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Summary

A solid understanding of the surgical anatomy of the parathyroid
glands is based on a thorough knowledge of their embryonic devel-
opment. Anatomical variations in the number, morphology, vascu-
larization, and localization of the parathyroid glands present a chal-
lenge during surgical exploration of the neck, both in the treatment
of hyperparathyroidism (HPT) and in thyroid surgery. In about 2.3%
of patients undergoing thyroidectomy, incidental parathyroidectomy
occurs. Our review aims to highlight the incidence of anatomical vari-
ations in the localization, number, morphology, and vascularization
of the parathyroid glands, as well as their significance in the surgical
treatment of parathyroid gland functional disorders. A good under-
standing of embryologic development and neck anatomy is essential
for parathyroid surgery. Contemporary imaging diagnostic modali-
ties used in parathyroid surgery do not have the same sensitivity and
specificity as in other surgical fields, and they significantly increase
treatment costs. The success of surgical treatment largely depends on
the surgeon’s knowledge and experience.

If parathyroid glands are not found in their usual locations, an exten-
sive bilateral neck exploration must be performed. Meanwhile, para-
thyroid adenomas located in the mediastinum below the aortic arch
require a specialized diagnostic and surgical approach. Measurement
of intraoperative PTH (ioPTH) levels increases the success rate of sur-
gical interventions.
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INTRODUCTION

A thorough understanding of parathyroid embryology is
essential for mastering their surgical anatomy. Parathy-
roid glands are of endodermal origin, derived from the
third and fourth pharyngeal pouches, sharinga common
embryonic origin with the thymus and thyroid gland.

The third pouch gives rise to the thymus and inferi-
or parathyroid glands (parathyroid III), which migrate
near the lower pole of the thyroid. In contrast, the supe-
rior parathyroid glands (parathyroid IV) arise from the
fourth pouch, together with the ultimobranchial body,
the precursor of thyroid C cells. During normal develop-
ment, the thymus descends caudally and medially, drag-
ging the inferior parathyroids, which explains the variable
final position of these glands (1,2). Experimental studies
in chick embryos demonstrated that removal of the ven-
tral portion of the third pharyngeal arch results in the
absence of the inferior parathyroids on the affected side,
confirming their embryonic origin from this region (3).

At the molecular level, HOX gene expression, particu-
larly HOXA3, HOXB3, and HOXD3, regulates develop-
ment of the third to sixth arches; mutations in these genes
disrupt thymic, thyroid, and parathyroid formation and
migration 4,5).

Understanding this embryological and molecular
background is essential for explaining the topographic
variability and possible ectopic locations of parathyroid
glands, which have significant implications in surgical
anatomy and pathology (6,7).

Knowledge of these variations, supported by embry-
ological data, contributes to higher success rates in para-
thyroidectomy, especially in reoperations and cases of
ectopic or supernumerary glands (8,9,10,11,12,13).

Comprehensive assessment through integrated mul-
timodal evaluation, combining quantitative and qualita-
tive imaging and intraoperative findings, enables a more
precise correlation between anatomical variations and
clinical outcomes (9,10,11,12,13).

Finally, surgical outcomes are significantly influenced
by the surgeon’s experience and the center’s volume. Re-
ports indicate that the success rate of parathyroid surgery
is 90% in specialized centers, compared with approxi-
mately 76% in general hospitals, while reoperations carry
higher complication rates (14,15,16,17,18,19,20).

Ourreview aims to highlight the incidence of anatom-
ical variations in the localization, number, morphology,
and vascularization of the parathyroid glands, as well as
their significance in the surgical treatment of parathyroid
gland functional disorders.

METHODS

A search of the PubMed database was performed to identi-
fy studies on the surgical significance of parathyroid gland

anatomical variations, published in English within the last
110 years. This encompassed experimental and clinical
trials, as well as review articles. The following keywords
were used: anatomical variations, parathyroid glands.

SURGICAL ANATOMY OF THE PARATHYROID
GLANDS

Ectopic Localization of Parathyroid Glands

Parathyroid glands can be located anywhere from crani-
al to the hyoid bone down to the mediastinum. Parathy-
roid ectopy occurs in approximately 10% of patients with
HPT (21,22).

In the majority of cases, the cause of unsuccessful op-
erative treatment of HPT is an ectopically located para-
thyroid gland. Therefore, during neck exploration, each
identified parathyroid gland should be verified as upper
(parathyroid gland IV) or lower (parathyroid gland III)
on the respective side. In surgical exploration of the neck
for removal of a pathologically altered parathyroid gland,
if three normal glands are identified but the fourth is not
found in its usual anatomicallocation, an extensive explo-
ration of all potential ectopic sites in the entire neck and
upper mediastinum must be undertaken. Only parathy-
roid glands located “deep” in the mediastinum (1-2% of
cases) cannot be identified with such meticulous explora-
tion; these require additional imaging diagnostics and a
specialized operative strategy (10, 13, 15, 23).

Twenty-seven studies (n=7106 patients, n=23,519
PTG) analyzing the prevalence, location, or morphology
of PTG were included. The included studies ranged in
date from 1916 to 2016 (Table 1).

The prevalence of parathyroid ectopy ranges from
28% to 42% in anatomical studies, whereas in clinical
studies of HPT patients undergoing surgery, it ranges
from 6.3% to 16%. In patients reoperated after initially
unsuccessful surgery, ectopic glands are found in up to
45% of cases (8).

An extensive anatomical study by Lappas et al. exam-
ined 942 cadavers (574 male, average age 61.3 years, aver-
ageheight 169.4 cm; 368 female, average age 67.4 years, av-
erage height 160.2 cm) that underwent autopsy between
1988 and 2009. Neck dissection spanned from the floor
of the mouth to the sternal manubrium, identifying para-
thyroid glands in their typical locations. To identify ecto-
pic parathyroid glands, a thoracotomy and exploration of
thymic tissue were performed. In total, 3,796 parathyroid
glands were identified and confirmed by histopatholog-
ical analysis. Of these, 324 glands (8.5%) were ectopic.
Seven glands (0.2%) were intrathyroidal; 79 (2%) were in
variable locations in the neck relative to their usual posi-
tions; 152 (4.1%) were in the upper mediastinum, and 86
(2.2%) were in the lower mediastinum. The vast majority
of parathyroid glands (91.5%) were in eutopic (standard)
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Table 1. Characteristics of included studies

Study ID Country Type of study Pathology Number of patients Number of
analyzed PTG
Abboud 2008 (24) Lebanon Intraoperative Various thyroid di- 574 2219
seases
Akerstrom 1984 (25) Sweden Cadaveric Healthy 503 2032
Alveryd 1968 (26) Sweden Cadaveric Healthy 352 1405
Arnalsteen 2003 (27) France Intraoperative MENI1 79 340
Botelho 2004 (28) Brazil Cadaveric Healthy 19 76
Butterworth 1998 (29) UK Intraoperative SHPT 60 241
de Andrade 2014 (30) Brazil Intraoperative SHPT 166 664
Edis 1987 (31) Australia Intraoperative SHPT 20 73
Ghandur 1986 (32) USA Cadaveric Healthy 166 502
Gilmour 1938 (33) UK Cadaveric Healthy 428 1713
Gomes 2007 (33) Brazil Intraoperative SHPT 35 143
Heinbach 1933 (34) USA Cadaveric Healthy 25 86
Hellman 1998 (34) Sweden Intraoperative MEN1 50 206
Hibi 2002 (35) Japan Intraoperative SHPT 822 —
Hojaij 2011 (20) Brazil Cadaveric Healthy 56 220
Kawata 2008 (36) Japan Intraoperative SHPT 44 163
Lappas 2012 (18) Greece Cadaveric Healthy 942 3796
Milas 2003 (37) USA Intraoperative PHPT 828 3250
Nanka 2006 (38) Czech Republic Cadaveric Healthy 101 280
Numano 1998 (39) Japan Intraoperative SHPT 570 2377
Okada 2016 (40) Japan Intraoperative SHPT 131 457
Pacini 1983 (41) Italy Intraoperative PHPT and SHPT = 42 163
Périé 2005 (42) France Intraoperative SHPT 20 80
Pool 1916 (42) USA Cadaveric Healthy 25 60
Prazenica 2015 (43) Czech Republic Intraoperative Various thyroid 788 1937
diseases
Pyrtek 1964 (44) USA Cadaveric Healthy 100 391
Wang 1976 (45) USA Cadaveric Healthy 160 645

locations. The level of the cricothyroid junction, i.e., the
level of the upper pole of the thyroid gland, was the most
common location of the superior parathyroid glands. For
the inferior parathyroid glands, the most common loca-
tion was at the level of the lower thyroid pole and along
the thyrothymic ligament (the tract from the lower pole
of the thyroid to the mediastinal thymus) (18).

A smaller Portuguese anatomical study reported an
even higher prevalence of parathyroid ectopy. In 56 ca-
davers, at least one ectopic parathyroid gland was pres-
ent in 42.8% of cases. The central ectopic regions were
the mediastinum and thymus (19.6%), the subcapsular
space of the thyroid (12.5%), and the thyroid parenchy-
ma (5.4%). The morphological features and localization
of parathyroid tissue did not correlate with the anthropo-
metric or demographic characteristics of the specimens.
In over 90% of cases, a relationship with the inferior la-
ryngeal nerve was noted: the superior parathyroid glands
were located medial to the nerve, and the inferior glands
lateral to it (20, 33).

In a clinical study of patients with HPT undergo-
ing initial parathyroid surgery, the highest incidence of
parathyroid ectopy was observed in intrathymic glands
(38%), followed by the tracheoesophageal groove (31%)
and intrathyroidal locations (18%) (46).

It has also been observed that patients with primary
HPT have higher serum calcium levels when an ectop-
ically located parathyroid adenoma causes the disease.
In these patients, the adenomas are significantly larger
compared to those in patients with PHPT without para-
thyroid ectopy. In one study of 145 PHPT patients who
underwent surgery, ectopic parathyroid glands were de-
tected in 13 patients (9%). Of the ectopic glands found,
4 (31%) were located in the tracheoesophageal groove,
4 (31%) intrathymically, 2 (15%) intrathyroidally, and
1 each in the aortopulmonary window and the anterior
mediastinum (extrathymic) (47, 48, 25). Other studies
report similar results (49, 50).

In the clinical setting of secondary hyperparathy-
roidism (SHPT), all parathyroid glands are hyperplastic,
increasing the likelihood of finding all glands during sur-
gery. SHPT is therefore a valuable model for analyzing
parathyroid anatomical variations. It has been noted that
45.7% of patients with SHPT have at least one ectopic
parathyroid gland (33, 51, 48) (Table 2).

Areview of the literature shows that few clinical studies
have analyzed patients after prior neck exploration. Shin
et al. surveyed patients with persistent or recurrent HPT
who had already undergone previous surgery. Among
other factors, they analyzed the locations of eutopic and
ectopic abnormal parathyroid glands in these patients.

|3



Medicinska istraZivanja 2025

Table 2. Ectopic parathyroid gland locations and frequency (52)

Main region Localization Percentage (%)
Cervical Undescended — High Cervical S
Intra-thyroidal 20
Carotid Sheath 3
Anterosuperior mediastinum Intrathymic 25

Thyrothymic ligament or pretracheal S

Mediastinum Para-(retro)esophageal 20
Mediastinal Fat 10
Aorto-pulmonary window S
Pleural-pericardial 2

The results showed that the most common area of ectopic
parathyroid glands was intrathymic (23.8% of cases). “De-
scended” (low-lying) parathyroid glands accounted for
13.1%, while mediastinal parathyroid glands accounted
for 11.9%. Additionally, of all ectopic parathyroid glands,
9.52% were located within the thyroid gland, and para-
thyroid glands in the carotid sheath or in proximity to the
esophagus accounted for 8.3% and 7.1%, respectively (53).

UPPER PARATHYROID GLANDS

Superior (upper) parathyroid glands are usually located
on the posterior-medial aspect at the junction of the mid-
dle and upper thirds of the ipsilateral thyroid lobe, or less
commonly at the upper pole of the thyroid. In about 95%
of cases, they can be found within a 2 cm radius of the
point where the recurrent laryngeal nerve crosses the in-
ferior thyroid artery (6).

The incidence of ectopic superior parathyroid glands
is lower than that of inferior parathyroid glands, due to
differences in embryological migration (2, 54).

The majority of superior parathyroid glands are locat-
ed at the level of the cricothyroid junction or behind the
upper pole of the thyroid gland (55).

In 2-4% of cases, a usually positioned (pathologically
unaltered) superior parathyroid gland may be found more
caudally than usual — distal to the trunk of the inferior thy-
roid artery within the tracheoesophageal groove, or even
cranial to the upper pole of the thyroid gland. In fewer than
1% of cases, a superior parathyroid gland can belocatedin a
retropharyngeal or retroesophageal position (5S, 25).

Hyperparathyroidism associated with parathyroid
ectopy is more often caused by an adenoma of a superior
parathyroid gland (22).

Adenoma of the superior parathyroid gland that caus-
es HPT can be ectopically located in up to 40% of pa-
tients, even if the gland initially had a normal embryonic
position. This phenomenon, known as pseudoectopia,
occurs due to the migration of the enlarged parathyroid
gland under the influence of its increased mass, gravity,
and swallowing movements (15, 23, 18, 20, 49). In such

cases, an enlarged superior parathyroid gland can travel
along the prevertebral fascia into the posterior mediasti-
num. Extensive descent of the gland is usually prevented
by its vascular pedicle arising from the inferior thyroid
artery. A pseudoectopic gland, even when located “deep”
in the posterior mediastinum, can still be removed via a
transcervical approach. It is important to note that more
than 50% of pseudoectopic adenomas are not identified
during neck exploration, even after medial retraction of
the thyroid lobe. A pseudoectopic adenoma of the supe-
rior parathyroid gland, along with the recurrent laryn-
geal nerve, is covered by pretracheal fascia that stretch-
es between the thyroid medially and the carotid sheath
laterally; this relationship must be kept in mind during
parathyroidectomy. Because a pathologically enlarged
superior parathyroid gland often occupies a position in
the lower neck (paraesophageal area) or in the upper part
of the posterior mediastinum, these regions must be rou-
tinely explored whenever a superior parathyroid gland is
not found in its usual location (15, 54, 55, 25, 56).

Ectopic superior parathyroid glands along the upper
pole of the thyroid can sometimes be firmly adherent
to the thyroid capsule, making them difficult to distin-
guish from the surrounding tissue. Also, the literature
describes cases of ectopic localization of the upper para-
thyroid glands, 2 cm cranial to the upper pole of the thy-
roid gland and medial to the carotid sheath at the level of
the piriform sinus. It is known that the upper parathyroid
glands can be found in the wall of the pharynx, extramu-
cosally, covered by the pharyngeal musculature. In spo-
radic cases, the superior glands may be localized in the
neck lateral to the carotid sheath (57).

LOWER PARATHYROID GLANDS

Inferior (lower) parathyroid glands are located up to 2 cm
below the lower pole of the thyroid gland in approximate-
ly 80% of cases (Figure 1). Because of their more complex
embryonic migration, the inferior parathyroid glands are
subject to more frequent anatomical variations (6) .
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Figure 1. Inferior parathyroid gland, common location (Image shows only the surgical field; no patient-identifying features are visible)

Numerous studies indicate that the most common
location of normal inferior parathyroid glands (and their
adenomas) is within the thyrothymic ligament or in atro-
phic thymic tissue in adults. Nearly all intrathymic ade-
nomas located above the aortic arch can be removed viaa
transcervical approach (15, 46, 47, 25).

In a study of 312 inferior parathyroid glands, the ob-
served anatomical distribution was:

In 42% of cases, the inferior parathyroid glands are lo-
cated on the anterior or posterolateral aspect of the lower
pole of the thyroid. Ectopic inferior parathyroid glands are
located within the upper pole of a thymic lobe in 39% of
cases. Only about 2% of inferior parathyroid glands are lo-
cated roughly 3—4 cm below the jugular notch of the ster-
num, within the mediastinal portion of the thymus (55).

Inferior parathyroid glands can be found within the
thyroid capsule in 1-4% of patients with HPT. In intra-
thyroidal parathyroid glands, they are situated in the lower
third of the thyroid lobe in the majority of cases, though oc-
casionally in the middle third. These intrathyroidal para-
thyroid glands are palpable in only ~50% of cases, but they
can be readily detected with intraoperative ultrasound.
Suppose an inferior parathyroid gland is not identified in
the usuallocations, and retention in or near the thymus has
been excluded. In that case, the search should be directed
to the lower pole of the thyroid gland (15, 45, 25, 58).

Another important potential location for an ectopic
inferior parathyroid gland is near the bifurcation of the
common carotid artery, i.e., within the carotid sheath.
This location results from the gland being retained
during its embryonic migration. Such parathyroid ectopy
is almost always associated with a small amount of residu-
al thymus tissue (15, 45, 25, 59). Additionally, an inferior
parathyroid gland can occasionally be located cranial to
the carotid bifurcation, along the course of the internal

carotid artery, even as high as behind the submandibular
salivary gland (60).

In a detailed analysis of the aforementioned anatom-
ical study of 312 inferior parathyroid glands, Wang con-
cluded that adenomas of ectopic parathyroid glands lo-
cated high in the neck occur in approximately 2% of cases
(33, 39). In a clinical series of previously unoperated pa-
tients, the incidence of such high cervical parathyroid ad-
enomas is reported to be under 1% (25).

During surgical neck exploration for HPT, parathy-
roid ectopy at the carotid bifurcation or within the carot-
id sheath should be considered. To rule out this possibil-
ity, the carotid sheath should be incised from the clavicle
up to the level of the internal carotid artery. Only after
this extensive exploration proves harmful should one sus-
pect a mediastinal ectopic gland located below the aortic
arch, which is the case in merely 1-2% of parathyroid ad-
enomas (25, 60, 61).

MEDIASTINAL PARATHYROID GLANDS

Special attention is warranted for parathyroid glands
located in the mediastinum, as these are uncommon
(Figure 2). Reports on the embryologic origin of ectopic
parathyroid glands in the middle mediastinum are con-
tradictory. Some authors consider these glands to be the
superior parathyroid glands, since their embryonic devel-
opment is closely linked to that of the great vessels of the
mediastinum and heart. On the other hand, mediastinal
ectopic parathyroid glands are not associated with an
absence of the superior parathyroid glands and are often
classified as supernumerary glands (62). The true prev-
alence of ectopic mediastinal parathyroid glands is un-
known, but some studies estimate it at 1-2% (63, 64, 65).
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Figure 2. Ectopic parathyroid gland in the anterior mediastinum
(MSCT; image shows only the surgical field; no patient-identifying
features are visible)

The most common location of this type of parathy-
roid ectopy is the aortopulmonary window, either be-
hind the pulmonary trunk or in front of the tracheal ca-
rina. In the rarest cases, mediastinal parathyroid glands
are found within the pericardium. A multicenter study
conducted in 8 European medical centers found that 19
parathyroid glands (0.24% of all glands) in 7,869 HPT
patients were located in the aortopulmonary window re-
gion. In addition to these, another 181 patients (2.3%)
were found to have pathologically altered, ectopic medi-
astinal parathyroid glands. Out of 19 patients with aor-
topulmonary window parathyroid tumors, three had an
initial misdiagnosis of a mediastinal tumor, which was
removed in the first surgery. Seventeen patients with ec-
topic parathyroid glands in the aortopulmonary window
underwent bilateral neck exploration as well. The final
results showed that 12 of the ectopic mediastinal glands
were supernumerary: 4 originated from the superior
parathyroid glands and 1 from an inferior parathyroid
gland (62).

Patients with mediastinal parathyroid ectopy require
a special diagnostic and surgical approach. Technetium
(99mTc) sestamibi scintigraphy, computed tomography
(CT), magnetic resonance imaging (MRI), and selective ar-
teriography are particularly valuable in these cases (66, 67).

Possible surgical treatments for intrathoracic ecto-
pic parathyroid adenomas include median sternotomy,
thymectomy, arterial embolization via selective angiog-
raphy of the internal thoracic artery, as well as video-as-
sisted thoracoscopic surgery (VATS) (63, 68).

The surgical approach for these patients can be chal-
lenging. Iihara et al. suggest using the aortic arch on a
horizontal chest CT as a landmark when deciding on the
surgical approach. Parathyroid adenomas located above
the aortic arch can be removed via a transcervical ap-
proach, whereas adenomas located below the aortic arch
should be approached through a transthoracic route (69).

In open surgery, a left thoracotomy provides the best
access for the removal of such ectopic parathyroid glands
(61). The use of an intraoperative gamma probe to iden-
tify parathyroid tissue can be helpful, though in the me-
diastinum, it is limited by radioactive tracer uptake in the
myocardium (69, 70).

Measuring intraoperative parathyroid hormone
(ioPTH) levels is extremely useful, as it reduces the rate
of unsuccessful surgeries from 21.2% to 3%. Intraopera-
tive frozen-section pathological verification (an ex tem-
pore biopsy) can also be of help (71).

NUMBER AND MORPHOLOGY OF PARATHYROID
GLANDS

The number of parathyroid glands varies from 1 to 12.
In the vast majority of people (about 94%), there are four
parathyroid glands. In anatomical series, a supernumer-
ary (fifth) parathyroid gland occurs in 5-6% of individ-
uals, whereas only three glands are present in about 2%
of cases. In clinical parathyroid surgery series, a variable
number of glands is reported in roughly 2-5% of cases.
Only 1% of individuals have a single parathyroid gland,
and 1% have more than 7 glands (18, 33, 23).

Iffour normal parathyroid glands areidentified during
surgical neck exploration for HPT, one should suspect
the presence of an abnormal supernumerary gland (S, 15,
18,49). A supernumerary parathyroid gland is most often
ectopic and located intrathymically (33, 72).

The shape of the parathyroid glands is variable. Most
commonly, they are oval, but they can also be tongue-
shaped, discoid, or leaf-shaped (45, 59). They have a com-
pact texture and are surrounded by a fragile capsule, so
they must be handled carefully during surgery to avoid
rupturing the capsule and causing seeding of parathyroid
cells. This phenomenon, known as parathyromatosis, can
lead to recurrence of the disease that is difficult to treat
with reoperation (6).

Typically, a normal parathyroid gland has a smooth,
glistening surface and well-defined edges. It usually lies
within a fat pad, which can serve as a guide to the gland’s
location. The color of parathyroid glands ranges from red-
dish to yellowish, depending on fat content, vascularity,
and the number of oxyphil cells. In cases of chronic illness
or malnutrition, or during excessive infusion of crystalloid
solutions (when interstitial edema occurs), the parathy-
roid glands become “pale yellow” in color, resembling the
lobules of surrounding fatty tissue, which can make them
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harder to identify. Parathyroid glands are soft and elastic
in consistency on palpation. On cross-section, they have a
granular appearance. Their soft consistency allows them to
conform their shape to surrounding structures. The soft-
ness of parathyroid glands upon palpation also helps differ-
entiate them from lymph nodes and thyroid lobules (45).

Freed from surrounding fat, parathyroid glands mea-
sure about S X 3 x 1 mm. Their average weight is 35-40
mg (6, 18, 25) (Table 3).

Table 3. Characteristics of the parathyroid glands (1)

Parameter Minimum Maximum Mean
Length (mm) 5.49 7.57 6.76
Width (mm) 3.08 4.32 3.97
Thickness (mm) 1.12 1.44 1.31
Weight (mg) 30 57 40

Morphologically, there is no size difference between
the two upper and the two lower parathyroid glands. There
is also no difference in size between genders (Table 4).

Table 4. Number, average size, and weight of the parathyroid glands
in relation to their localization and sex (1)

Parameter Number Averagesize Averageweight
(mn®)  (mg)

Superior parathyroid 1,784 18.02 44

glands

Inferior parathyroid 2,012 14.78 38

glands

Right parathyroid 1,879 16.79 39

glands

Left parathyroid 1,917 16.93 40

glands

Parathyroid glandsin 2,234 17.01 41

males

Parathyroid glandsin 1,562 16.84 40

females

A positive correlation is noted between parathyroid
gland weight and age: gland weight increases up to age
20-24, plateaus around age 60-64, and then declines in
later years (Figure 3) (18, 33, 25) .

VASCULARIZATION OF PARATHYROID GLANDS

The arterial supply of the parathyroid glands is terminal
in type (6). Most parathyroid glands receive blood from
the inferior thyroid artery—on the right in about 86%
and on the left in 77% of cases (73). When this artery is
absent, the superior thyroid artery typically provides the
main supply. In cases of mediastinal ectopy, blood flow
may derive from branches of the internal thoracic or
bronchial arteries (68).

Anastomotic branches between the superior and in-
ferior thyroid arteries contribute significantly to the vas-
cularization of the superior glands. Nobori et al. reported
this pattern in 45% of cases (74). At the same time, De-
lattre et al. found that 77.1% of superior glands are sup-
plied by the inferior thyroid artery, 15.3% by anastomotic
branches, and 90.3% of inferior glands by the inferior thy-
roid artery (75).

Venous drainage occurs via the thyroid capsular plex-
us and small intrathyroidal veins, with outflow through
the superior, middle, and inferior thyroid veins into the
internal jugular vein. Occasionally, a thyroidea ima vein
forms a common trunk draining into the brachiocephalic
vein (6).

DIFFERENTIATION OF PARATHYROID GLANDS

Professor Jonathan Van Heerden emphasized that during
parathyroid surgery, the superior glands are typically
found above and the inferior glands below their expected
locations (6). Although generally accurate, this rule re-
quires caution, as embryologic development can lead to
positional variations. Rarely, superior and inferior glands
may fuse into a “kissing” pair, which should be distin-
guished from a more common bilobate gland—differ-
entiation is possible only through meticulous dissection
without capsule disruption (6,45).

Figure 3. Enlarged lower parathyroid gland (Image shows only the surgical field; no patient-identifying features are visible)
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Parathyroid glands exhibit bilateral symmetry in
about 80% of cases, with contralateral glands occupy-
ing similar positions (6). The presence of rudimentary
thymic tissue can help localize an undescended inferior
gland, while a superior gland may occasionally lie unusu-
ally low; in such cases, its vascular pedicle entering from
below aids in identification (45).

TECHNIQUES FOR LOCALIZATION OF
PARATHYROID GLANDS

Accurate preoperative localization of parathyroid lesions
is crucial for successful surgery. However, no consen-
sus exists on the optimal approach. The integration of
advanced diagnostic modalities enables comprehensive
evaluation of morphological and functional substrates,
representing a key step in understanding parathyroid
pathophysiology (77). A multimodal approach that com-
bines imaging with serum biomarkers enhances diag-
nostic precision and supports effective localization and
management of parathyroid disorders (76, 78). Ultraso-
nography and technetium-99m-sestamibi single-photon
emission computed tomography/computed tomography
(SPECT/CT) are the most commonly used techniques,
although precise localization can be challenging in mul-
tiglandular, ectopic, recurrent, or normocalcemic disease
(79, 80). To enhance diagnostic accuracy, newer modali-
ties such as positron emission tomography/computed to-
mography (PET/CT) and parathyroid venous sampling
(PVS) have been developed, demonstrating improved
sensitivity and precision (85, 99). Combining different
imaging approaches provides both anatomical and func-
tional information, and the choice of modality should
depend on the patient’s clinical context, cost, radiation
exposure, and available expertise. Ultrasonography is a
first-line method for detecting parathyroid pathology;
normal glands (=4 mm) are typically not visualized,
whereas adenomas appear as well-defined, hypoechoic
oval lesions (7).

99mTc-sestamibi scintigraphy remains the standard
radionuclide technique since its introduction by Coak-
ley et al. (83). When combined with SPECT/CT, it pro-
vides complementary anatomical and functional data,
improving sensitivity and enabling differentiation from
thyroid nodules or lymph nodes (84, 86-90). PET/CT
is a high-sensitivity molecular imaging method that uses
tracers such as *F-FDG, 'C-methionine, *C-choline,
and '®F-fluorocholine (85, 91, 92), with '*F-choline pre-
ferred for its longer half-life and greater availability.

Four-dimensional computed tomography (4D-CT)
integrates multiphase contrast-enhanced data from arteri-
al, venous, and delayed phases, providing excellent spatial
resolution, particularly in reoperative cases, though it en-
tails higher radiation exposure (93, 96). PET/MRI com-
bines functional PET data with MRI’s superior soft-tissue

contrast and reduced radiation exposure, but its use is
limited by cost and accessibility (94). Contrast-enhanced
ultrasound (CEUS) employs microbubble contrast agents
to assess vascularity, offering a radiation-free alternative,
though its accuracy is operator-dependent (95). MRI and
4D MRI serve as valuable radiation-free options, espe-
cially for identifying ectopic or mediastinal glands; while
less sensitive than sestamibi scintigraphy and 4D-CT, 4D
MRI shows promise by providing both anatomical and
perfusion-related information (97, 98).

PARATHYROID VENOUS SAMPLING IN DIFFICULT
CASES

Selective parathyroid venous sampling (PVS) can be a
useful technique when localization is inconclusive with
the noninvasive tests described above or when the dis-
ease recurs after the first operation (16, 99).

Finally, parathyroid venous sampling (PVS) is re-
served for complex or recurrent cases when noninvasive
imaging is inconclusive, offering valuable functional lo-
calization guidance (16, 99) (Table 5).

In addition to the above preoperative diagnostic
methods, intraoperative techniques enable more precise
and accurate identification of the parathyroid glands.

INTRAOPERATIVE FUNCTIONAL TECHNIQUES

Several intraoperative functional techniques have been
developed to improve the accuracy of parathyroid sur-
gery. Intraoperative PTH monitoring (ioPTH) measures
the rapid decline in parathyroid hormone levels after
gland excision, leveraging its short half-life of 3-5 min-
utes to confirm successful removal of hyperfunctioning
tissue. However, it requires rapid assay setup and increas-
es costs (100). Radioguided surgery employs a handheld
gamma probe to detect radiotracer uptake following pre-
operative sestamibi injection, aiding in the localization
of small or ectopic glands but necessitating coordination
with nuclear medicine services (101). Indocyanine Green
(ICG) fluorescence imaging involves intravenous admin-
istration of ICG dye, which becomes visible under infra-
red light and assists in assessing vascularity and identify-
ing parathyroid glands; however, it requires specialized
equipment and remains off-label in parathyroid surgery.
Near-infrared autofluorescence imaging (NIRAF) uti-
lizes the natural autofluorescence of parathyroid tissue
when exposed to near-infrared light, enabling real-time
gland identification without radiation or contrast agents,
though it cannot distinguish between normal and hyper-
functioning tissue (102).

Numerous studies have shown that appropriate di-
agnostic evaluation significantly improves surgical out-
comes by reducing operative time, minimizing tissue
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Table §. Advantages and disadvantages of diagnostic methods (91)

Method Advantages Disadvantages

Ultrasonography Inexpensive Operator-dependent
Lack of radiation exposure Limited ability to assess ectopic glands
Convenient
Widely available

Technetium-99m-sestamibi scan - SPECT/CT

Assessment of ectopic glands
Acquisition of both functional and
anatomical information

False-positive results
Low sensitivity in detecting multiglandular
disease

11C-methionine PET

Assessment of ectopic glands

Low availability
Short half-life (20 minutes)
Low sensitivity in detecting multiglandular

disease
Choline PET High sensitivity High cost
Assessment of ectopic glands Low availability
Four-dimensional computed tomography (4D-  Detailed anatomy High radiation dose

cT)

Assessment of multiglandular disease and

Difficult interpretation

ectopic glands Low availability
Parathyroid venous sampling Assessment of ectopic glands, recurrent Invasive
disease, and discordant or unlocalized High cost

lesions by various imaging studies

Requires an experienced radiologist

Near-infrared autofluorescence

Real-time, rapid technique

Not well validated in detecting

hyperfunctioning parathyroid tissue

dissection, and increasing the likelihood of successful lo-
calization, particularly in cases of multiglandular disease
or ectopic adenomas (103). Furthermore, recent research
indicates that preoperative assessment of inflammatory
markers and patients’ nutritional status, based on stan-
dard laboratory parameters, can further optimize periop-
erative management and accelerate recovery. This multi-
disciplinary approach represents a key factor in achieving
better surgical results and improving overall treatment
outcomes (104).

CONCLUSION

Good knowledge of embryologic development and neck
anatomy is essential for parathyroid surgery.

Parathyroid glands exhibit anatomical variations in
localization, number, morphology, and vascularization.
Parathyroid ectopy and variation in gland number are the
most common causes of persistent or recurrent HPT.

Contemporary imaging diagnostic modalities used
in parathyroid surgery do not have the same sensitivity
and specificity as in other surgical fields, and they signifi-
cantly increase treatment costs. The success of surgical

treatment largely depends on the surgeon’s knowledge
and experience.

If parathyroid glands are not found in their usual lo-
cations, an extensive bilateral neck exploration must be
performed. Meanwhile, parathyroid adenomas located in
the mediastinum below the aortic arch require a special-
ized diagnostic and surgical approach. Measurement of
intraoperative PTH (ioPTH) levels increases the success
rate of surgical interventions.
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Surgical significance of anatomical variations of the parathyroid glands

HIRURSKI ZNACAJ ANATOMSKIH VARIJACIJA PARATIREOIDNIH ZLEZDA

Ljiljana Mili¢*?, Vladica Cuk*2, Jovan Juloski*?, Ratomir Tomi¢?, Marko Surlan®, Ana Staréevi¢?

Sazetak

Solidno razumevanje hirurske anatomije paratiroidnih
Zlezda zasniva se na temeljnom poznavanju njihovog
embrionalnog razvoja. Anatomske varijacije u broju,
morfologiji, vaskularizaciji i lokalizaciji paratiroidnih
zlezda predstavljaju izazov tokom hirurske eksploraci-
je vrata, kako u lecenju hiperparatiroidizma (HPT), tako
i u hirurgiji stitne Zlezde. Kod oko 2,3% pacijenata koji
se podvrgavaju tiroidektomiji, dolazi do incidentne pa-
ratiroidektomije. Cilj naSeg pregleda je da istaknemo
ucestalost anatomskih varijacija u lokalizaciji, broju,
morfologiji i vaskularizaciji paratiroidnih Zlezda, kao i
znacaj ovih anatomskih varijacija u hirurskom lecenju
funkcionalnih poremecaja paratiroidnih zlezda. Dobro
poznavanje embrioloskog razvoja i anatomije vrata je

od sustinskog znacaja u hirurgiji paratiroidnih Zlezda. Sa-
vremene dijagnosticke metode snimanja koje se koriste
u hirurgiji paratiroidnih Zlezda nemaju tako visoku ose-
tljivost i specifi¢cnost kao u drugim hirurskim oblastima i
znacajno povecavaju troskove lecenja. Uspeh hirurskog
le¢enja u velikoj meri zavisi od znanja i iskustva hirurga.

Ako se paratiroidne Zlezde ne pronadu na svojim uobi-
¢ajenim lokacijama, mora se izvrsiti opsezna bilateralna
eksploracija vrata. U meduvremenu, paratiroidni adeno-
mi koji se nalaze u medijastinumu ispod aortnog luka
zahtevaju specijalizovan dijagnosticki i hirurski pristup.
Merenje intraoperativnog nivoa PTH (ioPTH) povecava
stopu uspeha hirurskih intervencija.

Kljucne reci: paratireoidne zlezde, PTH, anatomske varijacije
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