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Abstract
Background Parathyroidectomy is the only definitive treatment for primary hyperparathyroidism (PHPT). Precise localiza-
tion of abnormal glands is a key to a successful surgery. Most patients are expected to be successfully treated with focused 
parathyroidectomy. However, this approach is associated with a risk of existing multiglandular disease which may lead to 
the postoperative persistence of PHPT.
Methods Eight hundred ten patients who underwent an initial surgery for PHPT at SPBU Hospital in 2017–2018 were 
included in the study. Preoperative imaging results were evaluated. Multivariate logistic regressions were calculated to 
estimate predictive values of preoperative data for the risk of postoperative persistence and risk of MGD.
Results Multiglandular disease was found to be a leading cause of persistent hyperparathyroidism. An anamnesis of thyroid 
surgery was found to be a significant risk factor for the persistence of hyperparathyroidism. The rate of persistence did not 
differ significantly between groups with bilateral neck exploration and focused parathyroidectomy. Age, sex, body mass index 
as well as negative results of preoperative US, MIBI, and 4D CT were not independently associated with a higher risk of 
MGD. All preoperative imaging modalities showed from low to moderate sensitivity for the detection of MGD. The frequency 
of cases of a missed second adenoma did not differ significantly between patients with concordant and discordant preopera-
tive data. There were 7 cases with previously unsuspected second adenomas found solely due to bilateral neck exploration.
Conclusions None of the combination of preoperative visualization modalities was able to rule out the MGD and reliably 
identify patients for focused parathyroidectomy. Additional preoperative visualization failed to improve overall results. 
Bilateral neck exploration appeared to have a slight benefit for the patients with concordant preoperative imaging results.

Keywords Primary hyperparathyroidism · Bilateral neck exploration · Focused parathyroidectomy · Preoperative imaging · 
Multiglandular disease

Introduction

The number of operations performed for primary hyper-
parathyroidism (PHPT) is increasing, as surgery remains 
the only definitive treatment for the disease, and the 

procedure is safe and cost-effective, compared to con-
servative treatment [1, 2].

Meanwhile, there is still no consensus on the optimal sur-
gical treatment of PHPT. Most patients could be successfully 
treated with the focused parathyroidectomy (FPTX) based 
on preoperative visualization data. Sestamibi scintigraphy 
and ultrasound imaging are considered to be the “gold stand-
ard” for parathyroid imaging, allowing for an accurate pre-
operative localization of parathyroid adenomas [3, 4].

The development of additional options for preopera-
tive visualization is expected to improve the accuracy of 
patient selection for FPTX. 4D-CT has proven to be a useful 
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imaging modality even as a first-line imaging [5, 6] with a 
demostrated high diagnostic accuracy of up to 93% [7]. Posi-
tron emission tomography (PET) with 11C-Choline showed 
even more outstanding results with an accuracy of nearly 
99% [8]. However, despite its excellent accuracy rivaling 
exploratory surgery in cases of non-localized adenoma, PET 
has some considerable limitations mostly related to its cost 
and availability [9]. Even then, a focused approach still may 
face a risk of postoperative persistence of PHPT due to an 
undetected multiglandular disease (MGD). MGD itself may 
stand for 3–33% of all PHPT cases [10].

At the present time, up to 30% cases of MGD remain unde-
tected preoperatively [11]. Preoperative predictors of MGD 
have been actively investigated for the past decades [12]. Sev-
eral preoperative scoring systems for the prediction of multi-
glandular disease were developed and evaluated. The most fre-
quently used systems were CaPTHUS score and the Wisconsin 
index. The former is a scoring model based on preoperative 
total calcium and intact PTH serum levels, positive ultrasound 
and sestamibi scan results for a single enlarged gland, and con-
cordant ultrasound and sestamibi scan findings [13], while the 
latter employs multiplication of preoperative serum calcium by 
preoperative parathyroid hormone [14].

Further investigations showed limited usefulness of these 
models, indicating that they cannot reliably rule out MGD. [15, 
16]. More recent studies reported diabetes mellitus, elevated 
serum osteocalcin levels, and negative sestamibi scintigraphy 
to be significant factors associated with MGD [12].

Intraoperative PTH test (ioPTH) is currently widely used 
to confirm intraoperatively the removal of hyper-function-
ing parathyroid gland and thus excluding the possibility of 
MGD during the FPTX [17]. Nevertheless, there are certain 
drawbacks associated with ioPTH use including additional 
cost and operation time spent waiting for the results [18]. 
At the same time the accuracy of the test may vary signifi-
cantly, showing little to no difference in success rate, com-
pared with the same surgical procedure without ioPTH, in 
patients with concordant preoperative imaging [19, 20]. The 
rate of false positive results of the ioPTH (i.e., significant 
decrease in serum PTH following the removal of just one 
of the multiple adenomas) must also be taken into consid-
eration [21, 22]. Our own previous data [23] for standard 
and modified (with shortened time of analysis) ioPTH test 
showed 50–60% specificity. The overall risk of disease per-
sistence after FPTX is 2–3% as reported by various large 
studies, raises the question of the role of conventional par-
athyroidectomy versus bilateral neck exploration (BNE) as 
routine surgery for PHPT [24]. Although the widespread use 
of focused parathyroidectomy over past decade has shown 
high rate of success [25], they seem to have approached their 
maximum possible efficiency. Also, there are published data 
of the extent of preoperative imaging that does not affect 
surgical outcomes or complications rate [26].

BNE may be viewed as a reasonable alternative [27]; 
however, it is associated with higher requirements for the 
surgical technique and a higher number of possible surgical 
complications. Besides, BNE is still strongly questioned in 
terms of its cost-effectiveness [28, 29]. The data on its influ-
ence on outcomes are controversial A 2017 meta-analysis of 
19 studies showed no significant difference in the rate of the 
persistence between BNE and FPTX [30]. A 2020 Cochrane 
systematic review reported the similar success rates of mini-
mally invasive parathyroidectomy and BNE with higher rate 
of symptomatic hypocalcemia in BNE group [24].

Methods

Data on consecutive patients who underwent surgery for PHPT 
at Saint Petersburg State University Hospital during the years 
of 2017–2018 (from January 2017 to December 2018) have 
been collected into a database, containing information about the 
patients’ medical history, clinical variables, surgical records and 
histology reports. The total number of patients was 827. Initial 
operations for PHPT were performed in 810 cases. All patients 
with normocalcemic PHPT had been previously treated with 
cholecalciferol and had normal kidney function.

Outcome

Persistence of hyperparathyroidism was defined as the pres-
ence of one of the following: (1) reoperation for PHPT during 
the observed hospital stay, (2) ionized calcium levels above the 
upper margin of reference (1.31 mmol/L) with inadequate PTH 
level at the time of discharge, (3) absence of PTH decrease up 
to the moment of discharge along with normal calcium level 
in patients with normocalcemic PHPT. Long-term follow-up 
data were not collected. MGD was defined as one of the fol-
lowing: (1) more than one histologically confirmed parathyroid 
adenoma excised during surgery within the observed hospital 
stay, (2) more than one enlarged gland excised with none of 
the glands reported as adenomas on histological examination, 
and a resolution of hyperparathyroidism following surgery, (3) 
persistence of PHPT following the excision of a single para-
thyroid adenoma. Long-term outcomes were not investigated.

Preoperative localization studies

The results of the visualization studies were encoded as nomi-
nal: present or missing; and further specified retrospectively 
for each gland: positive or negative, uncertain findings were 
considered as negative. Neck US was performed preoperatively 
in all cases and assessed by several endocrine surgeons. All 
radionuclide studies were performed in various medical facili-
ties others than SPBU Hospital before the admission to the 
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hospital. All 4D CTs were performed in SPBU Hospital and 
reviewed by a surgeon and a radiologist. Patients could have 
an additional 4DCT performed after their admission to the 
Hospital by their surgeon’s appointment.

Biochemistry

The following biochemical markers were analyzed preop-
eratively: serum ionized calcium and PTH. Serum ionized 
calcium concentrations were analyzed through ISE technol-
ogy using an EasyLyte Calcium-MEDICA analyzer. The 
reference range was 1.13–1.31 mmol/L. Serum ionized cal-
cium was assessed preoperatively and on the day following 
surgery. PTH was measured by immunochemiluminescent 
assay using a Beckman Coulter analyzer. The reference 
range was 1.3–9.3 pmol/L. PTH was assessed preoperatively, 
at 1 h after surgery and on the day following surgery. Genetic 
testing was not performed preoperatively, as it is not covered 
by standard insurance. All patients with MGD were recom-
mended to perform genetic testing after surgery.

Surgery

Surgeries were performed by a team of 14 experienced endo-
crine surgeons. Each surgical team included at least one sur-
geon with over 10-years-experience of parathyroid surgery.

Surgery was performed through a 3–4 cm (based on the 
patient’s constitution) standard Kocher incision. The strap 
muscles were divided in the midline. Ninety patients under-
went concomitant thyroid surgery (total thyroidectomy, 
lobectomy, or atypical thyroid resection): 49 for follicular 
thyroid neoplasm, 15 for thyroid cancer, 16 for toxic goiter, 
and 10 for non-toxic goiter. Intraoperative neuromonitor-
ing of recurrent laryngeal nerves was performed selectively 
according to the patients’ preferences, as this procedure was 
not covered by standard public healthcare insurance.

In each case, the surgeon was free to choose the type of 
operation: with or without bilateral neck exploration. At the 
time of the study, there were no preferences concerning the 
surgical approach among all surgeons. The algorithm for neck 
exploration was not standardized and was left to the operating 
surgeon’s discretion with due consideration as to each clinical 
situation details. Central neck dissection and thymectomy were 
not mandatory for BNE. Intraoperative measurement of PTH 
was not performed due to technical limitations. Frozen section 
was not used as it would increase the time of operation. Normal 
parathyroid glands were not routinely biopsied.

Statistical analysis

Pearson’s chi-square test was used to compare categorical vari-
ables between groups. Multivariate logistic regression models 
were developed to identify preoperative factors independently 

associated with postoperative persistence and risk of MGD. 
The following independent variables were included in the 
analysis: age, sex, body mass index, negative scintigraphy (yes 
or no), negative US (yes or no), negative CT (yes or no), num-
ber of preoperative visualization studies (1, 2, or 3), previous 
operations on the neck (yes or no). Odds ratios (OR) and 95% 
confidence intervals (CI) were calculated. P value < 0.05 was 
considered statistically significant. All tests were two-tailed.

Statistical analysis was performed in R.

Results

Median age was 58 years (range from 9 to 87). Most of them 
were female; male patients accounted for 6.1%. There were 
21 cases of normocalcemic PHPT. In all cases of normoc-
alcemic PHPT, the localization of an abnormal gland was 
discovered by at least one visualization method.

Persistence of PHPT was found in 43 cases. There was 
no significant difference between the BNE and non-BNE 
groups. (p = 0.616). An undetected complementary adenoma 
in a typical position on the neck was the most frequent cause 
of the persistent disease (n = 24) (Table 1). Of 42 patients 
with the persistence, 30 were reoperated during the present 
hospital stay and became cured. Twelve patients were dis-
charged without re-operation due to the absence of a local-
ized adenoma, according to the data by postoperative 4D CT.

Total number of cases of MGD was 54 (6.67%), 5 of 
which were identified as MEN1 and were genetically veri-
fied by the time of data collection (Table 3).

Negative results of preoperative visualization, body mass 
index, sex, and age were assessed. No significant predictors 
were found among estimated variables (Table 4).

In all cases, neck ultrasound (US) was performed preop-
eratively by a surgeon. In 109 cases, only US was performed. 
Three hundred fifty-six patients had sestamibi scintigraphy 
(MIBI) performed at the prehospital stage. In 181 cases, 
computed tomography with intravenous contrast injection 
(4D CT) was performed either at prehospital stage or dur-
ing the observed hospital stay instead of scintigraphy. In 
164 cases, 4D CT was added as a third visualization study.

Different studies independently showed a weak to mod-
erate sensitivity for the diagnostics of MGD, with 4D CT 
showing higher sensitivity values (Table 5).

In 673 cases, a single adenoma was localized by at least 
one imaging modality with no direct indication of MGD 
(Table 6). MGD and total persistence rates were significantly 
lower in this group, while the rate of persistence caused by 
MGD did not differ significantly from the group of patients 
with discordant imaging results, suspected MGD, or without 
localized adenoma.

Out of the 200 cases with BNE, in 131 cases BNE was 
performed in patients with a single localized adenoma, 
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Table 1  Cases with postoperative persistence of PHPT

Sex Age Ionized calcium 
level (mmol/L)

PTH level 
(pmol/L)

Total number 
of adenomas

Previous 
thyroid 
surgery

BNE performed MEN 1 
confirmed

Cause of the persistence Missed gland 
localization

f 59 2.23 60.8 3 No No No Second adenoma on 
the neck missed

RS + RI

m 55 1.59 56.7 2 No No No Second adenoma on 
the neck missed

RS

f 42 1.35 23.3 3 No Yes No Second adenoma on 
the neck missed

RS + RI

f 30 1.59 7 3 No Yes Yes Adenoma estimated as 
normal

RI

f 37 1.4 4.4 1 No No No Enlarged parathyroid 
gland taken for an 
adenoma

LS

f 55 1.26 43.9 Unknown No No No Enlarged parathyroid 
gland taken for an 
adenoma

Unknown

f 58 1.35 12.1 2 No No No Second adenoma on 
the neck missed

LS

f 55 1.49 9.3 2 No No No Second adenoma on 
the neck missed

RI

f 84 1.36 5 Unknown No No No Enlarged parathyroid 
gland taken for an 
adenoma

Unknown

f 50 1.36 7.9 2 No No No Second adenoma on 
the neck missed

RI

f 67 1.53 11.6 Unknown No No No Enlarged parathyroid 
gland taken for an 
adenoma

Unknown

f 51 1.45 19 1 No Yes No Supernumerary medi-
astinal adenoma

5th Mediastinal

f 63 1.35 14.1 1 Yes No No Lymph node taken for 
an adenoma

RS

f 58 1.74 22.7 2 No No No Second adenoma on 
the neck missed

LS

f 54 1.63 13.7 1 No No No Thyroid nodule taken 
for an adenoma

RS

f 57 1.3 12.5 2 No No No Second adenoma on 
the neck missed

RS

f 56 1.43 6.1 1 No Yes No Adenoma in aortopul-
monary window

APW

f 56 1.61 19.2 2 Yes No No Second adenoma on 
the neck missed

RS

f 74 1.53 37.8 1 No No No Thyroid nodule taken 
for an adenoma

LI

f 69 1.42 13.8 3 No No No Second adenoma on 
the neck missed

RI + LS

f 69 1.33 12.7 1 No Yes No Thyroid nodule taken 
for an adenoma

RI

f 72 1.52 64.5 Unknown No Yes No Lymph node taken for 
an adenoma

Unknown

f 29 1.46 8.1 2 No No Yes Second adenoma on 
the neck missed

RS

m 52 2.01 44 2 No No No Second adenoma on 
the neck missed

LS
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according to at least one visualization modality. There were 
3 cases of a second adenoma found intraoperatively in this 
group, and no MGD was missed.

Improvement in MGD detection achieved by adding BNE 
was found to be significant using a comparison of relative 

predictive values for paired samples NPV = 100% vs 91.7% 
(p = 0.0456).

Patients with two or three preoperative studies (n = 681) 
were further divided in 2 groups: (1) with concordant 
visualization — patients with at least two preoperative 

An anamnesis of the thyroid surgery was found to be the only factor significantly associated with a higher risk of the persistence of the disease 
(OR = 4.649142, 95% CI = [1.2685791, 17.038373]) (Table 2).
RS right superior, RI right inferior, LS left superior, LI left inferior, APW aortopulmonary window.

Table 1  (continued)

Sex Age Ionized calcium 
level (mmol/L)

PTH level 
(pmol/L)

Total number 
of adenomas

Previous 
thyroid 
surgery

BNE performed MEN 1 
confirmed

Cause of the persistence Missed gland 
localization

f 60 1.4 1 No No No Enlarged parathyroid 
gland taken for an 
adenoma

LI

f 68 1.44 18.5 2 Yes Yes No Second adenoma on 
the neck missed

RS

m 45 1.71 18.5 2 Yes Yes No Second adenoma in 
aortopulmonary 
window

APW

f 43 1.43 14.6 2 No No No Second adenoma on 
the neck missed

LI

f 67 1.34 31.8 2 No No No Second adenoma on 
the neck missed

RS

f 53 1.38 9.6 Unknown Yes No No Enlarged parathyroid 
gland taken for an 
adenoma

Unknown

f 57 1.7 20.4 2 No No No Second adenoma on 
the neck missed

RS

f 81 1.35 27.2 Unknown No No No Second adenoma on 
the neck missed

RI

f 57 1.48 13.6 Unknown No No No Enlarged parathyroid 
gland taken for an 
adenoma

Unknown

f 87 1.31 14.3 2 No No No Second adenoma on 
the neck missed

RI

f 63 1.57 17.1 1 Yes No No Lymph node taken for 
an adenoma

LS

f 53 1.19 10.3 2 No No No Second adenoma on 
the neck missed

RI

f 69 1.42 19.2 2 No Yes No Second adenoma on 
the neck missed

RS

f 68 1.34 15.2 2 Yes No No Second adenoma on 
the neck missed

LS

f 65 1.53 21.5 2 No Yes No Second adenoma on 
the neck missed

LS

f 33 1.25 15 Unknown No No No Enlarged parathyroid 
gland taken for an 
adenoma

Unknown

f 61 1.39 18.3 1 No No No Second adenoma on 
the neck missed

RI

f 49 1.48 20.8 2 No No No Second adenoma on 
the neck missed

RS

f 53 1.31 7.9 1 No No No Thyroid nodule taken 
for an adenoma

LS
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visualization studies each indicating a single parathyroid 
adenoma at the same site (n = 461; 2) with uncertain imag-
ing results — all other cases, including negative results by at 
least one method of visualization, discordant imaging data, 
or suspected MGD (n = 240).

The rate of MGD was a significantly higher group with 
discordant imaging while as well as a total persistence rate, 
while the rate of persistent cases caused by MGD did not 
differ significantly (Table 7).

In 175 cases, BNE was performed. In 87 cases, BNE was 
performed for patients with concordant results; no MGD was 
missed in this group with 2 cases when second adenomas were 
found only intraoperatively. Improvement in MGD detection 
received by adding a BNE was found to be significant using a 
comparison of relative predictive values for paired samples for 
paired samples NPV = 100% vs 94.3% (p = 0.0254).

Forty-six patients with at least two visualization studies 
performed had at least one adenoma which was not preoper-
atively localized. Twenty-six of them had a single adenoma 
which localization was not correctly identified at preopera-
tive stage; 20 patients had MGD with only one abnormal 
gland localized preoperatively. There were 7 cases with pre-
viously unsuspected complementary adenomas found solely 
due to BNE.

Discussion

During the 2 years covered in the study, the leading cause of 
the persistent PHPT was a missed adenoma in undetected MGD 
on the neck. In contrast to other works [12], we have not found 
the negative MIBI scans to increase the risk of MGD. No com-
bination of preoperative visualization modalities was able to 
reliably rule out MGD and precisely identify patients for FPTX. 
Even within the cohort of patients with completely concordant 
imaging, MGD is frequently observed, accounting for nearly 
one-third of the total prevalence.

Additional preoperative visualization (4D CT as a third 
modality) was unable to improve overall results. This may 
partially be due to the effect of a “challenging” case. Patients 
with small and/or atypically located adenomas, which were 
not seen through standard imaging, received more extensive 

Table 2  Multivariate logistic model of the risk of postoperative per-
sistence

OR 2.5% 97.5%

Negative US (yes/no) 0.6125619 0.1640335 2.287532
Negative CT (yes/no) 2.516499 0.2205314 28.715936
Negative MIBI (yes/no) 1.443112 0.3496298 5.956504
BMI 1.077409 0.9917539 1.170462
Thyroiditis (yes/no) 1.600668 0.4171979 5.956504
Sex (m/f) 1.42772 0.1695557 12.021922
Age 1.42772 0.9831090 1.075972
Thyroid Nodules (yes/no) 1.028493 0.5168269 4.011337
Thyroid surgery anamnesis 

(yes/no)
4.649142 1.2685791 17.038373*

BNE performed (yes/no) 0.8722553 0.1149205 6.620484
Number of preoperative visu-

alization studies (3 or less)
2.179062 0.8141141 5.832487

Table 3  Characterization of patients with a single adenoma vs MGD

Number MGD
54

Single adenoma
756

Age 55.0 ± 13.1 56.9 ± 12.0
Sex m 4 49

f 49 708
Preoperative ionized cal-

cium (mmol/l)
1.47 ± 0.19 1.49 ± 0.17

Postoperative persistence 24 19

Table 4  Multivariate logistic model of the risk of MGD

OR 2.5% 97.5%

Negative US (yes/no) 1.12243 0.4403378 2.861095
Negative CT (yes/no) 4. 282339 0.8479477 21.626835
Negative MIBI (yes/no) 1.24263 0.4066877 3.796844
BMI 1.000079 0.9834466 1.016993
Sex (m/f) 1.259609 0.3726131 4.258078
Age 0.9871979 0.9643682 1.010568

Table 5  Independent diagnostic values of different visualization studies for MGD

US MIBI 4D CT

Value 95% CI Value 95% CI Value 95% CI

Sensitivity 22.92% 12.03% to 37.31% 33.33% 17.29% to 52.81% 62.16% 44.76% to 77.54%
Specificity 97.99% 96.65% to 98.90% 92.69% 89.78% to 94.98% 90.13% 86.21% to 93.24%
Positive predictive value 44.00% 27.39% to 62.07% 24.39% 14.93% to 37.23% 43.40% 33.44% to 53.92%
Negative predictive value 94.85% 94.04% to 95.56% 95.16% 93.84% to 96.20% 95.14% 92.82% to 96.74%
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preoperative examination along with more thorough intraop-
erative exploration, while apparently simple cases received 
less attention with regard to the possible risk of MGD. 
That is perhaps why discordant preoperative visualization 
results were not associated with the higher risk of persis-
tence caused by neck MGD, as one might intuitively expect. 
These findings may suggest an underestimated role of BNE 
in a group of patients with preoperative data indicating a 
single adenoma. It is important to note that the imaging 
discordant data from patients, who underwent a FPTX and 
had a persistent disease, were obviously misinterpreted by a 
surgeon, which led to a wrong choice of a surgical treatment. 
This implies that none of the visualization modalities should 
be considered as having a priority for the planning of FPTX.

Negative preoperative imaging while seeming to pose a chal-
lenge [31, 32] was not associated with a lower rate of the success 
of treatment. Indeed, clinically significant parathyroid glands in 
a typical position on the neck are often reported to be success-
fully found through the blind exploration [33] after an ectopic 
(intravagal or mediastinal) adenoma has been ruled out [34].

Stricter demands for visualization improve the identifica-
tion of adenoma but still fail to reliably rule out MGD. We 
see that the rate of undetected neck MGD did not signifi-
cantly decrease following the selection of patients with at 
least two studies with completely concordant results.

The retrospective character of the study puts considerable 
limitations on drawing any conclusions. For example, the large 
number of cases with discordant visualization results where 
BNE was not performed suggests that retrospective evaluation of 
preoperative does not always correspond to that in actual clinical 
practice, and the results should not be directly applied.

All imaging methods are operator-dependent thus affecting 
the results of the study. We cannot be confident that imaging 
data we classify as “concordant” were viewed the same way 
by a surgeon who made the decision to perform BNE or not. 
There may have been findings one could interpret as “suspi-
cious” or “uncertain” which may have led to the performing 
of BNE. Heterogenity within the group with performed scin-
tigraphy affects our estimation of its accuracy. For this method 
performed in accordance to the standard protocols in a sin-
gle facility, the MGD detection rate is expected to be higher. 
Additional visualization methods may be successfully applied 
in order to increase the cure rate. However, the increasing of 
the number of imaging studies may delay the surgery, which is 
even more important for the healthcare system where patients 
have irregular or limited access to diagnostic options. The 
cost-effectiveness of this approach in comparison with the 
broader use of BNE requires further investigations. The per-
formance of BNE for patients with a localized single adenoma 
in such circumstances may help to overcome limitations of 
misinterpreted preoperative data.

The overall low rate of both MGD and postoperative per-
sistence demands for a larger cohort of patients in order to 
obtain clear evidence for or against routine BNE. However, 
in that case the future findings may still be biased due to 
the gradually increasing cumulative experience of a surgical 
team. Additionally, we believe that the selection criteria for 
FPTX are being continuously optimized and may affect the 
sample. Moreover, a higher the rate of BNEs performed, a 
better understanding of parathyroid anatomy is expected; 
therefore, the overall incidence of treatment failure may 
decrease. The use of frozen section increases the time of 

Table 6  Characterization of 
patients with a single adenoma 
localized by preoperative 
imaging vs patients with 
uncertain imaging results

Localized single 
adenoma

No localization, discordant 
imaging results or suspected 
MGD

Chi-sq p-value

Number of patients 673 137
Number of MGD 22 32 73.826  < 0.001
Number of persistent cases 28 15 10.435 0.002
Number of persistent cases 

caused by missed MGD
19 5 0.270 0.604

BNE performed 131 69

Table 7  Characterization 
of patients with completely 
concordant imaging results vs 
uncertain imaging results

Concordant data Negative results by at least one 
method of visualization, discordant 
data or suspected MGD

Chi-sq p-value

Number of patients 461 240
Number of MGD 15 39 37.494  < 0.001
Number of persistent cases 18 23 9.243 0.003
Number of persistent cases 

caused by missed MGD
13 11 1.484 0.224

BNE performed 87 88
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operation. However, it helps to eliminate the risk of the 
removal of non-parathyroid tissue and therefore may be effi-
ciently applied to BNE, as we observe that BNE itself does 
not positively affect this type of surgical failures. BNE may 
be approached as a diagnostic surgical maneuver rather than 
as an alternative type of the surgery. With this approach an 
improvement of the diagnostics of MGD may be obtained. 
Thus, either the criteria for FPTX should be further specified 
or the role of BNE expanded, particularly, for high-volume 
endocrine clinics. At the same time the safety of BNE is 
still under question and further investigations are required.

Conclusion

To this date, no combination of preoperative visualization 
modalities seems to reliably rule out MGD. The higher over-
all success rate apparently cannot be achieved by increasing 
the number of preoperative visualization studies performed 
on a single patient. The routine performance of BNE may 
decrease the rate of the persistence of PHPT and therefore 
may be recommended for high-volume centers as a routine 
procedure, though further investigation is required.
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