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The relationship between
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Introduction: In primary hyperparathyroidism(pHPT), suppression in other
glands due to autonomy of pathological gland is frequently observed. In this
retrospective study, we aimed to evaluate contribution of suppression of
remaining parathyroid glands in pHPT in predicting surgical cure.

Methods: We retrospectively analyzed data from patients diagnosed with pHPT
and operated at our institution between 2014 and 2022. Patients who
demonstrated either a decrease of more than 50% in intraoperative
parathormone levels or a normal parathormone (PTH) level at the 6th
postoperative hour were included. Patients were categorized into two groups
based on their PTH levels at the 6th postoperative hour: those with PTH
suppression (PTH < 15 ng/L) and those without (PTH > 15 ng/L). We analyzed
the outcomes in terms of persistent disease and biochemical markers.

Results: Among 196 patients who met the inclusion criteria, 124 exhibited PTH
suppression while 72 did not. Persistent disease was significantly more common
in the non-suppressed group (19.4% vs. 5.65%, p<0.001). Furthermore,
postoperative PTH suppression strongly correlated with surgical cure, indicated
by a significant difference in the rate of normocalcemia after 6 months. Excised
parathyroid tissue volumes were determined significantly lower in group 1
compared to group (0.85 + 0.88cm3vs2.04 + 3.79cm3,p=0.035,
respectively). There was no significant difference between two groups in terms
of gender, preoperative Ca, magnesium, vitamin D and postoperative Ca levels.

Conclusion: Early postoperative PTH suppression is highly associated with
surgical cure. The rate of pPHPT is significantly higher in non-suppressed
patients. Therefore, in follow-up strategies of postoperative patients, the
possibility of a remnant pathological gland should be considered especially in
those without early PTH suppression.
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Introduction

Primary hyperparathyroidism(pHPT) is one of the most
common endocrine pathologies and the most common cause of
hypercalcemia. It’s only curative treatment is surgery (1). Although
surgical success rate is over 95% in experienced centers, surgical
failure is still the most common complication (1, 2). The most
common causes of surgical failure at initial exploration are
multiglandular disease such as double adenoma or four-gland
hyperplasia and ectopic glands (3) In the literature, rate of
persistent disease after parathyroidectomy is reported to be
between 2% and 22%, while rate of recurrent disease between 1%
and 15% (2, 4).

Parathyroid hormone (PTH) has a critical role in regulation of
calcium (Ca) homeostasis. PTH secretion from parathyroid glands
is regulated by negative feedback due to small changes in circulating
ionized Ca via Ca-sensitive receptors(CaSR) on surface of
parathyroid glands. While decrease in serum Ca level stimulates
PTH secretion with CaSR inactivation, increase in serum Ca level
inhibits PTH secretion with CaSR stimulation (5). In pHPT, it has
been demonstrated that there is a deterioration in set-point value of
Ca concentration inhibiting PTH release or a deterioration in Ca
suppression mechanism over parathyroid glands (6). This
mechanism is impaired in all pathological parathyroid glands (7).
In pathological glands, suppressive effect of Ca on PTH secretion is
impaired but not completely eliminated. Sensitivity of parathyroid
cells to Ca and suppressive effect of Ca on PTH secretion
decrease (8).

Rate of PTH suppression in response to oral Ca challenge is
lower in pHPT patients compared to normal population. In normal
individuals, PTH secretion is suppressed to almost undetectable
levels within first hour of oral Ca intake (9). In pHPT patients, it has
been demonstrated that decreased suppressibility of PTH in
response to Ca in preoperative period gets normalized on first
postoperative day and remaining parathyroid glands respond
normally to changes in extracellular Ca (6).

For the past three decades, intraoperative parathyroid hormone
(ioPTH) assay during pHPT surgery has been based on the
assumption that PTH is rapidly eliminated from plasma due to its
short half-life and remaining normal glands are functionally
suppressed (10). The use of ioPTH measurement is increasingly
being employed to predict surgical cure and reduce operative
failures in parathyroidectomy for pHPT. While ioPTH
measurement is effective in reducing persistent disease, surgical
failure remains a major challenging problem (11). Studies assessing
the false-positive and false-negative rates of ioPTH method
continue to appear in the literature. In a meta-analysis conducted
by Medas et al., encompassing 18 studies on the topic, the
concordance rate for the ioPTH method was reported to range
from 81.3% to 100% (11). In patients where at least one pathological
gland has been removed, the most common cause of persistent
disease is the presence of a remnant pathological gland due to
multiglandular disease.

While ioPTH measurement provides excellent predictions of
surgical success in single adenoma cases, rates of false positives are
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high in multiglandular diseases and in cases with double adenomas
(22%, 47%,respectively). Particularly in multiglandular diseases,
even if i0PTH falls sufficiently and below normal range’s lower
limit, it does not guarantee that all pathological parathyroid glands
have been completely removed (12). This situation indicates that
additional data are needed to predict surgical cure. Although
current guidelines recommend a minimum follow-up period of
six months after parathyroidectomy to evaluate surgical outcomes
and potential complications, there are no clear recommendations
regarding the optimal frequency of follow-up visits (1).

Similarly, among our patients who underwent unilateral neck
exploration (UNE) or minimally invasive parathyroidectomy (MIP)
and exhibited a sufficient ioPTH decline—defined as a decrease of
more than 50% from the highest pre-excisional PTH level during
ioPTH monitoring—persistent disease was detected in some cases
during postoperative follow-up. We observed that PTH values at
postoperative 6th hour were in normal range in some of them while
in others it was under lower limit of normal reference range. In
particular, it suggests that patients with suppressed PTH are more
likely to have normal parathyroid glands. Main cause of persistent
disease is the presence of a pathological remnant gland. PTH may
not be suppressed in presence of a possible pathological
remnant gland.

Present study was planned with hypothesis that rate of
persistent disease may be lower in those with early postoperative
PTH suppression and PTH suppression may predict surgical cure.
The association between PTH suppression in the early
postoperative period and the subsequent development of
persistent disease was evaluated, and its potential contribution to
determining the optimal follow-up schedule for patients
was assessed.

Material and methods

Data of patients with pHPT who were operated at our clinic
between 2014 and 2022 were retrospectively evaluated. Approval for
data evaluation was obtained from our hospital’s local ethics
committee, and data were used in accordance with the
Declaration of Helsinki. Informed consent for use of their data in
scientific studies was obtained from all patients preoperatively.

Inclusion criteria: Patients with one or two positive imaging
methods who underwent focused surgery or unilateral exploration
were included. For patients with a single positive or two positive
imaging result, the operation was terminated if ioPTH levels
showed a 50% drop from the pre-excision value at 10 or 20
minutes post-excision (Modified Miami criterion) (13). At least 2
parathyroid glands on the contralateral neck side were not explored
to protect them from the potential traumatic effects of surgical
manipulation. A successful surgical outcome was defined as a
reduction in ioPTH levels by more than 50%, or as a PTH level
measured at the 6th postoperative hour falling below the upper limit
of the laboratory reference range. Patients who demonstrated either
a decrease of more than 50% in ioPTH levels or a normal PTH level
at the 6th postoperative hour were included.
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Exclusion criteria: Patients with pHPT who underwent bilateral
neck exploration with two negative or discordant imaging results,
those with familial primary hyperparathyroidism or multiple
endocrine neoplasia or normocalcemic pHPT, those converted
from focused surgery to bilateral exploration, patients who had
previously undergone thyroid or parathyroid surgery, and those
who did not consent to the use of their data in scientific studies were
excluded. Patients who did not exhibit a sufficient decline in ioPTH
levels, those who did not undergo ioPTH monitoring, and
individuals with incomplete data were excluded from the study.

The diagnosis of pHPT was biochemically confirmed in all
patients. All patients underwent routine preoperative sestamibi
parathyroid scintigraphy and ultrasonography(USG). All USGs
were performed by an experienced radiologist. In early
postoperative period, before discharge, patients exhibited
normocalcemia and/or normoparathyroidism, hypoparathyroidism
(PTH<65ng/mL).

Retrospectively, preoperative levels of Ca, phosphorus,
magnesium, PTH, 25(OH)vitaminD3 were evaluated.
Intraoperative pre-excision PTH levels, post-excision 10 and 20-
minute PTH levels, and postoperative 6th hour PTH, Ca, levels were
also assessed, as well as postoperative day 1 Ca level. Additionally,
excised parathyroid volumes were evaluated. Volumes of the
adenomas were calculated according to the diameters obtained
from pathology reports with the formula V(Volume)(mm3)=L
(Length)(mm)xW (Wide)(mm)xH(Height)(mm)x7/6 (14).

Based on PTH values at postoperative 6th hour, patients were
divided into two groups: Group 1, patients with PTH suppression
(PTH<15 ng/L); Group 2 without PTH suppression(PTH>15 ng/L).
Groups were compared regarding preoperative and early
postoperative Ca values, imaging characteristics,pPHPT development.

Achieving normocalcemia for at least 6 months was defined as a
surgical cure. Persistent disease was defined as recurrent
hypercalcemia within 6 months postoperatively, recurrent disease
was defined as recurrence of hypercalcemia after at least 6 months
of normocalcemia (1).

Statistical analysis

SPSS Statistics Version 25 program was used for statistical
analyses. Descriptive statistical methods(mean, standard
deviation, median, first quartile, third quartile, frequency,
percentage, minimum, maximum) were used to evaluate study
data. “Mann-Whitney U” test was used for comparisons between
two groups of quantitative variables that did not exhibit normal
distribution. “Pearson chi-square test” and “Fisher’s Exact Test”
were used for comparisons of qualitative data. Spearman correlation
analysis was utilized to assess relationships between quantitative
variables. Diagnostic screening tests(sensitivity, specificity, positive
predictive value, negative predictive value, accuracy) and ROC
analysis were used to determine predictive value for parameters.
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Results

Among patients operated on due to pHPT, 196 patients who
met inclusion criteria were evaluated. While postoperative PTH
suppression (group 1) was detected in 124 of 196 patients, no PTH
suppression (group 2) was detected in 72 patients. In group 2
compared to group 1; mean age (56 + 14 vs 51.9 * 11.8,respectively)
was significantly higher in group 2 (p=0.037). In group 1 compared
to group 2, preoperative PTH value (144.96 + 121.47ng/L vs 268.96
+ 239.80ng/L,p=0.00, respectively), were significantly lower
(Table 1). Excised parathyroid tissue volumes were determined
significantly lower in group 1 compared to group 2 (0.83 + 0.85cm3
vs 2.21 + 3.92cm3,p=0.0044, respectively). Persistent disease was
detected in 21 (10.7%) of 196 patients in study. Persistent pHPT was
significantly lower in group 1 than group 2 [5.65% vs 19.4%,
p<0.001; OR:0.248 (95% CI:0.095-0.648)] (Table 1).

While PTH suppression was detected in 117 (66.95%) of 175
surgically cured patients, no suppression was observed in
58 (33.1%) patients. There was no significant difference between
the two groups in terms of gender, preoperative Ca, magnesium,
vitamin D, postoperative Ca levels (Table 1).

According to our results, postoperative 6th hour PTH value less
than 18 ng/L predicts surgical cure with 61.9% sensitivity and 73.7%
specificity (Table 2, Figure 1).

The optimal cut-off value was determined as 18 ng/L, with a
95% confidence interval of 11.6-33.9 ng/L, using ROC analysis. The
area under the curve (AUC) was calculated as 0.68 (95% CI: 0.545-
0.809), indicating a fair discriminatory ability, and this result was
statistically significant (p = 0.0059) based on comparison of mean
PTH levels between persistent and cured patients using the
independent samples t-test (Table 2, Figure 1).

In addition to ROC analysis, the clinical validity of this cut-off
was assessed using Fisher’s Exact Test, revealing a statistically
significant association between the cut-off-based classification and
actual surgical outcome (p = 0.0017). The odds ratio was calculated
as 4.56 (95% CI: 1.78-11.70), suggesting that patients with a
postoperative PTH below 18 ng/L were over four times more
likely to be cured compared to those with higher values (Table 3).

In the analysis of postoperative 6th hour PTH values, it was
observed that among the patients with a PTH value less than 18 ng/
L, a significant majority (129 out of 138) indeed experienced
surgical cure, which is reflected in a high Negative Predictive
Value (NPV) of 94.2%. This suggests that a low PTH value
shortly after surgery is a good indicator of surgical success (Table 3).

Conversely, for those with a PTH value of 18 ng/L or higher,
only 13 out of 59 patients did not achieve a surgical cure, resulting
in a low Positive Predictive Value (PPV) of 22.0%. This indicates
that higher PTH values post-surgery are less reliable in predicting
the lack of surgical cure (Table 3).

The overall accuracy of using the 6th hour PTH value to predict
surgical outcomes was found to be 72.5%, indicating a reasonable
level of reliability for this test in a clinical setting. The results
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TABLE 1 Demographic, preoperative and postoperative features of patients.
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All Patients (h=196) Group 1 (n=124) Group 2 (n=72) p-value
Gender M 29 (14.8%) 19 (15.3%) 10 (13.9%) 0.949
n (%)
F 167 (85.2%) 105 (84.7%) 62 (86.1%)
Age year 53.37 + 12.78 (16-83) 51.85 + 11.82 (24-83) 55.99 + 13.97 (16-83) 0.037
Preop Ca (8.8 - 10.6 11.07 + 0.77 (8.87-13.71) 11.02 + 0.65 (9.52-12.97) 11.17 + 0.94 (8.87-13.71) 0.219
Mean+SD mg/dL)
Min - Max
Preop Mg (1.8 - 2.6 mg/dL) 1.97 + 0.23 (1.04-2.51) 2.00 + 0.20 (1.31-2.51) 1.93 +0.28 (1.04-2.44) 0.096
Mean+SD
Min - Max
Preop P (2.5 - 4.5 mg/dL) 2.66 + 0.54 (1.10-4.20) 2.69 + 0.58 (1.10-4.20) 2.62 + 0.46 0.386
Mean+SD (1.76-4.00)
Min - Max
Preop ALP (43-115 U/L) 102.88 + 48.18 (37.0-313.0) 101.74 + 42.23 (37.0-204.0) 105.03 + 58.60 (45.0-313.0) 0.790
Mean+SD
Min - Max
Preop PTH (15-65 ng/L) 190.82 + 184.25 144.96 + 121.47 268.96 + 239.80 0.000
Mean+SD (51.6-1337.1) (51.6-1302.0) (60.2-1337.1)
Min - Max
Preop Vitamin D (20 - 100 pg/L) 21.78 + 51.91 (3.0-657.0) 25.60 + 63.94 (3.2-657.0) 14.70 + 7.72 (3.0-35.4) 0.092
Mean+SD
Min - Max
Persistence / Cure Persistence 21 (10.7%) 7 (5.6%) 14 (19.4%) 0.0056
Cure 175 (89.3%) 117 (94.4%) 58 (80.6%)
Postop 6" hour PTH (15-65 ng/L) 16.76 + 13.60 (3.3-75.6) 9.43 + 3.07 (3.3-14.8) 29.39 + 15.35 (7.68-75.6) 0.000
Mean+SD
Min - Max
Postop 6™ hour Ca (8.8 - 10.6 9.72 + 091 (7.39-12.39) 9.70 + 0.85 (7.8-11.6) 9.74 + 1.01 (7.39-12.39) 0.755
Mean+SD mg/dL)
Min - Max
Postop 1% day Ca (8.8 - 10.6 8.88 + 0.66 (6.84-10.57) 8.84 + 0.66 (7.3-10.57) 8.97 + 0.66 (6.84-10.5) 0.189
Mean+SD mg/dL)
Min - Max
Excised Parathyroid Tissue (cm3) 1.34 + 2.55 (0.03-25.91) 0.83 + 0.85 (0.03-4.40) 2.21 +3.92 (0.03-25.90) 0.0044
Volume
Mean+SD
Min - Max
Ultrasonography Positive 181 (92.3%) 112 (90.3%) 69 (95.8%) 0.263
Negative 15 (7.7%) 12 (9.7%) 3 (4.2%)
Scintigraphy Positive 173 (88.3%) 107 (86.3%) 66 (91.7%) 0.370
Negative 23 (11.7%) 17 (13.7%) 6 (8.3%)
Single Positive Imaging (n) 32 23 9 No
p Value
Double Positive Imaging (n) 158 95 63
Discordant Imaging Methods (n) 3 3 0

n, number; M, Male; F, Female; Ca, Calcium; SD, Standard Deviation; min, minimum; max, maximum; Mg, Magnesium; P, Phosphorus; ALP, Alkaline Phosphatase; PTH, Parathyroid hormone.

TABLE 2 ROC analysis for postoperative 6th hour PTH in predicting surgical cure PTH: parathyroid hormone.

Cut-off Value (ng/L)

Sensitivity (%)

Specificity (%)

AUC (95% CI)

18

61.9

0.68 (0.545-0.809)

0.0059

ROC, Receiver Operating Characteristic; AUC, Area Under the Curve.
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FIGURE 1

ROC Curve (ROC Curve for 6th Hour PTH in Predicting Surgical Cure. AUC = 0.68 (95% Cl: 0.545-0.809), p = 0.0059.).

demonstrate the test’s strength in confirming surgical success but
also highlight its limitations in ruling out unsuccessful surgeries
based on higher PTH levels (Table 3).

Discussion

In pathological parathyroid glands, the regulatory mechanism
by which calcium suppresses PTH secretion is disrupted. PTH
suppression response to Ca intake is significantly lower in pHPT
patients compared to normal population (15). The difference in Ca
suppression response between normal and pathological parathyroid
glands has been suggested as a method to distinguish between
normal individuals and patients with mild pHPT whose diagnosis is
unclear. Both oral and intravenous Ca loading result in significantly
higher PTH suppression in normal individuals compared to pHPT
patients. In normal individuals, PTH secretion decreases below the
reference range with Ca loading and may even be suppressed to
undetectable levels (9, 16).

Depending on this physiopathological mechanism, we aimed to
evaluate whether early PTH suppression contributes to predicting
surgical cure. The rate of persistent disease in patients who

underwent focused surgery or unilateral exploration was 10.7%.
Among patients with early postoperative PTH suppression,
persistence rate was 5.65%, significantly lower than 19.4%
observed in patients without suppression. The risk of persistence
was approximately 3.3 times higher in patients without suppression
(p = 0.0149; OR: 3.28; 95% CI: 1.29-8.35).

In pHPT, a disruption in the set point value at which
extracellular Ca ion levels inhibit PTH secretion, or a malfunction
in the suppression mechanism of Ca on the parathyroid glands, is a
significant part of the disease’s pathophysiology (6). In present
study, surgical cure rate was 94.35% in patients with PTH
suppression at the postoperative 6th hour, approaching the
optimal goal of 95% cure rate. This is consistent with the
suppression of normal parathyroid glands by high Ca levels.

In patients with parathyroid adenomas, dispersed cells prepared
from in vitro pathological glands and normal parathyroid glands
were incubated with various concentrations of Ca, and PTH
secretion was evaluated. The set point for PTH secretion (defined
as the concentration of Ca causing half of the maximal inhibition of
PTH release) in cells taken from normal glands was found to be
lower than in cells taken from adenomas. Additionally, in normal
gland cells of patients with adenomas, both the set point and

TABLE 3 Diagnostic Performance of Postoperative 6th Hour PTH Cut-off Value PTH: Parathyroid Hormone. .

Cut-off Value (ng/L)

PPV (%) NPV (%)

Accuracy (%) p-value

(Fisher's Exact Test)

18 22.0 94.2

72.5 0.0017

PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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maximum PTH secretion at low Ca concentrations were found to be
significantly lower compared to the normal glands of patients with
normal Ca homeostasis (glands sampled during thyroidectomy)
(17). Bergenfelz et al. found that although the effect of Ca on PTH
suppression decreases in pathological glands in pHPT, after
pathological gland is removed, normal parathyroid glands can
respond normally to extracellular Ca changes by the first
postoperative day (6). Despite rapid decline in hormone levels
due to half-life of PTH after removal of pathological gland, Ca
levels decrease within 1-2 days (12). We hypothesize that the time
for resolution of postoperative PTH suppression may vary
depending on patient’s level of hypercalcemia, set point level of
normal glands, and whether postoperative Ca levels fall below this
set point level.

In present study, persistent disease secondary to a remnant
pathological gland was found in 5.65% of patients in suppression
group. Despite reduced suppressibility of PTH secretion in
pathological glands compared to normal glands, it has been
previously shown that PTH secretion can be suppressed down to
zero (8). In the same patient, multiple pathological glands may
exhibit different growth patterns and secretory functions. As a
result, a dominant pathological gland identified through imaging
can mask the degree of hypercalcemia caused by another pathological
gland with lesser hypersecretory function. Although the true
frequency of this phenomenon is unknown, it has been reported in
the literature in a few case reports as a rare entity (12, 18). In these
studies, after removal of pathological gland or glands, persistent
disease can occur when a suppressed pathological gland with a
different set point level starts to enter a hypersecretory phase, even
though ioPTH levels are adequate and below the reference lower limit
(18). These suppressed pathological parathyroid glands were defined
as sleeping parathyroid glands by Yavuz et al. (12). The
pathophysiology of persistent disease following a transient ioPTH
decline has not been definitively determined, and several alternative
hypotheses have been proposed. These include the presence of a
second pathological gland that gains activation after the excision of
dominant tumor, iatrogenic damage to another pathological gland
during the excision of first gland that later reactivates upon healing,
and the hypothesis that peroperative hypersecretion of PTH due to
surgical manipulation results in a decline in PTH levels that is
deemed adequate relative to this newly elevated value (12). In order
to distinguish these suppressed pathological parathyroid glands from
suppressed normal glands, other methods are needed in addition to
evaluation of PTH suppression. In their study, Siperstein et al.
routinely performed bilateral neck exploration and found that if
bilateral exploration was not performed in patients whose USG and
scintigraphy results were consistent and who had adequate ioPTH
reduction after focal exploration and removal of index gland, 16% of
occult multiglandular disease could be missed (19).

Despite a decrease in ioPTH by 50% or more, the group without
PTH suppression had a significantly higher rate of persistent
disease, which was found to be 19.4% in group 2 in present study.
We advocate that in these patients, inadequate PTH suppression
due to remaining pathological glands after removal of the
preoperatively determined pathological gland may be reason for
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persistence. Previous studies have shown that Ca suppression tests
have revealed significantly lower PTH suppression in patients with
pHPT compared to healthy individuals (8, 9, 15, 16). Titon et al.
reported that the intravenous standardized short-term PTH
suppression test appears reliable in distinguishing healthy
individuals from patients with pHPT. They found that PTH levels
of 14 ng/mL at the end of the loading phase (<14ng/mL in healthy
individuals, >14ng/mL in pHPT patients) and 23 ng/mL three hours
later (<23ng/mL in healthy individuals, >23ng/mL in pHPT
patients) were indicative (16). Heath et al. evaluated occult
parathyroid hyperplasia in patients with MEN2a who were
normocalcemic and had normal PTH levels, but were found to
have parathyroid hyperplasia during surgery. They assessed
suppression with Ca infusion test and found significantly lower
PTH suppression in MEN2a patients compared to normal
individuals and MEN2b individuals. Their findings indicated that
suppression was impaired even in occult hyperplasia cases (20).
These findings are consistent with data of persistent patients in the
second group of the study, supporting that PTH suppression can
often be impaired even with occult secondary remnant
pathological glands.

Despite the belief that PTH secretion in normal glands is
suppressed in patients with pHPT, some researchers have
demonstrated that secretion function of normal parathyroid
glands may not necessarily be completely suppressed even in the
presence of pHPT (21, 22). Additionally, it has been suggested that
ioPTH monitoring indicates that normal parathyroid glands are not
completely suppressed (23). Bergenfelz et al. found that in patients
with pHPT, normal parathyroid glands continued to secrete PTH
within the first 60 minutes after adenoma removal, despite no
hypocalcemic stimulus and exposure to prolonged hypercalcemia.
The researchers suggested that the increase in basal levels and PTH
secretion reserve in normal glands in the early postoperative period
after pHPT surgery may be attributed to pre-synthesized and larger
stored amounts of PTH (23).

Preoperative PTH levels and removed parathyroid glands’
volumes were significantly higher in patients without suppression
at the 6th postoperative hour. Higher PTH levels in this group may
be related to the higher volumes of removed adenomas. Previous
studies have demonstrated a positive correlation between
preoperative PTH level and removed adenoma volume (24, 25).
In addition, some other studies have shown varying degrees of
correlation between removed adenoma weight and preoperative
PTH (26-29).

Risk factors for multigland disease have been researched and
discussed for many years. Age is one of the most frequently
discussed factors for multigland disease. In the study conducted
by Wirowski et al., young age was found to be a risk factor for
multiple gland disease (30). However, in the same study, when
familial diseases are excluded, age is not a significant factor (30). In
the study by Thier et al., it was shown that age did not make a
significant difference in terms of single gland disease and multiple
gland disease (31). In the study by Glen et al., although multi-gland
disease was found to be significantly higher in patients over 60 years
of age, it was not determined as an independent risk factor in
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multivariance analysis (32). In literature, age is one of the debatable
risk factors of multigland disease. According to our results, mean
age was significantly higher in group 2. Although the higher mean
age in non-suppressed group shows us that persistence and,
indirectly, multi-gland disease may be higher in older ages, we
believe that more comprehensive studies are needed on this subject.

Although there is no consensus in current guidelines regarding
the frequency of postoperative visits in patients with pHPT, it has
been stated that this is a multifactorial issue, influenced by both the
surgeon’s preference and patient-specific factors (1). Laurie et al.
reported that a PTH level of <3 pmol/L (28.3 ng/L) at 4-6 hours on
postoperative day 0 could predict surgical cure at 6 months with a
sensitivity of 81.3% and a specificity of 100% (PPV: 100%, NPV:
20%, accuracy: 82.1%, AUC: 0.947). They suggested that this value
could be used to identify patients who are likely to be cured after
parathyroidectomy for pHPT at an early stage, thereby eliminating
the need for continued biochemical monitoring (33).

In present study, a postoperative 6th-hour PTH level of <18 ng/
L was significantly associated with surgical cure at 6 months
(sensitivity: 61.9%, specificity: 73.7%, diagnostic accuracy: 66.7%;
AUC: 0.68, p = 0.006). Given the markedly increased risk of
persistent disease in patients without adequate PTH suppression
following focused surgery or unilateral neck exploration, this
parameter may be considered when determining the frequency of
postoperative follow-up. In contrast, Laurie et al. reported that a
PTH level <28.3 ng/L at 4-6 hours on postoperative day 0 predicted
cure with an accuracy of 82.1%, sensitivity of 81.3%, specificity of
100%, PPV of 100%, and NPV of 20% (AUC: 0.947) (33). These
differing results highlight the variability in diagnostic performance
across studies and support the need for flexible postoperative
monitoring strategies that account for clinical and biochemical
diversity in pHPT patients.

The main limitation of present study is its retrospective design,
which may affect the generalizability of the findings. Moreover,
postoperative blood sampling was performed at a single time point,
which may have restricted a more comprehensive evaluation of PTH
kinetics throughout the postoperative period. Although functional
testing, such as a calcium suppression test, was not included in the
current study design, its use might be considered in future research to
provide further physiological insight, especially in patients with
borderline or unexpectedly low PTH levels. Further studies are still
needed to differentiate between persistent pHPT patients with and
without early PTH suppression. To the best of our knowledge, this is
the first study to evaluate the association between early postoperative
PTH suppression and persistent disease in pHPT patients who
underwent focused or unilateral neck exploration. Patients who
underwent bilateral neck exploration were excluded to eliminate the
potential confounding effect of postoperative hypoparathyroidism,
which could have influenced the outcomes.

Conclusion

In conclusion, early postoperative PTH suppression is highly
associated with surgical cure. The rate of pPHPT is significantly
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higher in non-suppressed patients. Therefore, in follow-up
strategies of postoperative patients, the possibility of a remnant
pathological gland should be considered especially in those without
early PTH suppression.
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