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Abstract

Background: Renal hyperparathyroidism is a disease entity that is complex and poorly understood. Although there
are guidelines regarding how to manage this patient group, evidence is scarce. Therefore, this survey-based study
aims to map the physicians’ attitude in terms of preference for management of renal hyperparathyroidism and the
influence of patient and respondent factors.

Methods: A survey was sent to Dutch societies of nephrology, endocrinology, and surgeons with interest in
endocrine surgery. The survey consisted of eight case vignettes of renal hyperparathyroidism patients who were on
hemodialysis and suitable for kidney transplantation, and varied in one of three patient variables import for decision
making: age (40 vs. 65 years), parathyroid hormone (40 vs. 90 pmol/L), and serum calcium level (2.25 vs. 2.8 mmol/L).
For each case, respondents could choose between maintaining conservative treatment (active vitamin D
metabolites), calcimimetics, or subtotal parathyroidectomy as their treatment of choice. Categorical multilevel
logistic models were used to investigate the association of patient and respondent variables with treatment
preference. The influence of patient variables was determined independently of each other and by means of
logistic regression the probabilities of treatment choice were calculated.

Results: In total, 115 surveys were included in the analysis. In 6 out of 8 cases, less than two-thirds of respondents
agreed on the most favoured treatment. Among patient characteristics, the main disincentive for respondents not
to choose conservative therapy was an elevated serum calcium level (subtotal parathyroidectomy vs conservative
OR 93.1, 95%-CI: 48.39–179.07 and calcimimetics vs conservative OR 31.2 95%-CI: 18.58–52.30). Additionally, the
most significant treatment differences were found between medical specialties and the experience of the
respondents, expressed as the amount of cases the physician was involved in during the past year.

Conclusions: Elevated serum calcium levels were widely recognized and the prime reason for respondents to
abandon conservative treatment. However, considerable disagreement in treatment preferences remained throughout
the cases, demonstrating the current literature available being inconclusive in guiding physicians. Therefore, a high-
quality trial comparing subtotal parathyroidectomy to medical treatment is needed to determine optimal treatment.
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Introduction
One of the most common and early metabolic disorders
in chronic kidney disease (CKD) is renal hyperparathyroid-
ism (RHPT). RHPT can be divided into secondary hyper-
parathyroidism (SHPT) and tertiary hyperparathyroidism
(THPT). The former is usually diagnosed at first in patients
with CKD and is characterized by elevated parathyroid
hormone (PTH) levels as a result of the derangements in
the homeostasis of phosphate, vitamin D, and, in later
stages, also calcium. Approximately 30–50% of end-stage
kidney disease patients have SHPT [1]. During the course
of chronic renal failure, SHPT can develop into THPT in
which, presumably because of prolonged stimulation, the
parathyroid gland proliferates, autonomously secretes PTH
regardless of feedback and thereby leading to hypercalce-
mia [2, 3]. RHPT pathophysiology is complex as many
pathogenetic peculiarities are not defined nor understood.
This emerges from the dilemma wherein RHPT-patients
refractory to conservative therapy, meaning active vitamin
D metabolites, require high doses of activated vitamin D
despite the potential to cause hypercalcemia in SHP.
Methods within the treatment arsenal of a physician in dis-
rupting this vicious cycle are either parathyroidectomy
(PTx) or calcimimetics [4]. Calcimimetics are considered
an acceptable bridge to renal transplantation or treatment
in non-operable patients because it is effective even in
patients with marked parathyroid hyperplasia [5]. Besides
decreasing PTH and calcium levels, cinacalcet has also
been shown to be effective in improving bone-turnover
and histology, [6] and phosphate levels including patients
on haemodialysis [7]. However, the effects of calcimimetics
on fracture rate, major cardiovascular events or mortality
remain controversial. Regarding PTx, evidence is lacking
on its superiority over medical treatment since only
observational studies have been carried out thus far.
Moreover, the disparity between increasing PTH
levels in dialysis patients with simultaneous decrease
of PTx performed pleads for a prevailing uncertainty
about optimal PTH targets [8, 9].
Despite the advances in the therapeutic armamentarium

available for the management of RHPT, clear guidelines of
therapeutic targets and primary outcomes are still lacking
[10]. To date, no studies have been published mapping the
treatment-related attitude of the physicians involved in
managing RHPT patients. This study therefore aimed
to investigate the physicians’ preference for either a
conservative, calcimimetics, or surgical policy for the man-
agement of RHPT in the Netherlands. Additionally, we
aimed to identify the factors influencing these preferences
and to assess differences in treatment preferences across
specialties and other physician subgroups. We hypothesized
that a high level of variation in treatment preference
will be present due to the lack of an above-mentioned
guideline.

Methods
A study group consisting of an endocrinologist, nephrolo-
gist, and endocrine surgeon (authors: NMA-D, JIR, and
AS) at the Leiden University Medical Center reached con-
sensus regarding the most crucial factors influencing physi-
cians’ decisions concerning renal hyperparathyroidism-
related patients. Using these factors, the questionnaire was
drafted and sent to all physicians associated with the Dutch
Society of Nephrology, the Dutch Society of Endocrinology
and the members of the Dutch Hyperparathyroid Study
Group, who were asked to participate in this study. In the
questionnaire respondents were requested to state their
professional characteristics including medical specialty,
number of RHPT related treatment decisions per year, se-
niority, and affiliation. Thereafter, eight case vignettes were
presented of hypothetical patients, being screened for kid-
ney transplantation and maintained under optimized 25
(OH) vitamin D and plasma phosphate levels (Table 1).
Case vignettes were presented with all possible combina-
tions of age, serum parathyroid hormone (PTH) and cal-
cium. For each case, respondents were asked to state
whether they preferred maintaining conservative treat-
ment (active vitamin D metabolites), treatment with
calcimimetics or subtotal parathyroidectomy.
Case vignettes were presented in a chronological order

from case 1 to 8. A response to each multiple-choice
question was required to continue to the next case.
Upon completion of the 8 case vignettes, respondents
were presented with one final case vignette of the RHPT
patient presented in Table 1, but without PTH concen-
tration. Respondents were asked above which PTH con-
centration they would opt for a subtotal PTx. As a final
question, respondents could comment about whether
they would have considered other variables of import-
ance than the ones stated and why.
The invitation to participate in the online question-

naire was sent out as a separate e-mail or in the
societies’ newsletters. A reminder was sent 4 weeks after
the first call. The survey was drafted in SurveyMonkey®
and can be found in the Supplementary Materials.

Table 1 Example case vignette. Age, serum calcium, and PTH
were varied for the eight clinical case vignettes

40-year old male

Currently on hemodialysis for 1.5 years, being screened for kidney
transplantation in order to receive a donor kidney from his brother.
Serum PTH and calcium: 40 pmol/L (ref: 0.7–8 pmol/L) and 2.25mmol/
L (ref: 2.15–2.55 mmol/L) respectively.
25 (OH) Vitamin D and plasma phosphate are 100 nmol/L (ref: > 50
nmol/L) and 1.4 mmol/L (ref: 0.9–1.5 pmol/L) respectively, optimized by
vitamin D supplementation and phosphate binders.

What would be your treatment of choice for this patient?

Maintain conservative
treatment

Start calcimimetic
treatment

Opt for subtotal
parathyroidectomy
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Statistical analysis
Descriptive statistics were used to describe the respon-
dents’ characteristics. Respondents who did not answer
any case vignette were excluded from the analysis.
Partially filled-in case vignettes were included.
We assessed the association between case- or respond-

ent related factors and the respondents’ treatment pref-
erences (conservative treatment, vs. calcimimetics vs.
subtotal PTx) using categorical multilevel logistic models
[11]. Categorical multilevel logistic models can be used
to estimate the respondents’ preference of choosing
either treatment option in comparison to another while
accounting for the fact that a respondents’ answers
across the cases are correlated. The multilevel logistic
model was used to estimate odds ratios (OR), 95% confi-
dence intervals and to calculate probabilities of choosing
either treatment as the result of each patient or
respondent-related variable. The influence of a patient/
case variable on treatment preference was calculated
independent of the remaining 2 case variables. The case
variables included patient age (40 vs. 65 years), calcium
levels (2.25 vs. 2.8 mmol/L) and PTH-level (40 vs. 90
pmol/L). Respondent-related factors included medical
specialty (nephrology, surgery, endocrinology), respon-
dent’s experience and affiliation (academic vs affiliated).
Respondents’ experience was expressed in both the
number of RHPT-related treatment decisions made in the
past year and years of practicing the current specialty.
Both were dichotomized in a group below the median
number, and the median number and above group.
Analyses were performed in SPSS version 25 (SPSS,

IBM Corporation).

Results
Participants
The total number of physicians participating was 136, of
whom 21 did not provide answer to any of the case
vignettes and were therefore excluded. Characteristics of
included and excluded respondents are reported in
Table 2. The 115 included respondents consisted of 73
(63.5%) nephrologists, 25 (21.7%) surgeons and 17

(14.8%) endocrinologists. They had a median of 10 years
(IQR: 5–20 years) of clinical experience and were
involved in a median of 20 RHPT-related treatment
decisions in the past year (IQR: 5–50 cases). Forty-two
(36.5%) respondents were affiliated with an academic
hospital. Seven respondents (6.1%) stated to not have
been involved in any RHPT-related treatment decision
during the past year. Of the excluded respondents, there
seemed to be a proportionally high number of endocri-
nologists (10 of 21) and the involvement in RHPT-
related treatment decisions in the past year was lower
(median of 5 cases).

Treatment preferences
The cases characterized by a mildly elevated PTH (40
pmol/L) and normocalcemia (2.25 mmol/L) had an evi-
dently higher consensus: for both ages there was a 91%
calculated probability of respondents choosing conserva-
tive treatment (Fig. 1). Although close with other cases,
the most variability was evident in cases characterized by
high PTH (90 pmol/L) and normocalcemia (2.25 mmol/
L): the consensus was 51 and 53% for respectively the
younger and older patient. Similar to the previous cases
with the highest consensus, conservative treatment was
the most favored policy.

Impact of patient characteristics on treatment choice
Increasing age independently from PTH and calcium re-
sulted in a significant decrease of respondents opting for
subtotal PTx instead of conservative treatment (OR 0.55,
95%-CI: 0.33–0.93), while age did not seem to have a
significant impact when comparing calcimimetics to
conservative treatment: (OR 1.04, 95%-CI: 0.69–1.58).
Higher PTH and serum calcium levels were both inde-
pendently associated with treatment choice (subtotal
PTx vs conservative OR 21.6, 95%-CI: 11.74–39.66; OR
93.1, 95%-CI: 48.39–179.07; calcimimetics vs conserva-
tive OR 7.54, 95%-CI: 4.66–12.20; OR 31.2 95%-CI:
18.58–52.30, respectively, Table 3). In both treatment-
comparing considerations, an increase in calcium was

Table 2 Respondent characteristics

Included (n = 115) Excluded (n = 21)

Specialty Nephrology 73 (63.5%) 4 (19.0%)

Surgery 25 (21.7%) 6 (28.6%)

Endocrinology 17 (14.8%) 10 (47.6%))

Other – 1 (4.8%)

Years of experience 10 (5; 20) 10 (3.5; 19)

Renal HPT-related decisions in the past year 20 (5; 50) 5 (5; 17.5)

Affiliation Afiliated hospital 73 (63.5%) 11 (52.4%)

Academic hospital 42 (36.5%) 10 (47.6%)
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the driver for refraining from choosing conservative
treatment.

Impact of respondent characteristics on treatment choice
Firstly, the association between affiliation and treatment
preference was investigated from which emerged that
the odds was 2.56 times higher for endocrinologists as
supposed to nephrologists in opting for subtotal PTx
instead of conservative treatment (OR 2.56, 95%-CI:
1.14–5.72, Table 3). No statistically significant difference
was found when comparing surgeons with nephrologists
in the same regard (OR 1.44, 95%-CI: 0.69–3.01). Com-
pared with nephrologists, both surgeons and endocrinolo-
gists were less likely to choose calcimimetics than
conservative treatment (OR 0.55, 95%-CI: 0.34–0.90; OR
0.54 95%-CI: 0.23–1.33, respectively). Therefore, as a
specialty, nephrologists seemed to have a relatively high
tendency to opt for calcimimetics instead of conservative
treatment. This is reflected in Fig. 2, where probabilities of
choosing either treatment policy were categorized by
medical specialism: nephrologists were calculated to have a
relatively high probability to opt for calcimimetics, mainly
at the expense of choosing subtotal PTx. On the other
hand, the aggressiveness in treatment of RHPT-related

patients of endocrinologists became apparent from the
calculated probability of 40% for subtotal PTx.
Next, analyses were performed based on the respon-

dents’ experience. The dichotomization of the respon-
dents by the number of RHPT-related treatment
decisions exhibited the at or above the median group to
be significantly less inclined to choose for subtotal PTx
instead of conservative treatment than the below the
median group (OR 0.45, 95%-CI: 0.24–0.81, Table 3). In
contrary, when comparing the two groups regarding
calcimimetics versus conservative treatment, high vol-
ume respondents were found to relatively frequently
treat with calcimimetics (OR 1.29, 95%-CI: 0.87–1.91).
These findings were reflected in the probabilities: the
high-volume group had a relatively high probability of
opting for calcimimetics at the expense of subtotal PTx
(calcimimetics: 50% vs 31%, subtotal PTx 13% vs 30%,
respectively, Fig. 2). The number of years the respondent
practiced the current specialty was an alternative meas-
ure for experience but did not show any significant nor
strong effects expressed in OR. Therefore, the frequency
of RHPT-related treatment decisions apparently led to
more differentiation in the respondents’ attitude than
years practicing the current specialty as seen in the
probabilities. Finally, an analysis was performed between

Fig. 1 Probabilities of treatment choice based on logistic regression of the independently calculated patient/case variables (age in years, PTH in
pmol/L, and calcium in mmol/L)
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affiliated and academic-related respondents. No signifi-
cant influence of affiliation on treatment preferences
was observed.
In the original results as well as throughout all sub-

analyses, the case containing age: 65, mildly elevated
PTH (40 pmol/L) with normocalcemia (2.25 mmol/L)
had the highest consensus.

Influence of PTH-concentration on the tendency to PTx
The mean PTH concentration (pmol/L) in which re-
spondents chose to opt for a subtotal PTx in a 40-year
old patient with a serum calcium of 2.25 mmol/L was
107 ± 52 pmol/L (Fig. 3). Based on the mean cut-off
value in the sub-analysis of this question, surgeons (n =
17) have the lowest tendency to opt for subtotal PTx

with a high variance (125 ± 73 pmol/L). On the contrary,
endocrinologists (n = 14) seemed to have the highest
tendency (106 ± 4 pmol/L) (Fig. 4).

Other relevant factors for decision making
Respondents could comment on which factors, other
than the ones already stated in the questionnaire, they
deemed important in their decision-making process. The
most frequently encountered answer was responsiveness
to conservative/calcimimetics treatment (n = 16), results
of screening for other causes of hypercalcemia (n = 6),
PTH stability (n = 5), eligibility of patient for kidney
donation (n = 5) and the presence of complications due
to hypercalcemia (n = 5).

Table 3 Odds ratios for the association between case and respondent variables and treatment preference using a multilevel
categorical logistic model. Subtotal PTx and calcimimetics were compared to conservative treatment (reference category)

Predictor OR 95%-CI p-value

Patient/Case variables

Age: 65 yearsa

Subtotal PTx 0.55 0.33–0.93 0.02

Calcimimetics 1.04 0.69–1.58 0.84

PTH: 90 pmol/Lb

Subtotal PTx 21.6 11.74–39.66 < 0.001

Calcimimetics 7.54 4.66–12.20 < 0.001

Calcium: 2.8 mmol/Lc

Subtotal PTx 93.1 48.39–179.07 < 0.001

Calcimimetics 31.2 18.58–52.30 < 0.001

Respondent variables

Surgeond

Subtotal PTx 1.44 0.69–3.01 0.33

Calcimimetics 0.55 0.34–0.90 0.02

Endocrinologiste

Subtotal PTx 2.56 1.14–5.72 0.02

Calcimimetics 0.54 0.29–0.96 0.04

At and above RHPT-related decisionsf

Subtotal PTx 0.45 0.24–0.81 0.009

Calcimimetics 1.29 0.87–1.91 0.21

At and above years of experienceg

Subtotal PTx 1.11 0.60–2.05 0.73

Calcimimetics 1.3 0.88–1.93 0.19

Affiliatedh

Subtotal PTx 1.15 0.61–2.16 0.66

Calcimimetics 1.19 0.79–1.78 0.41

(a) reference category: age 40 years, (b) reference category: PTH 40 pmol/L, (c) reference category: calcium 2.25 mmol/L, (d) reference category: nephrologists, (e)
reference category: nephrologists, (f) reference category: below the median of RHPT-related treatment decisions in the past year, (g) reference category: below the
median years of experience in the current specialty, and (h) reference category: academic hospital
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Fig. 2 Probabilities of treatment choice based on logistic regression of the respondent variables

Fig. 3 Cut-off value of PTH concentration (pmol/L) above which subtotal PTx is preferred by respondents for a case with variables age: 40 years
and calcium: 2.25 mmol/L
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Discussion
This study aimed to investigate the physicians’ treatment
preference for the management of RHPT and the influ-
ence of patient and respondent factors on treatment
preferences. As hypothesized, there was lacking consen-
sus on how to optimally treat patients suffering from
RHPT. Our study shows that as biochemical risk factors
of cases increased, disparity regarding treatment became
progressive.
The results reflect the current state of literature

wherein the impact of PTH versus serum calcium levels
in defining operative indications is poorly described.
Especially patients in whom not necessarily both values
of calcium and PTH levels are elevated, there is dissent
regarding which value is more indicative of a need for
subtotal PTx. Opinions are even divided regarding
whether to include elevated serum PTH in the analysis,
as an elevation of exclusively PTH does not exhibit obvi-
ous symptoms as hypercalcemia often does and likewise
normalization of PTH is not generally viewed as an
essential metric of success in the same way that normo-
calcemia is. Subtotal PTx has been associated with im-
proved survival in observational studies of large dialysis
cohorts, with reported reduction in all-cause mortality
of 15–57% [12–16]. For this reason, subtotal PTx seems
indicated/appropriate in the presence of persistent
hypercalcemia or -phosphatemia even without a defined
PTH threshold and even more so when the patient is re-
fractory to medical therapy. Although promising, these
studies were observational and thus subject to confound-
ing by indication, heterogeneity of patients, differences

in types of dialysis, etc. Chances for a trial comparing
subtotal PTx to medical treatment are viewed to be low
due to potential surgical morbidity, hospitalization costs,
and increasing age and comorbidities among patients on
dialysis. However, the threshold of conducting such a
study should not be high due to the expected long-term
cost-effectiveness of subtotal PTx over calcimimetics
[17]. The European Society of Endocrine Surgeons stated
in a consensus report of 2015, that subtotal PTx was
specifically indicated when medical treatment fails to
correct metabolic parameters meaning hypercalcemia,
hyperphosphatemia, but interestingly also PTH > 85
pmol/L. [18].
Among the 3 patient variables used, our results imply

physicians finding calcium to be the main driver in this
consideration. Nevertheless, calculated probabilities
showed an independent rise in PTH also leading to a
shift in treatment preference from conservative to
mainly calcimimetics in numerical manner, but also to
subtotal PTx. Moreover, the question wherein physicians
could choose a PTH concentration where they would
opt for a subtotal PTx in a 40-year old patient with a
serum calcium of 2.25 mmol/L also shows that the PTH
level of a patient should not be neglected. A low OR was
observed for choosing subtotal PTx instead of conserva-
tive treatment when the patient age rose from 40 to 65
years. Clinically, age seemed to matter only in a physi-
cian’s preference of dealing with RHPT when the
biochemical values were progressive.
Nephrologists, as compared to endocrinologists and

endocrine surgeons, seemed to have a high tendency to

Fig. 4 PTH concentration (pmol/L ± standard deviation) above which nephrologists (n = 59), endocrinologists (n = 14) and surgeons (n = 17)
would opt for a PTx
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refrain from treating patients with subtotal PTx and start
treatment with calcimimetics instead. The opposite was
seen among endocrinologists. This could be explained by
endocrinologists and endocrines surgeons being accus-
tomed to treating patients with hyperparathyroidism,
meaning not just those with a renal cause. Across their
whole patient group, PTx occurs more frequently than
just for those suffering from RHPT. An alternative explan-
ation could be the current perspective of nephrologists
coming about as a result of their dealing with patients
more abundant in mortality/risks for surgery.
Furthermore, a positive correlation was found between

the amount of RHPT-related treatment decisions per
year and refraining from choosing subtotal PTx. This
could be explained by the natural drive of less experi-
enced clinicians to act upon mainly progressive
biochemical values. Since deciding which treatment is
correct is out of the scope of this study, it remains
unclear whether the phenomenon of refrainment in
treating with subtotal PTx in more experienced physi-
cians is justified.
Since consensus regarding the best treatment for

RHPT is lacking, shared decision making is of the
utmost importance. In order to properly counsel patients
on this complex topic, physicians should have a thor-
ough understanding of the pathophysiology of RHPT
even in the light of awaiting a kidney transplant and the
pros of cons of each treatment modality.

Limitations
Important limitations of this study are the simplification of
the cases, necessary to obtain robust and indicative results
and the likelihood of the answers of individual respondents
not directly reflecting the treatment decisions made in clin-
ical practice. In this complex patient group, treatment
choices would be made in a multidisciplinary context,
taking into account even more variables. Furthermore, this
study reflects the disagreement among physicians in the
Netherlands, and it remains unclear whether these results
can be extrapolated to other Western countries.

Conclusion and future perspective
Despite a rise in serum calcium being the main driver
for abandoning conservative treatment in the manage-
ment of RHPT patients and, thereafter, increase in PTH
level, considerable disagreement remained and demon-
strates the current evidence available not being convin-
cing. From the analysis of respondent variable influence
on decision making, it appeared that there was signifi-
cant difference in treatment preference amongst medical
specialties and experience expressed in amount of
RHPT-related cases treated in the past year. Therefore,
we hope this research will stimulate discussion and shed
a light on the considerations and optimal care for RHPT

patients. In the hope for more consensus among
physicians in dealing with this difficult patient-group we,
despite all disincentives, strongly plead for a trial com-
paring subtotal PTx to medical treatment as it would be
definite in the question whether either is better in what
situation.

Abbreviations
CKD: Chronic kidney disease; OR: Odds-ratio; PTH: Parathyroid hormone;
PTx: Subtotal parathyroidectomy; RHPT: Renal hyperparathyroidism;
SHPT: Secondary hyperparathyroidism; THPT: Tertiary hyperparathyroidism

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12882-021-02361-7.

Additional file 1.

Additional file 2.

Acknowledgements
We would like to thank the board and members associated with the Dutch
Society of Nephrology, the Dutch Society of Endocrinology and the Dutch
Hyperparathyroid Study Group (DHSG), who participated in this study.

Authors’ contributions
JLHZ was responsible for the designing the actual survey, performed the
analysis, and had the lead in writing the manuscript in consultation with AS
and NMA-D. NMA-D contributed to the conception, design, acquisition of
respondents. ELF had the main role in performing the analysis and had an
emphasized role in reviewing the method and results section. JIR contrib-
uted to the conception, design, acquisition of respondents. AS contributed
to the conception and design of the work, acquisition of respondents, and
was the main reviewer. All authors critically reviewed the incomplete manu-
script and approved the final version after reading.

Funding
The authors received no financial support for the research, authorship, and/
or publication of this article.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
For this kind of general evaluation of routine care no ethical approval is
required by law within the Netherlands. As announced in the survey,
aggregated data was anonymous and used for the analyses done in this
manuscript. Therefore, participating meant consent to these terms.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Surgery, Leiden University Medical Center, Leiden,
Netherlands. 2Department of Internal Medicine division Endocrinology,
Leiden University Medical Center, Leiden, Netherlands. 3Department of
Clinical Epidemiology, Leiden University Medical Center, Leiden, Netherlands.
4Department of Internal Medicine division Nephrology, Leiden University
Medical Center, Leiden, Netherlands.

Zhang et al. BMC Nephrology          (2021) 22:150 Page 8 of 9

https://doi.org/10.1186/s12882-021-02361-7
https://doi.org/10.1186/s12882-021-02361-7


Received: 16 February 2021 Accepted: 8 April 2021

References
1. Hedgeman E, Lipworth L, Lowe K, Saran R, Do T, Fryzek J. International

burden of chronic kidney disease and secondary hyperparathyroidism: a
systematic review of the literature and available data. Int J Nephrol. 2015;
2015:184321.

2. van der Plas WY, Noltes ME, van Ginhoven TM, Kruijff S. Secondary and
tertiary hyperparathyroidism: a narrative review. Scand J Surg. 2020;109(4):
271–8. https://doi.org/10.1177/1457496919866015.

3. Pitt SC, Sippel RS, Chen H. Secondary and tertiary hyperparathyroidism, state
of the art surgical management. Surg Clin North Am. 2009;89(5):1227–39.
https://doi.org/10.1016/j.suc.2009.06.011.

4. Zand L, Kumar R. The use of vitamin D metabolites and analogues in the
treatment of chronic kidney disease. Endocrinol Metab Clin N Am. 2017;
46(4):983–1007. https://doi.org/10.1016/j.ecl.2017.07.008.

5. Komaba H, Nakanishi S, Fujimori A, Tanaka M, Shin J, Shibuya K, et al.
Cinacalcet effectively reduces parathyroid hormone secretion and gland
volume regardless of pretreatment gland size in patients with secondary
hyperparathyroidism. Clin J Am Soc Nephrol. 2010;5(12):2305–14. https://doi.
org/10.2215/CJN.02110310.

6. Behets GJ, Spasovski G, Sterling LR, Goodman WG, Spiegel DM, De Broe ME,
et al. Bone histomorphometry before and after long-term treatment with
cinacalcet in dialysis patients with secondary hyperparathyroidism. Kidney
Int. 2015;87(4):846–56. https://doi.org/10.1038/ki.2014.349.

7. Block GA, Bushinsky DA, Cheng S, Cunningham J, Dehmel B, Drueke TB,
et al. Effect of Etelcalcetide vs Cinacalcet on serum parathyroid hormone in
patients receiving hemodialysis with secondary hyperparathyroidism: a
randomized clinical trial. Jama. 2017;317(2):156–64. https://doi.org/10.1001/ja
ma.2016.19468.

8. Tentori F, Wang M, Bieber BA, Karaboyas A, Li Y, Jacobson SH, et al. 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. 2015;10(1):98–109. https://doi.org/1
0.2215/CJN.12941213.

9. Kim SM, Long J, Montez-Rath ME, Leonard MB, Norton JA, Chertow GM.
Rates and outcomes of Parathyroidectomy for secondary
hyperparathyroidism in the United States. Clin J Am Soc Nephrol. 2016;
11(7):1260–7. https://doi.org/10.2215/CJN.10370915.

10. KDIGO. Clinical practice guideline update for the diagnosis, evaluation,
prevention, and treatment of chronic kidney disease-mineral and bone
disorder (CKD-MBD). Kidney Int Suppl (2011). 2017;7(1):1–59.

11. Sommet N, Morselli D. Keep calm and learn multilevel logistic modeling: a
simplified three-step procedure using Stata, R, Mplus, and SPSS. Int Rev Soc
Psychol. 2017;30(1):203–18. https://doi.org/10.5334/irsp.90.

12. Kestenbaum B, Andress DL, Schwartz SM, Gillen DL, Seliger SL, Jadav PR,
et al. Survival following parathyroidectomy among United States dialysis
patients. Kidney Int. 2004;66(5):2010–6. https://doi.org/10.1111/j.1523-1755.2
004.00972.x.

13. Sharma J, Raggi P, Kutner N, Bailey J, Zhang R, Huang Y, et al. Improved
long-term survival of dialysis patients after near-total parathyroidectomy. J
Am Coll Surg. 2012;214(4):400–7; discussion 7-8. https://doi.org/10.1016/j.ja
mcollsurg.2011.12.046.

14. Goldenstein PT, Elias RM, Pires de Freitas do Carmo L, Coelho FO,
Magalhães LP, Antunes GL, et al. Parathyroidectomy improves survival in
patients with severe hyperparathyroidism: a comparative study. PLoS One.
2013;8(8):e68870.

15. Ivarsson KM, Akaberi S, Isaksson E, Reihnér E, Rylance R, Prütz KG, et al. The
effect of parathyroidectomy on patient survival in secondary
hyperparathyroidism. Nephrol Dial Transplant. 2015;30(12):2027–33. https://
doi.org/10.1093/ndt/gfv334.

16. Komaba H, Taniguchi M, Wada A, Iseki K, Tsubakihara Y, Fukagawa M.
Parathyroidectomy and survival among Japanese hemodialysis patients with
secondary hyperparathyroidism. Kidney Int. 2015;88(2):350–9. https://doi.
org/10.1038/ki.2015.72.

17. Narayan R, Perkins RM, Berbano EP, Yuan CM, Neff RT, Sawyers ES, et al.
Parathyroidectomy versus cinacalcet hydrochloride-based medical therapy
in the management of hyperparathyroidism in ESRD: a cost utility
analysis. Am J Kidney Dis. 2007;49(6):801–13. https://doi.org/10.1053/j.a
jkd.2007.03.009.

18. Lorenz K, Bartsch DK, Sancho JJ, Guigard S, Triponez F. Surgical
management of secondary hyperparathyroidism in chronic kidney disease--
a consensus report of the European Society of Endocrine Surgeons.
Langenbeck's Arch Surg. 2015;400(8):907–27. https://doi.org/10.1007/s00423-
015-1344-5.

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

Zhang et al. BMC Nephrology          (2021) 22:150 Page 9 of 9

https://doi.org/10.1177/1457496919866015
https://doi.org/10.1016/j.suc.2009.06.011
https://doi.org/10.1016/j.ecl.2017.07.008
https://doi.org/10.2215/CJN.02110310
https://doi.org/10.2215/CJN.02110310
https://doi.org/10.1038/ki.2014.349
https://doi.org/10.1001/jama.2016.19468
https://doi.org/10.1001/jama.2016.19468
https://doi.org/10.2215/CJN.12941213
https://doi.org/10.2215/CJN.12941213
https://doi.org/10.2215/CJN.10370915
https://doi.org/10.5334/irsp.90
https://doi.org/10.1111/j.1523-1755.2004.00972.x
https://doi.org/10.1111/j.1523-1755.2004.00972.x
https://doi.org/10.1016/j.jamcollsurg.2011.12.046
https://doi.org/10.1016/j.jamcollsurg.2011.12.046
https://doi.org/10.1093/ndt/gfv334
https://doi.org/10.1093/ndt/gfv334
https://doi.org/10.1038/ki.2015.72
https://doi.org/10.1038/ki.2015.72
https://doi.org/10.1053/j.ajkd.2007.03.009
https://doi.org/10.1053/j.ajkd.2007.03.009
https://doi.org/10.1007/s00423-015-1344-5
https://doi.org/10.1007/s00423-015-1344-5

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Statistical analysis

	Results
	Participants
	Treatment preferences
	Impact of patient characteristics on treatment choice
	Impact of respondent characteristics on treatment choice
	Influence of PTH-concentration on the tendency to PTx
	Other relevant factors for decision making

	Discussion
	Limitations

	Conclusion and future perspective
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

