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Abstract

Introduction The use of Rapid Intraoperative parathyroid hormone (lo-PTH) assay during surgery in the manage-
ment of parathyroid tissue in cases of primary hyperparathyroidism has been proven to be effective, while its utiliza-
tion in secondary hyperparathyroidism (SHPT) has been rarely reported. In the present study, we aim to demonstrate
the application of rapid lo-PTH assay in patients with SHPT following chronic kidney disease undergoing parathyroid-
ectomy surgery.

Method In this prospective study, five blood samples were taken from patients undergoing parathyroidectomy and
upper thymectomy. Among the samples, two were pre-excision, including prior to the first incision, after exploration,
and before parathyroids resection. Two additional samples were taken 10 and 20 min after the excision of the parathy-
roid glands. Another sample was collected twenty-four hours after the operation. Serum Calcium levels and PTH levels
were evaluated and analyzed.

Results We successfully managed SHPT in all 36 patients in our study. The patients included 24 males (66.7%) with
a mean age of 49.97 + 14.92. The mean PTH decreased significantly at 10 min, 20 min, one day, and six months after
surgery (P<0.001). The highest reduction occurred 10 min after removal of the parathyroid glands so the mean PTH
compared to time zero was reduced from 1737 to 439, and in 100% of cases, more than 50% reduction was seen in
PTH.

Conclusion A 60% or more reduction in PTH Rapid at 10 min after parathyroidectomy has an accuracy of 94.4% and
a positive predictive value of 100%. Thus, if the PTH level does not decrease by more than 60% at 10 min or more than
80% at 20 min, tissue exploration is continued with the aim of finding the ectopic parathyroid gland.
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positive predictive value of 100%.

exploration should be performed again.

+ A 60% or more reduction in rapid Io-PTH at 10 minutes after parathyroidectomy has an accuracy of 94.4% and a
«+ If the PTH level does not decrease by more than 60% at 10 minutes or more than 80% at 20 minutes, accurate

+ If the remaining glands have not yet been identified, postoperative localization studies should be performed.
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Introduction

Secondary hyperparathyroidism (SHPT) is one of the
most common complications of chronic kidney disease
(CKD), in which the homeostasis of calcium and phos-
phorus is impaired [1]. This complication is associated
with significant morbidity and mortality in patients
requiring renal replacement therapy [2]. However,
SHPT often needs proper treatment as it does not
resolve spontaneously with kidney transplantation [3].
Management can be achieved by pharmacologic agents
such as calcimimetics, calcium supplements, phosphor
binders, and Calcitriol, as well as surgical interven-
tions like total and subtotal parathyroidectomy [4],
which are usually indicated when the patient does not
respond to medical therapy [5].

Attempts have been made to avoid surgical and
management complications. Such interventions might
not be successful and present as persistent hyperpar-
athyroidism due to ectopic and additional parathyroid
glands [6]. On the other hand, unnecessary exploration
of the neck region can cause multiple complications
as damage to recurrent laryngeal nerves [7]. In this
regard, real-time monitoring of the decline in plasma
parathyroid hormone (PTH) levels, such as Intraopera-
tive parathyroid hormone (Io-PTH) measurement, can
result in fewer complications of parathyroidectomy
by proving further exploration and surgical resections
unnecessary [8, 9]. In this study, we aimed to assess the
effectiveness of Io-PTH measurement in the success of
total and subtotal parathyroidectomy SHPT surgeries.

Methods and materials

Study design

This study followed a descriptive protocol on a cohort
of patients undergoing total or subtotal parathyroid-
ectomy due to secondary hyperparathyroidism. The
usefulness of intraoperative rapid PTH for decision-
making regarding the continuation or termination of
surgery was assessed in the patients, and they were
followed for about one year after the intervention. The

results of their lab studies were used as an indicator of
treatment success, and they were evaluated for any sig-
nificant adverse effect.

Participants

The inclusion criteria of the study were patients between
15 and 75 years old with secondary hyperparathyroidism
following CKD, who were referred from the nephrol-
ogy and endocrinology clinics to our endocrine surgery
clinic of Shariati hospital for total (in case of the patient
not being a candidate for kidney transplantation) and
subtotal (in case of the patient being a candidate for kid-
ney transplantation) parathyroidectomy. Patients with
a previous history of neck surgery or post-transplant
SHPT were excluded for our study. The recruitment of
the patients lasted from March 2019 to March 2020, and
the follow-up continued until 2021. Based on the surgical
indications for secondary hyperparathyroidism modified
by the Japanese society for dialysis therapy guideline, per-
sistent intact PTH > 500 is considered for surgery [10].

Variables and data sources

After explaining the study design and obtaining a writ-
ten consent form from the patients, they were enrolled
in the study. Five blood samples were taken from the
patients. The first one was drawn after anesthesia induc-
tion and before the first incision of the skin. Then the
second one was taken after a full exploration of parathy-
roid glands and before parathyroid resection. The two
samples were considered as pre-excision samples for
PTH assessment. In patients undergoing subtotal par-
athyroidectomy, approximately 50 mg of the most nor-
mal parathyroid gland was preserved, and the rest were
excised completely. Then, the surgery was accomplished
with upper thymectomy. Intraoperative neural monitor-
ing was also performed to avoid nerve damage. 10 and
20 min after the excision of the parathyroid glands, two
blood samples were taken from the patients. In cases
undergoing total parathyroidectomy and upper thymec-
tomy, all parathyroid glands with upper part of thymus
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were excised completely, and then blood samples were
drawn 10 and 20 min after the excision. We waited for
the frozen section and lab results of the patients. No tis-
sue manipulation was performed during the 10 to 20
waiting period. When frozen sections confirmed the
excision of parathyroid glands, 50-80 mg of apparently
normal parathyroid tissue were auto-transplanted to
the patients’ subcutaneous pocket in the infra-clavicular
area, as previously reported [11]. If lab results indicated
a more than 50% decline in serum PTH in post-excision
samples compared to pre-excision samples, the inter-
vention was assumed complete. If this endpoint was not
achieved while the frozen section evaluation also doesn’t
confirm the total resection of four parathyroid glands,
the surgery was assumed incomplete, and further search
for ectopic and residual parathyroid gland(s) will be car-
ried out, including exploration of the most common sites
of ectopic parathyroid glands in patients with persis-
tent HPT such as the paraesophageal and intrathyroidal
regions. Twenty-four hours after the operation, a fifth
blood sample was obtained from the patients to assess
PTH levels. All patients receive 10 gr calcium gluconate
daily intravenously and calcium carbonate and Rocaltrol.
Serum Calcium levels were checked and corrected based
on albumin levels every six hours for the patient to assess
for life-threatening hypocalcemia, and proper therapeu-
tic measures were taken. Six months after the surgery,
the patients were evaluated with serum PTH and Cal-
cium levels and physical examination. In cases of hypoc-
alcemia, 1gr of intravenous calcium, Rocatrol and 6gr of
oral calcium was administered similar to previous studies
[12]. Finally, all patients with calcium above 8 and only
with oral calcium were discharged and were followed up
in regular visits.

Study size and statistical analysis

The data were entered into IBM SPSS version 26.0. the
qualitative data were reported as frequency and per-
centages, and the quantitative variables were reported
as mean and standard deviation. Repeated Analysis of
Variances (Repeated ANOVA) was used to compare
the results of serum PTH in different samples. P-values
less than 0.05 were considered statistically significant.
Based on the type of study and considering the average
of 15 min after surgery as the most appropriate time for
PTH measurement and considering a 1% accuracy, the
minimum sample size for the study was 36 participants.

Results

All endpoints were met among the 36 patients who
entered the study. The mean age of the participants was
49.97 +14.92 years old, and 24 (66.7%) were male. The

Page 3 of 8

Table 1 Baseline demographic and clinical information of the
patients undergoing parathyroidectomy

Variable Frequency
(%); N=36

Age (years)

15-30 3(83)

30-45 13(36.1)

45-60 7(194)

60-75 13 (36.1)
Sex

Male 24 (66.7)

Female 12(333)
Chief complaint

Myalgia 18 (50.0)

Flushing and sweating 2(5.6)

Pruritus 5(13.9)

Hypercalcemia 2(5.6)

Weakness 9 (25.0)
Number of parathyroid glands in sestamibi scan

1 8(22.2)

2 10 (27.8)

3 1(2.8)

4 15 (44.4)
Number of parathyroid glands in sonography

1 1(2.8)

2 11 (30.6)

3 10 (27.8)

4 14 (38.9)
Number of parathyroid glands in surgery

4 34 (94.4)

5 2(5.6)
Type of Thyroidectomy

Subtotal 2 (5.6)

Total 34 (94.4)

most common presenting symptoms of the patients
were myalgia (50%), weakness, and pruritus. All patients
required hemodialysis prior to the surgery. Table 1 sum-
marizes the demographic information of the patients.

The correlations between sonography and sestamibi
scan findings with surgical findings were weak, in that
neither sonography nor sestamibi scan could find func-
tional parathyroid tissues.

Serum PTH levels of the patients at different times
were compared, which showed a significant decrease in
PTH levels 10 min and 20 min post-excision, as well as
24 h and six months after the surgery. (P<0.001) The
most significant decline in PTH level was seen within
the first ten minutes after the operation (from 1737 to
439 pg/mL or 74.7%), which then declined to 260 pg/mL
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Table 2 Comparison of parathyroid hormone (PTH) levels of the patients at different times

Check Points Mean +SD (pg/mL) P-value® Time P-value?
T1:Baseline PTH 1952.39+484.37 1vs.2:0.052 Time 2 Time 2 vs. 3:<0.001
T2: Operation time PTH 1739.500+520.32

T3:10 min PTH 437.344+190.27 3vs.4:<0.001 Time 3

T4:20 min PTH 260.874 +142.84 Time 3 vs.4:<0.001
T5:24-h PTH 27936+ 2566 5vs.6:<0.001 Time 4

T6: 6-month PTH 32.133+£12.707

SD Standard deviation

? Repeated measure analysis of variance (ANOVA) was used to assess the significance

after 20 min (85.0% decline). All of the patients experi-
enced a more than 50% decline in their PTH levels dur-
ing this period. Table 2 summarizes the PTH levels of
the patients prior to operation, during surgery, and in the
follow-up period. According to the results of ANOVA of
rapid Io-PTH, PTH measurement 10 min after parathy-
roidectomy due to strong correlation with PTH evalua-
tion, at 20 min, had a high predictive power for surgical
success. After parathyroidectomy, a 60% or more reduc-
tion in rapid Io-PTH at 10 min has an accuracy of 94.4%
(34 out of 36 patients) and a positive predictive value of
100%.

Two patients showed PTH reduction of less than 60%
after 10 min and less than 80% at 20 min after removal
of the four glands, in which we detected an extra para-
thyroid (ectopic) gland in the paraesophageal area which
was confirmed with frozen section. However, the final
results of PTH measurement (at one day and six months
after surgery) in these two patients had returned to nor-
mal (below 50).

Serum Calcium levels of the patients were evalu-
ated prior to the surgery and one day, seven days,

10.
9.27

8.75

75
6.4

6.25

5;
Before operation Day1

and six months after the operation. The mean results
were 9.267+192, 6.397+0.76, 7.208+0.94, and
7.728 £0.73 mg/dL, respectively (Fig. 1). The Calcium
levels decreased significantly, and none of the patients
developed signs and symptoms of hypercalcemia in the
follow-up period; however, all patients were advised to
consume oral calcium supplements to keep their calcium
levels within normal range.

It is worth mentioning that no other complications
were observed among the patients, including recurrent
nerve injury or postoperative hemorrhage.

Discussion

Io-PTH measurement’s effectiveness in managing the
parathyroid gland in the context of primary hyperpar-
athyroidism, both adenoma and hyperplasia, have been
reported [13, 14]. Direct unilateral neck exploration
based on preoperative evaluation and localization, along
with Io-PTH assessment, can be beneficial in decreas-
ing surgery time, costs, and morbidity. However, bilat-
eral routine exploration in Multiple endocrine neoplasia
(MEN) syndromes and SHPT are still a matter of debate

7.73

Week 1 Month 6

e Calcium Level

Fig. 1 Calcium levels after parathyroidectomy
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[15-17]. The application of Io-PTH monitoring with a
diagnostic accuracy of 93-98% based on other studies
is a good predictor of complete resection and success
in abnormal parathyroid resection [18]. Therefore, our
study aimed to evaluate the effectiveness of rapid Io-PTH
in the surgical management of SHPT patients.

Since total or subtotal parathyroidectomy is required
for successful treatment, a 50% reduction in PTH is
likely insufficient to estimate the appropriate treatment
response in SHPT [15-17, 19]. Using rapid lo-PTH
measurement and evaluation, the mean PTH reduction
in this study was 74.7% at 10 min and 85% at 20 min.
Patients had low PTH levels and significant recovery
during the follow-up period. Only two patients showed
PTH reduction of less than 60% after 10 min and less
than 80% at 20 min after removal of the four glands and
upper part of thymus, in which we had detected an extra
parathyroid (ectopic) gland in the paraesophageal area.
However, their PTH levels converted to normal during
follow-ups due to ectopic parathyroid removal during
re-exploration.

Observing that PTH levels during surgery are greatly
affected by surgical manipulations is consistent with pre-
viously published results [19, 20]. However, as in previ-
ous studies, our results revealed that surgery significantly
reduced PTH levels (about 74% at 10 min and 85% at
20 min after surgery) [17]. According to the analysis of
repeated measurements performed on Rapid Io-PTH, it
was shown that PTH measurement 10 min after parathy-
roidectomy due to strong correlation with PTH evalua-
tion, at 20 min, had a high predictive power for surgical
success. After parathyroidectomy, a 60% or more reduc-
tion in Rapid Io-PTH at 10 min has an accuracy of 94.4%
(34 out of 36 patients) and a positive predictive value of
100%. This result is in line with other limited studies con-
ducted in this area. For example, in a study conducted
by Enrico Di Stacio et al. on 145 primary hyperparathy-
roidism patients who underwent parathyroidectomy
using Minimally Invasive and Video-assisted methods,
the time of 20 min was introduced as the endpoint for
determining the success of parathyroidectomy using
Io-PTH [21]. However, in a study conducted by Vulpio
et al. on 42 SHPT patients who underwent parathyroid-
ectomy, the measurement of serum PTH levels 30 min
after parathyroid excision (post-excision) had a diagnos-
tic accuracy of 93% and positive predictive value of 100%
in predicting SHPT persistence after surgery [22]. Based
on our analysis, PTH evaluation at 10 min after parathy-
roidectomy (with a reduction rate of more than 60% at
the PTH level) has the same accuracy as at the 20 min.
Thus, it can save 10 min and also avoid unnecessary tis-
sue manipulation.
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Among the cases in our study, ioPTH changed the
management in 2 out of 36 (5.6%) of the patients. Per-
sistent SHPT has been reported to range from 4% to
up to 30% even in the hands of experienced surgeons
in various references [19, 23-26]. The recurrence can
be due to ectopic or supernumerary glands in the neck
or mediastinum. In this regard, imaging modalitis such
as ultrasound and sestamibi scans has also fallen short
in the detection of hyperplastic and supernumerary
glands [27-33]. In addition, bilateral exploration and
reoperation in SHPT patients can increase the risk of
complications including injury to the recurrent laryn-
geal nerve. Therefore, we believe that the efficacy of
ioPTH measurement in SHPT is vital in order to reduce
the possibility of reoperation due to supernumerary
glands.

Total thyroidectomy was performed in two of our
patients, while the remaining underwent subtotal thy-
roidectomy. But based on the results of our center as well
as the systematic study and meta-analysis of Juan Chen
et al., the long-term results of both methods have been
reported similar in terms of PTH level [23]. When the
parathyroid glands are manipulated, subsequent hema-
toma and vasoconstriction may result in abnormal func-
tion of PTH secretion. In this regard, subtotal or total
parathyroid surgery does not affect the ioPTH secre-
tion. Also, based on similar studies, measuring ioPTH
has been shown to be effective in subtotal SHPT surgery,
and high ioPTH may probably be due to supernumerary
glands that have been missed [34]. However, further stud-
ies in this regard are warranted to provide further infor-
mation and details regarding the most optimal method of
surgery and management of SHPT.

Io-PTH monitoring shows that the reduction in rapid
PTH after parathyroidectomy for SHPT is approxi-
mately similar to previous studies in patients with pri-
mary hyperparathyroidism. Jonathan A. Sohn et al
conducted a study on 950 patients with primary hyper-
parathyroidism (parathyroid adenoma), of which 35%
had renal insufficiency. The results of the study showed
that although the reduction rates of Io-PTH in the group
of patients with renal insufficiency were lower, but by
changing the endpoint for Io-PTH evaluation for surgical
success from 10 to 15 min, the diagnostic accuracy of this
technique will increase from 89 to 95%. Hence, io-PTH
measurement can also be used in patients with renal
insufficiency. If the drop in serum PTH is more than 60%
of baseline at 10 min, complete surgery can be ensured,
and no further tissue exploration is required.

This procedure is especially useful in people who have
multiple cervical explorations due to previous surgery
or when three glands are found. However, in a study
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Parathyroidectomy with upper thymectomy in SHPT
Rapid JIo-PTH measurement
<60% | >60% |

<80%

Exploration for ectopic gland(s)

> 80%

Success of surgery

Fig. 2 Effectiveness of reduction in rapid Intraoperative parathyroid hormone (lo-PTH) levels in managing secondary hyperparathyroidism (SHPT)

patients undergoing parathyroidectomy with upper thymectomy

by Klaus Kaczirek et al. [35] on 35 SHPT patients who
underwent bilateral cervical exploration and parathy-
roidectomy, io-PTH measurement was ineffective in
determining the adequacy or inadequacy of parathyroid
resection. Weber et al. also concluded that although
the io-PTH method could guide diagnosing complete
parathyroid resection, its diagnostic criteria should
be selected more rigorously. Their study determined a
reduction of more than 90% of io-PTH from baseline as a
decision indicator [36].

Based on the results of our study, we propose the fol-
lowing algorithm presented in Fig. 2 for the management
of SHPT patients based on rapid Io-PTH measurements.

Based on our algorithm, a 60% or more reduction
in PTH Rapid at 10 min after parathyroidectomy with
upper thymectomy has an accuracy of 94.4% and a posi-
tive predictive value of 100%. Thus, if the PTH level does
not decrease by more than 60% at 10 min or more than
80% at 20 min, accurate exploration should be performed
again. If the remaining glands have not yet been identi-
fied, postoperative localization studies should be per-
formed. On the other hand, if the rate of PTH reduction
during surgery at 10 min is more than 60%, the surgery
is considered successful, and the adequacy of treatment
is considered. If the PTH decreases by less than 60% at
10 min, use the 20-min sample index after excision to
make a decision. If the 20-min sample is less than 80%,

tissue exploration is continued with the aim of finding
the ectopic parathyroid gland.

Among the limitations of our study is the small sample
size. Further multicentral studies would be beneficial in
supporting the role of rapid Io-PTH in the management
of SHPT surgery. Another limitation is that only two out
of 36 patients in our study underwent total parathyroid-
ectomy. Although our experience and other studies have
reported no significant difference regarding the long-
term effect of the method of parathyroidectomy on the
PTH levels [23], further studies and explorations in this
regard are warranted.

Conclusion

We successfully managed SHPT in all our patients while
also demonstrating the effectiveness of rapid Io-PTH in
managing our patients. Based on the results of this study,
a 60% or more reduction in PTH Rapid at 10 min after
parathyroidectomy has an accuracy of 94.4% and a posi-
tive predictive value of 100%. Thus, if the PTH level does
not decrease by more than 60% at 10 min or more than
80% at 20 min, tissue exploration is continued with the
aim of finding the ectopic parathyroid gland.

Acknowledgements
This study was the subject of the dissertation of subspecialty in Surgery of Dr.
Alireza Heshmati.



Nasiri et al. BMC Endocrine Disorders (2023) 23:120

Authors’ contributions

S.N designed the study. SSM.M and A H collected the data. M.N and R.S. and
performed a review of the literature. AM and R.S drafted the manuscript, and
S.N and S.M.M revised the manuscript. All authors proofread and accepted
the final version of the manuscript. The author(s) read and approved the final
manuscript.

Funding
The present article was extracted from a thesis by Dr. Alireza Heshmati and
was financially supported by the Tehran University of Medical Sciences.

Availability of data and materials
All data regarding this study has been reported in the manuscript. Please
contact the corresponding author if interested in further information.

Declarations

Ethics approval and consent to participate

In the study, the patients’information was recorded confidentially, and there
was no charge for patients in none of the stages of the study. Besides, written
informed consent was obtained from all patients (or their legal representa-
tives). Informed consent was obtained from all subjects and their legal
guardian(s) as an age group from 15 yrs. 75 yrs. is included. The study was
approved by the ethics committee of Tehran University of Medical Sciences
and conducted in compliance with the Declaration of Helsinki [18].

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Surgery, Tehran University of Medical Sciences, Tehran, Iran.
2Endocrinology and Metabolism Research Center, Institute of Basic and Clini-
cal Physiology Science, & Physiology Research Center, Kerman University

of Medical Sciences, Kerman, Iran. *School of Medicine, Shiraz University

of Medical Sciences, Shiraz, Iran. “Thoracic and Vascular Surgery Research
Center, Shiraz University of Medical Science, Shiraz, Iran.

Received: 1 March 2023 Accepted: 21 May 2023
Published online: 25 May 2023

References

1. Llach F, Velasquez Forero F. Secondary hyperparathyroidism in chronic
renal failure: pathogenic and clinical aspects. Am J Kidney Dis. 2001,38(5
Suppl 5):520-33.

2. Ivarsson KM, Akaberi S, Isaksson E, Reihner E, Rylance R, Prutz KG,

Clyne N, Almquist M. The effect of parathyroidectomy on patient
survival in secondary hyperparathyroidism. Nephrol Dial Transplant.
2015;30(12):2027-33.

3. lsaksson E, Sterner G. Early development of secondary hyperpar-
athyroidism following renal transplantation. Nephron Clin Pract.
2012;121(1-2):c68-72.

4. Rodriguez-Ortiz ME, Rodriguez M. Recent advances in understanding
and managing secondary hyperparathyroidism in chronic kidney disease.
F1000Res. 2020;9:F1000.

5. Rodriguez-Ortiz ME, Penddn-Ruiz de Mier MV, Rodriguez M. Parathyroid-
ectomy in dialysis patients: Indications, methods, and consequences.
Semin Dial. 2019;32(5):444-451. https://doi.org/10.1111/sdi.12772. Epub
2019 Jan 17.

6. Pattou FN, Pellissier LC, Noel C, Wambergue F, Huglo DG, Proye CA.
Supernumerary parathyroid glands: frequency and surgical sig-
nificance in treatment of renal hyperparathyroidism. World J Surg.
2000;24(11):1330-4.

7. Hiramitsu T, Tomosugi T, Okada M, Futamura K, Goto N, Narumi S,
Watarai Y, Tominaga Y, Ichimori T. Intraoperative recurrent laryngeal
nerve monitoring using endotracheal electromyography during

20.

21

22.

23.

24.

25.

26.

27.

Page 7 of 8

parathyroidectomy for secondary hyperparathyroidism. J Int Med Res.
2021;49(3):03000605211000987.

Chévez KV, Marquez-Gonzélez H, Chavez-Tostado M. The Usefulness of
Intraoperative PTH as a Predictor for Successful Parathyroidectomy in
Secondary Hyperparathyroidism. Front Surg. 2021;8:232.

Roche AM, Brant JA, Chai RL. Predictors of Readmission and Reoperation
in Patients Undergoing Parathyroidectomy for Primary Hyperparathy-
roidism. Otolaryngol Head Neck Surg. 2018;158(5):828-34.

Oertli DUdelsman R. Surgery of thyroid and parathyroid glands., 2nd edn.
Berlin: Springer Science & Business Media; 2012.

. Nasiri S, Meshkati Yazd SM, Kamran H, Kahrizi MS, Azhdari M, Shahriarirad

R. Autotransplantation of parathyroid tissue into subcutaneous subclav-
icular area following total parathyroidectomy in secondary hyperparathy-
roidism. J Endocrinol Invest. 2022:45(12):2291-7.

Shahriarirad R, Meshkati Yazd SM, Ardekani A, Mokhtari Ardekani A,
Moradi N, Nasiri S. Calcitriol supplementation before parathyroidectomy
and calcium level after surgery in parathyroid adenoma patients: a rand-
omized controlled trial. J Endocrinol Invest. 2023;46(5):985-990. https://
doi.org/10.1007/540618-022-01963-8. Epub 2022 Dec 2.

Graceffa G, Cipolla C, Calagna S, Contino S, Melfa G, Orlando G, Antonini
R, Corigliano A, Proclama MP, Mazzola S, et al. Interpretation of intraopera-
tive parathyroid hormone monitoring according to the Rome criterion in
primary hyperparathyroidism. Sci Rep. 2022;12(1):3333.

Lang BH, Fung MMH. Intraoperative parathyroid hormone (IOPTH) assay
might be better than the second-generation assay in parathyroidectomy
for primary hyperparathyroidism. Surgery. 2021;169(1):109-13.

Chiu B, Sturgeon C, Angelos P. Which intraoperative parathyroid hormone
assay criterion best predicts operative success?: a study of 352 consecu-
tive patients. Arch Surg. 2006;141(5):483-8.

Dotzenrath C, Goretzki PE, Roher HD. Results of surgical therapy in renal
hyperparathyroidism. Follow-up of 143 patients. Langenbecks Arch Chir.
1996;381(1):46-50.

Richards ML, Thompson GB, Farley DR, Grant CS. An optimal algo-

rithm for intraoperative parathyroid hormone monitoring. Arch Surg.
2011;146(3):280-5.

Riss P, Asari R, Scheuba C, Niederle B. Current trends in surgery for renal
hyperparathyroidism (RHPT)—an international survey. Langenbecks Arch
Surg. 2013;398(1):121-30.

Tominaga Y, Uchida K, Haba T, Katayama A, Sato T, Hibi Y, Numano M,
Tanaka Y, Inagaki H, Watanabe I. More than 1,000 cases of total parathy-
roidectomy with forearm autograft for renal hyperparathyroidism. Am J
Kidney Dis. 2001;38(4):5168-71.

Yamashita H, Gao P, Cantor T, Noguchi S, Uchino S, Watanabe S, Ogawa T,
Kawamoto H, Fukagawa M. Comparison of parathyroid hormone levels
from the intact and whole parathyroid hormone assays after parathy-
roidectomy for primary and secondary hyperparathyroidism. Surgery.
2004;135(2):149-56.

Di Stasio E, Carrozza C, Pio Lombardi C, Raffaelli M, Traini E, Bellantone

R, Zuppi C. Parathyroidectomy monitored by intra-operative PTH: the
relevance of the 20 min end-point. Clin Biochem. 2007;40(9-10):595-603.
Vulpio C, Bossola M, Di Stasio E, Pepe G, Nure E, Magalini S, Agnes S.
Intra-operative parathyroid hormone monitoring through central labora-
tory is accurate in renal secondary hyperparathyroidism. Clin Biochem.
2016;49(7-8):538-43.

Chen J, Jia X, Kong X, Wang Z, Cui M, Xu D. Total parathyroidectomy

with autotransplantation versus subtotal parathyroidectomy for renal
hyperparathyroidism: A systematic review and meta-analysis. Nephrol-
0gy. 2017;22(5):388-96.

Clark OH, Duh Q-Y, Kebebew E, Gosnell JE, Shen WT. Textbook of endo-
crine surgery: JP Medical Ltd. 2016.

Dotzenrath C, Cupisti K, Goretzki P, Mondry A, Vossough A, Grabensee

B, Roher H-D. Operative treatment of renal autonomous hyperparathy-
roidism: cause of persistent or recurrent disease in 304 patients. Langen-
becks Arch Surg. 2003;387:348-54.

Jimeno J, Pérez M, Pereira JA, Sancho JJ, Sitges-Serra A. Tratamiento
quirdrgico del hiperparatiroidismo secundario recidivado. Cir Esp.
2005;78(1):34-8.

Barczynski M, Golkowski F, Konturek A, Buziak-Bereza M, Cichon S,
Hubalewska-Dydejczyk A, Huszno B, Szybinski Z. Technetium-99m-ses-
tamibi subtraction scintigraphy vs. ultrasonography combined with a
rapid parathyroid hormone assay in parathyroid aspirates in preoperative


https://doi.org/10.1111/sdi.12772
https://doi.org/10.1007/s40618-022-01963-8
https://doi.org/10.1007/s40618-022-01963-8

Nasiri et al. BMC Endocrine Disorders

28.

29.

30.

31

32.

33.

34.

35.

36.

(2023) 23:120

localization of parathyroid adenomas and in directing surgical approach.
Clin Endocrinol. 2006;65(1):106-13.

Fei M, Xu D, Lai Y, Xu'Y, Zhang J, Wang J. Comparison of Different Para-
thyroid Autograft Project after Total Parathyroidectomy in Patients with
Secondary Hyperparathyroidism. In: Research Square Platform LLC. 2020.
Mihai R, Simon D, Hellman P. Imaging for primary hyperparathyroidism—
an evidence-based analysis. Langenbecks Arch Surg. 2009;394(5):765-84.
Sitges-Serra A, Girvent M, Pereira JA, Jimeno J, Nogués X, Cano FJ,
Sancho JJ. Bone Mineral Density in Menopausal Women with Primary
Hyperparathyroidism before and after Parathyroidectomy. World J Surg.
2004,28(11):1148-52.

Solorzano CC, Carneiro-Pla DM, Irvin GL. Surgeon-Performed Ultra-
sonography as the Initial and Only Localizing Study in Sporadic Primary
Hyperparathyroidism. J Am Coll Surg. 2006;202(1):18-24.

Soon PSH, Delbridge LW, Sywak MS, Barraclough BM, Edhouse P, Sidhu SB.
Surgeon Performed Ultrasound Facilitates Minimally Invasive Parathy-
roidectomy by the Focused Lateral Mini-incision Approach. World J Surg.
2008;32(5):766-71.

Torregrosa J-V, Ferndndez-Cruz L, Canalejo A, Vidal S, Astudillo E, Almaden
Y, Pons F, Rodriguez M. 99mTc-sestamibi Scintigraphy and Cell Cycle in
Parathyroid Glands of Secondary Hyperparathyroidism. World J Surg.
2000;24(11):1386-90.

Konturek A, Barczynski M, Stopa M, Nowak W. Subtotal parathyroid-
ectomy for secondary renal hyperparathyroidism: a 20-year surgical
outcome study. Langenbecks Arch Surg. 2016;401(7):965-74.

Kaczirek K, Riss P, Wunderer G, Prager G, Asari R, Scheuba C, Biegl-

mayer C, Niederle B. Quick PTH assay cannot predict incomplete
parathyroidectomy in patients with renal hyperparathyroidism. Surgery.
2005;137(4):431-5.

Weber KJ, Misra S, Lee JK, Wilhelm SW, DeCresce R, Prinz RA. Intraopera-
tive PTH monitoring in parathyroid hyperplasia requires stricter criteria for
success. Surgery. 2004;136(6):1154-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Investigating the effectiveness of intraoperative rapid parathyroid hormone assay in parathyroidectomy surgery in patients with secondary hyperparathyroidism
	Abstract 
	Introduction 
	Method 
	Results 
	Conclusion 

	Highlights 
	Introduction
	Methods and materials
	Study design
	Participants
	Variables and data sources
	Study size and statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


