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Analysis of the cause and management of persistent
laboratory abnormalities occurring after the surgical
treatment of primary hyperparathyroidism
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Purpose: The surgical success rate for primary hyperparathyroidism (PHPT) is currently 95%-98%. However, 3%-24%
of patients show persistently elevated (Pe) parathyroid hormone (PTH) levels after parathyroidectomy (PTX). This single-
center retrospective study aimed to compare the outcomes of patients with normal PTH and PePTH levels after successful
PTX and to identify the factors associated with PePTH.

Methods: The normal group, defined as patients with normal serum calcium and PTH levels immediately after PTX, was
compared with the PePTH group (patients with normal or low serum calcium and increased serum PTH levels up to 6
months postoperatively) to determine the causes of disease in the PePTH group.

Results: There were no significant differences in age, sex, or preoperative estimated glomerular filtration rate between the
normal PTH group (333 of 364, 91.5%) and the PePTH group (31 of 364, 8.5%). However, there were significant differences
in preoperative 25-hydroxyvitamin D (17.9 and 11.8 ng/mL, respectively; P = 0.003) and PTH levels (125.5 and 212.4 pg/mL,
respectively; P < 0.001) between the 2 groups. Among the 31 cases of the PePTH group, 18 were attributed to vitamin D
deficiency.

Conclusion: Preoperative vitamin D deficiency is a predictive factor for PePTH. Therefore, preoperative administration
of vitamin D supplements may reduce the probability of postoperative disease persistence. Patients with temporary
laboratory abnormalities within 6 months after successful PTX should be monitored, and appropriate vitamin D and

calcium supplementation may reduce the effort and cost of various examinations or reoperations.

[Ann Surg Treat Res 2022;103(1):12-18]
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is defined as a
calcium (Ca) metabolism disorder characterized by abnormally
increased serum Ca and elevated parathyroid hormone (PTH)
levels. PHPT is the most common cause of hypercalcemia,

and most cases are accidentally detected through blood tests
before symptoms appear in patients [1,2]. Patients who do not
respond to treatment have an increased risk of renal, bone, and
cardiovascular diseases [3,4].

Surgical treatment is the treatment of choice for PHPT.
The purpose of the surgical treatment is to remove the
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hyperfunctioning gland. The conventional operation method
comprises a thorough visual exploration of all 4 parathyroid
glands and the resection of the hyperfunctioning gland. In
recent years, the minimally invasive surgical approach has been
the preferred option. The development and use of diagnostic
imaging tools before surgery and ability to assess intraoperative
PTH (IOPTH) during surgery have greatly contributed to
minimally invasive surgery. The high success rate of minimally
invasive surgery has been reported in several studies [5,6].

The primary surgical success rate of PHPT is reported to be
05%-98%; however, 3%-24% of the patients show persistently
elevated PTH (PePTH) with normal or low Ca levels after
surgery [6-8]. While some studies have suggested that this
phenomenon is temporary and presents only within the first
year after surgery, some studies consider it to be a precursor
to recurrent or persistent hyperparathyroidism [9-11]. Risk
factors for this complication include old age, high preoperative
PTH levels, osteoporosis, decreased renal function, vitamin D
deficiency, larger adenomas, and postoperative hypocalcemia
(3.8.12].

The recognized definition of recurrent PHPT states that there
is an increase in serum Ca and PTH levels preoperatively and
at 6 months postoperatively [4,12,13]. Causes include failure of
localization of the pathologic gland during the first surgery, no
radical excision, or improper resection due to the presence of
multiple adenomas [14]. However, in many cases, there is an
increase in PTH levels with normal or low Ca up to 6 months
after the initial surgery, followed by remission thereafter.

In this study, patients who underwent PHPT surgery in
a single center were observed for more than 6 months and
retrospectively analyzed. This study aimed to compare and
analyze the normal PTH and PePTH groups after surgery in
patients with PHPT and to identify the factors associated
with PePTH. The goal was to ensure that these surgeries were
performed properly and to reduce the effort and cost of various
examinations or reoperations, and to reduce patient discomfort
by taking several factors into account. The primary endpoint
was to determine the rate of PePTH after surgery, and the
secondary endpoint was to analyze the causes of each uncured
patient.

METHODS

Ethical statement
This study was conducted according to the Declaration of

Helsinki (1964) and its protocol was approved by the Severance
Hospital Institutional Review Board (No. 2020-2447-001). All
patients provided written informed consent before surgery
regarding the surgical methods and possible postoperative
complications.

Patient selection
This was a retrospective study of patients who underwent

parathyroidectomy (PTX) with PHPT at Severance Hospital
between January 2010 and December 2019. During this
period, 469 patients underwent PHPT surgery. We excluded
1 patient who experienced recurrence after a previous
surgery and underwent a reoperation, 2 with familial isolated
hyperparathyroidism (FIHPT), 30 with multiple endocrine
neoplasias (MENSs), 8 who were diagnosed with parathyroid
carcinoma in postoperative pathology, and 56 who were lost to
follow up within 6 months after surgery. In addition, 7 patients
with recurrence and 1 with an elevated serum Ca level were
excluded. Finally, 364 patients were included in the study.

Preoperative evaluation
Blood samples were obtained before surgery. Serum

electrolytes, including Ca and inorganic phosphorous (iP),
estimated glomerular filtration rate (eGFR), and PTH were
routinely monitored. The normal ranges of Ca and PTH were
defined as 8.5-10.5 mg/dL and 15-65 pg/mL, respectively.
The serum 25-hydroxyvitamin D (250HD) concentration was
checked during preoperative routine examinations. Vitamin D
deficiency was defined as a 250HD level of less than 10 ng/mL.
The patients’ clinicopathologic characteristics are shown in
Table 1. All patients underwent neck ultrasonography and a
99m technetium-sestamibi scan to determine the location of
the pathologic glands before surgery. In addition, when the
lesions were difficult to locate using the sestamibi scan and
neck ultrasonography, other investigative techniques were
performed. These included 4-dimensional CT, methionine PET,
18F-fluorocholine PET imaging, or parathyroid venous sampling,

Surgical management and perioperative findings
All patients underwent PTX under general anesthesia. The

surgical methods included open PTX in 354 patients and robot-
assisted transaxillary approach PTX in 10. In the preoperative
evaluation, if the pathologic gland was localized, focused PTX
was performed; otherwise, full exploration was performed.

At this center, IOPTH monitoring began in 2015 and of the
364 patients, 230 (63.2%) had their IOPTH levels checked.
Baseline blood samples were collected before surgery and at 5
and 10 minutes after the parathyroid gland excision through the
radial arterial line. If there was more than 1 pathological gland,
sampling was performed 5 minutes after each gland excision.
The surgery was completed when there was a reduction of more
than 50% in baseline PTH levels (preoperative PTH measured
on the day before surgery), when it fell to within the normal
range (<65 pg/mL), or when the evidence of pathological gland
was cleared. Before 2015, when surgery was not performed
while checking IOPTH, hyperplasia of the suspected lesion
was visually confirmed in the surgical field, or was confirmed
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Table 1. Clinicopathologic characteristics of the patients in each of the 2 groups

Characteristic Overall Normal PTH group Persistently elevated PTH group P-value
No. of patients 364 333 (91.5) 31 (8.5)
Age (yr) 57.0 (49.0-66.0) 57.0 (50.0-66.0) 55.0 (42.5-65.0) 0.200
Sex >0.999
Female 286 (78.6) 262 (78.7) 24 (77.4)
Male 78 (21.4) 71(21.3) 7 (22.6)
Preoperative laboratory outcomes
Ca (mg/dL) 10 9 (10.5-11.6) 10 9 (10.5-11.5) 11 1(10.6-11.6) 0.215
iP (mg/dL) 8(2.4-3.1) 8(2.4-3.1) 7 (2.3-3.1) 0.295
PTH (pg/mL) 128 3 (96.4-200.5) 125 5 (94.3-184.5) 212 4 (151.1-300.7) <0.001
eGFR (mL/min/1.73 m?) 92.5 (77.0-106.0) 92.0 (78.0-105.0) 100.0 (55.0-109.0) 0.306
250HD (ng/mL) 17.5(11.8-24.0) 17.9 (12.3-24.1) 11.8 (7.5-20.1) 0.003
250HD concentration 0.109
<20 201 (60.2) 180 (58.8) 21 (75.0)
>20 133 (39.8) 126 (41.2) 7 (25.0)
Presence of a vitamin D deficiency 0.005
250HD <10 61 (18.3) 50 (16.3) 11 (39.3)
250HD =10 273 (81.7) 256 (83.7) 7 (60.7)

Values are presented as number only, median (interquartile range), or number (%).
PTH, parathyroid hormone; Ca, calcium; iP, inorganic phosphorous; eGFR, estimated glomerular filtration rate; 250HD,

25-hydroxyvitamin D.

with a frozen biopsy during surgery, and the operation was
terminated. Otherwise, exploration was continued, and if
unclear, a frozen biopsy was sent for examination to determine
the presence of parathyroid gland hyperplasia, and the surgery
was terminated. The final number of resected glands was
confirmed by the results of a patient’s pathologic examination.

Postoperative laboratory monitoring
Serum Ca, iP, and PTH were measured immediately after

surgery and at 3, 6, and 12 months. The normal PTH and
PePTH groups were then classified, and their clinical data
was compared. The normal PTH group comprised patients
with normal Ca and PTH levels (serum Ca level of less than
105 mg/dL and PTH less than 65 pg/mL). This included those
measured both immediately and 6 months postoperatively.
The PePTH group was defined by patients with normal or
low Ca and elevated PTH levels at least once within 6 months
postoperatively, which later returned within the normal range.

Statistical analyses
Statistical analyses were performed using IBM SPSS

Statistics for Windows ver. 25.0 (IBM Corp., Armonk, NY, USA).
Continuous normally distributed variables were expressed as
means *+ standard deviations, and comparisons between the
groups were performed using the Student t-test; otherwise,
data were expressed as medians and interquartile ranges (Q1-
03) and compared using the Mann-Whitney U-test. Categorical
variables were summarized using counts and (percentages) and
analyzed using the Pearson chi-square test. The risk analysis

was performed using logistic regression analysis. A P-value of
less than 0.05 was considered significant.

RESULTS

A total of 364 patients met the inclusion criteria and were
included in the study. Of these, 333 patients (91.5%) were
allocated to the normal PTH group and 31 (8.5%) to the PePTH
group. There were no significant differences in age (P = 0.200),
sex (P > 0999), preoperative Ca levels (P = 0.215), iP levels (P =
0.295), or eGFR (P = 0.306) between the groups. However, there
were significant differences in preoperative PTH levels (P <
0.001), 250HD levels (P = 0.003), and the presence of vitamin D
deficiency (P = 0.005) (Table 1).

Intraoperative and postoperative pathologic and laboratory
values are compared in Table 2. The number of resected
glands (P = 0.754), the rate at which the PTH levels decreased
immediately after surgery (P = 0.436), and the Ca levels at
each stage were not significantly different. On the other hand,
there were significant differences in PTH levels between the 2
groups: IOPTH (P = 0.001), postoperative PTH (P < 0.001), PTH
levels after 6 months (P < 0.001), and at 12 months (P < 0.001).

Table 3 shows the risk of PePTH according to the variables. In
the group with serum 250HD of less than 10 ng/mL, the risk
of postoperative PePTH increased 3.313-folds. On the contrary,
as the concentration of 250HD increased, the odds of PePTH
decreased 0.942-fold. The higher the preoperative PTH and
IOPTH, the higher the risk of PePTH (1.002- and 1.015-fold,
respectively).
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Table 2. Intraoperative and postoperative pathologic and laboratory findings

Variable Overall Normal PTH group Persistently elevated Pvalue
(n=364) (n=333) PTH group (n = 31)
No. of resected glands 0.754
Single 330 (90.7) 301 (90.4) 29 (93.5)
Multiple 34 (9.3) 32(9.6) 2 (6.5)
Post 10-min IOPTH (pg/mL) 26.1(19.3-37.9) 25.6 (18.9-36.8) 43.7 (28.7-101.8) 0.001
Postoperative laboratory outcome
Ca (mg/dL) 10.1 (9.6-10.7) 10.2 (9.7-10.7) 10.1 (9.5-10.6) 0.270
iP (mg/dL) 2.5(2.1-2.8) 2.5(2.1-2.8) 2.4 (2.1-2.8) 0.239
PTH (pg/mL) 13.0(10.3-18.5) 12.4 (10.1-17.7) 21.1(14.1-36.2) <0.001
PTH decrease rate (%) -90.6 (-93.3 to —86.6) -90.6 (-93.3 to —86.6) -90.5 (-92.6 to —86.6) 0.436
After 6 mo
Ca (mg/dL) 9.3 (9.0-9.6) 9.3 (9.0-9.6) 9.2 (8.9-9.5) 0.070
iP (mg/dL) 3.5(3.2-3.8) 3.5(3.2-3.9) 3.1(3.1-3.6) 0.004
PTH (pg/mL) 43.1 (31.4-54.6) 41.0 (30.1-49.4) 74.4 (67.0-87.7) <0.001
After 12 mo
Ca (mg/dL) 9.2 (9.0-9.5) 9.2 (9.0-9.5) 9.3 (8.7-9.4) 0.369
iP (mg/dL) 3.5(3.1-3.8) 3.4 (3.1-3.8) 3.6 (3.3-4.0) 0.192
PTH (pg/mL) 41.4 (31.8-53.7) 39.7 (30.2-51.9) 54.2 (52.0-61.7) <0.001

Values are presented as number (%) or median (interquartile range).

PTH, parathyroid hormone; IOPTH, intraoperative PTH; Ca, calcium; iP, inorganic phosphorous.

Table 3. Logistic regression analysis of risk of persistent
abnormalities after parathyroidectomy

Variable Odds ratio (95% Cl) P-value
Age 0.986 (0.960-1.012) 0.286
Male sex 1.076 (0.446-2.600) 0.870
Preoperative Ca 1.077 (0.761-1.522) 0.676
Preoperative PTH 1.002 (1.001-1.003) 0.004
Preoperative eGFR 0.997 (0.981-1.014) 0.744
Preoperative 250HD 0.942 (0.895-0.991) 0.022
Post 10-min IOPTH 1.015 (1.004-1.026) 0.006
Postoperative Ca 0.905 (0.594-1.380) 0.644
Postoperative PTH 1.013 (1.001-1.026) 0.028
PTH decrease rate 0.995 (0.967-1.024) 0.734
250HD <10 3.313 (1.464-7.479) 0.004
250HD <20 2.100 (0.867-5.089) 0.100

Cl, confidence interval; Ca, calcium; PTH, parathyroid hormone;
eGFR, estimated glomerular filtration rate; 250HD, 25-hydroxy-
vitamin D; IOPTH, intraoperative PTH.

Among the patients in the PePTH group, vitamin D deficiency
was observed in 18, decreased renal function in 5, and relatively
low Ca levels in 8 patients. All patients in this group had a
reduction in PTH of more than 50% after surgery compared
with before surgery. Eighteen patients, whose conditions were
likely caused by a vitamin D deficiency, recovered to within the
normal range after vitamin D injection or oral supplement at an
outpatient clinic or another hospital. Of the 5 patients whose
renal function was determined to be causative, 1 progressed to
secondary hyperparathyroidism due to chronic kidney disease

(CKD) diagnosed after surgery, and 2 were diagnosed with CKD
due to kidney stone problems before surgery. The PTH levels
were normalized after increasing Ca medication in patients
with a sharp drop in Ca after surgery compared with before
surgery.

DISCUSSION

PHPT surgery is associated with temporary hypocalcemia due
to hypoparathyroidism, and by increasing serum PTH levels
in the remaining parathyroid glands, bone demineralization
is promoted to maintain serum Ca homeostasis. This
phenomenon can explain the presence of PePTH even after
curative surgery [10]. In patients with PHPT, constantly elevated
PTH or Ca levels within 6 months after initial PTX may be
suggestive of persistent or recurrent hyperparathyroidism [9-
11]. Here, postoperative PePTH was present in 3%-24% of the
patients [8]. After successful surgery, PTH may be increased due
to bone hunger, vitamin D deficiency, a sudden decrease in Ca
levels, or a reduction in renal function [9,11,15,16].

Raised PTH levels after curative PTX was consistently
associated with lower levels of vitamin D preoperatively
[17,18]. Chronic vitamin D deficiency stimulates the
parathyroid gland to proliferate, leading to the formation
of adenoma. Alternatively, it plays a role in promoting the
growth of existing adenomas. In patients with PHPT, when
serum 250HD is lowered, various complications may occur,
including parathyroid gland and tumor growth; increased
serum PTH, Ca, and alkaline phosphatase levels; accelerated
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bone turnover; and abnormal bone formation and fractures
[19,20]. Hyperparathyroidism can be exacerbated by increasing
vitamin D catabolism and inactivation, which is achieved by
increasing 1,25-dihydroxyvitamin D levels [21,22]. It is known
that 1,25-dihydroxyvitamin D may affect the total vitamin D
concentration, by blocking the production of vitamin D3 in
the skin, inhibiting the production of 250HD in the liver, or
increasing the conversion of 250HD to 1,25-dihydroxyvitamin
D in the kidneys [23]. Rao et al. [24] reported that vitamin D
deficiency may be caused by the loss of vitamin D regulation
owing to the PTH gene, which is abnormally active in PHPT.

Here, the factors significantly related to elevated
postoperative PTH levels were preoperative PTH levels, 250HD
levels, vitamin D deficiency, and IOPTH (Table 3). The presence
of vitamin D deficiency preoperatively can lead to more severe
hypocalcemia after PTX, secondary hyperparathyroidism, and
the "hungry bone syndrome” [15,17,18]. Previous studies have
shown that preoperative vitamin D deficiency is also associated
with postoperative hypocalcemia [25,26]. In the past, vitamin D
medication was restricted before surgery to avoid exacerbating
hypercalcemia. However, these practices may conversely
increase PTH secretion and promote bone turnover, leading to
cortical bone loss. The importance of Ca supplementation has
been shown in several studies. Ca supplementation within 6
months of PTX resulted in significantly fewer cases of elevated
PTH levels [16,27]. Tucci et al. [28] reported that patients who
received sufficient Ca and vitamin D supplementation after
surgery were less likely to experience postoperative PePTH.

Recurrent PHPT is defined as the reappearance of abnormal
Ca and PTH levels at more than 6 months of follow-up after
a period of normal levels. The causes are as follows: (1) not
achieving proper localization before surgery; (2) the presence of
multi-gland hyperplasia without having excised all abnormal
glands; (3) genetic factors such as MEN or FIHPT; (4) ending
the surgery without removing abnormal parathyroid glands;
and (5) the lack of radical excision when treating parathyroid
carcinoma [14,29]. To address these problems, several studies
have investigated the use of IOPTH for determining whether
to continue surgery. At this center, IOPTH monitoring began in
2015, and this could also be a means of predicting PePTH. Here,
the PePTH group showed significantly higher IOPTH levels (43.7
pg/mL) than the normal PTH group (25.6 pg/mL, P = 0.017)
(Table 2).

Except for transient secondary hyperparathyroidism caused
by vitamin D deficiency, low Ca levels, renal dysfunction, and
recurrent PHPT were noted in 7 patients (1.9%) after follow-
up for more than 6 months [4,13,30]. The remaining patients
achieved remission using only Ca supplements or vitamin D
injections following their temporarily abnormal laboratory
results, similar to those with temporarily elevated PTH levels.
However, as mentioned in the studies described above, vitamin

D deficiency can appear complexly associated with PHPT, so
additional research is needed by enrolling a larger number of
patients in the future [21-23].

This study had some limitations. First, 56 patients were
lost to follow up; hence, we do not know the effect these
additional patients would have had on any recurrent rates.
Second, the symptoms of patients with hyperparathyroidism
were not investigated; therefore, we could not assess whether
these symptoms differed pre- and postoperatively. A history
of CKD, dialysis, and the use of Ca or vitamin D medication in
those with low bone density was not properly considered. This
may have influenced the results of our study. Third, we did
not identify any indicators related to bone turnover and bone
mineral density. Finally, the small number of patients with
PePTH is a further limitation of this study.

Several studies have reported that the weight of the
parathyroid gland may influence the postoperative outcome
[3,8]. However, for nearly 50% of the study group, the weight
of the gland was not clearly recorded in the final pathology
report. Moreover, in some cases, the gland was fragmented
during surgery to confirm the frozen biopsy results, and it was
difficult to measure the exact weight of the gland. Therefore,
these results were excluded, which could be considered another
limitation of this investigation.

In conclusion, here, the presence or absence of a vitamin D
deficiency before surgery was the main factor for predicting
PePTH. In addition, vitamin D should be monitored in patients
with temporary laboratory abnormalities within 6 months
after successful surgery, and appropriate vitamin D and Ca
supplementation provided as required. By doing so, additional
unnecessary imaging examinations and surgeries can be
avoided, thereby reducing costs and providing safer treatments
for patients.
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