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Safety and efficacy of subtotal or total parathyroidectomy for patients
with secondary or tertiary hyperparathyroidism in four academic
centers in the Netherlands

Willemijn Y. van der Plas1 & Rorderick R. Dulfer2 & Ezra Y. Koh3
& Liffert Vogt4 & Natasha M. Appelman-Dijkstra5 &

Abbey Schepers6 & Joris I. Rotmans7 & Robert A. Pol1 & Tessa M. van Ginhoven2
& Ewout J. Hoorn8

& Els J. M. Nieveen van
Dijkum3

& Anton F. Engelsman3
& Martin H. de Borst9 & Schelto Kruijff1 & on behalf of the Dutch Hyperparathyroidism

Study Group (DHSG)

Received: 18 June 2018 /Accepted: 31 October 2018
# The Author(s) 2018

Abstract
Purpose Hyperparathyroidism (HPT) is a common abnormality in patients with end-stage renal disease (ESRD). Since the
introduction of cinacalcet in 2004, a shift from surgery toward predominantly medical treatment has occurred. Surgery is thought
to be associated with more complications than oral medication. The aim of this retrospective study was to evaluate 30-day
outcomes and effectiveness of parathyroidectomy (PTx) in ESRD patients in the Netherlands.
Methods A national database containing data from four academic medical centers in the Netherlands of patients with ESRD-
related HPT, who had undergone PTx and kidney transplantation between 1994 and 2015, was established. Primary endpoints
were 30-day mortality and complication rate. Secondary endpoints were biochemical measurements.
Results We identified 187 HPT patients undergoing PTx, with a median age of 46 years. Median preoperative PTH level was
866 pg/mL (interquartile range [IQR] 407–1547 pg/mL). At 3 months, the median PTH drop from baseline was 93% (IQR, 71–
98%) to a median of 61 pg/mL (IQR, 23–148 pg/mL, p < 0.001). Over the 25-year inclusion period, 13 patients (7.0%) required
re-exploration for persistent or recurrent disease. Thirty-day mortality and complication rate were 0.0% and 7.9% respectively.
Median serum calcium levels improved significantly postoperatively from 2.6 (2.4–2.8) mmol/L to 2.3 (2.1–2.5) mmol/L
(p < 0.001).
Conclusions PTx is a safe and effective procedure in the frail ESRD population. These data show that there should be no
reluctance for surgical intervention and when indicated, nephrologists can safely refer these patients for PTx.
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Introduction

Hyperparathyroidism (HPT), both secondary and tertiary,
is a common complication with a prevalence up to 30–
49% in patients with end-stage renal disease (ESRD) [1,
2]. ESRD-related HPT has been associated with severe
bone disorders, cardiovascular complications, and in-
creased mortality [3–6]. More than a decade ago, the
treatment algorithm of HPT consisted of calcium salts,
vitamin D sterols, and (sub)total parathyroidectomy
(PTx). Since its introduction in 2004, the calcimimetic
agent cinacalcet is being used to treat patients with HPT,
when vitamin D analogs and phosphate binders are insuf-
ficient [7, 8]. The latest update of the Kidney Disease
Improving Global Outcomes (KDIGO) Chronic Kidney
Disease—Mineral and Bone Disorder (CKD-MBD)
guideline recommends cinacalcet even as a first step op-
tion together with vitamin D and phosphate binders in
patients with secondary HPT [8]. Despite the lack of ran-
domized studies that compare cinacalcet with surgical
treatment, the advent of cinacalcet, and in parallel, an
increasing perception of PTx as a high-risk procedure in
this fragile ESRD population has, among other reasons,
led to a shift from surgery toward predominantly medical
treatment [2, 9]. Several studies have shown a reduction
in the number of parathyroidectomies per year since the
introduction of cinacalcet [10, 11]. In a previous study, we
reported that the introduction of cinacalcet is associated
with a 2-year delay of surgery in which patients still had
continuously elevated parathormone (PTH) levels [12].
On the other hand, the inability of cinacalcet to achieve
an efficient and persistent lowering of PTH levels has
been reported in multiple studies [13, 14]. Moreover,
cinacalcet use can be accompanied by serious adverse
events, such as vomiting and diarrhea, which potentially
leads to discontinuation of the drug [14].

In recent years, parathyroid surgery has undergone a
great evolution with the use of minimally invasive tech-
niques and heat-sealing devices [15, 16]. However, surgery
is still thought to be associated with more complications
than oral medication. A nationwide study using United
States Renal Data System (USRD) ESRD data evaluating
the outcome of 4435 hemodialysis patients undergoing PTx
concluded that parathyroid surgery is associated with sig-
nificant morbidity [17]. However, evidence on the periop-
erative risk of PTx performed in specialized, high-volume
centers is poorly documented and the question is whether
the hesitancy for surgical referral also applies to such cen-
ters. Therefore, the aim of this study was to evaluate 30-day
outcomes and effectiveness of PTx in ESRD patients in the
Netherlands. The Dutch Hyperparathyroidism Study Group
was established in 2016 in the Netherlands to address,
among others, this issue.

Material and methods

Study population

A national retrospective database of patients with ESRD-
related HPT who underwent both PTx and kidney transplan-
tation (KTx) in the Netherlands was established, to answer all
distinct research questions. Data from four academic medical
centers (Academic Medical Center [AMC], Erasmus Medical
Center [EMC], Leiden University Medical Center [LUMC],
and University Medical Center Groningen [UMCG]) of pa-
tients with ESRD-related HPT undergoing PTx between 1994
and 2015 were extracted. Databases were cross-checked be-
tween participating centers. The study population included all
patients diagnosed with ESRD in the aforementioned medical
centers, aged ≥ 18 years who underwent PTx and KTx.
Secondary HPT was defined as HPT in patients receiving
hemodialysis and tertiary HPT as HPT in patients who
underwent KTx. Approval from the medical ethical commit-
tee boards of all centers was retrieved. Data was collected and
stored in concordance with the Declaration of Helsinki.

Patient characteristics and primary and secondary
endpoints

Patient characteristics were derived from each hospital’s elec-
tronic medical record system. Collected data consisted of age,
sex, primary ESRD cause, time on dialysis, history of KTx,
preoperative American Society of Anesthesiologists (ASA)
physical status classification, type of PTx, medication related
to calcium-phosphate metabolism, postoperative complica-
tions (including recurrent laryngeal nerve damage, wound
problems, hospital-acquired pneumonia, and intensive care
unit admission), and mortality. Patients who presented with
hoarseness pre- or postoperatively were offered laryngoscopy
performed by a qualified ear nose and throat specialist to eval-
uate the vocal cords and intactness of the recurrent laryngeal
nerve. The primary outcome was 30-day mortality and com-
plication rate (including the aforementioned complications).
Secondary endpoints were biochemical measurements, in-
cluding pre- and postoperative PTH levels, calcium, phos-
phate, albumin, alkaline phosphatase (ALP), and creatinine.
Furthermore, reoperation rate and time until reoperation were
recorded. Serum calcium levels were adjusted for albumin
using the following equation: adjusted total calcium
(mmol/L) = measured calcium (mmol/L) + (0.025 × (40 − [al-
bumin (g/L)]). Reference interval was 2.20–2.60 mmol/L. To
calculate the proportion of patients that were hypocalcaemic
during follow-up, serum-adjusted calcium concentrations
were categorized into three groups: low calcium (<
2.20 mmol/L), adequate calcium (2.20–2.60 mmol/L), and
high calcium (> 2.6 mmol/L). Postoperative hypocalcaemia
rates were compared between patients who underwent
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subtotal PTx and total PTx with AT. The reference interval for
serum phosphate levels was 0.7–1.5 mmol/L. In a subanalysis,
we compared all biochemical levels between patients with
secondary HPT and those with tertiary HPT.

Surgical protocol

Patients were referred for surgical treatment in case of disease
refractory to pharmacological treatment (including vitamin D
analogs, phosphate binders, and calcimimetics). Other indica-
tions for surgical referral included intolerance to or noncompli-
ance of cinacalcet, severe disease with highly elevated serum
PTH and calcium levels, symptomatic disease, patient’s prefer-
ence, and persistent hypercalcemia after KTx. All patients
underwent a subtotal PTx or total PTx + autotransplantation
(AT). In subtotal PTx, 3.5 of the four glands were resected.
Total PTx +ATcomprised of the resection of all four parathyroid
glands whereafter half of the most normal-appearing parathyroid
gland was minced and then autotransplanted in the
sternocleidomastoid muscle or into subcutaneous pockets of the
forearm. During PTx, intraoperative PTH measurements were
available in all centers. When intraoperative PTH measurement
was used, serum concentration PTH was determined before re-
section of the parathyroid glands, and 5, 10, 15, and 20 min after
resection. In general, an intraoperative drop of PTH of ≥ 85%
was considered to be sufficient for a successful operation [18]. In
case of an inadequate PTH drop, surgeons looked for extra or
ectopic parathyroid glands.

In each medical center, pre- and postoperative calcium
management was handled according to the local protocol
and included both oral and, if necessary, intravenous calcium
supplementation.

Statistical analysis

Statistics were performed using SPSS Statistics version 24.0
(IBM Corporation, Armonk, NY, USA.). Continuous variables
are described as mean ± SD (normal distribution) or median with
interquartile range (IQR) in case of skewed distribution.
Distribution was assessed with the Shapiro-Wilk normality test.
Categorical variables are expressed as number (n) and percentage
(%). Subsequent laboratory values were compared using the
paired sample t test or related sample Wilcoxon signed-rank test.
p values ≤ 0.05 were considered statistically significant.

Results

Patient characteristics

A total of 187 patients were included in this study. Baseline
characteristics of the included patients are listed in Table 1.
Median age was 46 years (IQR, 33–57), and 50.3% were

female. Of all patients, 58.3% underwent total PTx +
autotransplantation (AT) whereas 41.7% underwent subtotal
PTx. Sixty-nine percent of patients were classified ASA III or
higher. Before surgery, 70.7% of patients were using phos-
phate binders, 61.9% calcium supplements, and 77.1% vita-
min D analogs. Eighteen percent used calcimimetics. Of all
patients, 103 (55%) underwent a KTx after PTx; the remain-
ing 45% underwent a KTx prior to PTx. Median time until
KTx was 22 (IQR, 10–38) months after PTx. The proportion
of secondary (patients on dialysis) and tertiary (patients with a
kidney transplant) HPT patients and type of PTx per center are
shown in Fig. 1.

Table 1 Characteristics
of ESRD patients at the
time of PTx

N = 187

Age, y (IQR) 46 (33–57)

Female sex, n (%) 94 (50.3)

Diabetes mellitus, n (%)

DM type 1 7 (3.7)

DM type 2 18 (9.6)

Type renal replacement therapy, n (%)

None 13 (7.0)

Hemodialysis 49 (26.2)

Peritoneal dialysis 41 (21.9)

Kidney transplantation 84 (44.9)

Type of PTx, n (%)

Total PTx + AT 109 (58.3)

Subtotal PTx 78 (41.7)

ASA classification, n (%)

ASA II 58 (31.0)

ASA III 126 (67.4)

ASA IV 3 (1.6)

KTx, kidney transplantation; DM, diabetes
mellitus; PTx, parathyroidectomy; AT,
autotransplantation; ASA, American
Society of Anesthesiologists

Fig. 1 Type of HPT and PTx per medical center
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Preoperative and short-term laboratory values

Preoperative biochemical levels are shown in Table 2, sepa-
rated for patients with secondary hyperparathyroidism (e.g.,
those who did not have a KTx in medical history) and patients
with tertiary hyperparathyroidism (e.g., those who underwent
KTx prior to PTx). All preoperative laboratory values were
significantly different between the two groups. Median preop-
erative PTH level of all patients was 866 pg/mL.
Intraoperative PTH measurements were available in 120 pa-
tients. During PTx, PTH levels dropped significantly during
surgery with a median of 86% (IQR, 72–95%, p < 0.001).
Median drop of PTH of all patients after 3 months was 93%
(IQR, 71–98%) from 866 (407–1447) pg/mL to 61 (23–148)
pg/mL. Postoperatively, PTH levels were not significantly dif-
ferent for patients with secondary HPT compared to tertiary
HPT patients.

Median-adjusted calcium levels improved significantly af-
ter PTx from a median of 2.6 (2.4–2.8) mmol/L to 2.3 (2.1–
2.5) mmol/L (p < 0.001) and did not significantly differ
between secondary HPT patients and tertiary HPT patients.

Preoperative phosphate levels were high in patients with
secondary HPTand low but within the range of normal (0.81–
1.45 mmol/L) in patients with tertiary HPT (Table 2). Of all
patients, 56.7% of patients had serum phosphate concentra-
tions above the upper limit of normal, mainly reflecting sec-
ondary HPT patients. Median phosphate levels did not change
significantly after surgery (p = 0.1); at 3 months of follow-up,
43.9% of patients had serum phosphate levels above the upper
limit of normal. Postoperative phosphate levels were signifi-
cantly different at 3, 6, and 12 months between secondary and
tertiary HPT levels, but all within the reference range.

Long-term laboratory values

Postoperative serum PTH levels remained low and overall did
not increase during the 5-year follow-up compared to the
levels of 3 months postoperatively (Fig. 2 and Table 3). At
3 months, 38.7% were hypocalcaemic (adjusted serum calci-
um levels < 2.20 mmol/l). Fourteen patients (9.9%) still had
calcium levels above the upper limit of normal. The propor-
tion of patients within the reference range at 5 years

postoperatively was 68.3%. Median corrected calcium levels
remained within the reference interval (2.20–2.60 mmol/L)
and did not increase significantly during follow-up. All post-
operative laboratory values are displayed in Table 3.

Postoperative complications

Postoperative complications are listed in Table 4. Of all pa-
tients who underwent PTx, the 30-day mortality rate was zero.
Four patients experienced temporary hoarseness after surgery,
which was objectified by laryngoscopy. Clinically, all four
patients had full recovery of their voice within 1 year. In
48.5% of the patients, hypocalcaemia was reported during
hospital admission. Intensive care admission to treat
hypocalcaemia was required in 2.4% of the patients. Three
months after PTx, 37.4% of patients were still using calcium
supplements. Calcium supplements were required in 32.6% of
patients at 1 year after surgery. No difference in postoperative
hypocalcaemia rates was found between patients who
underwent subtotal PTx and those who underwent total PTx
with AT at any time point after PTx.

Reoperation rates

Of all 187 patients, 13 patients (7.0%) underwent a reopera-
tion for persistent or recurrent disease. Median time until re-
exploration was 6 months (IQR, 1–24 months). One patient
(0.5%) underwent re-exploration during the initial admission
for a postsurgical hemorrhage.

Discussion

End-stage renal disease (ESRD) is often complicated by the
development of hyperparathyroidism (HPT); more than 80%
of patients with a glomerular filtration rate (GFR) below
20 mL/min develop serum PTH levels exceeding the upper
limit of normal [19]. Historically, patients were referred for
parathyroidectomy (PTx) when vitamin D analogs and phos-
phate binders were no longer sufficient to control calcium-
phosphate homeostasis [7]. However, since its introduction
in 2004, cinacalcet has become the second step in the

Table 2 Laboratory values preoperatively

Total Secondary hyperparathyroidism
(PTx before KTx)

Tertiary hyperparathyroidism
(PTx after KTx)

p value

PTH, pg/mL 866 (407–1547) 1143 (702–1776) 476 (243–1162) < 0.01

Adjusted calcium, mmol/L 2.6 (2.4–2.8) 2.5 (2.3–2.7) 2.7 (2.5–2.9) < 0.01

Phosphate, mmol/L 1.4 (0.9–1.9) 1.77 (1.5–2.1) 0.90 (0.7–1.35) < 0.01

Creatinine, μmol/L 477 (137–927) 828 (523–1018) 141 (112–426) < 0.01

PTx, parathyroidectomy; KTX, kidney transplantation; PTH, parathyroid hormone
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treatment of HPT and surgery rates decreased without strong
evidence to support this practice [8, 20]. This multicenter ret-
rospective study reports surgical outcomes of parathyroidec-
tomy (PTx) in patients with ESRD-related HPT. Our results
indicate that PTx is associated with no 30-day mortality and
very low 30-day morbidity rates. Three months after surgery,
serum PTH levels dropped significantly to a median of 61 pg/
mL (93% drop) and remained low during 5 years of follow-up.

Our results are supported by multiple previous studies that
reported high success rates of PTx [21, 22]. Previously docu-
mented PTH drop rates ranged from 89 to 98% [23–25]. Since
the introduction of calcimimetics in 2004 however, PTx is
thought to be associated with more complications than oral
medication, and a paradigm shift in referring patients for sur-
gery occurred [12]. On top of that, as mentioned before, au-
thors of a nationwide study in the USA reported high compli-
cation rates following parathyroid surgery [17]. The authors
observed a rehospitalization rate due to complications of
23.8% and almost 30% of these patients required ICU admis-
sion. Indications for ICU admission were not elaborated in the
article. These findings are in sharp contrast with our results.
This variance can be explained by the inclusion of Medicare
insurance centers in this American study, which may have led
to the inclusion of patients in low-volume, less specialized
centers. The discrepancy between these results emphasizes
the need to refer these patients to experienced medical centers
dedicated to (para)thyroid surgery. In the Netherlands, sur-
geons, endocrinologists, and nephrologists work in close col-
laboration to improve patient health care; patients are

elaborated preoperatively in a multidisciplinary meeting, sur-
geons are required to perform over 20 (para)thyroid surgeries
a year, and after PTx, the patient is monitored by both their
surgeon as well as their nephrologist/endocrinologist. A min-
imum number of required (para)thyroid procedures per sur-
geon ensure quality across medical centers. More in concor-
dance with our results, multiple other studies also reported low
complication rates after PTx [26, 27]. In the literature, HPT
recurrence rates requiring reoperation ranged between 5 and
30%. Those results are in line with our findings (7%) [24, 28].

Hypocalcaemia is a frequently mentioned consequence of
PTx in patients with secondary or tertiary hyperparathyroid-
ism [29]. The finding that a substantial proportion of patients
are temporarily hypocalcaemic after PTx emphasizes the need
for strict observation and protocol in collaboration with a ne-
phrologist or endocrinologist.

In the treatment of secondary and tertiary HPT, both phar-
macological and surgical management are well-recognized
options. Since its introduction of calcimimetics in 2004,
cinacalcet gained a dominant position in the treatment algo-
rithm and prescription patterns increased significantly over the
years [19]. However, in 2012, the EVOLVE Trial
Investigators published their results of a randomized con-
trolled trial evaluating the effect of cinacalcet on the risk of
death or cardiovascular events compared to placebo in 3883
dialysis patients [14]. The authors concluded that cinacalcet
did improve serum PTH and calcium levels, but it did not
significantly reduce the risk of death or cardiovascular events
(cinacalcet vs. placebo, relative hazard 0.93, 95% confidence
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Fig. 2 Parathormone (PTH)
levels over time

Table 3 Postoperative laboratory values

3 months 6 months 1 year 3 years 5 years

PTH, pg/mL 61 (23–148) 80 (23–195) 58 (22–143) 106 (38–181) 85 (35–230)

Adjusted calcium, mmol/L 2.3 (2.1–2.5) 2.3 (2.1–2.4) 2.3 (2.1–2.4) 2.3 (2.2–2.4) 2.3 (2.2–2.4)

Phosphate, mmol/L 1.2 (0.9–1.6) 1.3 (0.9–1.7) 1.2 (0.9–1.7) 1.1 (0.9–1.4) 1.0 (0.9–1.3)

Creatinine, μmol/L 545 (148–1018) 476 (150–995) 271 (142–1001) 183 (123–601) 167 (116–224)

PTH, parathormone
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interval 0.85–1.02; p = 0.11). Of note, a significant difference
of 1 year in age between the two groups, a high drug discon-
tinuation rate, and a high cross-over between the two treat-
ment arms may have led to the minimal impact of cinacalcet
on the primary composite endpoint. Moreover, the use of
cinacalcet is often accompanied with a range of (gastro-
intestinal) adverse effects, leading to discontinuation or non-
compliance [13, 14]. Almost half of the patients on cinacalcet
participating in the EVOLVE trial reported adverse events
compared to 19% of the placebo group.

These findings, together with the results of an increasing
number of articles reporting on the limited impact of
cinacalcet on PTH, its costs, side effects, and minimal bene-
ficial impact on QoL should be taken into account when new
guidelines are established in the future [13, 14, 30, 31]. A
decisive randomized controlled study comparing pharmaceu-
tical treatment with PTx head-to-head is still not available.
This RCT is needed before the optimal treatment for these
patients can be determined.

This study has several limitations that need to be addressed.
First, the retrospective nature of this analysis could have led to
selection bias in our recorded data and missing data was some-
times inevitable. For instance, patients were only included if
they underwent both a PTx and KTx. Patients who underwent
KTx before PTx as well as patients who underwent KTx after
PTx were included. This may also have led to selection bias
since patients who were not eligible for KTx were not includ-
ed. Our conclusions of the safety of PTx might only be appli-
cable in patients who are found to be also eligible for KTx.
Secondly, this study population is a heterogeneous patient
group with multiple comorbidities [32].

More than half of our patients underwent KTx after PTx
after a median time of 22 months. This event influenced the
biochemical results during long-term follow-up. One of the
strengths of this multicenter study is that data from four aca-
demic hospitals in the Netherlands were included. Our find-
ings can be generalized to other (academic) medical centers
with a similar type of health care and quality standards.

In patients with secondary HPT, KTx leads to an amelio-
ration of the disturbance of the calcium-phosphate homeosta-
sis in more than half of the patients [33]. Therefore, if kidney
transplantation is not expected in the near future, and in case

of severe disease with debilitating symptoms, PTx is a safe
and effective option. In patients with tertiary hyperparathy-
roidism, kidney transplantation apparently did not improve
calcium-phosphate homeostasis and PTH levels continue to
rise. In these patients, PTx is considered the only definite
option to treat the persistent hyperparathyroidism.

In conclusion, our results indicate that PTx is a very safe
and effective procedure in patients with ESRD-related HPT, a
patient population with extensive comorbidities. Although an
invasive procedure requiring general anesthesia, recovery is
fast and without major complications. Our patients were op-
erated in high-volume and high-experienced medical centers,
which may have contributed to high success rates.
Nevertheless, these findings implicate that there should be
no reluctance in referring these patients for PTx, when indi-
cated, despite their comorbidity and high ASA classification.

Authors’ contributions Authorship W.Y. van der P., R.R. D., and E.Y. K.
acquired the data and were involved in data analysis and interpretation
and writing the manuscript; L. V., N.M. A.-D., A. S., J.I. R., R.A. P., T.M.
van G., E.J. H., E.J.M.N. van D., A.F. E., M.H. de B., and S. K. were
involved in data analysis and interpretation and contributed to the final
adjustments to the manuscript after revising it critically for intellectual
content.

Compliance with ethical standards

Ethical approval for this study from the medical ethical committee boards
of all centers was retrieved. According to the decision of the medical
ethical committees, no informed consent was required. All procedures
performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Hedgeman E, Lipworth L, Lowe K, Saran R, Do T, Fryzek J (2015)
International burden of chronic kidney disease and secondary hy-
perparathyroidism: a systematic review of the literature and avail-
able data. Int J Nephrol 2015:184321

2. Tentori F, Wang M, Bieber BA, Karaboyas A, Li Y, Jacobson SH,
Andreucci VE, FukagawaM, Frimat L, Mendelssohn DC, Port FK,
Pisoni RL, Robinson BM (2015) Recent changes in therapeutic
approaches and association with outcomes among patients with
secondary hyperparathyroidism on chronic hemodialysis: the
DOPPS study. Clin J Am Soc Nephrol 10:98–109

Table 4 Thirty-day mortality and morbidity, n (%)

Mortality 0 (0.0)

Morbidity 13 (7.9)

Temporary recurrent laryngeal nerve paralysis 4 (2.4)

Surgical site problems† 3 (1.8)

Hospital-acquired pneumonia 2 (1.2)

ICU admission 4 (2.4)

† Including wound infection and hemorrhage

Langenbecks Arch Surg



3. Block GA,Martin KJ, de Francisco ALM, Turner SA, AvramMM,
Suranyi MG, Hercz G, Cunningham J, Abu-Alfa AK, Messa P,
Coyne DW, Locatelli F, Cohen RM, Evenepoel P, Moe SM,
Fournier A, Braun J, McCary LC, Zani VJ, Olson KA, Drüeke
TB, Goodman WG (2004) Cinacalcet for secondary hyperparathy-
roidism in patients receiving hemodialysis. N Engl J Med 350:
1516–1525

4. Danese MD, Kim J, Doan QV, Dylan M, Griffiths R, Chertow GM
(2006) PTH and the risks for hip, vertebral, and pelvic fractures
among patients on dialysis. Am J Kidney Dis 47:149–156

5. Davies MR, Hruska KA (2001) Pathophysiological mechanisms of
vascular calcification in end-stage renal disease. Kidney Int 60:
472–479

6. Floege J, Kim J, Ireland E, Chazot C, Drueke T, de Francisco A,
Kronenberg F, Marcelli D, Passlick-Deetjen J, Schernthaner G,
Fouqueray B, Wheeler DC, on behalf of the ARO Investigators
(2011) Serum iPTH, calcium and phosphate, and the risk of mor-
tality in a european haemodialysis population. Nephrol Dial
Transplant 26:1948–1955

7. Eknoyan G, Levin A, Levin NW (2003) Bone metabolism and
disease in chronic kidney disease. Am J Kidney Dis
42(Supplement 3):1–201

8. Kidney Disease: Improving Global Outcomes (KDIGO) CKD–
MBDWork Group (2017) 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 7

9. Lorenz K, Bartsch DK, Sancho JJ, Guigard S, Triponez F (2015)
Surgical management of secondary hyperparathyroidism in chronic
kidney disease-a consensus report of the european society of endo-
crine surgeons. Langenbeck's Arch Surg 400:907–927

10. Cunningham J, Danese MD, Olson KA, Klassen PS, Chertow GM
(2005) Effects of the calcimimetic cinacalcet HCl on cardiovascular
disease, fracture, and health-related quality of life in secondary
hyperparathyroidism. Kidney Int 68:1793–1800

11. Ballinger AE, Palmer SC, Nistor I, Craig JC, Strippoli GF (2014)
Calcimimetics for secondary hyperparathyroidism in chronic kid-
ney disease patients. Cochrane Database Syst Rev 12

12. van der Plas WY, Engelsman AF, Ozyilmaz A, van der Horst-
Schrivers AN, Meijer K, van Dam GM et al (2016) Impact of the
introduction of calcimimetics on timing of parathyroidectomy in
secondary and tertiary hyperparathyroidism. Ann Surg Oncol

13. Brunaud L, Ngueyon Sime W, Filipozzi P, Nomine-Criqui C,
Aronova A, Zarnegar R, Kessler M, Frimat L, Ayav C (2016)
Minimal impact of calcimimetics on the management of hyperpara-
thyroidism in chronic dialysis. Surgery 159:183–192

14. Trial Investigators EVOLVE, Chertow GM, Block GA, Correa-
Rotter R, Drueke TB, Floege J et al (2012) Effect of cinacalcet on
cardiovascular disease in patients undergoing dialysis. N Engl J
Med 367:2482–2494

15. Chen J, Wang JD (2014) Radioguided parathyroidectomy in pa-
tients with secondary hyperparathyroidism due to chronic renal
failure. Nucl Med Commun 35:391–397

16. Mariani G, Gulec SA, Rubello D, Boni G, Puccini M, Pelizzo MR,
Manca G, Casara D, Sotti G, Erba P, Volterrani D, Giuliano AE
(2003) Preoperative localization and radioguided parathyroid sur-
gery. J Nucl Med 44:1443–1458

17. Ishani A, Liu J,Wetmore JB, Lowe KA, Do T, Bradbury BD, Block
GA, Collins AJ (2015) Clinical outcomes after parathyroidectomy
in a nationwide cohort of patients on hemodialysis. Clin J Am Soc
Nephrol 10:90–97

18. Chou FF, Lee CH, Chen JB, Hsu KT, Sheen-Chen SM (2002)
Intraoperative parathyroid hormone measurement in patients with
secondary hyperparathyroidism. Arch Surg 137:341–344

19. Levin A, Bakris GL,MolitchM, Smulders M, Tian J,Williams LA,
Andress DL (2007) Prevalence of abnormal serum vitamin D, PTH,
calcium, and phosphorus in patients with chronic kidney disease:
results of the study to evaluate early kidney disease. Kidney Int 71:
31–38

20. Palmer SC, Nistor I, Craig JC, Pellegrini F, Messa P, Tonelli M,
Covic A, Strippoli GFM (2013) Cinacalcet in patients with chronic
kidney disease: a cumulative meta-analysis of randomized con-
trolled trials. PLoS Med 10:e1001436

21. Konturek A, Barczynski M, Stopa M, Nowak W (2016) Subtotal
parathyroidectomy for secondary renal hyperparathyroidism: a 20-
year surgical outcome study. Langenbeck's Arch Surg 401:965–974

22. Chen J, Zhou QY, Wang JD (2015) Comparison between subtotal
parathyroidectomy and total parathyroidectomy with
autotransplantation for secondary hyperparathyroidism in patients
with chronic renal failure: a meta-analysis. Horm Metab Res 47:
643–651

23. Jofre R, Gomez JML, Menarguez J, Polo JR, Guinsburg M,
Villaverde T et al (2003) Parathyroidectomy: whom and when?
Kidney Int 63:S97–S100

24. Schneider R, Slater EP, Karakas E, Bartsch DK, Schlosser K (2012)
Initial parathyroid surgery in 606 patients with renal hyperparathy-
roidism. World J Surg 36:318–326

25. Seehofer D, Rayes N, Klupp J, Steinmuller T, Ulrich F, Muller C
et al (2005) Predictive value of intact parathyroid hormone mea-
surement during surgery for renal hyperparathyroidism.
Langenbeck’s Arch Surg 390:222–229

26. Tominaga Y, Uchida K, Haba T, Katayama A, Sato T, Hibi Y,
Numano M, Tanaka Y, Inagaki H, Watanabe I, Hachisuka T,
Takagi H (2001) More than 1,000 cases of total parathyroidectomy
with forearm autograft for renal hyperparathyroidism. Am J Kidney
Dis 38:S168–S171

27. Liang Y, Sun Y, Ren L, Qi XW, Li Y, Zhang F (2015) Short-term
efficacy of surgical treatment of secondary hyperparathyroidism.
Eur Rev Med Pharmacol Sci 19:3904–3909

28. Hargrove GM, Pasieka JL, Hanley DA, Murphy MB (1999) Short-
and long-term outcome of total parathyroidectomy with immediate
autografting versus subtotal parathyroidectomy in patients with
end-stage renal disease. Am J Nephrol 19:559–564

29. Pitt SC, Sippel RS, Chen H (2009) Secondary and tertiary hyper-
parathyroidism, state of the art surgical management. Surg Clin
North Am 89:1227–1239

30. Narayan R, Perkins RM, Berbano EP, Yuan CM, Neff RT, Sawyers
ES , Yeo FE, Vida l -Trecan GM, Abbot t KC (2007)
Parathyroidectomy versus cinacalcet hydrochloride-based medical
therapy in the management of hyperparathyroidism in ESRD: a cost
utility analysis. Am J Kidney Dis 49:801–813

31. van der Plas WY, Dulfer RR, Engelsman AF, Vogt L, de Borst MH,
van Ginhoven TM et al (2017) Effect of parathyroidectomy and
cinacalcet on quality of life in patients with end-stage renal
disease-related hyperparathyroidism: a systematic review. Nephrol
Dial Transplant

32. Prichard SS. 2000 Comorbidities and their impact on outcome in
patients with end-stage renal disease. Kidney Int ;57:S100–S104

33. Lou I, Foley D, Odorico SK, Leverson G, Schneider DF, Sippel R,
ChenH (2015)Howwell does renal transplantation cure hyperpara-
thyroidism? Ann Surg 262:653–659

Langenbecks Arch Surg


	Safety...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Study population
	Patient characteristics and primary and secondary endpoints
	Surgical protocol
	Statistical analysis

	Results
	Patient characteristics
	Preoperative and short-term laboratory values
	Long-term laboratory values
	Postoperative complications
	Reoperation rates

	Discussion
	References


