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ABSTRACT
Purpose: Preoperative localization studies for parathyroid
adenomas are very essential to perform minimal invasive
parathyroidectomy (MIP) with decreased operative time and
potential complications. Although most of these studies based
on radiological imaging, intraoperative assessment provides
the most accurate anatomical description of the location of
parathyroid adenomas. In this study, we aim to evaluate the
surgical variations of locations of parathyroid adenomas in
patients performed parathyroid surgery for primary hyperpara
thyroidism (PHPT).
Materials and methods: Between January 2010 and December
2013, 243 patients (201 women/42 men) who underwent
parathyroid surgery due to phPT were included. A total of 254
parathyroid adenomas were detected. Demographic features,
preoperative work-up, surgical approach, types of procedures
and postoperative complications were noted. Locations of
parathyroid adenomas were recorded from operative notes.
Statistical analysis was performed using t-test and chi-square.
continuous data are expressed as mean ± standard deviation.
Results: With regard to the most frequently observed, location
of adenomas were as follows; right inferior (n = 89, 37.7%),
left inferior (n = 78, 33%), right superior (n = 44, 18.6%),
left superior (n = 25, 10.5%) and ectopic locations (n = 18).
Ectopic adenomas were mostly located in the thymus (n = 9)
and intrathyroidal tissue (n = 6) at a rate of 83%. Postoperative
hypocalcemia (11%) was mostly seen in those with parathyroid
adenoma located around the inferior lobes of the thyroid (86%)
and undergoing bilateral neck exploration (75%).
Conclusion: The most of the parathyroid adenomas were
found in orthotopic position and located around the lower pole
of the thyroid gland. Ectopic adenomas were mostly located
in thymus or intrathyroidal. Postoperative hypocalcemia was
also higher in those with parathyroid adenoma located around
the inferior lobe of the thyroid.
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introduction
Parathyroid surgery is quite different from all other surgical procedures. The mentality of the surgery depends on
determining diseased parathyroid gland, as others have
never even heard. This is why the surgeons face with a
challenging course to clarify which one becomes diseased
in the preoperative period. To achieve the best outcome,
it is essential to be familiar with both embryogenesis
of parathyroid glands, which have the most variable
anatomy in human body and neck anatomy as well.
Along with advances in minimally invasive surgery,
minimally invasive parathyroidectomy (MIP) by the
focused mini-incision technique has been gaining popularity and, moreover, it is becoming the standard of care
in primary hyperparathyroidism (pHPT) facilitat ing
the same-day surgery. It is very important to clarify the
location of the adenomas in the preoperative period.
Preoperative diagnostic studies serve to explore the
locations of parathyroid adenomas, which can take place
within an extensive region between jaw and heart.1,2
Despite of technological advances, this considerable
variation can lead to failure to excise the right adenomatous parathyroids. Therefore, both experience of the
surgeon and information on the most likely locations
have a significant role in parathyroid surgery, particularly
for ectopically located ones. The ultimate aim is to have a
conjecture about the route of surgical procedure avoiding
bilateral neck exploration and its drawbacks.3 Moreno
et al developed a nomenclature system that specifies the
locations of parathyroid adenomas and they aimed to
improve the predicting accuracy of parathyroid gland
location to determine the correct surgical approach.4 It
includes very detailed information about locations of
parathyroid adenoma. However, it is usually difficult to
determine locations precisely enough based on preoperative diagnostic work-up.
Although there are some studies showing the locations
of parathyroid adenomas4,5 mostly regarding primarily
the preoperative diagnostic imaging studies,6,7 there is
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still no consensus on variations of the locations due to
inconsistent and contradictory results. In this study, we
focused our attention on two issues: the anatomical distri
bution of parathyroid adenomas regarding the surgical
findings in patients who underwent parathyroid surgery
due to pHPT and postoperative outcome with respect to
the location of adenoma.

Materials and Methods
Between January 2010 and December 2013, we retrospectively reviewed the records of 243 patients undergoing
parathyroidectomy for pHPT. Data collection included
demographic variables, symptoms, preoperative diagno
stic work-up, surgical approach and treatment modality,
additional surgical procedures performed, postoperative
complications and histopathological examination. Diagnosis of pHPT was confirmed with laboratory results,
which demonstrated increased or inappropriate serum
calcium and parathyroid hormone (PTH) levels. Preope
rative imaging diagnostic work-up for location of the
parathyroid adenomas included neck ultrasonography
(US) and/or Tc-99m-sestamibi (MIBI) scans. In those
with discordant or negative results for adenoma location,
magnetic resonance imaging (MRI) was the next step in
the work-up.
Regarding intraoperative observation, adenomatous
gland locations were classified according to the routine
anatomic location of parathyroid adenomas as follows:
right superior (Rs), right inferior (Ri), left superior (Ls), left
inferior (Li) and ectopic (E-intrathymic, within thyroid
gland, close to clavicles, tracheoesophageal groove and
mediastinum). Particularly for superior parathyroid
glands, tracheoesophageal groove is defined as ectopic
location due to paraesophageal migration of the glands.
The three different types of approaches including
Kocher’s incision for bilateral exploration, minimal inva
sive focused lateral approach and anterior approach were
used to identify the parathyroid adenomas. An intraope
rative PTH analysis was used to determine operative
success and it was indicated by a decrease in PTH greater
than 50% of the preoperative value.
Statistical analyses were performed using SPSS version
20 (Statistical Package for the Social Sciences Inc, Chicago,
IL, USA). Differences between continuous and categorical
variables were assessed by Student’s t-test and Fisher’s
exact test or chi-square test, respectively. A value of
p < 0.05 was considered statistically significant.

Only 27% of patients were diagnosed due to symptoms
including bone disease (n = 25), weakness and fatigue
(n = 22) and nephrolithiasis (n = 18). All patients were
performed neck US in which 13 (5.3%) was negative for
parathyroid adenoma and 25 patients (10%) were found
with suspicious imaging for parathyroid adenomas.
Other diagnostic methods included 99mTc-MIBI and MRI
of neck for demonstration of abnormal parathyroid gland
in 196 (80%) and 55 (22%) patients, respectively. The sensitivity of US, MIBI and MRI for the detection of abnormal
parathyroid gland was 94, 84 and 63% respectively.
In 234 patients (96%), single adenoma was isolated,
whereas nine cases (3.7%) were detected with multiple
parathyroid adenomas (two adenomas in 7 and three
adenomas in 2 patients) (Fig. 1). Among perithyroidal
located 236 parathyroid adenomas, the Ri parathyroid
gland was the most common site of adenomas with a rate
of 37.7% (n = 89). The other most common location was
Li region (n = 78, 33%). The distribution of the remaining
adenomas was as follows: 44 on the Rs (18.6%), 25 on the
Ls (10.5%), and the ectopic adenomas in 18 patients (7.4%,
18/243) (Fig. 1). Ectopic locations included thymus (n = 9),
intrathyroidal region (n = 6), mediastinum (n = 2), and
carotid sheath (n = 1). While 15 ectopic adenomas were
found as single, three of them were accompanied with
others, which were located on perithyroidal regions.
The median size of adenomas was 1.5 cm [mean: 1.8 ±
0.8 cm (0.7-4.9)]. Those located in the inferior region (Li
and Ri) had higher diameter compared to adenomas
placed superiorly (Ls and Rs) (1.8 ± 0.9 vs 1, 7 ± 0.7), but
it was statistically insignificant (p = 0.141).
Minimally invasive parathyroidectomy was performed in 126 cases (51.8%). Of these, 109 patients (86.5%)
underwent lateral focused approach. Four of them (3%)
were converted to standard bilateral exploration. Bilate
ral neck exploration through a Kocher’s incision was
performed in 117 patients (48%) (Fig. 2). Subtotal parathyroidectomy (3.5 glands) and cervical thymectomy were

Results
We recorded 254 parathyroid adenomas in 243 patients
with pHPT. There were female dominance (42 males/201
females), and the mean age was 55.6 ± 12.6 years (29-93).
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Fig. 1: surgical variations of locations of the
parathyroid adenomas
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Fig. 2: types of surgical procedures and approaches
to the surgical site

performed in seven patients (2.8%) due to undetectable
adenoma. The rest parathyroid tissue was marked with
a titanium clip.
Additional surgery for thyroid gland was performed in
54 patients (26.8%). While papillary carcinoma and microcarcinomas were detected incidentally in one and three
patients (1.6%) respectively, parathyroid carcinoma was
also diagnosed in two patients (0.8%). The location of
parathyroid carcinoma was inferior region (one Ri and Li).
Overall postoperative hypocalcemia rate was 11%
(n = 29). Transient hypocalcemia was detected in 24
patients and all of them had parathyroid adenomas
placed inferior locations but three (87.5%) (p = 0.004). The
patients with bilateral neck exploration had higher rate
of transient postoperative hypocalcemia compared to
those with MIP (14.8 vs 4.9% respectively, p = 0.011). Only
five patients were diagnosed with hypocalcemia requi
ring calcium replacement in the first year after surgery,
whereas 97.9% of patients were normocalcemic. All but
one of those with persistent hypocalcemia underwent
bilateral neck exploration. Of these patients, three underwent parathyroidectomy with thymectomy.

Discussion
Apart from the embryogenesis and preoperative diag
nostic work-up, knowledge regarding the potential
differences in parathyroid gland locations facilitates better
surgical planning, as it also depends on the surgical experience.8 Most of the data about location of parathyroid
adenoma are based on results of preoperative imaging
methods. There have not been many studies on the
surgical localization of parathyroid adenomas (Table 1).4,5,9
Nevertheless, intraoperative assessment provides the
most accurate anatomical description of the location of

parathyroid adenomas. In this study, we demonstrated
the surgically-observed locations of parathyroid adenomas in our series.
Migration of the parathyroid glands during fetal
development explains why the surgical approach to the
parathyroid glands can get complicated to do. Despite of
the same endpoint, detecting the diseased parathyroid
gland finally, surgical approaches (minimal invasive
technique including lateral focused approach or standard
bilateral neck exploration, etc) and some other details
about procedures may vary from center to center. The
upper parathyroid glands are placed in rather familiar
locations; whereas lower parathyroid glands are puzzling due to more complicated migration process. In our
series, most of the parathyroid adenomas (70%) were
found around inferior lobes of the thyroid gland, particularly on the Ri in our series. Interestingly, the right
side was also common for those adenomas located on
the upper pole of thyroid (18 vs 10%). Likewise, previous
surgical-based studies reported the inferior lobes of thyroid gland as the most common location for parathyroid
adenomas.4,5,9 Marzouki et al also reported similar type
of side-predisposition for the left side.5
Currently, the diagnostic imaging studies are usually
obtained to facilitate MIP avoiding extensive exploration
that can cause damage to the other parathyroid glands or
the recurrent laryngeal nerve. The accuracy of the parathyroid tumor’s localization by US depends on variable
parameters including size and location with a sensitivity
rate of 70 to 80%.10,11 Recent studies emphasized the
utility of Tc-99m-MIBI scan in successful MIP with
unilateral neck exploration.12,13 High-quality scintigraphy
with Tc-99m-MIBI can accurately localize parathyroid
adenomas in 85 to 95% of patients with pHPT.14-16 However,
because close location of parathyroid glands to thyroid
gland that is also metabolically active, results may not
be satisfactory, particularly for intrathyroidal adenoma.
In our study, US was performed in all patients with
negative or inconclusive result at a rate of 15%, whereas
Tc-99m-MIBI scan and MRI were applied for 80 and
22% of the patients with an accuracy rate of 84 and 63%,
respectively. Detailed explanation about imaging studies
were not given because this study was planned based on
surgically-observed locations.
Advances in diagnostic methods allow performing
focused parathyroid surgery that 126 patients underwent MIP in our series. This approach can be performed

Table 1: Review of the literature regarding adenoma locations reported in surgical studies of primary hyperparathyroidism
Years
2010
2011
2012

Study
Marzouki et al5
Moreno et al4
Mazeh et al9

No. of patients
121
271
108
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Superior (%)
23 (R-8.2, L-15)
29.8
47

Inferior (%)
74 (R-33, L-41)
41.6
49
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through a very small incision under local anesthesia and,
therefore, outpatient surgery is available. Besides, complications including recurrent laryngeal nerve paralysis
and postoperative hypocalcemia are also lower.17 Not
surprisingly, in all patients with persistent hypocalcemia,
but one, surgical approach was bilateral neck exploration.
Moreover, it is also noteworthy that 87% of the patients
who required postoperative calcium replacement had
parathyroid adenoma located around the inferior lobes of
the thyroid gland. This high incidence can be attributable
to risk of injury to parathyroid glands during exploration
proportionally increased with the variable locations of
lower parathyroid adenomas. At this point, apart from
imaging results that sometimes fail to address the exact
location, surgeons’ experience and knowledge about
surgical variations may have major role. Gamma probeguided MIP is also very helpful to determine the location of parathyroid adenoma, particularly those located
in an ectopic position;18-20 however, it requires technical
support from nuclear medicine department and a close
working relationship.
Although 80 to 85% of parathyroid adenomas are
found adjacent to the thyroid gland in their normal location, 15 to 20% are ectopically placed.21 Ectopic locations
should be considered, such as within or outside of the
thyrothymic ligament, in the mediastinum, along the
esophagus and within or lateral to the carotid sheath. In
our study, 7.4% of patients with ectopic parathyroid ade
noma were detected and thymus was the most common
location (50%). Intrathyroidal location was found with
a rate of 2.5%, which was comparable to the incidence
of 0.08 to 4% reported in the literature.4,22-24 One of the
several challenging issues is multiple-gland adenomas
that we detected in nine cases (3.7%), consistent with the
previous reports.25
In conclusion, most of the parathyroid adenomas were
found in orthotropic position; around or in proximity of
the inferior lobes of thyroid gland, particularly right side.
This distribution was also valid for ectopic adenomas that
were mostly located in thymus following intrathyroidal
location. Likewise, postoperative hypocalcemia was
higher for inferiorly localized parathyroid adenomas. We
believe that apart from a thorough understanding of the
embryologic development of the parathyroid glands and
preoperative diagnostic techniques, knowledge about these
surgical-based variations may improve surgical success.
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