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ABSTRACT

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effects of parathyroidectomy for adults with PHPT. We will also compare the effects of different types of parathyroidectomy

on people with PHPT.

BACKGROUND

Description of the condition

Primary hyperparathyroidism

(PHPT) is an endocrine disorder that affects approximately 1%
of the adult population, and is the third most common endocrine
disorder after diabetes mellitus and hypothyroidism (Best 2017).
Incidence of the disease increases in older age groups, with the
highest prevalence being about 2% in postmenopausal women in
the USA (Ning 2009). The disease is caused by a benign parathy-
roid adenoma in approximately 80% of cases, as a consequence of
multigland disorder (multiple adenomas or multigland hyperpla-
sia) in 15% to 20% of cases, or, in rare cases, a parathyroid carci-
noma (Bilezikian 2017). Usually PHPT is associated with hyper-
calcaemia, elevated or high normal parathyroid hormone (PTH)
levels, hypercalciuria, renal stones and bone demineralisation that

results in osteopenia or osteoporosis. Although most people with
the disease remain asymptomatic prior to the diagnosis with only
mild disease, some people may present with symptomatic hyper-
calcaemia, dehydration leading to acute kidney injury, fragility
fractures from osteoporosis, hypertension or chronic kidney dis-
ease that prompts clinicians to investigate for PHPT. Elevated
PTH levels result in increased bone turnover and skeletal dem-
ineralisation. Increased bone turnover leads on to gradual loss of
cortical bone mineral density with relative sparing of trabecular
bones, and results in predominant osteopenia or osteoporosis of
the lumbar spine, neck of femur and forearm bones (Khan 2017;
Silverberg 2014). This bone mineral density loss can lead to bone
fractures of these sites even with minimal trauma (fragility frac-
tures) which increases morbidity and premature mortality risk, es-
pecially in older people with the disease. Alterations in calcium
metabolism and bone turnover result in hypercalcaemia, hyper-
calciuria and nephrolithiasis in a significant proportion of people

Parathyroidectomy for adults with primary hyperparathyroidism (Protocol) 1
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with PHPT. Recent data suggest a prevalence of renal stone dis-
ease in 10% to 20% of individuals with PHPT (Cipriani 2015;
Verdelli 2017). Furthermore, hypertension is found in 40% to
65% of people with PHPT, which increases the risk of cardio-
vascular morbidity and premature mortality (Pepe 2017). PHPT
has also been associated with psychoneurological and cognitive
dysfunction (Kreidieh 2013; Trombetti 2016). In a proportion of
individuals with PHPT serum calcium levels may be consistently
in the normal laboratory range and these cases constitute nor-
mocalcaemic PHPT. The metabolic and end organ complications
in these individuals may be similar to those with classical PHPT
(Yener 2016). Overall, PHPT is associated with excess morbidity
risk and higher risk of premature mortality.

Description of the intervention

Surgical removal of abnormal parathyroid tissue (parathyroidec-
tomy) is the optimal treatment for people with proven PHPT. Op-
erative removal of the diseased parathyroid gland(s) removes the
source of excess PTH production, and thereby cures the disease in
most individuals (Kreidieh 2013). International consensus recom-
mends that all people with symptomatic PHPT should be consid-
ered for parathyroidectomy, and identifies parathyroidectomy as
an effective treatment to improve end organ complications, such as
abnormal bone mineral density, renal stone disease and renal func-
tions, and potentially cardiovascular outcomes and neurocogni-
tive functions (Silverberg 2014). This consensus also recommends
parathyroidectomy for the following groups with PHPT.

e People who develop the disease before the age of 50 years.

e Serum calcium levels greater than 1 mg/dL (0.25 mmol/L)
of the upper limit of normal laboratory reference range.

e Bone mineral density T-score of —2.5 or more at lumbar
spine, femoral neck, total hip or distal 1/37¢ of radius for
postmenopausal women or males greater than 50 years.

e Low trauma fragility fracture.

e A glomerular filtration rate of less than 60 mL/min, renal
stones, nephrocalcinosis or high risk for renal stone formation in
those with urine calcium of more than 400 mg/day.

Parathyroidectomy is also associated with improvements in func-
tional capacity and health-related quality of life even in asymp-
tomatic individuals with PHPT (Ambrogini 2007; Morris 2010).
Surgeons employ different techniques for parathyroidectomy de-
pending on the type of involvement of the parathyroid glands.
All individuals with the diagnosis of PHPT should be evalu-
ated by parathyroid imaging studies in the attempt to localise
the disease pathology in one or more of the parathyroid glands
before considering surgical intervention. This approach enables
the surgeons to decide the optimal surgical approach for parathy-
roidectomy. Localisation studies to identify the diseased parathy-
roid gland(s) include ultrasonography, nuclear medicine-based
parathyroid scintigraphy, and multiphase or four-dimensional

computed tomography (Kuzminski 2018). Minimally invasive
parathyroidectomy is the ideal treatment option for patients with a
well localised disease identified by preoperative parathyroid imag-
ing (Khan 2017). Open surgery by parathyroid exploration be-
comes necessary among patients with non-localisation of ade-
noma(s) in parathyroid imaging. Although dependent on the sur-
gical expertise, both focused, image-guided, minimally invasive
parathyroidectomy and bilateral neck exploration can achieve high
cure rates in people with PHPT (Wilhelm 2016).

Minimally invasive parathyroidectomy

Common approaches for minimally invasive parathyroidectomy
involve open focal mini-incision (70% of cases), video-assisted ap-
proach (-20% of cases) or total endoscopic approach (~10% of
cases), depending on clinical situation and the surgeons™ ability
to perform the technique (Brunaud 2016; Taieb 2013). Gagner
1996 first described total endoscopic parathyroidectomy with sub-
sequent refinements of the technique to the current day surgical
practice. Video-assisted parathyroidectomy, first described in 1997
(Miccoli 1997), is also performed partially with the help of an en-
doscope but does not use gas to view the surgical field as in the other
techniques. An extra-cervical endoscopic approach that avoids a
neck scar, through the chest wall, breast, oral cavity, retro-auricular
region and axilla, is also occasionally used for minimally invasive
parathyroidectomy. Robotic parathyroidectomy that places a com-
puter interface between patient and surgeon to optimise the feasi-
bility and quality of surgery is a new approach in minimally inva-
sive parathyroidectomy (Garas 2015). Intraoperative PTH moni-
toring helps the surgeons to verify successful surgery during min-
imally invasive parathyroidectomy. Intraoperative PTH monitor-
ing involves measurement of PTH, generally through peripheral
veins, pre-incision, pre-gland ligation, and at 5, 10 and 20 minutes
postgland ligation during the minimally invasive parathyroidec-
tomy. A reduction in PTH level of more than 50 % from the
highest baseline value at 10 minutes postgland ligation is generally
considered as evidence for adequate gland excision (Barczynski
2009). Intraoperative PTH monitoring has been recently reported
to help prediction of successful parathyroidectomy with very high
precision, and also to identify multiglandular disease and parathy-
roid cancer (Dobrinja 2017).

Bilateral neck exploration for parathyroidectomy

Until the late 1970s bilateral neck exploration surgical technique
was the standard approach for parathyroidectomy in people with
PHPT, which was successful in about 97% of cases and with re-
ported complication rates of 1% to 2% (Brunaud 2016). The
surgery involves exploration of all the four parathyroid glands to
locate the abnormal gland (the adenoma) usually under general
anaesthesia with a large neck incision. Bilateral neck exploration is
now utilised only when preoperative localisation of the adenoma is
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not possible, in case of discordant localisation studies in parathy-
roid imaging, familial or genetic disorders of PHPT, and concomi-
tant thyroid disease. The procedure may also be performed by a
minimal incision or video-assisted endoscopic approach (Alesina
2013; Kreidieh 2013).

Adverse effects of the intervention

In general, parathyroidectomy is associated with low rates of sur-
gical and postoperative complications. A recent systematic review
of 82 observational studies and sic randomised controlled trials
(RCTs) at moderate risk of bias concluded that minimally inva-
sive parathyroidectomy and bilateral neck exploration are both
effective techniques for parathyroidectomy in the treatment of
PHPT, with the safety profile of minimally invasive parathyroidec-
tomy being slightly superior to bilateral neck exploration (Singh
2016a). This publication also revealed a statistically significant
increased risk of hypocalcaemia in the bilateral neck exploration
group compared with the minimally invasive parathyroidectomy
group (14% vs 2.3%, P < 0.001). Statistically significant lower
risk of laryngeal nerve injury was also evident with minimally in-
vasive parathyroidectomy compared to bilateral neck exploration
(0.3% vs 0.9%). However, the risk of infection (0.5% vs 0.5%)
and premature mortality (0.1% vs 0.5%) were comparable in both
groups. Another important complication of parathyroidectomy is
hematoma formation that may present with neck pain, respira-
tory distress, dysphagia and increased drainage from the surgical
wound (Kreidieh 2013). Open drainage of the hematoma may
be necessary in some people. Hungry bone syndrome associated
with severe postoperative hypocalcaemia requiring intense med-
ical management can complicate some cases of severe PHPT af-
ter parathyroidectomy (Witteveen 2013). Although postoperative
hypoparathyroidism with symptomatic hypocalcaemia is usually
transient, some cases may warrant long-term follow-up and med-
ical management (Fyrsten 2016).

Persistent PHPT with development of postoperative hypercal-
caemia within six months of parathyroidectomy occurs in up to 5%
of individuals because of incomplete removal of abnormal parathy-
roid tissue (Silverberg 2014). Recurrent disease, development of
new onset PHPT, can also occur in up to 8% of individuals with
sporadic parathyroid adenomas after 3 to 11 years. The abnormal
glands are often located in eutopic positions (rather than an ectopic
gland) that should be identified by localisation studies before re-
operations (Khan 2017; Silverberg 2014). The reoperation is best
performed as minimally invasive parathyroidectomy if the tumour
is localised or as unilateral exploration on the other side that has
not been explored previously. Reported success rate of reoperation
exceeds 90% especially when preoperative localisation of the ab-
normal parathyroid tissue is possible and when parathyroidectomy
is coupled with intraoperative PTH assay. However, postoperative
complications including hypoparathyroidism are higher in people
undergoing reoperation (Khan 2017; Silverberg 2014).

How the intervention might work

As PHPT is a consequence of excess production of PTH from one
or more of the parathyroid glands, complete surgical removal of
the abnormal parathyroid tissue is expected to cure the disease.
Biochemical evidence of normalisation of raised PTH level with
resolution of hypercalcaemia in people with PHPT after parathy-
roidectomy usually indicate cure of the disease. In individuals with
normocalcaemic PHPT, normalisation of elevated PTH levels usu-
ally indicate cure. Regardless of the surgical technique used, high
cure rates were observed in patients who underwent successful
parathyroidectomy (Khan 2017; Kreidieh 2013; Silverberg 2014;
Singh 2016a). Although there is a small risk of recurrence of the
disease even in sporadic cases of PHPT, the health benefits of suc-
cessful parathyroidectomy observed during postoperative follow-
up period form clear rationale for recommending this treatment
option for appropriately selected patients.

Why it is important to do this review

The prevalence of PHPT steadily increases with age, and older
individuals tend to develop much more complications related to
the disease compared to younger individuals (Oltmann 2014).
Because of the availability of better healthcare, the proportion of
elderly individuals has increased markedly in the global popula-
tion in recent years. The cumulative risk of adverse hormonal ef-
fects from elevated PTH levels on target organs increase with the
duration of PHPT, and older age-groups are more vulnerable to
the end-organ complications related to the disease, such as osteo-
porosis, kidney disease, cognitive dysfunction and cardiovascular
morbidity (Bilezikian 2017). Increased healthcare burden and the
related economic loss are the consequences of such complications.
Parathyroidectomy has been shown to improve bone-related health
outcomes in PHPT in multiple observational studies and RCTs
(Hansen 2012; Khosla 1999; Koumakis 2013; Lundstam 2015;
Nilsson 2017; Vestergaard 2000). Other health benefits, such as
prevention of deterioration of renal functions (Tassone 2015),
improvement of cardiovascular morbidity (Best 2017; McMahon
2015), and better health-related quality of life (Aberg 2015), have
been demonstrated following parathyroidectomy in patients with
PHPT.

Although there are a few recent systematic reviews on this topic
(Cheng 2015; McMahon 2015; Singh 2016a; Singh 2016b), and
two previous Cochrane protocols suggest moderate health benefits
of parathyroidectomy in people with PHPT in terms of improve-
ments in bone mineral density, cognitive functions and health-
related quality of life (Ramakant 2017; Smith 2017), there are
still uncertainties on the overall health benefits of parathyroidec-
tomy, the appropriate patient categories that benefit most from
surgery, the severity of hyperparathyroidism for which parathy-
roidectomy should definitely be the choice, and the economic im-
pact of surgery over medical therapy. Therefore, there is a need
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to compile the latest RCT evidence to examine the benefits of
parathyroidectomy as a treatment option for the management of

PHPT.

OBJECTIVES

To assess the effects of parathyroidectomy for adults with PHPT.
We will also compare the effects of different types of parathy-
roidectomy on people with PHPT.

METHODS

Criteria for considering studies for this review

Types of studies
We will include RCTs.

Types of participants

We will limit participants of interest to adults (aged 18 years or
more) with PHPT who underwent parathyroidectomy for the first
time.

Diagnostic criteria for PHPT

We will define PHPT (Bilezikian 2017), by one or more of the
following.

e Elevated or high normal PTH levels with elevated serum
calcium levels above the normal laboratory reference values.

e Elevated serum PTH with normal calcium levels and
exclusion of secondary causes for elevation of PTH (mainly
decreased calcium intake, vitamin D deficiency, renal
insufficiency and hypercalciuria of renal origin).

e Exclusion of secondary causes for hyperparathyroidism such
as chronic renal insufficiency and vitamin D deficiency.

Types of interventions

We plan to investigate the following comparisons of intervention
versus control/comparator.

Intervention

(a) Minimally invasive parathyroidectomy (focal mini-incision,
video-assisted approach, totally-endoscopic or robotic approach).
(b) Parathyroidectomy by bilateral surgical neck exploration.

Comparator

Participants compared with (a) or (b) managed by:

e biochemical, clinical and imaging follow-up without
surgical interventions for any reason, such as personal preference,
decision by treating physicians or contraindications for surgery
from other serious medical conditions.

e pharmacotherapy such as bisphosphonates and calcium
lowering drugs (calcimimetics) without parathyroidectomy.

We will investigate different parathyroidectomy surgical tech-
niques with each other. Concomitant interventions must be the
same in both the intervention and comparator groups to establish
fair comparisons. If a trial includes multiple arms, we will include
any trial arm that meets the inclusion criteria.

Minimum duration of follow-up

Minimal duration of follow-up will be six months after the surgical
procedure. We will define any follow-up period going beyond the
original time frame for the primary outcome measure as specified
in the power calculation of the trial’s protocol as an extended
follow-up period (also called open-label extension study) (Buch
2011; Megan 2012).

Summary of specific exclusion criteria

We will exclude trials of the following category of participants.
e Darticipants with secondary hyperparathyroidism
e Darticipants with tertiary hyperparathyroidism
e Darticipants with different types of hyperparathyroidism
with no separate reporting of results by type
e Duration of follow-up less than six months
e Trials in participants younger than 18 years

Types of outcome measures

We will not exclude a trial if it fails to report one or several of our
primary or secondary outcome measures. If a trial does not report
any of these primary or secondary outcomes, we will not include
the trial but will provide some basic information in an additional
table.

We will investigate the following outcomes using the methods and
time points specified below.

Primary outcomes

e Cure of PHPT
e Morbidity related to PHPT

o Adverse events of surgery
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Secondary outcomes

e All-cause mortality

e Health-related quality of life

e Hospitalisation for correction of hypercalcaemia or acute
renal impairment

e Socioeconomic effects

Method of outcome measurement

e Cure of PHPT: defined by improvement of hypercalcaemia
and elevated PTH levels to the normal laboratory reference
values.

e Morbidity related to PHPT such as improvement or lack of
progression of osteoporosis osteopenia after parathyroidectomy,
lack of progression of kidney dysfunction or renal stone disease,
improvement or lack of progression of cognitive function,
improvement or lack of worsening of cardiovascular disease.

e Adverse events of surgery: such as postoperative bleeding,
infections, hypocalcaemia and speech problems.

e All-cause mortality: defined as death from any cause.

e Health-related quality of life: evaluated by a validated
instrument such as medical outcomes study Short Form Survey
36 (SF-36);

e Hospitalisation for correction of severe hypercalcaemia
(calcium level more than 3.0 mmol/L) or acute renal impairment
(requiring intravenous hydration or dialysis).

e Socioeconomic effects: such as direct costs defined as
admission or readmission rates, average length of stay, visits to
general practitioner, emergency hospital visits, medication
consumption, indirect costs defined as resources lost due to
illness by the participant or their family member.

Timing of outcome measurement

e Adverse events, all-cause mortality: measured at any time
after participants were randomised to intervention or comparator
groups.

e Health-related quality of life, socioeconomic effects: up to
six months will be defined as short-term and longer than six
months will be defined as long term.

e Cure of PHPT: measured by normal calcium and PTH
levels at six months or later after participants were randomised to
intervention or comparator groups.

e Morbidity related to PHPT: measured at six months or later
after participants were randomised to intervention or comparator
groups.

e Hospitalisation with hypercalcaemia or renal impairment:
measured within six months after participants were randomised
to intervention or comparator groups.

Search methods for identification of studies

Electronic searches

We will search the following sources from the inception of each
database to the specified date and will place no restrictions on the
language of publication.

e Cochrane Central Register of Controlled Trials
(CENTRAL) via the Cochrane Register of Studies Online
(CRSO).

e MEDLINE Ovid (Epub Ahead of Print, In-Process &
Other Non-Indexed Citations, Ovid MEDLINE Daily and
Ovid MEDLINE; from 1946 onwards).

e LILACS (Latin American and Caribbean Health Science
Information database).

e ClinicalTrials.gov (www.clinicaltrials.gov).

e World Health Organization International Clinical Trials
Registry Platform (WHO ICTRP) (www.who.int/ trialsearch/).

We will not include Embase in our search, as RCTs indexed in
Embase are now prospectively added to CENTRAL via a highly
sensitive screening process (CENTRAL 2018).

We will continuously apply a MEDLINE (via Ovid SP) email
alert service established by the Cochrane Metabolic and Endocrine
Disorders (CMED) Group to identify newly published trials using
the same search strategy as described for MEDLINE (Appendix 1).
After we submit the review draft for editorial approval, the CMED
Group will perform a complete search update on all databases
available at the editorial office and will send the results to the
review authors. Should we identify new trials for inclusion, we will
evaluate these and incorporate the findings into our review (Beller

2013).

Searching other resources

We will try to identify other potentially eligible trials or ancillary
publications by searching the reference lists of included trials, sys-
tematic reviews, meta-analyses and health technology assessment
reports. In addition we will contact authors of included trials to
identify any additional information on the retrieved trials and es-
tablish whether we may have missed further trials.

We will not use abstracts or conference proceedings for data ex-
traction unless full data are available from trial authors because this
information source does not fulfil the CONSORT requirements
which consist of “an evidence-based, minimum set of recom-
mendations for reporting randomised trials” (CONSORT 2016;
Scherer 2007). We will present information on abstracts or con-
ference proceedings in the ’Characteristics of studies awaiting clas-
sification’ table.

Data collection and analysis
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Selection of studies

After removal of duplicates, two review authors (JMP and AKV)
will independently screen the abstract and title of every record re-
trieved by the searches. We will obtain the full-text of all potentially
eligible relevant records, and will screen them for eligibility. We
will resolve any disagreements through consensus or by recourse
to a third review author (RS). If we cannot resolve a disagreement,
we will categorise the trial as a study awaiting classification’ and
will contact the trial authors for clarification. We will present an
adapted PRISMA flow diagram to show the process of trial selec-
tion (Liberati 2009). We will list all articles excluded after full-text
assessment in a ’Characteristics of excluded studies” table and will
provide the reasons for exclusion.

Data extraction and management

Two review authors (JMP and RS) will independently extract the
data from trials that fulfil our inclusion criteria to identify key
participant and intervention characteristics. We will describe in-
terventions by use of the ‘template for intervention description
and replication’ (TIDieR) checklist (Hoffmann 2014; Hoffmann
2017).

We will report data on efficacy outcomes and adverse events using
standardised data extraction sheets from the CMED Group. We
will resolve any disagreements by discussion or, if required, we will
consult a third review author (AKV).

We will provide information about potentially relevant ongoing
trials, including the trial identifiers, in the table ’Characteristics of
ongoing trials’ and in a joint appendix "Matrix of trial endpoint
(publications and trial documents)’. We will try to find the proto-
col for each included trial and we will report primary, secondary
and other outcomes in comparison with data in publications in a
joint appendix.

We will email all authors of included trials to enquire whether
they would be willing to answer questions regarding their trials.
We will present the results of this survey in an appendix. We will
thereafter seek relevant missing information on the trial from the
primary trial author(s), if required.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents or
multiple reports of a primary trial, we will maximise the informa-
tion yield by collating all available data, and we will use the most
complete data set aggregated across all known publications. We
will list duplicate publications, companion documents, multiple
reports of a primary trial, and trial documents of included trials
(such as trial registry information) as secondary references under
the study ID of the included trial. Furthermore, we will also list
duplicate publications, companion documents, multiple reports
of a trial, and trial documents of excluded trials (such as trial reg-
istry information) as secondary references under the study ID of
the excluded trial.

Data from clinical trials registers

If data from included trials are available as study results in clinical
trials registers, such as Clinical Trials.gov or similar sources, we will
make full use of this information and will extract the data. If there
is also a full publication of the trial, we will collate and critically
appraise all available data. If an included trial is marked as a com-
pleted study in a clinical trial register but no additional informa-
tion (study results, publication or both) is available, we will add
this trial to the ’Characteristics of studies awaiting classification’

table.

Assessment of risk of bias in included studies

Two review authors (JMP and IML) will independently assess the
risk of bias of each included trial. We will resolve any disagreements
by consensus or by consulting a third review author (AKV). In
the case of disagreement, we will consult the rest of the review
author team and we will make a judgement based on consensus.
If adequate information is unavailable from the publications, trial
protocols or other sources, we will contact the trial authors for
more detail to request missing data on ’Risk of bias’ items.

We will use the Cochrane ’Risk of bias” assessment tool (Higgins
2017), assigning assessments of low, high or unclear risk of bias (for
details see Appendix 2; Appendix 3). We will evaluate individual
bias items as described in the Cochrane Handbook for Systematic
Reviews of Interventions according to the criteria and associated
categorisations contained therein (Higgins 2017).

Summary assessment of risk of bias

We will present a 'Risk of bias’ graph and a "Risk of bias’ summary
figure.
We will distinguish between self-reported, investigator-assessed
and adjudicated outcome measures.
We will consider the following self-reported outcomes.

e Health-related quality of life

o Adverse events of surgery

We will consider the following outcomes to be investigator-as-
sessed.
e Cure of PHPT
Morbidity related to PHPT
All-cause mortality
Adverse events of surgery
Hospitalisation with hypercalcaemia or renal impairment

Socioeconomic effects

Risk of bias for a trial across outcomes

Some risk of bias domains, such as selection bias (sequence gener-
ation and allocation sequence concealment), affect the risk of bias
across all outcome measures in a trial. In the case of high risk of
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selection bias, we will mark all endpoints investigated in the asso-
ciated trial as being at high risk. Otherwise, we will not perform
a summary assessment of the risk of bias across all outcomes for a
trial.

Risk of bias for an outcome within a trial and across domains

We will assess the risk of bias for an outcome measure by including
all entries relevant to that outcome (i.e. both trial-level entries and
outcome-specific entries). We consider low risk of bias to denote
a low risk of bias for all key domains, unclear risk to denote an
unclear risk of bias for one or more key domains and high risk to
denote a high risk of bias for one or more key domains.

Risk of bias for an outcome across trials and across domains

These are the main summary assessments that we will incorporate
into our judgments about the certainty of evidence in the *Sum-
mary of findings’ tables. We will define outcomes as at low risk of
bias when most information comes from trials at low risk of bias,
unclear risk when most information comes from trials at low or
unclear risk of bias, and high risk when a sufficient proportion of
information comes from trials at high risk of bias.

Measures of treatment effect

When at least two included trials are available for a comparison and
a given outcome, we will try to express dichotomous data as a risk
ratio (RR) or odds ratio (OR) with 95% confidence intervals (Cls).
For continuous outcomes measured on the same scale (e.g. weight
loss in kg), we will estimate the intervention effect using the mean
difference (MD) with 95% ClIs. For continuous outcomes that
measure the same underlying concept (e.g. health-related quality
of life) but use different measurement scales, we will calculate the
standardised mean difference (SMD). We will express time-to-
event data as a hazard ratio (HR) with 95% Cls.

Unit of analysis issues

We will take into account the level at which randomisation oc-
curred, such as for cross-over trials, cluster-randomised trials and
multiple observations for the same outcome. If more than one
comparison from the same trial is eligible for inclusion in the same
meta-analysis, we will either combine groups to create a single
pair-wise comparison or appropriately reduce the sample size so
that the same participants do not contribute data to the meta-
analysis more than once (splitting the shared’ group into two or
more groups). While the latter approach offers some solution to
adjusting the precision of the comparison, it does not account for
correlation arising from the same set of participants being in mul-
tiple comparisons (Higgins 2011).

We will attempt to re-analyse cluster-RCTs that have not appropri-
ately adjusted for potential clustering of participants within clus-
ters in their analyses. The variance of the intervention effects will
be inflated by a design effect. Calculation of a design effect in-
volves estimation of an intracluster correlation coefficient (ICC).
We will obtain estimates of ICCs by contacting trial authors or
by imputing the ICC values by using either estimates from other
included trials that report ICCs or external estimates from empir-
ical research (e.g. Bell 2013). We plan to examine the impact of
clustering using sensitivity analyses.

Dealing with missing data

If possible, we will obtain missing data from the authors of the
included trials. We will carefully evaluate important numerical
data such as screened, randomly assigned participants as well as
intention-to-treat, and as-treated and per-protocol populations.
We will investigate attrition rates (e.g. dropouts, losses to follow-
up, withdrawals), and we will critically appraise issues concerning
missing data and use of imputation methods (e.g. last observation
carried forward).

In trials where the standard deviation (SD) of the outcome is not
available at follow-up or we cannot recreate it, we will standardise
by the mean of the pooled baseline SD from those trials that
reported this information.

Where included trials do not report means and SDs for outcomes
and we do not receive the necessary information from trial authors,
we will impute these values by estimating the mean and variance
from the median, range and the size of the sample (Hozo 2005).

We will investigate the impact of imputation on meta-analyses
by performing sensitivity analyses, and we will report for every
outcome which trials had imputed SDs.

Assessment of heterogeneity

In the event of substantial clinical or methodological heterogene-
ity, we will not report trial results as the pooled effect estimate in
a meta-analysis.

We will identify heterogeneity (inconsistency) by visually inspect-
ing the forest plots and by using a standard Chi2 test with a sig-
nificance level of & = 0.1 (Deeks 2017). In view of the low power
of this test, we will also consider the 12 statistic, which quantifies
inconsistency across trials to assess the impact of heterogeneity on
the meta-analysis (Higgins 2002; Higgins 2003).

When we find heterogeneity, we will attempt to determine the
possible reasons for it by examining individual trial and subgroup
characteristics.

Assessment of reporting biases

If we include 10 or more trials that investigate a particular out-
come, we will use funnel plots to assess small-trial effects. Several
explanations may account for funnel plot asymmetry, including
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true heterogeneity of effect with respect to trial size, poor method-
ological design (and hence bias of small trials) and publication
bias (Sterne 2017). Therefore we will interpret the results carefully
(Sterne 2011).

Data synthesis

We plan to undertake (or display) a meta-analysis only if we judge
participants, interventions, comparisons and outcomes to be suf-
ficiently similar to ensure an answer that is clinically meaningful.
Unless good evidence shows homogeneous effects across trials of
different methodological quality, we will primarily summarise low
risk of bias data using a random-effects model (Wood 2008). We
will interpret random-effects meta-analyses with due considera-
tion to the whole distribution of effects and present a prediction
interval (Borenstein 2017a; Borenstein 2017b; Higgins 2009). A
prediction interval needs at least four trials to be calculated and
specifies a predicted range for the true treatment effect in an indi-
vidual trial (Riley 2011). For rare events such as event rates below
1%, we will use the Peto’s odds ratio method provided that there
is no substantial imbalance between intervention and comparator
group sizes and intervention effects are not exceptionally large.
In addition, we will perform statistical analyses according to the
statistical guidelines presented in the Cochrane Handbook for Sys-
tematic Reviews of Interventions (Deeks 2017).

Subgroup analysis and investigation of heterogeneity

We expect the following characteristics to introduce clinical het-
erogeneity, and we plan to carry out the following subgroup anal-
yses including investigation of interactions (Altman 2003).

e Different surgical techniques

e Severity of PHPT

e Difference in the demographics of trial population such as
gender, age and ethnic differences

Sensitivity analysis
We plan to perform sensitivity analyses to explore the influence of
the following factors (when applicable) on effect sizes by restricting
analysis to the following.

e DPublished trials.

e Effect of risk of bias, as specified in the ’Assessment of risk
of bias in included studies’ section.

e Very long or large trials to establish the extent to which they
dominate the results.

e Using the following filters: diagnostic criteria, imputation,
language of publication, source of funding (industry versus
other) or country.

We will also test the robustness of results by repeating the analyses
using different measures of effect size (RR, OR, etc.) and different
statistical models (fixed-effect and random-effects models).

Certainty of the evidence

We will present the overall certainty of evidence for each outcome
specified below, according to the GRADE approach, which takes
into account issues related not only to internal validity (risk of bias,
inconsistency, imprecision, publication bias) but also to external
validity, such as directness of results. Two review authors (JMP
and IML) will independently assess the certainty of evidence for
cach outcome. We will resolve any differences in assessment by
discussion or consulting a third review author (RS).

We will include an appendix entitled ’Checklist to aid consistency
and reproducibility of GRADE assessments’, to help with stan-
dardisation of the ’Summary of findings™ tables (Meader 2014).
Alternatively, we will use the GRADEpro Guideline Development
Tool (GDT) software and will present evidence profile tables as
an appendix (GRADEpro GDT 2015). We will present results for
the outcomes as described in the "Types of outcome measures’ sec-
tion. If meta-analysis is not possible, we will present the results in a
narrative format in the ’Summary of findings’ table. We will justify
all decisions to downgrade the quality of trials using footnotes,
and we will make comments to aid the reader’s understanding of
the Cochrane Review where necessary.

’Summary of findings’ table

We will present a summary of the evidence in a’Summary of find-
ings table. This will provide key information about the best esti-
mate of the magnitude of the effect, in relative terms and as abso-
lute differences, for each relevant comparison of alternative man-
agement strategies, numbers of participants and trials addressing
each important outcome and a rating of overall confidence in effect
estimates for each outcome. We will create the ’Summary of find-
ings’ table based on the methods described in the Cochrane Hand-
book for Systematic Reviews of Interventions (Schiinemann 2017)
using Review Manager 5 (RevMan 5) table editor (RevMan 2014).
We will report the following outcomes, listed according to prior-
ity.

Cure of PHPT

Morbidity related to PHPT

All-cause mortality

Adverse events of surgery

Health-related quality of life

Hospitalisation with hypercalcaemia or renal impairment

Socioeconomic effects.
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APPENDICES

Appendix |. Search strategies

MEDLINE (Ovid SP)

. Hyperparathyroidism, Primary/

. (primary adj3 hyperparathyroid*).tw.

. Parathyroid Neoplasms/

. (parathyroid adj3 (adenoma? or hyperplasia? or neoplasm? or tumo?r?)).tw
.or/1-4

. Parathyroidectomy/

. parathyroidectom*.tw.

. (parathyroid* adj6 (surger* or surgic* or resection or excision or exploration)).tw

O 00 N O\ N N~

or exploration)).tw

10. or/6-9

11.5and 10

[Cochrane Handbook 2008 RCT filter - sensitivity maximizing version]
12. randomized controlled trial.pt.
13. controlled clinical trial.pt.

14. randomi?ed.ab.

15. placebo.ab.

16. drug therapy.fs.

17. randomly.ab.

18. trial.ab.

19. groups.ab.

20. or/12-19

21. exp animals/ not humans/

22. 20 not 21

23. 11 and 22

. ((endoscop* or video or camera or minimally invasive or small incision or open) adj6 (surger* or surgic* or resection or excision

CENTRAL (Cochrane Library)

1. [mh “Hyperparathyroidism, Primary”]

2. (primary near/4 hyperparathyroid*):ti,ab,kw

3. [mh “Parathyroid Neoplasms”]

4. (parathyroid near/4 (adenoma* or hyperplasia* or neoplasm* or tumor* or tumour®)):ti,ab,kw
5. {or #1-#4}

6. [mh “Parathyroidectomy”]

7. parathyroidectom™:ti,ab,kw

8. (parathyroid* near/7 (surgic* or resection or excision or exploration)):ti,ab,kw

9. ((endoscop* or video or camera or minimally invasive or small incision or open) near/7 (surgic* or resection or excision or

exploration)):ti,ab,kw
10. surger*:ti,ab,kw
11. {or #6-#10}

12. #5 and #11

LILACS (iAHx)
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(Continued)

(MH:“Hyperparathyroidism, Primary” OR hyperparathyroid$ OR hiperparatireoid$ OR MH:“Parathyroid Neoplasms” OR
(parathyroid AND (adenoma$ or hyperplasia$ or neoplasm$ or tumor$))) AND (MH: “Parathyroidectomy” OR parathyroidectom$
OR paratiroidectom$ OR cirur$ OR surger$ or surgic$ OR resection OR excision OR exploration) + Filter “Controlled Clinical
Trial”

WHO ICTRP (Advanced search)

hyperparathyroid* AND parathyroidectom* OR
hyperparathyroid* AND surg* OR

parathyroid AND parathyroidectom* OR
parathyroid AND surg*

ClinicalTrials.gov (Advanced search)

Condition or disease: hyperparathyroidism OR parathyroid
Intervention/treatment: parathyroidectomy OR surgery OR surgical OR resection OR exploration

Appendix 2. 'Risk of bias’ assessment

’Risk of bias’ domains

Random sequence generation (selection bias due to inadequate generation of a randomised sequence)
For each included trial, we will describe the method used to generate the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups

o Low risk of bias: the trial authors achieved sequence generation using computer-generated random numbers or a random
numbers table. Drawing of lots, tossing a coin, shuffling cards or envelopes, and throwing dice are adequate if an independent
person performed this who was not otherwise involved in the trial. We will consider the use of the minimisation technique as
equivalent to being random.

e Unclear risk of bias: insufficient information about the sequence generation process.

e High risk of bias: the sequence generation method was non-random or quasi-random (e.g. sequence generated by odd or even
date of birth; sequence generated by some rule based on date (or day) of admission; sequence generated by some rule based on
hospital or clinic record number; allocation by judgment of the clinician; allocation by preference of the participant; allocation
based on the results of a laboratory test or a series of tests; or allocation by availability of the intervention).

Allocation concealment (selection bias due to inadequate concealment of allocation prior to assignment)
We will describe for each included trial the method used to conceal allocation to interventions prior to assignment and we will assess
whether intervention allocation could have been foreseen in advance of or during recruitment or changed after assignment

e Low risk of bias: central allocation (including telephone, interactive voice-recorder, internet-based and pharmacy-controlled
randomisation); sequentially numbered drug containers of identical appearance; sequentially numbered, opaque, sealed envelopes.

e Unclear risk of bias: insufficient information about the allocation concealment.

e High risk of bias: used an open random allocation schedule (e.g. a list of random numbers); assignment envelopes used without
appropriate safeguards; alternation or rotation; date of birth; case record number; any other explicitly unconcealed procedure.

We will also evaluate trial baseline data to incorporate assessment of baseline imbalance into the Risk of bias’ judgment for selection
bias (Corbett 2014). Chance imbalances may also affect judgments on the risk of attrition bias. In the case of unadjusted analyses,
we will distinguish between trials that we rate as being at low risk of bias on the basis of both randomisation methods and baseline
similarity, and trials that we judge as being at low risk of bias on the basis of baseline similarity alone (Corbett 2014). We will reclassify
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(Continued)

judgements of unclear, low or high risk of selection bias as specified in Appendix 3.

Blinding of participants and study personnel (performance bias due to knowledge of the allocated interventions by participants
and personnel during the trial)

We will evaluate the risk of detection bias separately for each outcome (Hrdbjartsson 2013). We will note whether endpoints were
self-reported, investigator-assessed or adjudicated outcome measures (see below)

e Low risk of bias: blinding of participants and key study personnel was ensured, and it was unlikely that the blinding could have
been broken; no blinding or incomplete blinding, but we judge that the outcome is unlikely to have been influenced by lack of
blinding.

e Unclear risk of bias: insufficient information about the blinding of participants and study personnel; the trial does not address
this outcome.

e High risk of bias: no blinding or incomplete blinding, and the outcome is likely to have been influenced by lack of blinding;
blinding of trial participants and key personnel attempted, but likely that the blinding could have been broken, and the outcome is
likely to be influenced by lack of blinding.

Blinding of outcome assessment (detection bias due to knowledge of the allocated interventions by outcome assessment
We will evaluate the risk of detection bias separately for each outcome (Hrdbjartsson 2013). We will note whether endpoints were
self-reported, investigator-assessed or adjudicated outcome measures (see below)

e Low risk of bias: blinding of outcome assessment is ensured, and it is unlikely that the blinding could have been broken; no
blinding of outcome assessment, but we judge that the outcome measurement is unlikely to have been influenced by lack of blinding.
e Unclear risk of bias: insufficient information about the blinding of outcome assessors; the trial did not address this outcome.

e High risk of bias: no blinding of outcome assessment, and the outcome measurement was likely to have been influenced by
lack of blinding; blinding of outcome assessment, but likely that the blinding could have been broken, and the outcome
measurement was likely to be influenced by lack of blinding.

Incomplete outcome data (attrition bias due to amount, nature or handling of incomplete outcome data)

For each included trial or each outcome, or both, we will describe the completeness of data, including attrition and exclusions from
the analyses. We will state whether the trial reported attrition and exclusions, and report the number of participants included in the
analysis at each stage (compared with the number of randomised participants per intervention/comparator groups). We will also note
if the trial reported the reasons for attrition or exclusion and whether missing data were balanced across groups or were related to
outcomes. We will consider the implications of missing outcome data per outcome such as high dropout rates (e.g. above 15%) or
disparate attrition rates (e.g. difference of 10% or more between trial arms)

e Low risk of bias: no missing outcome data; reasons for missing outcome data unlikely to be related to true outcome (for survival
data, censoring unlikely to introduce bias); missing outcome data balanced in numbers across intervention groups, with similar
reasons for missing data across groups; for dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk was not enough to have a clinically relevant impact on the intervention effect estimate; for continuous outcome data,
plausible effect size (mean difference or standardised mean difference) among missing outcomes was not enough to have a clinically
relevant impact on observed effect size; appropriate methods, such as multiple imputation, were used to handle missing data.

e Unclear risk of bias: insufficient information to assess whether missing data in combination with the method used to handle
missing data were likely to induce bias; the trial did not address this outcome.

e High risk of bias: reason for missing outcome data was likely to be related to true outcome, with either imbalance in numbers
or reasons for missing data across intervention groups; for dichotomous outcome data, the proportion of missing outcomes
compared with observed event risk enough to induce clinically relevant bias in the intervention effect estimate; for continuous
outcome data, plausible effect size (mean difference or standardised mean difference) among missing outcomes enough to induce
clinically-relevant bias in observed effect size; "as-treated’ or similar analysis done with substantial departure of the intervention
received from that assigned at randomisation; potentially inappropriate application of simple imputation.

Selective reporting (reporting bias due to selective outcome reporting)

We will assess outcome reporting bias by integrating the results of the appendix "Matrix of trial endpoints (publications and trial
documents)’ (Boutron 2014; Jones 2015; Mathieu 2009), with those of the appendix "High risk of outcome reporting bias according
to the Outcome Reporting Bias In Trials (ORBIT) classification” (Kirkham 2010). This analysis will form the basis for the judgement
of selective reporting

e Low risk of bias: the trial protocol was available and all the trial’s prespecified (primary and secondary) outcomes that were of
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interest to this review were reported in the prespecified way; the study protocol was unavailable, but it was clear that the published
reports included all expected outcomes (ORBIT classification).

e Unclear risk of bias: insufficient information about selective reporting.

e High risk of bias: not all the trial’s prespecified primary outcomes were reported; one or more primary outcomes were reported
using measurements, analysis methods or subsets of the data (e.g. subscales) that were not prespecified; one or more reported
primary outcomes were not prespecified (unless clear justification for their reporting was provided, such as an unexpected adverse
effect); one or more outcomes of interest in the Cochrane Review were reported incompletely so that we cannot enter them in a
meta-analysis; the trial report failed to include results for a key outcome that we would expect to have been reported for such a trial
(ORBIT classification).

Other bias

e Low risk of bias: the trial appears to be free from other sources of bias.

e Unclear risk of bias: there was insufficient information to assess whether an important risk of bias existed; insufficient rationale
or evidence that an identified problem introduced bias.

o High risk of bias: the trial had a potential source of bias related to the specific trial design used; the trial was claimed to be
fraudulent; or the trial had some other serious problem.

Appendix 3. Selection bias decisions

Selection bias decisions for trials that reported unadjusted analyses: comparison of results obtained using method details
alone with results using method details and trial baseline information®

Reported randomisation and Risk of bias judgement using Information gained from

allocation concealment meth-

methods reporting

study characteristics data

Risk of bias using baseline
information and methods re-

ods porting
Unclear methods Unclear risk Baseline imbalances present for High risk
important prognostic variable
()
Groups appear similar at base- Low risk

line for all important prognos-
tic variables

Limited or no baseline details

Unclear risk

Would generate a truly random
sample, with robust allocation
concealment

Low risk

Baseline imbalances present for
important prognostic variable

(s)

Unclear risk?

Groups appear similar at base-
line for all important prognos-
tic variables

Low risk

Limited baseline details, show-
ing balance in some important
prognostic variables®

Low risk
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No baseline details

Unclear risk

Sequence is not truly ran- High risk

domised or allocation conceal-

Baseline imbalances present for
important prognostic variable

High risk

ment is inadequate (s)

Groups appear similar at base- Low risk
line for all important prognos-
tic variables

Limited baseline details, show- Unclear risk
ing balance in some important
prognostic variables®

No baseline details High risk

“Taken from Corbett 2014; judgements highlighted in bold indicate situations in which the addition of baseline assessments would
change the judgement about risk of selection bias, compared with using methods reporting alone.

Imbalance identified that appears likely to be due to chance.

¢Details for the remaining important prognostic variables are not reported
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NOTES

We have based parts of the Methods, as well as Appendix 1, Appendix 2 and Appendix 3 of this Cochrane Protocol on a standard
template established by the CMED group.
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