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Introduction: Secondary hyperparathyroidism, as a result of chronic kidney
disease could be treated medically or surgically. When pharmacotherapy fails,
patients undergo surgery - parathyroidectomy, the curative treatment of
secondary hyperparathyroidism (SHPT). There are currently 3 accepted surgical
techniques, each with supporters or opponents — total parathyroidectomy,
subtotal parathyroidectomy and parathyroidectomy with immediate
autotransplantation.

Methods: In this paper we described our experience on a series of 160
consecutive patients diagnosed with secondary hyperparathyroidism who
underwent surgery, in 27 cases it was totalization of the intervention (patients
with previously performed subtotal parathyroidectomy or with supernumerary
glands and SHPT recurrence). We routinely perform total parathyroidectomy, the
method that we believe offers the best results.

Results: The group of patients was studied according to demographic criteria,
paraclinical balance, clinical symptomatology, pre- and postoperative iPTH
(intact parathormone) values, SHPT recurrence, number of reinterventions. In
31 cases we found gland ectopy and in 15 cases we discovered supernumerary
parathyroids. A percentage of 96.24% of patients with total parathyroidectomy
did not show recurrence.

Discussions: After analyzing the obtained results, our conclusion was that total
parathyroidectomy is the intervention of choice for patients suffering from
secondary hyperparathyroidism when pharmacotherapy fails in order to
prevent recurrence of the disease and to correct the metabolic parameters.
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secondary hyperparathyroidism, total parathyroidectomy, parathormone, chronic
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1 Introduction

Secondary hyperparathyroidism is a frequent complication of
patients on chronic dialysis. It is characterized by inappropriate
secretion of PTH secondary to a phosphocalcic metabolic disorder.
This will affect several organs and systems: bone (causing
demineralization, pain, fractures), cardiovascular (causing
calcifications of the arterial walls, myocardial wall, heart valves),
calcifications in viscera, periarticular tissue, skin, eye. When looking
at increased morbidity and mortality the most important
complications are the cardiovascular progressive calcifications
which will lead to myocardial angina or infarction, high blood
pressure, cardiac failure, calciphylaxis. Other manifestations include
psychological, neurological disorders and malnutrition. These
complications aggravate the prognosis of patients with secondary
hyperparathyroidism and also increase the surgical anesthetic risk
(1, 2).

Patients with end stage renal disease under dialysis
(hemodialysis or peritoneal dialysis) have low levels of 1,25 (OH)
2 D3, which results in a decrease in calcium absorption which leads
to hypocalcemia and a secondary increase in PTH secretion. This is
the trigger that will lead to secondary hyperparathyroidism (3). The
occurrence of secondary hyperparathyroidism is based on several
factors - vitamin D deficiency, phosphorus retention, decreased
calcium receptor activity in parathyroids. When the renal function
decreases, phosphorus excretion decreases thus leading to its
increased level in the blood, hypocalcemia and decreased vitamin
D levels. The decrease of the plasma level of vitamin D will also
affect the intestinal calcium absorption. All these factors and
mechanisms will ultimately result in hypocalcemia and stimulate
the increased secretion of PTH. Lately, it is considered that
fibroblast growth factor 23 (FGF-23), which increases in kidney
failure probably due to increased plasma phosphorus levels, may be
responsible for decreasing vitamin D synthesis (4).

The current consensus for PTH values in dialyzed patients, with
or without medical treatment for secondary hyperparathyroidism is
that it should be maintained between 2x-9x times higher than the
reference range (usually accepted at 130-600pg/ml). To ensure that
PTH values are maintained in this range, it is recommended to
monitor its level every 3-6 months. If changes occur outside of the
reference range, immediate action must be taken either by changing
the medical treatment or by referring the patient to surgery (5, 6).

The World Health Organization through the Expert Committee
on Biological Standardization reported the preparation of a
recombinant human PTH 1-84 to serve as the international
reference standard. It is called 95/646. Even with this standard, it
is recognized that laboratories have their own normal values and it
is recommended that they inform physicians about the methods of
determination used to make the biochemical interpretation as
correct as possible (7).

It is well known that PTH is an unstable hormone when
measured by standard lab techniques its stability being dependent
on processing (plasma or serum), way of sampling (on heparin or
EDTA), storage mode until processing, but also on the processing
method, calibration of equipment and, last but not least, the
reproducibility of the result. Parathyroid hormone has a
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polypeptide structure, containing a chain of 84 amino acids. It is
an unstable molecule that is quickly removed from bloodstream,
being metabolized and cleaved into fragments. The standard
measurement of parathyroid hormone is intact PTH (iPTH). The
iPTH assay reacts not only with 1-84 PTH but also with truncated
fragments (metabolic active) such as 7-84 PTH. However, the PTH
remains the main biochemical marker used to monitor the
progression of patients with secondary hyperparathyroidism.
With the help of the new 95/646 PTH standard, new advances
are made to improve mass spectrometry which will result in
comparable PTH results. This demonstrates the concern to obtain
accurate and reproducible results in any laboratory tests. As of
today we already benefit from the third generation of
immunological tests for PTH (8-10).

Therapy for these patients is primarily pharmacologic:
calcimimetics, vitamin D analogues and phosphate binders.
Treatment should be conducted along with monitoring the serum
parameters: calcemia, phosphatemia, alkaline phosphatase levels.
Pharmacotherapy is considered acceptable as long as the values of
calcium and phosphate concentrations and PTH are maintained
“normal”: serum calcium 8.6-10.5 mg/dl, serum phosphate 2.5-
4.5mg/dLiPTH <100-300 pg/ml (2, 3). The treatment aims to
prevent the complications of renal osteodystrophy, the most
important being represented by the complications of the
cardiovascular system, as mentioned above (11). These
cardiovascular complications through the deposition of calcium
in the intima and vascular media increase the risk of death from
cardiovascular diseases and considerably affect the viability of
vascular access (long life catheter or arterio-venous fistula (12).

With all advances in pharmacotherapy for secondary
hyperparathyroidism, at some point, the disease will become
refractory to treatment, and surgical intervention is the only
curative solution (13). Total parathyroidectomy is indicated in
20% of patients with chronic renal failure that have been on
dialysis between 3-10 years, and the percentage is doubled when
dialysis length reaches 20 years.

The purpose of this paper is to perform an analysis of the
secondary hyperparathyroidism recurrence incidence depending on
the operative technique. We also want to analyze the factors that
cause the recurrence of the disease.

2 Materials and methods

A group of 165 consecutive patients admitted to the General
Surgery Clinic of “Dr. Carol Davila” Clinical Hospital of
Nephrology for primary and secondary hyperparathyroidism was
analyzed. The study was performed retrospectively and
prospectively and all the statistical data were entered into an MS
Office-Excel database.

From this group, 160 patients were admitted with the diagnosis
of secondary hyperparathyroidism, all patients with stage 5 of renal
failure on hemodialysis or peritoneal dialysis.

The group was analyzed based on age, gender, pre and
postoperative iPTH values, preoperative alkaline phosphatase
values, pre and post-operative calcium values, clinical
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symptomatology, pre and postoperative imaging investigations,
associated comorbidities, duration of dialysis period, type of
surgical intervention, histopathological form of excised parathyroids.

Out of these patients 27 were reoperated due to the recurrence
of secondary hyperparathyroidism, 5 of which were primarily
operated in our clinic, the remaining 22 were referred from other
nephrology services for the same diagnosis.

3 Results

Gender wise the subjects were almost equally divided by 77
females and 83 males. The average age was 51.75 years old with
extremes between 25 and 72 years.

Of the 160 patients with secondary hyperparathyroidism 12
were undergoing peritoneal dialysis and the remaining 148 were on
hemodialysis. Patients on peritoneal dialysis had been only on this
type of dialysis and had a median dialysis period of 7.25 years with
extremes between 5 and 15 years. Patients on hemodialysis had a
median dialysis period of 8.35 years with extremes ranging from 5
to 20 years. Most patients on hemodialysis N = 71 were in dialysis
between 9 and 14 years. Of the patients with peritoneal dialysis half
of them were on dialysis between 5 and 8 years (Table 1).

All of the 160 patients had increased preoperative iPTH values,
68% having values ranging from 500-1000 pg/ml (Figure 1) with
extreme values ranging between 325-2275pg/ml.

Even if guidelines recommend surgical intervention at iPTH
values above 500 pg/ml, 11% of our cases had iPTH ranging from
325-500 pg/ml. These specific cases included patients with recurrence
of the disease because of known subtotal parathyroidectomy (e.g. not
being able to identify four parathyroid glands, pathological
examination that did not identify parathyroid tissue), with
supernumerary parathyroids and with persistent clinical symptoms.

When analyzing the preoperative iPTH values between the two
groups receiving dialysis (peritoneal or hemodialysis) it was
observed that the preoperative values of iPTH, while maintaining
the same reference interval as above, were recorded in percentages
of equal sensitivity. It should be mentioned that the two groups have
very different numerical values (12 patients with peritoneal dialysis
and 148 patients with hemodialysis).

Analysis of calcium values distribution before surgery showed
that most patients, 43%, had values ranging from 11.6-12.5 mg/dl
with extremes between 10.6 and 14.3 mg/dl. The alkaline
phosphatase values were increased in all patients with extreme
values between 135-1060UT/1.

TABLE 1 Lot structure.

Type of dialysis

Hemo

10.3389/fendo.2023.1191914

In terms of imaging investigations, there is no statistical
consistency in the group:36 patients underwent parathyroid
ultrasound, 47 patients had parathyroid scintigraphy with 99Tc-
sestamibi and 38 patients benefited from cervical and mediastinal
computed tomography. The rest of the patients did not have any
preoperative imaging investigations.

The whole group of patients was subjected to surgery. Surgical
intervention was total parathyroidectomy without reimplantation in
the sternocleidomastoid muscle or forearm, none of the patients
being a candidate for renal transplantation. Reintervention was
performed on 27 patients suffering from recurrence of
hyperparathyroidism, 5 of the recurrent patients were primarily
operated in our clinic and the recurrence of hyperparathyroidism
occurred within a range of 5 to 9 months. The same time period of
hyperparathyroidism recurrence was also seen in the other 22
patients. The recurrence rate in the group of patients operated in
our clinic was 3.76%. 2 of the 5 patients with disease recurrence had
subtotal parathyroidectomy due to the fact that one of the
parathyroids could not be identified intraoperatively (these patients
did not have specific imaging investigations), the other 3 having
supernumerary glands. In the cases of the other 22 that were not
primary operated in our clinic recurrence was due to subtotal
parathyroidectomy as initial surgical indication (11 patients), failure
to identify the parathyroid gland (5 patients), supernumerary glands
(6 patients). The result of the surgery was confirmed by the
histopathological result and iPTH postoperative sampling (Table 2).

iPTH was postoperatively sampled in only 70% of the patients
group. In the majority of patients, the decrease in iPTH value was
major (extreme values between 4.5-98pg/ml) with the exception of
the 5 patients who subsequently had the recurrence of
hyperparathyroidism. Postoperative iPTH values in these 5
patients were between 255-670pg/ml.

The incidence of parathyroid ectopia in the entire group was
19.37% (N = 31): retrotracheal N = 3, N = 6 intra-thyroid, N = 3
carotid bifurcation, N = 13 tireotimic ligament, tracheoesophageal
channel N = 6 (Table 3).

Supernumerary glands were found in 15 patients representing
9.37% of the study group.

4 Discussion

The last decade has made important contributions to the
diagnosis and treatment of secondary hyperparathyroidism.
Disease should be diagnosed early and pharmacotherapy

Type of surgery

Gender
Female
Number 77 83 148
Percentage 48% 52%
Total 160

92,5%

Peritoneal Primary Recurrence
12 133 27
7,5% 83,1% 16,9%
160 160
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FIGURE 1

Distribution of preoperative iPTH values.

promptly instituted. The goal of the treatment should be to reduce
iPTH values and maintain a balance of calcium, phosphorus and
vitamin D levels. At the moment there are treatment guidelines
established by NKF/KDOQI or KDIGO. Medical treatment
manages to keep the disease under control, but there are patients
who stop treatment, and patients who become refractory to
treatment (14).

At this time, the only treatment that can lead to the restoration
of biorhythmic is the surgical treatment.

The surgical treatment for patients with secondary
hyperparathyroidism consists of subtotal parathyroidectomy, total
parathyroidectomy with or without re-implantation/
cryopreservation. These surgical interventions can be done
through the classic open procedure and with mini-
invasive techniques.

To prevent recurrence, we have approached the entire group of
patients with total parathyroidectomy. This fact was also confirmed
by the recurrence of the disease in all patients in the group that did
not succeed in total parathyroidectomy. Also, 96.24% of patients
who had total parathyroidectomy confirmed post-operatively by
iPTH values and histopathological result, did not subsequently
experience recurrence of the disease. The follow-up period of
these patients ranged from 3 to 30 months.

In the studied group, the recurrence of hyperparathyroidism
was due either to the retention of a parathyroid gland by not
identifying it intraoperatively or due to the existence of

TABLE 2 Causes of recurrence.

<500
11%

supernumerary glands. In one case the histopathological result
identified that one of the glands alleged to be parathyroid was
actually a lymph node. Recent studies confirm the presence of
supernumerary glands in a percentage of 5-30%, and ectopic glands
in a percentage of 28-46% (15).

We followed the patients postoperatively and observed that
iPTH values began to rise and clinical symptomatology reappeared
at an interval between 5 to 9 months postoperatively, these cases
requiring surgical intervention to suppress the remaining gland. All
patients requiring parathyroidectomy aggregation benefited from a
preoperative imaging protocol necessary to identify the anatomical
position of the remaining gland. This protocol consisted of thyroid
ultrasound, scintigraphy with 99Tc-sestamibi and computed
tomography of the cervical and mediastinal region (16).

Re-intervention led to the identification and surgical excision of
the remaining gland. In this case, the result of surgery was
confirmed by the histopathological result and the normal values
of iPTH (Figure 2).

Most authors and the latest consensus for the treatment of
secondary hyperparathyroidism support indications for surgical
treatment. Although there is still discussion about iPTH values
(above 500pg/ml or 800pg/ml) for surgical indication, these will also
be clarified in the future by new methods of standardization of
iPTH dosing (17, 18).

Every year, approximately 2.5% of patients on dialysis with
secondary hyperparathyroidism reach surgery. There are still

Reffered center [\[o} Failure to identify gland Supernumerary gland Subtotal parathyroidectomy Total
QOur center No. 2 ‘ 3 0 ‘ 5
Other center No. 5 ‘ 6 11 ‘ 22
Total No. 7 ‘ 9 11 ‘27
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TABLE 3 Position of ectopic glands.

Place @ Tireotimc ligament

Intrathyroid

FIGURE 2
Mediastinal parathyroid adenoma.

Tracheoesophageal fold

10.3389/fendo.2023.1191914

Retrotracheal @ Carotid bifurcation  Total

numerous discussions on the surgical technique adopted. This is
due to the increased postoperative morbidity and the recurrence of
the disease (19, 20).

On the other hand studies have begun to appear that
demonstrates that total parathyroidectomy, in addition to
decreasing the risk of recurrence, also decreases mortality due to
vascular or other causes. In a metaanalysis performed by Chen et al.
a 28% decrease in general mortality and a 37% decrease in
cardiovascular disease mortality was identified compared to
medically treated patients (21).

The recurrence is considered to be between 15-30% after
subtotal or total parathyroidectomy with reimplantation. Some
authors consider that there is no significant difference in disease
recurrence depending on the two types of surgery: subtotal or total
parathyroidectomy with reimplantation. In both cases the
recurrence of the disease was due, in particular, to the remaining
or transplanted gland (66% of cases) and more rarely due to ectopic
or supernumerary glands (22-25). Recently several studies suggest
as the first line of action total parathyroidectomy for patients with
hyperparathyroidism induced by end stage renal disease. This has
the advantage of preventing disease recurrence, preventing associate
complications (metabolic, vascular, bone, etc.) and avoiding
surgical re-interventions in patients with high surgical and
anesthetic risk (26, 27).

There are still many discussions in the literature about the
optimal surgical technique for patients who require surgery for
secondary hyperparathyroidism. A meta-analysis performed by Liu
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et al. underlines the fact that at this moment there are not clinical
guidelines for the ideal surgical technique used for these patients. In
conclusion the meta-analysis shows the superiority of total
parathyroidectomy compared to total parathyroidectomy with
reimplantation (28).

5 Conclusions

Total parathyroidectomy for dialysis patients who can no longer
benefit from renal transplantation is a safe intervention that leads to
a decrease in the recurrence of secondary hyperparathyroidism and
also a decrease in morbidity and mortality. Thorough dissection of
the cervical region and correct identification of ectopic or
supernumerary glands must be performed in any type of surgical
intervention. Preoperative imaging investigations becomes
mandatory in the case of disease recurrence. The difficulty in
achieving re-interventions in the case of disease recurrence is
another argument that indicates total parathyroidectomy as an
intervention of choice in secondary hyperparathyroidism.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1191914
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

lorga et al.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

Concept and study design: CI and CRI. Data collection: IA and
IB. Analysis: CRI and VS. Manuscript writing: CRI. Final approval
and review: CI, TC, and VS. All authors contributed to the article
and approved the submitted version.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Tarcoveanu E, Niculescu D, Moldovanu R, Cotea E, Vasilescu A, Danila N, et al.
Tratamentul chirurgical al hiperparatiroidismului 258. Chirurgia (Bucur) (2009)104
(5):531-44.

2. Varcus F, Henry JF, Zosin I, Lifante JC, Milos A, Muller C, et al. Patologia si
chirurgia glandelor paratiroide. (2012) 13:194. Ed. Art. Press

3. Norton JA. History of endocrine surgery. In: Norton JA, Randal Bollinger R,
Chang AE, Lowry SF, Mulvihill S, Pass HI, Thompson RW, editors. Basic Science and
Clinical Evidence. New York: Springer (2001). p. 849-57.

4. Ketteler M, Petermann AT. Phosphate and FGF 23 in early CKD: on how to tackle
an invisible foe. Nephrol Dial Transplant (2011) 26:2430-2. doi: 10.1093/ndt/gfr344

5. Uhlig K, Berns JS, Kestenbaum B, Kumar R, Leonard MB, Martin KJ, et al.
KDOQI U.S. commentary on the 2009 KDIGO clinical practice guideline for the
diagnosis, evaluation, and treatment of chronic kidney disease-mineral and bone
disorder (CKD-MBD). Am ] Kidney Dis (2010) 55:773-99. doi: 10.1053/
j.jkd.2010.02.340

6. Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM. Mineral
metabolism, mortality, and morbidity in maintenance hemodialysis. ] Am Soc Nephrol
(2004) 15:2208-18. doi: 10.1097/01.ASN.0000133041.27682.A2

7. KDIGO. 2017 clinical practice guideline update for the diagnosis, evaluation,
prevention, and treatment of chronic kidney disease-mineral and bone disorder
(CKD-MBD). Kidney Int Suppl (2017) 7:1-59. doi: 10.1016/j.kisu.2017.04.001

8. Sturgeon CM, Sprague SM, Metcalfe W. Variation in parathyroid hormone
immunoassay results—a critical governance issue in the management of chronic
kidney disease. NephrolDialTransplant (2011) 26:3440-5. doi: 10.1093/ndt/gfr614

9. Komaba H, Tanaka M, Fukagawa M. Treatment of CKD- MBD. Intern Med
(2008) 47:989-94. doi: 10.2169/internalmedicine.47.1051

10. Slinin Y, Foley RN, Collins AJ. Calcium, phosphorus, parathyroid hormone, and
cardiovascular disease in hemodialysispatients: the USRDS waves 1, 3, and 4 study. J
Am Soc Nephrol (2005) 16:1788-93. doi: 10.1681/ASN.2004040275

11. Felsenfeld A, Silver J. Pathophysiology and clinical manifestations of renal
osteodystrophy. In: Olgaard K, editor. Clinical guide to bone and mineral metabolism
in CKD. New York, NY: National Kidney Foundation (2006). p. 31-41.

12. Kristen L, Jablonski P, Michel Chonchol MD. Vascular calcification in end- stage
renal disease. Hemodial Int (2013) 17(0 1):17-21. doi: 10.1111/hdi.12084

Frontiers in Endocrinology

06

10.3389/fendo.2023.1191914

Acknowledgments

Publication of this paper was supported by the University of
Medicine and Pharmacy Carol Davila, through the institutional
program Publish not Perish.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Fukagawa M, Kazama JJ, Shigematsu T. Management of the patients with
advanced secondary hyperparathyroidism: the Japanese approach. Nephrol Dial
Transplant (2002) 17:1553-7. doi: 10.1093/ndt/17.9.1553

14. Cunningham J, Locatelli F, Rodriguez M. Secondary hyperparathyroidism:
pathogenesis, disease progression, and therapeutic options. CJASN (2011) 6(4):913.
doi: 10.2215/CJN.06040710

15. Steinl GK, Kuo JH. Surgical management of secondary hyperparathyroidism.
Kidney Int Rep (2021) 6(2):254-64. doi: 10.1016/j.ekir.2020.11.023

16. Andrade JS, Mangussi-Gomes JP, Rocha LA. Localization of ectopic and
supernumerary parathyroid glands in patients with secondary and tertiary
hyperparathyroidism: surgical description and correlation with preoperative
ultrasonography and Tc99m-Sestamibi scintigraphy. Braz ] Otorhinolaryngol (2014)
80:29-34. doi: 10.5935/1808-8694.20140008

17. Yoshihiro T. Surgical and medical management of tertiary Hyperparthyroidism.
World ] Endocrine Surg (2010) 2(3):105. doi: 10.5005/jp-journals-10002-1033

18. Shih M-L, Duh Q-Y, Hsieh C-B, Lin S-H, Wu H-S, Chu P-L, et al. Total
parathyroidectomy without autotransplantation for secondary hyperparathyroidism.
World ] Surg (2009) 33(2):248-54. doi: 10.1007/s00268-008-9765-8

19. Douthat WG, Cardozo G, Garay G, Orozco S, Chiurchiu C, de la Fuente J, et al.
Use of percutaneous ethanol injection therapy for recurrent secondary
hyperparathyroidism after subtotal parathyroidectomy. Int J Nephrol (2011) 2011.
doi: 10.4061/2011/246734

20. Hiramitsu T, Hasegawa Y, Futamura K, Okada M, Goto N, Narumi S, et al.
Treatment for secondary hyperparathyroidism focusing on parathyroidectomy. Front
Endocrinol (Lausanne) (2023) 14:1169793. doi: 10.3389/fend0.2023.1169793

21. Chen L, Wang K, Yu S, Lai L, Zhang X, Yuan J, et al. Long-term mortality after
parathyroidectomy among chronic kidney disease patients with secondary
hyperparathyroidism: a systematic review and meta-analysis. Ren Fail (2016) 38
(7):1050-8. doi: 10.1080/0886022X.2016.1184924

22. Richards ML, Wormuth J, Bingener J, Sirinek K. Parathyroidectomy in
secondary hyperparathyroidism: Is there an optimal operative management? Surgery
(2006) 139:174-80. doi: 10.1016/j.surg.2005.08.036

23. Gong X, Wang YA, Li C, Liao X, Li S, Yang L, et al. Effect of total
parathyroidectomy in patients with secondary hyperparathyroidism: a retrospective
study. Int Urol Nephrol (2022) 55(5):1239-45. doi: 10.1007/s11255-022-03401-3

frontiersin.org


https://doi.org/10.1093/ndt/gfr344
https://doi.org/10.1053/j.ajkd.2010.02.340
https://doi.org/10.1053/j.ajkd.2010.02.340
https://doi.org/10.1097/01.ASN.0000133041.27682.A2
https://doi.org/10.1016/j.kisu.2017.04.001
https://doi.org/10.1093/ndt/gfr614
https://doi.org/10.2169/internalmedicine.47.1051
https://doi.org/10.1681/ASN.2004040275
https://doi.org/10.1111/hdi.12084
https://doi.org/10.1093/ndt/17.9.1553
https://doi.org/10.2215/CJN.06040710
https://doi.org/10.1016/j.ekir.2020.11.023
https://doi.org/10.5935/1808-8694.20140008
https://doi.org/10.5005/jp-journals-10002-1033
https://doi.org/10.1007/s00268-008-9765-8
https://doi.org/10.4061/2011/246734
https://doi.org/10.3389/fendo.2023.1169793
https://doi.org/10.1080/0886022X.2016.1184924
https://doi.org/10.1016/j.surg.2005.08.036
https://doi.org/10.1007/s11255-022-03401-3
https://doi.org/10.3389/fendo.2023.1191914
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

lorga et al.

24. Li L, He C, Cheng G, Cao J, Wang C, Tang Y, et al. Recurrent renal secondary
hyperparathyroidism caused by supernumerary mediastinal parathyroid gland and
parathyromatosis: A case report. Front Surg (2023) 10:1135596. doi: 10.3389/
fsurg.2023.1135596

25. Schneider R, Waldmann ], Ramaswamy A, Fernandez ED, Bartsch DK,
Schlosser K. Frequency of ectopic and supernumerary intrathymic parathyroid
glands in patients with renal hyperparathyroidism: analysis of 461 patients
undergoing initial parathyroidectomy with bilateral cervical thymectomy. World
J Surg (2011) 35(6):1260-5. doi: 10.1007/500268-011-1079-6

26. Hiramitsu T, Hasegawa Y, Futamura K, Okada M, Goto N, Narumi S, et al. -
Intraoperative intact parathyroid hormone monitoring and frozen section

Frontiers in Endocrinology

07

10.3389/fendo.2023.1191914

diagnosis are essential for successful parathyroidectomy in secondary
hyperparathyroidism - Front Med (Lausanne). 2022 Nov (343) 7:1007887(9).
doi: 10.3389/fmed.2022.1007887

27. Mikhail AR, Williams RA, Son LS, Danos DM, Samuel ], Kleinpeter KP,
et al. Total parathyroidectomy without autotransplantation for ESRD patients
with secondary hyperparathyroidism; an effective alternative. Am Surg (2022),
31348221148364. doi: 10.1177/00031348221148364

28. Liu M-E, Qiu N-C, Zha S-L, Du Z-P, Wang Y-F, Wang Q, et al. To assess the
effects of parathyroidectomy (TPTX versus TPTX+AT) for Secondary
Hyperparathyroidism in chronic renal failure: A Systematic Review and Meta-
Analysis. Int ] Surg (2017) 44:353-62. doi: 10.1016/.ijsu.2017.06.029

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1135596
https://doi.org/10.3389/fsurg.2023.1135596
https://doi.org/10.1007/s00268-011-1079-6
https://doi.org/10.3389/fmed.2022.1007887
https://doi.org/10.1177/00031348221148364
https://doi.org/10.1016/j.ijsu.2017.06.029
https://doi.org/10.3389/fendo.2023.1191914
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Advantages of total parathyroidectomy in patients with secondary hyperparathyroidism induced by end stage renal disease
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


