primary hyperparathyroidism and
multiple endocrine neoplasia type 1. J Clin Endocrinol Metab
2015;100:E87-90. [CrossRef]

Ye Z, Silverberg SJ, Sreekanta A, Tong K, Wang Y, Chang Y, et al. The
efficacy and safety of medical and surgical therapy in patients
with primary hyperparathyroidism: a systematic review and
meta-analysis of randomized controlled trials. J Bone Miner Res
2022;37:2351-72. [CrossRef]


https://doi.org/10.1007/s00268-008-9537-5
https://doi.org/10.1016/B978-0-323-66127-0.00063-6
https://doi.org/10.1016/j.otot.2009.04.002
https://doi.org/10.1308/rcsann.2019.0105
https://doi.org/10.1308/rcsann.2020.0185
https://doi.org/10.1007/s00423-012-1004-y
https://doi.org/10.1001/archsurg.1996.01430200071013
https://doi.org/10.1007/s004230050113
https://doi.org/10.1016/j.jss.2014.05.073
https://doi.org/10.1210/clinem/dgab240
https://doi.org/10.1007/s00330-022-08851-y
https://doi.org/10.1210/jc.2014-3255
https://doi.org/10.1002/jbmr.4685

