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Abstract

Background Primary hyperparathyroidism (PHPT) is caused by excessive parathormone secretion from one or

more parathyroid glands. The primary treatment for PHPT is surgery. Due to anatomical variations in the parathyroid
glands, preoperative localization, surgical approaches, and success rates can vary. With the development of advanced
imaging techniques and the introduction of intraoperative intact PTH (i-PTH) measurement, traditional extended
surgical approaches have increasingly been replaced by focused surgeries.

Objective Intraoperative i-PTH measurement has been applied by different surgeons using various criteria. This study
aims to evaluate the effectiveness of intraoperative i-PTH measurement in improving surgical success, particularly in
cases with inconclusive preoperative imaging results.

Methods Between January 2010 and September 2020, 203 adult patients who underwent surgery for PHPT in our
clinic were included in the study. Patients were categorized into two groups: Group A (with intraoperative i-PTH
measurement) and Group B (without i-PTH measurement). Persistent hyperparathyroidism was defined as elevated
calcium levels occurring shortly after surgery, whereas recurrence was defined as calcium elevation after the 6th
postoperative month. The absence of recurrence or persistent hypercalcemia was considered an indicator of surgical
SUCCess.

Results The mean age of the patients was 54.6+12.7 years. Of the 203 patients, 40 (19.7%) were male and 163
(80.3%) were female. No correlation was found between recurrence or persistence and patient age. The overall
success rate was 93.6%. Surgical success was achieved in 97.8% of patients in Group A and 90% in Group B, indicating
a statistically significant difference between the groups (p=0.023).

Conclusion Intraoperative i-PTH measurement significantly increases the success rate of PHPT surgery, reducing
the incidence of recurrent or persistent cases and the need for secondary operations. Consequently, it helps
prevent complications associated with reoperations. These findings highlight the pivotal role of intraoperative i-PTH
monitoring in optimizing surgical outcomes, especially in complex PHPT cases.
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Introduction

In primary hyperparathyroidism (PHPT), excessive
secretion of parathormone (PTH) occurs due to the
development of one or more adenomas in the parathy-
roid glands [1, 2]. The primary treatment for PHPT is
surgery. If there is no contraindication or significant
comorbidity, surgical treatment is recommended even in
asymptomatic patients [3].

Typically, there are four parathyroid glands: two located
posterior to the upper thyroid lobes and two located
posterior to the lower lobes. Due to their embryological
development, these glands may sometimes be located
ectopically, making localization challenging [4, 5].

Targeted parathyroidectomy using minimally invasive
techniques can generally be performed in patients whose
diseased glands are localized through preoperative imag-
ing. In cases with uncertain localization or discordant
imaging findings, bilateral neck exploration—meaning
four-gland exploration—may be required instead of a
focused approach. After the introduction of intraopera-
tive intact PTH (i-PTH) measurement, many surgeons
began using this method to assess surgical success in real-
time. In this approach, i-PTH is measured 10 min after
removal of a parathyroid gland that is either enlarged or
suspected to be pathologic based on preoperative imag-
ing or intraoperative evaluation. If the measured value
decreases by more than 50% compared to the baseline
level at the beginning of surgery, the operation is termi-
nated—this is known as the Miami criterion. This strat-
egy helps reduce the risk of complications from extended
exploration, shortens the duration of surgery, limits
anesthesia exposure, and reduces overall costs [6]. In our
clinic, intraoperative i-PTH monitoring was adopted into
routine practice in accordance with the Miami criteria
[7].

In our study, patients with persistently elevated postop-
erative calcium (Ca) were considered to have persistent
hyperparathyroidism, while calcium elevation occurring
after the 6th postoperative month was classified as recur-
rence. The absence of recurrence or persistent hypercal-
cemia was accepted as an indicator of surgical success.

We aimed to evaluate whether intraoperative i-PTH
monitoring is effective in improving the success rate
of surgery. While intraoperative i-PTH monitoring is
already well-established in parathyroid surgery, this
study uniquely assesses its impact on reoperation rates
in a cohort with variable preoperative imaging results.
Additionally, our study highlights the potential ben-
efits of i-PTH monitoring in reducing recurrence and

persistence rates, particularly in challenging cases with
ectopic or poorly localized glands.

Material and method

Between January 2010 and September 2020, adult
patients who underwent surgery for primary hyperpara-
thyroidism (PHPT) at the General Surgery Clinic of Gazi
University were evaluated. The prospectively recorded
data of these patients were retrospectively reviewed and
analyzed. Demographic characteristics, as well as pre-
operative, intraoperative, and postoperative biochemical
parameters, radiological, scintigraphic, and histopatho-
logical findings of 203 patients who met the study criteria
were included in the analysis.

Patients with known multiglandular disease, such as
those with Multiple Endocrine Neoplasia (MEN), were
excluded to focus solely on sporadic cases of PHPT.
In cases where the intraoperative i-PTH decrease was
insufficient, bilateral exploration was performed and all
parathyroid glands were evaluated to prevent incom-
plete resections. Patients with impaired renal function,
particularly those undergoing dialysis, were excluded to
avoid potential confounding effects on PTH metabolism.
Patients were divided into two main groups: Group A
and Group B. Intraoperative frozen section analysis was
performed in all cases.

Patients in Group A were evaluated for preoperative
serum i-PTH levels. Based on radiological and nuclear
medicine imaging, a targeted incision was made, and the
tissue suspected to be a parathyroid adenoma was sent
for frozen section analysis. In Group A, intraoperative
i-PTH was first measured immediately after induction of
anesthesia to establish a baseline. A second sample was
obtained exactly 10 min after removal of the suspected
parathyroid gland. If the PTH decrease was less than
50%, a third sample was taken at the 20th minute. No
further intraoperative i-PTH measurements were per-
formed beyond this point. Surgical decisions were guided
by both i-PTH dynamics and frozen section results.

The operation was concluded when the i-PTH level
decreased by more than 50% and frozen section con-
firmed the excised tissue as parathyroid. If the expected
decrease in i-PTH did not occur and frozen section
was inconclusive, further exploration was performed to
identify the adenoma. In cases where either the i-PTH
dropped adequately but frozen section did not confirm
parathyroid tissue, or vice versa, surgical exploration was
continued to minimize the risk of incomplete resection.

In Group B, intraoperative i-PTH levels were not mea-
sured. Surgery was guided solely by preoperative imaging



Noori et al. BMC Endocrine Disorders (2025) 25:116

results. The excised tissue was sent for frozen section
analysis. If parathyroid tissue was confirmed, the opera-
tion was concluded. If the frozen section did not confirm
parathyroid tissue, surgical exploration continued until a
parathyroid adenoma was identified.

Patients were assigned to Group A or Group B based
on the availability of intraoperative i-PTH monitoring
equipment at the time of surgery. Baseline characteristics
between the groups—including age, gender, and preoper-
ative imaging results—were compared, and no significant
differences were found, minimizing potential selection
bias.

Patients with elevated serum PTH levels and normo-
calcemia were evaluated separately to distinguish pri-
mary hyperparathyroidism from other potential causes
of hyperparathyroidism. These patients were considered
for additional diagnostic workup to exclude secondary
causes.

Serum PTH, calcium, phosphorus, and vitamin D lev-
els were analyzed preoperatively and re-evaluated at 24 h
and 6 months postoperatively. The first follow-up visit
was scheduled for postoperative day 1, and long-term
follow-up was conducted at 6 months. Definitive histo-
pathological reports were typically available within 5-7
working days after surgery.

Intraoperative i-PTH measurements and frozen sec-
tion analyses were performed during surgery. Preopera-
tive localization of parathyroid glands was determined by
ultrasonography (USG), technetium-99 m sestamibi (Tc-
99 m), or single-photon emission computed tomography
(SPECT), with standardized imaging protocols applied to
all patients. Discrepancies in imaging findings were com-
pared with intraoperative findings.

Normal reference ranges for laboratory parameters in
adults were: 12—-88 pg/mL for intact PTH, 8.5-10.5 mg/
dL for serum calcium, 2.5-4.5 mg/dL for serum phos-
phorus, and 30-100 ng/mL for vitamin D. Serum calcium
levels were corrected for albumin using a standardized
formula provided by the clinical laboratory. Bone min-
eral density (BMD) of the lumbar vertebrae was assessed
using T scores. T scores of -1.0 and above were classified
as normal, between -1.0 and -2.5 as osteopenia, and
- 2.5 or below as osteoporosis. Histopathological findings
were classified into four categories: normal parathyroid
tissue, parathyroid adenoma, parathyroid carcinoma, and
parathyroid hyperplasia. Because parathyroid adenomas
are typically bean-shaped, their volume was calculated
using the ellipsoid formula [8].

In our laboratory, CLIA (chemiluminescence immu-
noassay) is used for routine serum i-PTH measurement,
while ECLIA (electrochemiluminescence immunoassay)
is used intraoperatively for rapid i-PTH analysis. As the
two methods differ in measurement principles and refer-
ence ranges, results were only compared when measured
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by the same method. For intraoperative rapid i-PTH
assessment, an adequate blood sample was collected in
EDTA tubes as per standard protocol.

Only conventional (open) parathyroidectomy was per-
formed in our clinic. Two main surgical approaches were
used: targeted parathyroidectomy was generally preferred
when preoperative imaging provided accurate localiza-
tion and there was no need for concurrent thyroid sur-
gery. If no lesion was found at the location indicated by
imaging, or if frozen section findings were inconsistent
with parathyroid tissue, or if laboratory results (i.e., intra-
operative i-PTH decrease less than 50%) did not confirm
complete excision, extended exploration was performed.
Extended procedures were defined as unilateral when
continued on the same side, and bilateral when extended
to the opposite side of the neck.

PTH and serum calcium levels were measured at 24 h
postoperatively in both groups. A serum calcium level
below 10.5 mg/dL and a PTH level within the normal
range on the first postoperative day were considered indi-
cators of initial surgical success. Both parameters were
evaluated together to assess early biochemical response.
Serum PTH, calcium, phosphorus, and vitamin D levels
were reassessed at the 6-month follow-up visit. Relation-
ships among these variables were also examined.

Patients with elevated postoperative calcium levels
were considered to have persistent hyperparathyroid-
ism. Those with elevated calcium levels appearing after
the 6th postoperative month were classified as recurrent
cases. In this study, surgical success was defined as the
absence of both recurrence and persistence.

All procedures in this study were conducted in accor-
dance with the ethical standards of the institutional
research committee and the principles of the 1964 Dec-
laration of Helsinki and its subsequent amendments.
This retrospective study was approved by the Gazi Uni-
versity Faculty of Medicine Institutional Review Board
(Approval No: 757 -09.11.2020). The need for individual
informed consent was waived by the ethics committee
due to the retrospective nature of the study.

Statistical analysis

Descriptive statistics were used to evaluate gender and
age distributions, frequencies of preoperative imaging
and intraoperative findings, number of imaging studies,
and pathology results according to surgical method. The
Chi-square test was employed to analyze categorical vari-
ables such as the presence of recurrence or persistence,
type of surgery, laterality, additional surgical procedures,
and multifocality, as well as the occurrence of recurrence
or persistence according to age groups and PTH level
categories in patients with and without intraoperative
i-PTH monitoring (Groups A and B).
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Table 1 Gender and age distribution of patients

Male Female

Agroup Bgroup A group B group
n 13 27 80 83
Age.Mean+SD  53+136  576+13.7 551£115 535+134
Age. minimum 20 20 23 21
Age. maximum 70 78 77 86
Total. n (%) 40 (19.7%) 163 (80.3%)

SD: standard deviation. n: number

For continuous variables such as excised gland weight,
volume, PTH decline rate, and comparisons of weight
and volume based on the surgical technique, the Mann-
Whitney U test was applied as a nonparametric alterna-
tive, since the data did not follow a normal distribution.
Spearman’s correlation test was used to evaluate the rela-
tionships between the PTH decline rate and preoperative
PTH levels, gland weight and volume, calcium/phos-
phorus ratio, and vitamin D levels due to the presence of
outliers.

All statistical analyses were performed using SPSS ver-
sion 26.0 (License No.: 9869264, SPSS Inc., Chicago, IL,
USA) and R Studio software. A p-value of <0.05 was con-
sidered statistically significant.

Results

Of the 203 patients included in the study, 163 (80.3%)
were female. The mean age of the patients was 54.6 £+ 12.7
years. Patients were divided into two groups: Group A
(n=93) underwent intraoperative PTH measurement,
whereas Group B (7=110) did not (Table 1).

The localizations of the parathyroid glands that were
considered pathological during intraoperative evalua-
tion and excised as single glands were analyzed. The most
common localization was the left inferior (n="77, 37.9%),
followed by the right inferior (n=71, 35%), left superior
(n=14, 6.9%), and right superior (n=6, 3%). In addi-
tion, 22 patients (10.8%) had ectopic parathyroid glands,
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located in the retrosternal area (n=8), thyrothymic liga-
ment (n=6), carotid sheath (n=3), intrathyroidal region
(n=3), and anterior mediastinum (z =2).

More than one gland was excised in 13 patients; in all
of them, no more than two glands were removed. In 5
(2.5%) of these cases, the excised glands were unilateral,
while in 8 (3.9%) they were bilateral. Preoperative imag-
ing findings (USG, SPECT, and Tc-99 m sestamibi) and
intraoperative localization results were recorded and
analyzed. Multifocality was initially suspected intraop-
eratively based on the removal of more than one para-
thyroid lesion, but final classification was confirmed by
histopathological examination. Cases in which more
than one lesion was removed were considered multifocal
(Table 2).

In this study, the absence of recurrence or persistent
disease was considered an indicator of surgical success.
A total of 190 patients (93.6%) achieved surgical success.
When evaluated separately, 91 patients (97.8%) in Group
A and 99 patients (90%) in Group B achieved surgical
success. This difference between groups was statistically
significant (p =0.023).

Multifocality status was also analyzed separately for
the two groups. In Group A, multifocality was found in
7 patients (7.5%), and none of these patients developed
recurrent or persistent PHPT. In Group B, multifocality
was observed in 6 patients (5.5%), and recurrent or per-
sistent PHPT developed in 3 of them. Statistical analysis
revealed no significant difference between the groups
regarding multifocality (p=0.548). Overall, multifocal
disease was observed in 13 patients (6.4%): 7 patients
(7.5%) in Group A and 6 patients (5.5%) in Group B.
Among these, 3 patients in Group B developed recur-
rent or persistent PHPT, while none of the multifocal
patients in Group A experienced recurrence or persis-
tence (Table 3).

Not all patients underwent the same number of pre-
operative imaging studies. While some underwent only

Table 2 Localizations according to preoperative imaging and intraoperative findings

Localization Intraoperative UsG SPECT TC-99 m
sestamibi

n % n % n % n %
Right superior 6 30 4 20 0 0 2 1.0
Right inferior 71 350 61 30.0 24 11.8 41 20.0
Left superior 14 6.9 11 54 4 20 6 30
Left inferior 77 379 67 33.0 27 133 43 212
Two localizations on the same sides 5 25 4 20 1 0.5 4 20
Two localizations on different sides 8 39 1 0.5 0 0 3 1.5
Ectopic 22 10.8 12 59 15 74 14 6.9
No examination - - 23 1.3 116 571 73 36.0
Normal 0 0 20 99 16 79 17 84
Total 203 100 203 100 203 100 203 100

n. number, USG: ultrasonography, SPECT: single photon emission computed tomography, TC-99: technetium 99
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Table 3 Multifocality. Type of surgery. Laterality. Additional
surgery. Recurrent or persistent PHPT rates

A group B group p
(n=93) (n=110)
n % n %
Recurrent or persistent PHPT
Positive 2 2.2 1 10 0.023
Negative 9 978 99 90
Surgery type
Focused 64 688 65 59.1 0.151
Extended 29 312 45 40.9
Laterality
Unilateral 15 16.1 17 154 0237
Bilateral 14 15.1 28 255
Additional surgery
Total Thyroidectomy 1 1.1 4 36 0.750
Lobectomy 3 32 7 6.4
Thymectomy 2 2.2 2 1.6
Multifocality
Positive 7 7.5 6 55 0.548
Negative 86 925 104 94.5

n: number, p: value, PHPT: Primary Hyperparathyroidism
p value <0.05 is considered a statistically significant difference

one imaging modality (e.g., USG or SPECT), others had
two or even three different imaging procedures. In Group
A (i-PTH), two patients with recurrence had three pre-
operative imaging studies. In Group B (non-i-PTH), five
patients with recurrence also underwent three imag-
ing studies. Neck ultrasonography (USG) could not be
performed in some cases due to technical limitations
or scheduling issues. In several cases of recurrence or
persistence, preoperative imaging failed to localize an
enlarged parathyroid gland, potentially contributing to
incomplete resection. These findings underscore the
added value of intraoperative i-PTH monitoring in such
challenging cases.

When the final pathology results of the patients were
analyzed (n=203), 183 (90.1%) had parathyroid adenoma,
13 (6.4%) had parathyroid hyperplasia, 1 (0.5%) had para-
thyroid carcinoma, and the remaining 6 patients (3%) had
histologically normal parathyroid tissue without patho-
logical findings.

A total of 13 patients developed either recurrence or
persistence. Of these, 2 were from Group A and 11 were
from Group B. In Group A, both patients had adenomas
confirmed by preoperative imaging and pathology. One
of them underwent reoperation and achieved biochemi-
cal cure, while the other was managed conservatively due
to comorbidities. In Group B, 4 patients had persistent
disease, and 7 developed recurrence. Among them, 3
underwent reoperation: 2 achieved cure, and 1 continued
to have biochemical abnormalities due to failure to local-
ize ectopic parathyroid tissue. The pathological diagnoses
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Table 4 Comparison of parathyroid gland weight and volume

in patients with and without recurrent or persistent disease,

intraoperative PTH decrease rate and recurrent-persistent disease
Relapse or persis- Relapse or persis- p

tent (+) tent (-)
(min-max) (min-max)
Weight, (g) 0.50 (0.11-2.1) 0.8(0.1-14) 0.066
Volume, (mm?) 314 (4.19-3140) 688 (14.1-19792) 0.024
i-PTH decline rate, n
<50%, 7 1 (50%) 6 (6.6%)
50-70%, 17 1(50%) 16 (17.6%)
>70%, 69 0 (0%) 69 (75.8%)
Total, 93 2 (100%) 91 (100%)

g: gram, mm?3: cubic millimeter, min: minimum, max: maximum, p: value, n:
number, PTH: parathormone, i-PTH: intact parathormone

in these patients included 6 adenomas, 3 histologically
normal parathyroid tissues, and 2 hyperplasias.

Postoperative calcium, PTH, and phosphorus levels
varied depending on recurrence status, but were gener-
ally elevated in active disease cases. Based on pathology
reports, the weights and volumes of the excised glands
were calculated. Gland diameters in all three axes were
recorded, and since parathyroid glands are typically
bean-shaped, the volume was estimated using the “rota-
tor ellipse” formula.

When patients with recurrence or persistence were
compared with those without, the median gland weight
in the non-recurrent group was approximately twice as
high. However, this difference did not reach statistical
significance (p=0.066). On the other hand, the volume
of excised glands was significantly lower in patients with
recurrence or persistence and this difference was statisti-
cally significant (p =0.024) (Table 4).

One of the causes of recurrence or persistence is unde-
tected multiglandular disease. In our study, when recur-
rence or persistence rates were analyzed according to
age, 6 of 127 patients under 60 years of age and 7 of 76
patients over 60 years of age were affected. This differ-
ence was not statistically significant (p =0.166) (Fig. 1).

PTH decline rates were calculated for the 93 patients
in whom intraoperative PTH was measured (Fig. 2).
Upon analysis, it was strikingly noted that none of the
patients with a PTH decline rate greater than 70% devel-
oped recurrence or persistence. In contrast, one patient
with a decline between 50 and 70% and one patient with
a decline below 50% experienced recurrent or persistent
disease. Among those without recurrence or persistence,
75.8% had an intraoperative PTH decline above 70%,
17.6% between 50 and 70%, and 6.6% below 50%. The
median PTH decline was 80.6 (18.09-98.45) in patients
without recurrence or persistence, and 16.8 (-28.7-62.5)
in those with recurrence or persistence (p =0.042) (Fig. 3;
Table 4).
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Fig. 4 Recurrence or persistence rate with postoperative PTH

Postoperative PTH values on the first day were within
the normal range (<88 pg/mL) in 182 patients (89.6%)
and elevated (>88 pg/mL) in 21 patients (10.4%). Among
those with normal postoperative PTH, recurrence or per-
sistence occurred in 2 patients from Group A and 5 from
Group B. Among those with elevated postoperative PTH,
no recurrence or persistence occurred in Group A, while

)

6 patients in Group B experienced recurrent or persis-
tent disease. This difference was statistically significant
(p<0.001) (Fig. 4).

At the sixth postoperative month, PTH levels were nor-
mal (<88 pg/mL) in 163 patients (80.2%) and elevated
(>88 pg/mL) in 40 patients (19.8%). Recurrence or per-
sistence was observed in 3 of the 163 patients (1.8%)
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Table 5 Preoperative and postoperative laboratory results of the

patients

Test Preoperative  Postoperative Postop-
erative 6th
month

PTH (pg/ml), 23321+300.8 5575+1649 79.36+138

mean +SD

Phosphorus (mg/  2.74+0.59 - 3.30+£0.67

dL), mean+SD

Calcium (mg/dL),  11.12+0.73 9.50+0.76 948+0.74

mean +SD

Vitamin D (ng/mL), 1897+9.56 - 24.68+14.10

mean +SD

Ca/P ratio, 4.25+1.01 - 3.03£0974

mean +SD

PTH: parathormone, Ca: calcium, P: phosphorus, SD: standard deviation

with normal PTH and in 10 of the 40 patients (25%) with
elevated PTH levels. Among the 30 patients who had ele-
vated PTH levels at the sixth month but did not develop
recurrence or persistence, 25 had vitamin D deficiency,
while 5 did not. The effect of vitamin D deficiency on
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postoperative PTH elevation was not statistically signifi-
cant (p=0.818).

When comparing preoperative and postoperative
laboratory values, there was a significant reduction in
serum intact PTH and serum calcium levels. Addition-
ally, the mean serum phosphorus level increased from
2.74+0.59 mg/dL preoperatively to 3.30+0.73 mg/dL
postoperatively (Table 5).

Of the 116 patients who underwent lumbar vertebral
bone mineral density (BMD) evaluation, 42 (36%) had
osteopenia, 16 (13.7%) had osteoporosis, and 58 (50%)
had normal BMD values. A positive correlation was
found between preoperative PTH and the calcium/phos-
phorus (Ca/P) ratio (p<0.001, r=0.278) (Fig. 5). The cor-
relation between PTH decline rate and Ca/P ratio was
not statistically significant (p=0.909). A negative correla-
tion was observed between vitamin D levels and preop-
erative Ca/P ratio (p=0.018, r =-0.166) (Fig. 6).

p<0.001, r=0.278

800 1000 1200 1400

Preoperative PTH (pg/ml)

Fig.5 Correlation between preoperative PTH and calcium/phosphorus (Ca/P)
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Fig. 6 Correlation between preoperative Ca/P ratio and vitamin D

Discussion

Primary hyperparathyroidism (PHPT) is an endocrine
disorder characterized by excessive parathormone (PTH)
secretion, leading to hypercalcemia due to adenoma,
hyperplasia, or, rarely, carcinoma of the parathyroid
glands. This hypercalcemic state results in a spectrum
of symptoms, particularly affecting the renal and skel-
etal systems. PHPT most commonly occurs in individu-
als aged 50 to 60, with a reported female-to-male ratio of
approximately 4:1 [9-12]. In our retrospective study, the
mean patient age was 54 years, and the female-to-male
ratio was consistent with the literature.

The primary aim of this study was to evaluate the
effectiveness of intraoperative intact PTH monitoring
in improving surgical success and reducing the need
for reoperation in PHPT. While neck ultrasonography
(USG), single-photon emission computed tomography
(SPECT), and Tc-99 m sestamibi imaging are well-estab-
lished in preoperative localization, intraoperative i-PTH
measurement adds a dynamic biochemical parameter
to support intraoperative decision-making. Our find-
ings suggest that i-PTH monitoring can provide signifi-
cant benefits, particularly in cases with inconclusive or

discordant imaging findings, as well as in cases of ectopic
or poorly localized glands.

The primary treatment for PHPT is surgery, with com-
mon approaches including unilateral exploration, bilat-
eral exploration, and focused (targeted) exploration.
Focused surgery is less invasive and associated with fewer
complications and shorter recovery periods [13-17]. In
our study, we compared preoperative localization with
intraoperative findings. The success rates of preopera-
tive imaging modalities were 74.4% for USG, 65.3% for
Tc-99 m sestamibi, and 46.4% for SPECT. These results
are comparable with those reported in the literature [4,
18], although deviations may occur due to differences in
interpretation, multiple gland disease, or concurrent thy-
roid pathologies.

The localization of parathyroid lesions based on imag-
ing (left/right inferior/superior) was largely consistent
with intraoperative findings. Ectopic localization was
observed in 10% of patients, and multiglandular disease
was present in 6%. Histopathological analysis revealed
adenoma in 93%, hyperplasia in 6.4%, and carcinoma in
0.5% of patients, aligning with literature data [5, 19].

A decline in i-PTH levels by more than 50% after
removal of the suspected pathological gland is commonly
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interpreted as indicative of surgical success, a concept
forming one of the pillars of this study. i-PTH monitoring
was applied in 93 patients (Group A), while the remain-
ing 110 (Group B) did not undergo this procedure. A
significant difference was observed in surgical success
between the two groups (p=0.02), supporting the value
of i-PTH measurement in improving outcomes.

Although not all comparisons reached statistical sig-
nificance, we observed trends suggesting that i-PTH
monitoring contributed to more targeted surgeries and
reduced the need for extended exploration. Notably,
none of the patients with multifocal disease in Group A
experienced recurrence or persistence, while 3 patients
in Group B did. This suggests that intraoperative i-PTH
monitoring may improve detection of multiglandular dis-
ease. Literature reports support this observation, particu-
larly when imaging fails to localize all pathological glands
[20]. Our data partially support this as well: among the 13
patients with multifocal disease, none in Group A expe-
rienced recurrence or persistence, whereas 3 out of 6 in
Group B did. Thus, i-PTH monitoring appears to facili-
tate more accurate intraoperative assessment of disease
extent.

Many studies have emphasized the importance of intra-
operative PTH monitoring, especially in older patients,
who are at increased risk of multiglandular disease. The
reported surgical success rate with intraoperative PTH
monitoring can reach up to 98% [6, 13, 21-23]. In our
study, the success rate in the i-PTH group was 97.8%,
closely matching those figures.

Improved success rates directly translate to fewer sec-
ondary surgeries, reduced recurrence, and a decrease in
associated complications and costs [24]. Consequently,
intraoperative i-PTH monitoring has become a routine
part of surgical practice in our clinic.

Although intraoperative PTH testing adds approxi-
mately 50 min to the procedure (including sampling,
transport, analysis, and reporting), the frozen section
process—which takes 30-40 min—was performed in
both groups, resulting in comparable intraoperative
waiting times. The additional delay was around 30 min,
which we consider clinically acceptable, especially when
weighed against the benefits of avoiding unnecessary
exploration.

We acknowledge that routine frozen section analysis
for all patients is not common practice in high-volume
endocrine centers due to cost, time, and resource consid-
erations. However, in our institution, it was implemented
as a standard part of the conservative surgical protocol.
While frozen section aids intraoperative confirmation of
parathyroid tissue, it does not preclude the presence of
additional pathological glands and should not be solely
relied upon to terminate exploration.
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In some patients, postoperative PTH levels remained
elevated despite a significant intraoperative i-PTH
decline. A high proportion of these patients had vitamin
D deficiency, a potential confounding factor. Considering
these and similar factors, the normalization thresholds
suggested by the Rotterdam and Ann Arbor frameworks
may need to be reconsidered. Multicenter, high-volume
studies are necessary to clarify and standardize these
criteria.

In focused surgical interventions, preoperative imag-
ing guides the surgeon, while a>50% intraoperative PTH
drop provides real-time confirmation of adequate gland
removal. These combined strategies enable safe, limited
dissection without compromising surgical success.

Our study has several limitations. These include limited
access to patient records, single-center design, a relatively
small patient cohort, variability in operating surgeons,
and differences in radiological reporting. Moreover,
complications such as hypoparathyroidism or vocal cord
paralysis, and the technical difficulty of reoperations in
persistent/recurrent cases, underline the necessity for
experienced surgeons in high-volume centers.

Finally, optimal management of PHPT requires col-
laboration between skilled endocrine surgeons, experi-
enced radiologists, and advanced laboratories capable of
performing rapid and accurate biochemical testing at all
stages of care.
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