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Background: A significant proportion of patients with chronic kidney disease and secondary hyper-

parathyroidism (HPT) remain hyperparathyroid after kidney transplantation, a state known as tertiary
HPT. Without treatment, tertiary HPT can lead to diminished kidney allograft and patient survival.
Parathyroidectomy was commonly performed to treat tertiary HPT until the introduction of the calcimimetic drug, cinacalcet. It is not known whether surgery or medical treatment is superior for tertiary
HPT.
Methods: A systematic review was performed and medical literature databases were searched for studies
on the treatment of tertiary HPT that were published after the approval of cinacalcet.
Results: A total of 1669 articles were identified, of which 47 were included in the review. Following
subtotal and total parathyroidectomy, initial cure rates were 98⋅7 and 100 per cent respectively, but in 7⋅6
and 4 per cent of patients tertiary HPT recurred. After treatment with cinacalcet, 80⋅8 per cent of the
patients achieved normocalcaemia. Owing to side-effects, 6⋅4 per cent of patients discontinued cinacalcet
treatment. The literature regarding graft function and survival is limited; however, renal graft survival
after surgical treatment appears comparable to that obtained with cinacalcet therapy.
Conclusion: Side-effects and complications of both treatment modalities were mild and occurred in a
minority of patients. Surgical treatment for tertiary HPT has higher cure rates than medical therapy.
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Introduction

Hyperparathyroidism (HPT) is a disease caused by excessive secretion of parathyroid hormone (PTH) due to either
parathyroid hyperplasia or adenomas. In primary HPT,
enlargement of one or more of the parathyroid glands
causes overproduction of PTH, resulting in hypercalcaemia, which can cause a variety of clinical symptoms.
Surgery is currently the treatment of choice for patients fulfilling the criteria as defined by the guidelines of the fourth
international workshop on asymptomatic primary HPT1 .
A targeted surgical approach, with a mini-incision, is considered the standard treatment2 – 4 .
In secondary HPT, hypocalcaemia and phosphate
retention stimulate the parathyroid glands, resulting in
parathyroid hyperplasia and increased PTH concentrations. Secondary HPT is one of the first metabolic
complications of chronic kidney disease (CKD) and has
© 2017 BJS Society Ltd
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been associated with untoward effects such as renal bone
disease, increased cardiovascular morbidity and death
from (cardio)vascular calcifications5,6 . Successful kidney
transplantation can reverse secondary HPT7 . The greatest
decline in serum PTH concentration is observed during
the first 3 months after kidney transplantation, with a more
gradual decline during the rest of the first post-transplant
year8,9 . Unfortunately, 1 year after an otherwise successful
transplant, 17–50 per cent of transplanted patients still
have HPT, which is unlikely to improve spontaneously8,10 .
This condition is referred to as tertiary or post-transplant
HPT7,11 . Treatment of tertiary HPT is important as raised
serum calcium levels and hypercalciuria increase the risk of
renal allograft dysfunction12 and graft loss13 . In addition,
tertiary HPT is a major risk factor for bone fractures
during the first 5 years after transplantation14 .
Historically, secondary and tertiary HPT were treated
surgically. However, since 2004 medical treatment with
BJS 2017; 104: 804–813
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the calcimimetic agent cinacalcet (Mimpara® ; Amgen,
Thousand Oaks, California, USA) has gained popularity15 .
Cinacalcet increases the sensitivity of the calcium-sensing
receptor of the parathyroid gland, thereby suppressing the production of PTH16 . The drug was approved
for the treatment of secondary HPT by the US Food
and Drug Administration (FDA) and the European
Medicines Agency (EMA) in 2004. However, it has
not been approved to treat tertiary HPT. Nonetheless, off-label use of cinacalcet for tertiary HPT has
increased, and in small non-randomized studies with short
follow-up the drug appears to be safe, with gastrointestinal intolerance being the most common side-effect17 . At
present, there is only limited literature to guide clinicians
faced with making treatment decisions regarding tertiary
HPT. The aim of this systematic review was to compare the outcomes of surgical and medical treatment of
tertiary HPT.
Methods

A systematic search for articles on the treatment of tertiary
HPT was conducted. The definition of tertiary HPT varies
in international literature, and includes serum PTH levels
more than twice the upper limit of normal and persistent
hypercalcaemia with increased PTH concentration after
successful kidney transplantation14,18 . In the present study,
all definitions used were included.
The aim was to compare the outcomes of surgical and
medical treatment of tertiary HPT. Primary endpoints
were cure rate (defined as normalization of hypercalcaemia), recurrent tertiary HPT (definition of recurrence
dependent on the definition of tertiary HPT used), and the
complications and side-effects of each treatment modality. In addition, the impact of surgical and medical therapy
on renal allograft function and survival was assessed. Publications were selected using MEDLINE, Embase, Web
of Science, the Cochrane Library, PubMed Publisher and
Google Scholar. Articles had to be original full-text articles
written in English, published after 2004 (when cinacalcet
received FDA/EMA regulatory approval) and describing
an adult human population. To ascertain that no surgical trials were missed, the search strategy was extended to
include articles published before 2004. No additional studies comparing surgical treatments for tertiary HPT were
identified.
Articles describing treatment of tertiary HPT, both
surgical and medical, were included, as well as articles describing renal function after initiation of these
therapies. The following search terms were used: Hyperparathyroidism, Parathyroid hormone, Kidney/renal
© 2017 BJS Society Ltd
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transplantation,
Calcimimetic/Cinacalcet/Mimpara,
Parathyroidectomy/Endocrine surgery.
Two authors were involved in selecting articles. Any
disagreement was discussed until consensus was reached.
Methodological quality of included case–control
and cohort studies was assessed by means of the
Newcastle–Ottawa scale19 . A score of 7–9 was considered high quality, and a score of 4–6 as fair quality. An
18-criteria checklist developed by Moga and colleagues20
served to assess the quality of included case series. Here, a
maximum of 18 points could be rewarded to each study. A
score of 14–18 was considered high quality, and a score of
9–13 as fair quality. RCTs were assessed by means of the
25-item checklist of the CONSORT statement21 .

Statistical analysis
No meta-analysis could be performed owing to the lack
of sufficient RCTs. When similar studies reported individual data regarding similar endpoints, data were pooled and
percentages for the outcome of interest were calculated.
Descriptive statistics reported in the tables consist of absolute numbers of patients and follow-up. No other statistical
analysis was applied.
Results

The primary search identified 2963 records, with 16
records identified through reference search. After exclusion of duplicates, publication dates and case reports,
reviews, letters to the editor and conference abstracts, all
titles and abstracts were screened. Eventually, the full text
of 232 articles was sought to assess eligibility. Following
exclusions at this stage, a total of 47 articles were finally
included in the review (Fig. 1).

Surgical management of tertiary
hyperparathyroidism
Fourteen studies described the outcome after parathyroidectomy for tertiary HPT. These included one RCT22 ,
three prospective cohort studies23 – 25 , nine retrospective
cohort studies26 – 34 and one case series35 (Table 1). Of the 13
observational studies, seven were considered of high quality and six fair quality. Group sizes differed between 15
and 136 patients, and follow-up ranged from a minimum
of 9 months to as long as 116 months after transplantation.
Data regarding persistent or recurrent tertiary HPT after
parathyroidectomy was available for 240 patients25 – 28,30 .
Seventy-one (29⋅6 per cent) of these patients had undergone a total parathyroidectomy either with (28 patients) or
www.bjs.co.uk
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Identification

806

Records identified through
database searching
n = 2963

Additional records identified
through reference search
n = 16

Screening

Records after duplicates removed
n = 1669
Records excluded
(publication before 2004)
n = 761
Records screened by title
and/or abstract
n = 908

Fig. 1

Eligibility

Full-text articles sought for
assessment of eligibility
n = 232

Included

Records excluded
n = 676

Studies included in
qualitative synthesis
n = 47

Articles excluded n = 185
Not renal transplantation n = 52
No new therapeutic intervention n = 68
Full text not available n = 50
Other n = 15

Flow diagram of articles included in the systematic review

without (43) autotransplantation. No patient had persistent
disease, although three (4 per cent) developed recurrent
disease after a mean follow-up of 31–79 months. These
three patients had all had a total parathyroidectomy without autotransplantation. A subtotal parathyroidectomy was
performed in 158 of the 240 patients (65⋅8 per cent), of
whom two (1⋅3 per cent) had persisting tertiary HPT and
12 (7⋅6 per cent) were found to have recurrent disease after
a mean follow-up of 41–79 months. The remaining 11
patients (4⋅6 per cent) had undergone a limited parathyroidectomy, of whom ten (91 per cent) had persistent or
recurrent disease (not specified). A surgical procedure was
defined as limited parathyroidectomy when fewer than four
glands were identified or when only one or two glands were
removed deliberately.
Persisting disease was defined as persistent hypercalcaemia in two studies28,30 , with no definition in the other
studies. Recurrent disease was defined as recurrent hypercalcaemia 6 months after surgery in two studies28,30 , with
no definition in the other studies.
There were two patients (0⋅7 per cent of 274)
who developed chronic hypocalcaemia. Transient
hypocalcaemia24,28,30 – 32,34 was observed in 15–23 per
cent of the patients. One study24 , however, reported

a rate of 67 per cent (8 of 12 patients) after total
parathyroidectomy.
Complications after surgery, besides hypocalcaemia or
persistent disease28,30,32,33 , were rare. Vocal cord paralysis,
probably due to damage of the recurrent nerve, was seen
in six of 280 patients (2⋅1 per cent). Other rare complications were pneumonia (3 of 280) and postoperative
haematoma (2 of 280). No studies directly compared
the different surgical strategies (subtotal parathyroidectomy, total parathyroidectomy with or without
autotransplantation).
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Medical management of tertiary
hyperparathyroidism with cinacalcet
The experience with cinacalcet after kidney transplantation
was reported in 24 articles: two RCTs22,36 and 22 smaller
observational studies37 – 58 (Table 2). Of the 22 observational studies, nine were considered of high quality, and 13
were considered fair quality. The indication to prescribe
cinacalcet was hypercalcaemic tertiary HPT in 22 studies,
normocalcaemic tertiary HPT in one study, and both
hypercalcaemic and normocalcaemic tertiary HPT in one
study. A total of 713 patients were treated during a wide
BJS 2017; 104: 804–813
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Table 1

807

Summary of included studies reporting on treatment on tertiary hyperparathyroidism with parathyroidectomy

Study design

Procedure

No. of
patients

Kebebew et al.34

Retrospective cohort

Triponez et al.30
Gilat et al.32

Retrospective cohort
Retrospective cohort

Triponez et al.28

Retrospective cohort

Evenepoel et al.29

Retrospective cohort

Rayes et al.26

Retrospective cohort

SPTx
Unilateral
SPTx
SPTx
LTPTx
SR
SPTx
LTPTx
SPTx
TPTx + AT
Unknown
TPTx
SPTx
Primary
Redo
TPTx
SPTx or TPTx
Limited
TPTx
TPTx + AT
TPTx
TPTx + AT
LTPTx
SPTx

27
7
70
13
5
2
72
11
74
6
10
17
16
46
23
12
107
29
20
28
26
15
8
15

Reference

Schlosser et al.35

Case series

Drakopoulos et al.24
Pitt et al.33

Prospective cohort
Retrospective cohort

Coulston et al.31
Santos et al.25
Sadideen et al.27
Jager et al.23

Retrospective cohort
Prospective cohort
Retrospective cohort
Prospective cohort

Cruzado et al.22

RCT

Mean
follow-up
(months)

Persisting
disease

Recurrent
disease

Persistent
hypocalcaemia

Study
quality*

57⋅6

n.a.

n.a.

6 of 9

67⋅2
24

0
n.a.

1
n.a.

0
0
1
n.a.

64⋅8

n.a.
n.a.

0
0
n.a.

9 of 9

n.a.

8§
10§
n.a.

31
41
Range 9–116

0
2
n.a.

0
3
n.a.

0
0
n.a.

9 of 9

n.a.
79

n.a.
n.a.

n.a.
n.a.

31
42⋅9
60
24
24
12

n.a.
0
0
n.a.
n.a.
n.a.

n.a.
0
3
n.a.
n.a.
n.a.

n.a.
7%
0
n.a.
1
0
n.a.
n.a.
n.a.

6 of 9
7 of 9

9 of 9

13 of 18†
7 of 9
9 of 9
6 of 9
6 of 9
6 of 9
7 of 9
20 of 25‡

*Newcastle–Ottawa scale19 quality assessment unless indicated otherwise; †Moga quality assessment20 and ‡CONSORT checklist21 . §Indicates both
persisting and recurrent disease (not specified). SPTx, subtotal parathyroidectomy; n.a., not available; LTPTx, less than total parathyroidectomy; SR,
selective resection; TPTx, total parathyroidectomy; AT, autotransplantation.

Table 2

Summary of included studies reporting on treatment of tertiary hyperparathyroidism with cinacalcet

Reference
Kruse et al.38
Serra et al.42
Apostolou et al.37
Leca et al.39
Srinivas et al.57
Szwarc et al.46
Bergua et al.47
El-Amm et al.43
Bergua et al.56
Serra et al.44
Carrasco et al.40
Gómez Marqués et al.45
López et al.48
Toro Prieto et al.49
Borchhardt et al.55
Borstnar et al.41
Copley et al.50
Schwarz et al.54
Courbebaisse et al.52
Paschoalin et al.58
Paschoalin et al.51
Evenepoel et al.36
Torregrosa et al.53
Cruzado et al.22

Study design

No. of
patients

Mean follow-up (months)

Normocalcaemia

Discontinued
treatment

Study
quality*

Case series
Case series
Case series
Retrospective cohort
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Retrospective cohort
Case series
Case series
Case series
Case series
Case series
Case series
Retrospective cohort
Case series
Case series
RCT
Retrospective cohort
RCT

14
11
7
10
11
9
13
18
9
10
14
48
29
27
10
11
41
58
34
23
41
57
193
15

3
2⋅5
Range 3–18
12
Range 3–18
6
6
6
12
0⋅5
6
12
Range 3–29
6
Range 18–34
12
3–6
12
12
53
31
12
22
12

12
11
n.a.
n.a.
8
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
13
27
n.a.
10
n.a.
10 of 36
53
n.a.
n.a.
41
45
n.a.
10

1
1
0
0
2
3
n.a.
1
1
n.a.
2
4
1
n.a.
n.a.
1
n.a.
4
n.a.
0
0
5
10
1

15 of 18
14 of 18
13 of 18
6 of 9†
13 of 18
13 of 18
12 of 18
14 of 18
15 of 18
12 of 18
13 of 18
7 of 9†
14 of 18
14 of 18
13 of 18
12 of 18
12 of 18
15 of 18
9 of 9†
12 of 18
11 of 18
19 of 25‡
6 of 9†
20 of 25‡

*Moga quality assessment20 unless indicated otherwise; †Newcastle–Ottawa scale19 quality assessment and ‡CONSORT checklist21 . n.a., Not available.
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Summary of included studies reporting on renal graft function after parathyroidectomy

Study design

Procedure

Mean
follow-up
(months)

Retrospective case–control

n.a.

6

32

Retrospective

TPTx + AT

24

22

Evenepoel et al.29

Retrospective case–control

SPTx/TPTx

62

90

Schlosser et al.61

Retrospective

TPTx ± AT/SPTx/limited

12

69

Schwarz et al.64

Retrospective cohort

SPTx/TPTx ± AT

n.a.

76

Rayes et al.26

Retrospective cohort

SPTx/TPTx

31/41

33

Kandil et al.18

Retrospective case–control

n.a.

36

19

Ferreira et al.60

Retrospective case–control

TPTx ± AT

24

19

Retrospective cohort

Limited/SPTx/TPTx + AT

60

83

Jeon et al.9

Retrospective case–control

SPTx/TPTx

12

63

Yang et al.65

Retrospective cohort

Limited/SPTx/TPTx + AT

n.a.

18

Parikh et al.59

Retrospective cohort

SPTx

12

32

Reference
Evenepoel et al.62
Garcia et al.66

Jager et al.63

No. of
patients

Effect of
parathyroidectomy
on renal function
Significant decline in renal
function
Deterioration until
3 months; return to
baseline at 12 months
Deterioration at 1 month;
return to baseline at
12 months
Significant decrease in
renal function in TPTx
group
47% had deterioration of
renal function; 10-year
survival equal to that of
patients with stable
renal function
Short-term increase in
creatinine; long-term
return to baseline values
Decrease in renal function
at 3 years; no effect on
graft survival
Short-term deterioration in
renal function; long-term
stabilization and return
to baseline values
Decrease in renal function
at all time points, less
severe in LTPTx group
Acute deterioration of
renal function, not
returning to baseline at
12 months
No change in renal
function
Transient kidney allograft
dysfunction with
recovery at 12 months

Study
quality*
7 of 9
6 of 9

9 of 9

9 of 9

8 of 9

9 of 9

7 of 9

7 of 9

9 of 9

9 of 9

8 of 9
8 of 9

*Newcastle–Ottawa scale19 quality assessment. n.a., Not available; TPTx, total parathyroidectomy; AT, autotransplantation; SPTx, subtotal
parathyroidectomy.

range of periods (from 2 weeks up to 53 months) after
renal transplantation. All studies showed a decline in mean
serum calcium and PTH concentrations. Eleven studies,
including 297 patients, described the outcome ‘achieving normocalcaemia’. Of these patients, 240 (80⋅8 per
cent) achieved normocalcaemia, with individual studies
reporting rates ranging from 28 per cent (10 of 36)
to 100 per cent22,36,38,42,45,48,50,51,54,55,57 . Overall, of 578
patients treated with cinacalcet, 37 (6⋅4 per cent) discontinued treatment due to persisting hypercalcaemia
or side-effects such as hypocalcaemia, gastrointestinal
complaints or paraesthesia. Dose of cinacalcet ranged
between 30 and 180 mg daily. No subgroups according to
dosage were described.
© 2017 BJS Society Ltd
Published by John Wiley & Sons Ltd

Effect of surgery for tertiary hyperparathyroidism
on renal graft function
Twelve studies9,18,26,29,59 – 66 described the effect of parathyroidectomy for tertiary HPT on renal function after kidney
transplantation (Table 3). Eleven of the 12 articles were considered of high quality, one article66 was considered fair
quality. In these studies, group sizes varied between 18
and 90 patients. Follow-up ranged from 6 to 62 months,
with one exception64 describing 10-year follow-up. One
study reported stable renal function after parathyroidectomy; in five studies a transient decline in renal function
was observed; and in six a permanent decline in renal function was reported. Interpretation of these studies is hampered by the lack of control groups. The two retrospective
www.bjs.co.uk

BJS 2017; 104: 804–813

Surgical and medical treatment of tertiary hyperparathyroidism

Table 4

809

Summary of included studies reporting on renal graft function after treatment with cinacalcet

Reference

Study design

Mean follow-up (months)

No. of patients

Effect of cinacalcet on renal function

Study quality*

Carrasco et al.40
Schwarz et al.54
Courbebaisse et al.52
Yang et al.65

Case series
Case series
Retrospective cohort
Retrospective cohort

6
12
12
12

14
58
34
13

13 of 18†
15 of 18†
9 of 9
8 of 9

Torregrosa et al.53

Retrospective cohort

22

193

Stable creatinine
Rise in serum creatinine of 13 μmol/l
Stable creatinine
Mean creatinine increase of
0⋅056 mg/dl in 1 year
Stable creatinine

6 of 9

*Newcastle–Ottawa scale19 quality assessment unless indicated otherwise; †Moga quality assessment20 .

studies that compared patients undergoing parathyroidectomy with a matched cohort showed either a permanent
decline at 6 months’ follow-up62 or a transient decline in
renal function with 24 months’ follow-up60 .
Two studies18,64 addressed the effect of parathyroidectomy on graft survival. Although a permanent decline
in renal function was observed in many patients having parathyroidectomy, this did not reduce graft survival
when compared with that following parathyroidectomy in
patients with no decline in renal function, with a follow-up
of 3 and 10 years respectively18,64 . Furthermore 3- and
10-year graft survival rates were similar to those in patients
undergoing renal transplantation without parathyroidectomy.

Effect of cinacalcet for tertiary
hyperparathyroidism on renal graft function
Five articles40,52 – 54,65 described the effect of cinacalcet on
graft function after renal transplantation (Table 4). Three
of these were considered of high quality, and two of
fair quality. Three small studies40,52,65 with a total of 61
patients, described stable graft function during treatment.
This was confirmed by a large observational study by
Torregrosa and co-workers53 who found stable graft function during treatment with cinacalcet in a group of 193
patients with tertiary HPT.
In contrast, Schwarz et al.54 described a cohort of 58
patients and observed a significant decline in estimated
glomerular filtration rate of 9 per cent during treatment
with cinacalcet. These studies did not report data on the
effect of cinacalcet on graft survival or overall survival. No
studies are available that directly compared medical therapy
with surgical therapy.
Discussion

From this systematic review of studies reporting surgical and medical therapy with cinacalcet for tertiary HPT
it can be concluded that surgical treatment has higher
cure rates with low complication rates. The only RCT22
© 2017 BJS Society Ltd
Published by John Wiley & Sons Ltd

comparing surgical therapy with medical therapy with
cinacalcet included two cohorts of 15 patients, with the
primary endpoint being normocalcaemia at 12 months.
After parathyroidectomy 100 per cent of patients achieved
normocalcaemia, compared with 10 of the 15 patients
(67 per cent) treated with cinacalcet. This is the only RCT
to date, and therefore it was not possible to perform a
meta-analysis. Unfortunately, trials focusing on major clinical endpoints are lacking, and in the available literature
regarding this topic there is no uniform definition regarding tertiary HPT.
With regard to surgical treatment, three procedures are
commonly performed: total parathyroidectomy with or
without autotransplantation, subtotal parathyroidectomy,
and limited parathyroidectomy. An international survey
among 86 endocrine surgeons67 reported that 85 (99 per
cent) performed a (sub)total parathyroidectomy with or
without autotransplantation for secondary or tertiary HPT.
A limited approach, when only enlarged parathyroid glands
are removed, was rarely used. Although there are no studies
directly comparing these procedures, persisting and recurrent disease rates shown in the present review indicate
that limited parathyroidectomy should be avoided: 4, 8⋅9
and 91 per cent for total, subtotal and limited resection
respectively.
Renal function after parathyroidectomy for tertiary HPT
seems to decline transiently or permanently. In cohorts of
patients undergoing renal transplant, overall allograft function will decline eventually. Whether this decline in function is due to the parathyroidectomy or to chronic rejection can be determined only from studies with a control
group. At present, no such studies are available. The studies in the present review show that there is no effect of
parathyroidectomy on overall graft survival18,64 . Surgical
complications are rare, and parathyroidectomy appears to
be a safe and feasible treatment option for tertiary HPT.
Unfortunately, the literature regarding this topic is sparse,
consisting mostly of case series or cohort studies.
Medical treatment of tertiary HPT with cinacalcet significantly decreases serum calcium concentrations, but only
80⋅8 per cent of the patients achieved normocalcaemia and
www.bjs.co.uk
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6⋅4 per cent discontinued treatment due to side-effects
such as gastrointestinal intolerance. Renal graft function
is stable during treatment with cinacalcet or may decline
minimally. A meta-analysis of observational studies by
Henschkowski and colleagues68 reported an increase in
serum creatinine levels of 5 μmol/l after 3 months of treatment with cinacalcet; no long-term data are available from
this study. Again, the literature consisted mostly of observational studies, with only nine of 22 studies being considered
of high quality.
The present endpoints did not focus on cardiovascular
morbidity or mortality, although this is an important complication for all patients undergoing dialysis or renal transplantation. Included studies did not report data regarding
the effect of parathyroidectomy or cinacalcet on cardiovascular complication rates in patients with tertiary HPT.
However, there is some evidence from patients with secondary HPT. In this group, parathyroidectomy leads to
a decreased risk of major cardiovascular events and death
in comparison with conservative treatment69,70 . Furthermore, in 2012 the results of the EVOLVE trial71 , which
randomized patients with secondary HPT to best medical
treatment or best medical treatment plus cinacalcet, were
published. The addition of cinacalcet did not reduce the
risk of death or major cardiovascular events. In addition, a
meta-analysis of RCTs72 reported that the use of cinacalcet
in patients undergoing dialysis did not improve overall survival. Cardiovascular morbidity and mortality in patients
with tertiary HPT should be a focus of future trials.
Another important complication for patients with tertiary HPT is bone disease. The rate of osteoporosis is
high in patients with a renal transplant73 – 79 , and tertiary
HPT is associated with an increased risk of osteoporosis73 ,
and a major risk for fractures14 . Small trials41,49,80 – 83 have
suggested that parathyroidectomy increases bone mineral
density, in contrast to cinacalcet. The development of
osteoporosis should also be a focus of future trials.
Finally, cost-effectiveness remains an important consideration in the choice of treatment. Uncontrolled HPT
increases the economic burden of patients with secondary
HPT undergoing dialysis owing to higher medication
and hospitalization costs84 . Compared with cinacalcet
treatment, parathyroidectomy is more cost-effective in
these patients85 , mainly due to the significant additional
cost and chronic use of cinacalcet. Currently, there are
no data regarding cost-effectiveness in treatments for
tertiary HPT.
Although high-quality evidence is lacking, this systematic
review shows that surgical treatment for HPT appears to
be more effective than medical treatment. Furthermore,
complication rates after surgery are low and graft survival

is comparable to that obtained with cinacalcet. Higherquality data on important clinical endpoints such as
cardiovascular morbidity and renal bone disease are
lacking. Future research should include randomized trials
focusing on clinical endpoints such as quality of life, cardiovascular morbidity and renal bone disease, so that the
optimal treatment for an individual patient can be chosen.

© 2017 BJS Society Ltd
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