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Management options in failed primary
surgery

Review question: What are the management options for
people in whom primary parathyroid surgery has failed?

Introduction

Approximately 4-5% of people are not cured after the first parathyroid surgery. Surgery may
fail to normalise serum calcium for a number of reasons including not removing the
adenoma(s) or missing a diagnosis of familial hypocalciuric hypercalcaemia (FHH). In the
former scenario there is variation in the application of further diagnostic tests and differing
views about the type of second surgery, if any, to be offered. If no surgery is offered then a
decision has to be made as to whether to offer medical treatments.

PICO table
For full details see the review protocol in appendix A.

Table 1: PICO characteristics of review question

Population Adults (18 years or over) with primary hyperparathyroidism in whom primary
surgery has failed.
Interventions e Re-operation

e Calcimimetics
¢ Bisphosphonates

¢ Monitoring
Comparisons All interventions compared to each other
Outcomes Critical outcomes:

e HRQOL (continuous outcome)
e Mortality (dichotomous outcome)

e Preservation of end organ function (bone mineral density, fractures, renal
stones and renal function) (dichotomous)

Important outcomes:
e Deterioration in renal function (dichotomous)
¢ Persistent hypercalcaemia (dichotomous outcome)
e Cardiovascular events (dichotomous outcome)
e Adverse events (dichotomous outcome)
e Cancer incidence (dichotomous outcome)
Study design RCTs and systematic reviews of RCTs
In absence of RCT evidence, NRSs will be included

Cohort/cross-sectional studies for diagnostic accuracy and RCTs for test and
treat for surgical localisation.

© NICE 2019. All rights reserved. Subject to Notice of rights.
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Clinical evidence

Included studies

No specific search was conducted for this review. We looked for relevant studies in patients
with failed primary surgery from the evidence reviews on bisphosphonates, calcimimetics,
monitoring, surgical indications, surgical interventions, surgical localisation and monitoring.
Three studies were included from the calcimimetics and surgical localisation reviews. No
relevant clinical studies including this group were identified in the bisphosphonates, surgical
indications, surgical interventions or monitoring evidence reviews.

One study #®2 in the calcimimetics evidence review included a subgroup of patients who
previously had failed parathyroidectomy and was included in this review. The study
compared oral cinacalcet tablets with placebo for treatment of people with primary
hyperparathyroidism. The proportion of participants achieving normocalcaemia (serum
calcium <2.57 mmol/litre) with a minimum of 0.12 mmol/litre reduction from baseline was
reported separately for the subgroup of patients with failed primary surgery (n=18) and is
presented in this review. Evidence on lumbar and distal radius BMDs and withdrawals due to
adverse events that were also measured in the study was not available for the
aforementioned subgroup. There were 8 diagnostic accuracy studies in the surgical
localisation review that included a re-operation stratum. Of those, 2 studies reported results
of participants with re-operation separately and were included in the present review.84 526
These were assessing the diagnostic accuracy of imaging techniques: sestamibi scanning
(MIBI) and intra-operative localisation techniques: intra-operative parathyroid hormone
monitoring (IOPTH), to aid parathyroid surgery.

These are summarised in Table 2 and Table 3 below. Evidence from these studies is
summarised in the clinical evidence summary tables below (Table 4,

Table 5 and Table 6). See also the study selection flow chart in appendix C, forest plot in
appendix E, study evidence tables in appendix D, GRADE tables in appendix F and excluded
studies list in appendix I.

Excluded studies

See the excluded studies list in appendix I.

© NICE 2019. All rights reserved. Subject to Notice of rights.
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1.4.3 Summary of clinical studies included in the evidence review

Table 2: Summary of the calcimimetics study included in the evidence review

Peacock 2005 482 Cinacalcet versus placebo n=18 Proportion of participants Calcimimetics review

Mild to moderate PHPT with  achieving normocalcaemia

disease severity ranging (serum calcium Outcome for previous surgery is

from asymptomatic to £2.57 mmol/L) with a reported at 52 weeks. It is unclear

symptomatic minimum of 0.12 mmol/L to which time period patients

Serum calcium 2.57-3.12 reduction from baseline achieving normocalcaemia were

mmol/L (follow-up 24 & 52 weeks) observed — but mean serum Ca
for re-operation strata is reported
at 52 weeks.

Table 3: Summary of diagnostic accuracy studies from surgical localisation included in the evidence review

"SJYOLI JO BINON O} J08IGNS "PEAISSaI SIYDU IV 6102 FOIN ©

Bonjer n=27 (n=25 with PHPT) MIBI

1997 & 16% re-operation (results reported separately)

Rossi 2000 n=11 IOPTH IOPTH results after all >50% drop at 5 or 10 minutes from

Rzt 73% re-operation (analysed in mixed 1t and re- glands excised (all had baseline (unclear if pre-incision or pre-
operation; except for IOPTH can subgroup into 1st solitary adenoma) excision)

operation and re-operation)

See appendix D for full evidence tables.
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1.4.4 Quality assessment of clinical studies included in the evidence review

Table 4: Clinical evidence summary: Cinacalcet versus placebo in patients who had re-operation

No of

Participants  Quality of the

(studies) evidence
Outcomes Follow up (GRADE)
Normocalcaemia (serum Ca < 2.57 mmol/L) 18 VERY LOW ab
cases (1 study) due to risk of

24 & 52 bias,

weeks imprecision

Anticipated absolute effects

Relative

effect Risk difference
(95% Risk with with Cinacalcet
Cl) Placebo (95% CI)

RR 7 Moderate

(1.07to 111 per 666 more per 1000
45.9) 1000 (from 8 more to
1000 more)

a. Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of

bias

b. Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs

Table 5: Clinical evidence summary: Diagnostic accuracy of imaging localisation test — Re-operation stratum

s

23

53
Index Test (Threshold) Zo N Quality
MIBI
MIBI 1 4 LOWa

due to imprecision

Sensitivity % Specificity %
(95% Cl) (95% Cl)

100% (40 to100%) Not estimable

a. Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted,
assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the
point estimate crossed 1 clinical decision threshold: 50% or 90%. The evidence was downgraded by 2 increments when the confidence interval around the point estimate

crossed 2 clinical decision thresholds (50% and 90%).
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Table 6: Clinical evidence summary: Diagnostic accuracy of intra-operative tests - Re-operation stratum

(e
[5)
28
53
Index Test (Threshold) Zn N Quality
IOPTH
>50% drop at <10 minutes 1 3 VERY LOW?ab
due to risk of bias,
imprecision
>50% drop at >10 minutes 0 -
>50% drop at 10 minutes, plus 20 minute sample in people 0 - -

without a drop at 10 minutes
Frozen Section
Frozen section 0 - -

The committee deemed the sensitivity and specificity as equally important for decision-making. The assessment of the evidence quality was conducted with equal emphasis

Sensitivity %
(95% ClI) Specificity % (95% Cl)

100% (29 to 100%) Not estimable

on both the sensitivity and specificity (if there was no inconsistency or imprecision in either measure then no downgrade was made, but if there was inconsistency or

imprecision in either the sensitivity or specificity then appropriate downgrades were made for inconsistency/imprecision).

a. Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and

downgraded by 2 increments if the majority of studies were rated at very high risk of bias.

b. Imprecision was assessed based on inspection of the confidence region in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been conducted,

assessed according to the range of confidence intervals in the individual studies. The evidence was downgraded by 1 increment when the confidence interval around the point
estimate crossed 1 clinical decision threshold: 50% or 90%. The evidence was downgraded by 2 increments when the confidence interval around the point estimate crossed 2

clinical decision thresholds (60% and 90%).

See appendix F for full GRADE tables.

Aiabuns Atewd pajie) ul suondo Juswabeuey

(Arewnd) wsipiolAyerediadAHy



1.5

1.5.1

1.5.2

1.5.3

Hyperparathyroidism (primary)
Management options in failed primary surgery

Economic evidence

Included studies

No relevant health economic studies were identified.

Excluded studies

No health economic studies that were relevant to this question were excluded due to
assessment of limited applicability or methodological limitations.

See also the health economic study selection flow chart in appendix G.

Unit costs

The committee discussed that there were multiple possible management pathways for

people where surgery has failed including reoperation, pharmacological management, and
monitoring. The unit costs potentially associated with each of these are presented below for

consideration.

Table 7: Costs associated with reoperation

Description

Ultrasound scan

Sestamibi scan

SPECT/CT

CT

MRI

Parathyroid
angiography and
venous sampling

Consultations

Outpatient
appointment

Re-operation

Parathyroidectomyt@)

Cost
Pre-operative imaging techniques

£52
£189

£284

£121

£162

£1,320

£158

£3,417

Notes

Ultrasound Scan with duration of less
than 20 minutes, without contrast

Nuclear Medicine Parathyroid scan

Single Photon Emission Computed
Tomography with Computed
Tomography (SPECT-CT) of One Area,
19 years and over

Computerised Tomography Scan of One
Area, with Pre- and Post-Contrast

Magnetic Resonance Imaging Scan of
One Area, with Post-Contrast Only, 19
years and over

Endocrinology outpatient consultation

Parathyroid Procedures with CC Score
2+

Source

NHS Reference
Costs 2016/1717

NHS Reference
Costs 2016/17174

NHS Reference
Costs 2016/1717%4

NHS Reference
Costs 2016/1717

NHS Reference
Costs 2016/17'™

Hospital trust of

committee member

NHS Reference
Costs 2016/17174

NHS Reference
Costs 2016/17174

(a) Assumed to be a complex case and therefore higher CC score to reflect higher cost of re-intervention

Table 8: Cost of pharmacological treatment for people where surgery has failed

Drug
Calcimimetics
Cinacalcet

Bisphosphonates

Dose

60 mg (30 mg twice daily)

Cost — month

£273

© NICE 2019. All rights reserved. Subject to Notice of rights.
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1.7

1.71

1.711
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Cost — month
£0.78

Drug Dose

Alendronic acid (tablet) 70 mg weekly

Zoledronic acid (V) 50 mcg/ml once a year -

Source: BNF — September 201733, NHS Drug Tariff 2017457 eMIT'53

Table 9: Monitoring costs

Description Cost Notes
GP consultation £37 As_sumed average duration of 9.22
minutes
Blood tests (adjusted
serum palcmm, serum £1.13 Clinical biochemistry test
creatinine, renal
function, lipids)
PTH £8
Blood test for vitamin D  £16.50 Average of two NHS hospitals(@)
DXA scan £83 In outpatient setting
Ultrasound scan with duration of
Ultrasound scan £52 less than 20 minutes, without
contrast
X-ray £30 Direct access plain film
Assume cost of 15 minute contact
Blood pressure £6 with community or hospital based
nurse
ECG £37

Resource costs

Cost — annual
£9.39

£13.24

[+ £260 for delivery
(day case)]

Source
PSSRU 2017'%°

NHS Reference Costs
2016/17

Average of three NHS
hospitals sought by the
committee

Filby 2014213

NHS Reference Costs
2016/171

NHS Reference Costs
2016/171

NHS Reference Costs
year'”3

PSSRU 20171°°

NHS Reference costs
10/11175

The recommendations made by the committee based on this review are not expected to

have a substantial impact on resources.

Evidence statements

Clinical evidence statements

Calcimimetics versus placebo

There was clinically important benefit of a calcimimetic (cinacalcet) for normocalcaemia —

serum calcium <2.57 mmol/L (1 study, n=18; follow up 52 weeks; Very Low quality).

No evidence was identified for the outcomes of health-related quality of life; mortality;
preservation of end organ function (bone mineral density, fractures, renal stones and renal
function); deterioration of renal function; cardiovascular events; adverse events; cancer

incidence.

© NICE 2019. All rights reserved. Subject to Notice of rights.
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1.7.1.2 Diagnostic accuracy of localisation tests

One study showed that MIBI had 100% (40 to 100%) sensitivity in people with failed primary
surgery (n=4; Low quality). Specificity was not estimable.

One study showed that IOPTH had 100% (29 to 100%) sensitivity in people with failed
primary surgery (n=3; Very Low quality). Specificity was not estimable.

No evidence was identified for the specificity; sensitivity of US imaging; SPECT; SPECT-CT;
MRI; 4DCT; CT; Parathyroid venous sampling; Methylene blue; Intra-operative frozen
sections.

1.7.2 Health economic evidence statements
No relevant economic evaluations were identified.

1.8 The committee’s discussion of the evidence

1.8.1 Interpreting the evidence

1.8.1.1 The outcomes that matter most

The committee considered the outcomes of health-related quality of life, mortality and
preservation of end organ function (bone mineral density, fractures, renal stones and renal
function) as critical outcomes for decision making. Other important outcomes included
deterioration in renal function, persistent hypercalcaemia, cardiovascular events, adverse
events and cancer incidence for the intervention studies. Sensitivity and specificity were
considered outcomes of interest for the diagnostic accuracy of index tests (localisation and
intra-operative techniques).

No evidence was identified for the critical outcomes for participants with previous failed
surgery in any of the primary evidence reviews on bisphosphonates, surgical indications,
surgical interventions (focused surgery versus 4-gland exploration) and monitoring.

No evidence was identified for the outcomes of lumbar and distal radius BMDs and
withdrawals due to adverse events reported in the calcimimetics review for participants with
previous failed surgery. No evidence was identified for the specificity of localisation tests in
participants having re-operation in the surgical localisation review.

1.8.1.2 The quality of the evidence

The quality of the evidence comparing the use of cinacalcet with placebo in terms of
normocalcaemia included in this review was Very Low due to risk of bias and imprecision.
The evidence was available from only one study with a short-term follow-up of 52 weeks,
limiting our confidence in the estimate of the effect of cinacalcet and our ability to draw
conclusions about their long-term impact on normocalcaemia.

The evidence regarding the diagnostic accuracy of sestamibi (MIBI) was available from one
study. The evidence was of Low quality and was downgraded for imprecision. Evidence on
the sensitivity of IOPTH was only available from one study and only for the <10 minute time
point drop for re-operation patients. The quality of the evidence was Very Low and was
downgraded for risk of bias and imprecision. Overall, the diagnostic accuracy studies
included in this review had a small number of participants with re-operation which could
explain the absence of data with regards to the specificity of the tests.

1.8.1.3 Benefits and harms

Surgery

© NICE 2019. All rights reserved. Subject to Notice of rights.
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There was no evidence available on repeat surgery for people with previous failed surgery.
The committee from their experience stated that repeat parathyroid surgery is relatively
uncommon and failure rates are higher than primary surgery, and hence felt that
consideration should be given to these operations being directed to centres with the relevant
experience.

The committee discussed that when there is a failure to bring about normocalcaemia after
primary parathyroid surgery, a confirmation of the underlying diagnosis of primary
hyperparathyroidism, together with a review of the indications for surgery, should be made.
The committee noted that two main causes of failure to restore normocalcaemia after primary
surgery are: identification and removal of an enlarged parathyroid gland in the presence of
unrecognised underlying multigland disease (this situation is most commonly encountered
after an initial focused surgical strategy); and primary failure to identify pathological
parathyroid gland at surgical exploration (this situation is often in the presence of negative
pre-operative imaging and can be related to surgical experience or parathyroid glands being
in an ectopic position within the neck or lying in a true ectopic position outside of the surgical
field altogether).

The committee highlighted that consideration of second surgical exploration needs to be
carefully reviewed by a multidisciplinary team taking into account the likely underlying
pathology, findings of the initial investigations and surgical exploration and the clinical and
biochemical indications for repeat surgery. The committee noted that whilst a more thorough
4-gland exploration may reveal the true parathyroid pathology, second surgical explorations
are more difficult and more prone to failure and complications. Hence the committee agreed
that further surgery if indicated should be performed at a centre with expertise in re-operative
parathyroid surgery.

The committee agreed that if second surgical exploration is deemed inappropriate or
declined, medical strategies should be considered to reduce the ongoing risk of end organ
damage.

Pre-operative localisation

Evidence for pre-operative localisation in people undergoing repeat surgery was available for
sestamibi scanning and intra-operative parathyroid hormone monitoring (IOPTH). The results
for both tests showed a very high sensitivity for patients undergoing re-operation. The
committee noted that the sensitivity evidence was based on a very limited sample of people
having re-operation and that the lack of evidence on the specificity of the diagnostic tests
was due to this very small number of patients. No evidence relevant to participants
undergoing re-operation was available for any other index tests including US imaging,
SPECT, MRI, CT and intra-operative frozen sections.

The committee discussed the usefulness of pre-operative localisation to inform surgical
approach. The committee discussed various pre-operative localisation techniques including
sestamibi scanning, US of the neck, SPECT/CT, 4DCT, venous sampling and PET scanning
options. Due to lack of sufficient evidence, the committee did not make a specific
recommendation for the type of pre-localisation technique. The committee agreed that further
localisation for patients with failed surgery should take place at a specialised centre with
expertise and should be the result of a decision made by a multi-disciplinary team at the
centre. They felt that the choice of imaging should depend on the preference of the surgeon
and the local availability and expertise. The committee considered that pre-operative
localisation needs to be determined in the context of review of previous localisation findings.

Calcimimetics

Evidence from one study including a sub-group of patients who had previous failed surgery
showed that for treatment with cinacalcet there was a clinical benefit of achieving

© NICE 2019. All rights reserved. Subject to Notice of rights.
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normocalcaemia (serum Ca <2.57 mmol/litre) compared to placebo for those patients. The
committee noted that the cut-off point used to define normocalcaemia did not reflect the

2.6 mmol/litre cut-off most commonly used in UK current practice. This discrepancy may limit
the usefulness of the outcome in evaluating the effect of cinacalcet on normocalcaemia. In
addition, the committee noted that the 52 week follow-up of the study and the small sample
size of people with re-operation included in the study limit the ability to draw conclusions with
regards to the use of calcimimetics for renal stones.

The committee discussed the cut-off values for hypercalcaemia and use of cinacalcet. The
clinical benefit in quality of life in this review was judged to be in people with an adjusted
serum calcium level above 2.85 mmol/litre. Therefore, the cut-off was set at 2.85 mmol/litre
for people with symptoms of hypercalcaemia. For the cut-off to define hypercalcaemia in the
presence or absence of symptoms, the committee agreed from clinical experience that this
should be set at above 3.0 mmol/litre, largely due to the increased risk of hypercalcaemic
crises that may be seen with this degree of hypercalcaemia. Based on the evidence and their
clinical experience, the committee agreed that in people eligible for surgery and who have
calcium levels above 2.85 mmol/litre, treatment with cinacalcet would help in reduction of
symptoms. The committee also agreed that people with a calcium level above 3.0 mmol/litre
would be likely to benefit from a reduced risk of hypercalcaemic crisis with cinacalcet,
irrespective of whether they had symptoms or not.

The committee discussed that for people with an initial albumin-adjusted serum calcium level
below 3.0 mmol/litre, continuation of treatment should be based on reduction in symptoms
and for people with initial albumin-adjusted serum calcium level 3.0 mmol/litre or above,
continuation of treatment should be based on either reduction in serum calcium or reduction
in symptoms.

The committee agreed that albumin-adjusted serum calcium level should be measured
before initiation of cinacalcet treatment and within 1 week after starting treatment or adjusting
the dose. They also agreed that albumin-adjusted serum calcium level should be measured
every 2—-3 months to manage treatment related changes in serum calcium. This is in
accordance with the British National Formulary.

The committee agreed to make recommendations specifically for cinacalcet as the evidence
was available only for this type of calcimimetic and they also felt that if another calcimimetic
was to be available in the future for use in primary hyperparathyroidism, the criteria for its
use would be different. Hence they agreed that these recommendations should be applicable
to cinacalcet only.

Bisphosphonates

No evidence was identified for the use of bisphosphonates in primary hyperparathyroidism
patients with previous failed surgery. Based on the evidence for people with primary
hyperparathyroidism and bone end organ effects (see evidence report H) and their
experience, the committee agreed that bisphosphonate treatment should be considered in
people with failed primary surgery as a means of improving bone mineral density to reduce
fracture risk in line with NICE guideline on osteoporosis: assessing the risk of fragility
fracture. This may be particularly relevant for people where there is a significant delay in
offering re-operative surgical cure.

Monitoring

No evidence was available for monitoring people with failed surgery. Based on their
experience, the committee agreed that monitoring in people with failed surgery would be in
line with those who have not had previous surgery (see evidence report |), in order to assess
progression of disease and/or meeting eligibility criteria for re-surgery. Monitoring should be
considered to bridge the gap between first surgery and MDT review and re-assessment in a
specialist centre. The committee agreed that symptoms and comorbidities should be

© NICE 2019. All rights reserved. Subject to Notice of rights.
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assessed annually or at presentation and albumin-adjusted serum calcium and eGFR or
serum creatinine annually; DXA scan should be considered at diagnosis and every 2 to 3
years (as bone mineral changes take a long time to manifest on DXA scan) and ultrasound of
the renal tract should be performed in cases where renal stones are suspected, to help
determine the optimal management pathway. The committee considered that monitoring
serum calcium level and symptoms of hypercalcaemia would support discussion of the most
appropriate treatment strategy, including repeat surgery. Ultrasound of the kidneys would
help in identifying cause for specific interventions or appropriate referral, and DXA scan
would help in assessing fracture risk and/or the need for bisphosphonates.

Cost effectiveness and resource use
No relevant health economic evaluations were identified for this question.

Unit costs were presented to the committee to aid their consideration of cost-effectiveness.
These included unit costs of measures covered in other parts of this guideline, including
surgery, calcimimetics, bisphosphonates, and monitoring. However, as mentioned above
there was little clinical evidence available for treatment options in this population, and
therefore it was difficult for the committee to formally assess the cost effectiveness of
treatment options. The recommendations made were primarily consensus based.

The British Association of Endocrine and Thyroid Surgeons (BAETs) audit data suggests that
in current practice the failure rate for first-time surgery in people with primary
hyperparathyroidism is 4.4%, and therefore this population is small.

The committee discussed that people with failed first surgery will not have received any
quality of life improvements from treatment, and potentially some disutility as a result of the
surgery and scarring of the neck.

As the only definitive cure for primary hyperparathyroidism is to remove adenomas, the
committee considered it important that surgery be reconsidered in this population. Due to the
greater risks associated with repeat surgery, the committee considered that such a decision
should be discussed with multiple professionals involved with the person’s care to this point
to determine whether repeat surgery is suitable. This would include the surgeon who
performed the original operation, an endocrinologist, and the imaging clinician. Furthermore,
the committee agreed that if repeat surgery is to be undertaken, further pre-operative
imaging would be required. This will vary from case to case depending on the person’s
original imaging results and what was seen and noted during surgery, and therefore the
committee considered it most appropriate that this be decided by the specialist centre
performing the surgery after review with the MDT mentioned above. The committee noted
that it is more likely that some of the more expensive imaging modalities are used in this
scenario. This is because these cases are often much more complex and it is considered
that these are likely to provide further detailed imaging to inform further surgery.

The committee acknowledged that repeat surgery would incur a high cost when considering
the cost of clinician time in the multidisciplinary discussion, pre-op imaging and repeat
surgery, which is often longer compared to first surgery. However, they discussed that
although repeat surgery is likely to have a higher failure rate than first time surgery (current
practice according to BAETS audit suggests 12.8%), the majority of people having repeat
surgery will be cured (normocalcaemic) and likely to receive a quality of life improvement due
to improvement in symptoms as well as potential reduced risk of end organ disease such as
fragility fracture and renal stones. The remaining people who still have failed surgery after
two operations are rare and are likely to have complex disease such as ectopic, greater than
4-gland disease or rare syndromes.

The committee discussed that the only alternative treatment to repeat surgery to treat the
resultant hypercalcaemia would be to prescribe calcimimetics. This incurs a very high drug
cost of around £3,300 per patient per year. The clinical review suggests there is a clinical
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benefit of calcimimetics in achieving normocalcaemia, but the committee noted that to
maintain effectiveness continuous treatment is required. Assuming that repeat surgery and
calcimimetics have the same effect in achieving normocalcaemia, the committee highlighted
that surgery would be more cost effective as it requires a one-off high cost with sustained
benefit due to cure, whereas calcimimetics requires continuous high cost to maintain a
similar benefit without providing a definitive cure of the primary hyperparathyroidism. In
addition, calcimimetics can also result in unpleasant adverse events which will incur further
cost and a disutility in quality of life. Therefore overall, the committee considered that repeat
surgery would be more cost effective than calcimimetics and should be offered to patients
after an initial failed surgery. However, if the person declines further surgery, calcimimetics
should be considered in certain populations as it is the only alternative treatment to control
symptoms of, and reduce the likelihood of, end organ damage as a result of hypercalcaemia.

The committee also discussed the impact on costs and quality of life for no further treatment
after failed first surgery and instead only monitoring the person. The committee considered
that the cost of monitoring would be the same as that for those who have not had parathyroid
surgery as they are considered to be at the same risk of end organ damage. However, there
is no potential improvement in quality of life from this management option compared to
surgery and calcimimetics, and in most cases is inappropriate. The committee discussed that
this is unlikely to be a common option unless alternative treatment options are turned down
by the person.

Taking all of the above into consideration the committee considered that repeat surgery
would be the most cost effective treatment for those where first surgery has failed, and
therefore made an offer recommendation for repeat surgery. However, they considered that if
this was not considered suitable or was declined by the person then calcimimetics should be
considered.

Overall, the committee considered that this was current practice in many areas, and
therefore did not consider these recommendations would lead to a substantial resource
impact.

Other factors the committee took into account

The committee was aware of data from the Fifth National Audit Report 2017 of The British
Association of Endocrine and Thyroid Surgeons, which were discussed within the
consideration of the evidence for the management options for people with failed surgery'?°.

It has been reported that most patients undergoing re-operation have only had one previous
exploration; however the extent of previous surgery (for example targeted/focused or bilateral
exploration/4-gland exploration) was not established. The small number of reported re-
operative parathyroidectomies being performed supported the need for greater sub-
specialisation in cases of re-operation.

In most cases of re-operation, a single gland was removed, which implied that the reason
leading to re-operation was largely due to missed solitary adenomas or a missed second
adenoma. The location of the majority of glands removed at re-operation being in the neck,
which is a typical anatomical location, also implied that these may be the consequence of
inadequate exploration in the first operation or failure of pre-operative imaging to detect the
presence of a multigland disease leading to the failure of a previous targeted operation. The
next most common location of removed parathyroid glands was the ectopic neck (including
lesions in the carotid sheath or intra-thyroidal parathyroid adenomas). In cases where no
parathyroid gland was removed at re-operation, it was difficult to understand how the location
of the tumour could have been determined with certainty.
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The majority of re-operative surgeries (approximately 94%) were performed by consultants,
with registrars being the main assistants, involved in approximately 30% of re-operations.
Overall, the reported involvement of consultants in re-operations was 98.4%.

Persistent hypercalcaemia is a key outcome measure following re-operation as it indicates
failure to cure the disease. The rate of persistent hypercalcaemia reported after re-operation
was 12.8%. Cure in re-operative surgery was also linked to the number of glands removed at
re-operation. The highest rate of persisting hypercalcaemia (77.8%) was noted when no
glands were removed. This was followed by the removal of 3.5 glands (33.3% rate of
persisting hypercalcaemia) and 3 glands (20%). Total parathyroidectomy, involving the
removal of four glands, was associated with the lowest rate of persistent hypercalcaemia
(0.0%), indicating a higher cure rate. The audit reported that use of intra-operative PTH
assay although to a small extent did significantly improve cure rate.
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Appendices

Appendix A: Review protocols

Table 10: Review protocol: Management options in failed primary surgery

Field

Review
question

Type of review
question
Objective of the
review

Eligibility criteria
— population

Eligibility criteria
— intervention(s)

Eligibility criteria
— comparator(s)

Outcomes and
prioritisation

Eligibility criteria
— study design

Content

What are the management options for people in whom primary parathyroid
surgery has failed?

Intervention

To determine management options for people in whom primary parathyroid
surgery has failed.

Adults (18 years or over) with primary hyperparathyroidism in whom primary
surgery has failed.

Strata:

e Type of adenoma / hyperplasia (single adenoma, 4 gland hyperplasia or
ectopic adenoma)

e Pregnant women

Exclude people:

¢ with secondary and tertiary HPT

¢ with multiple endocrine neoplasia
o with familial hyperparathyroidism
¢ with parathyroid carcinoma

¢ people on medications interfering with calcium metabolism (for example,
lithium).

e Re-operation

e Surgical localisation

¢ Calcimimetics

e Bisphosphonates

e Monitoring

All interventions compared to each other

Critical outcomes:
e HRQOL (continuous outcome)
e Mortality (dichotomous outcome)

¢ Preservation of end organ function (bone mineral density, fractures, renal
stones and renal function) (dichotomous)

Important outcomes:

e Deterioration in renal function (dichotomous)

¢ Persistent hypercalcaemia (dichotomous outcome)
e Cardiovascular events (dichotomous outcome)

e Adverse events (dichotomous outcome)

e Cancer incidence (dichotomous outcome)

RCTs and systematic reviews of RCTs
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Other inclusion
exclusion
criteria

Proposed
sensitivity /
subgroup
analysis, or
meta-regression

Selection
process —
duplicate
screening /
selection /
analysis

Data
management
(software)

Information
sources —
databases and
dates

Identify if an
update

Author contacts
Highlight if
amendment to

previous
protocol

Search strategy
— for one
database

Data collection
process — forms
/ duplicate

Data items —
define all
variables to be
collected

Methods for
assessing bias
at outcome /
study level

o Non-English language articles
e Conference abstracts

Subgroups will follow those in the primary reviews for surgical indications,
surgical interventions, surgical localisation, calcimimetics, bisphosphonates and
monitoring.

Studies are sifted by title and abstract. Potentially significant publications
obtained in full text are then assessed against the inclusion criteria specified in
this protocol.

e Pairwise meta-analyses were performed using Cochrane Review Manager
(RevMan5).

e GRADEpro was used to assess the quality of evidence for each outcome.

¢ Endnote for bibliography, citations, sifting and reference management

Data extractions performed using EviBase, a platform designed and maintained
by the National Guideline Centre (NGC)

Clinical search databases to be used: Medline, Embase, Cochrane Library,

CINAHL, PsycINFO

Date: all years

Health economics search databases to be used: Medline, Embase, NHSEED,
HTA

Date: Medline, Embase from 2002
NHSEED, HTA — all years

Language: Restrict to English only
Supplementary search techniques: backward citation searching

Key papers: Not known
N/A

https://www.nice.org.uk/guidance/indevelopment/gid-ng10051
N/A

For details please see appendix B

A standardised evidence table format will be used, and published as appendix D
of the evidence report.

For details please see evidence tables in appendix D (clinical evidence tables) or
H (health economic evidence tables).

Standard study checklists were used to critically appraise individual studies. For
details please see section 6.2 of Developing NICE guidelines: the manual.

The risk of bias across all available evidence was evaluated for each outcome
using an adaptation of the ‘Grading of Recommendations Assessment,
Development and Evaluation (GRADE) toolbox’ developed by the international
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Criteria for
quantitative
synthesis

Methods for
quantitative
analysis —
combining
studies and
exploring
(in)consistency

Meta-bias
assessment —
publication bias,
selective
reporting bias
Confidence in
cumulative
evidence

Rationale /
context — what
is known

Describe
contributions of
authors and
guarantor

Sources of
funding /
support
Name of
sponsor
Roles of
sponsor

PROSPERO
registration
number

GRADE working group http://www.gradeworkinggroup.org/

For details please see section 6.4 of Developing NICE guidelines: the manual.

For details please see the separate Methods report for this guideline.

For details please see section 6.2 of Developing NICE guidelines: the manual.

For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the
manual.

For details please see the introduction to the evidence review.

A multidisciplinary committee developed the evidence review. The committee
was convened by the National Guideline Centre (NGC) and chaired by Jonathan
Mant in line with section 3 of Developing NICE guidelines: the manual.

Staff from the NGC undertook systematic literature searches, appraised the
evidence, conducted meta-analysis and cost-effectiveness analysis where
appropriate, and drafted the evidence review in collaboration with the committee.
For details please see Developing NICE guidelines: the manual.

The NGC is funded by NICE and hosted by the Royal College of Physicians.
The NGC is funded by NICE and hosted by the Royal College of Physicians.
NICE funds the NGC to develop guidelines for those working in the NHS, public

health and social care in England.
Not registered

Table 11: Health economic review protocol

Review
question

Objectives

Search
criteria

All questions — health economic evidence

To identify health economic studies relevant to any of the review questions.

e Populations, interventions and comparators must be as specified in the clinical
review protocol above.

o Studies must be of a relevant health economic study design (cost—utility

analysis, cost-effectiveness analysis, cost—benefit analysis, cost—
consequences analysis, comparative cost analysis).

o Studies must not be a letter, editorial or commentary, or a review of health

economic evaluations (recent reviews will be ordered although not reviewed.
The bibliographies will be checked for relevant studies, which will then be
ordered).

e Unpublished reports will not be considered unless submitted as part of a call
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Review
question

Search
strategy

Review
strategy

All questions — health economic evidence

for evidence.
Studies must be in English.

A health economic study search will be undertaken using population-specific
terms and a health economic study filter — see appendix B below.

Studies not meeting any of the search criteria above will be excluded. Studies
published before 2002, abstract-only studies and studies from non-OECD
countries or the USA will also be excluded.

Each remaining study will be assessed for applicability and methodological
limitations using the NICE economic evaluation checklist which can be found in
appendix H of Developing NICE guidelines: the manual (2014).443

Inclusion and exclusion criteria

o If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’ then
it will be included in the guideline. A health economic evidence table will be
completed and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’
then it will usually be excluded from the guideline. If it is excluded then a health
economic evidence table will not be completed and it will not be included in the
health economic evidence profile.

o If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’
or both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the
guideline committee if required. The ultimate aim is to include health economic
studies that are helpful for decision-making in the context of the guideline and
the current NHS setting. If several studies are considered of sufficiently high
applicability and methodological quality that they could all be included, then the
health economist, in discussion with the committee if required, may decide to
include only the most applicable studies and to selectively exclude the remaining
studies. All studies excluded on the basis of applicability or methodological
limitations will be listed with explanation in the excluded health economic studies
appendix below.

The health economist will be guided by the following hierarchies.
Setting:
o UK NHS (most applicable).

o OECD countries with predominantly public health insurance systems (for
example, France, Germany, Sweden).

e OECD countries with predominantly private health insurance systems (for
example, Switzerland).

¢ Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

o Cost—utility analysis (most applicable).

o Other type of full economic evaluation (cost—benefit analysis, cost-
effectiveness analysis, cost—consequences analysis).

o Comparative cost analysis.

o Non-comparative cost analyses including cost-of-illness studies will be

excluded before being assessed for applicability and methodological
limitations.
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Reweyv All questions — health economic evidence
question

Year of analysis:

e The more recent the study, the more applicable it will be.

o Studies published in 2002 or later but that depend on unit costs and resource
data entirely or predominantly from before 2002 will be rated as ‘Not
applicable’.

o Studies published before 2002 will be excluded before being assessed for
applicability and methodological limitations.

Quality and relevance of effectiveness data used in the health economic

analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review
the more useful the analysis will be for decision-making in the guideline.

Appendix B: Literature search strategies

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual 2014, updated 2017
https://www.nice.org.uk/guidance/pmg20/resources/developing-nice-guidelines-the-manual-
pdf-72286708700869

For more detailed information, please see the Methodology Review.

Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies for interventions as these concepts may not be well
described in title, abstract or indexes and are therefore difficult to retrieve. Search filters were
applied to the search where appropriate.

Table 12: Database date parameters and filters used

Database Dates searched Search filter used
Medline (OVID) 1946 — 06 August 2018 Exclusions
Embase (OVID) 1974 — 06 August 2018 Exclusions
The Cochrane Library (Wiley) Cochrane Reviews to 2018 None
Issue 8 of 12
CENTRAL to 2018 Issue 7 of
12
DARE, and NHSEED to 2015
Issue 2 of 4
HTA to 2016 Issue 4 of 4
CINAHL, Current Nursing and Inception — 06 August 2018 Exclusions
Allied Health Literature
(EBSCO)
PsycINFO (ProQuest) Inception — 06 August 2018 Exclusions
Medline (Ovid) search terms
1. hyperparathyroidism/ or hyperparathyroidism, primary/
2. ((primary or asymptomatic or symptomatic or mild or familial or maternal) adjé (HPT or

hyperparathyroidis*)).ti,ab.
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PHPT .ti,ab.

Parathyroid Neoplasms/

(parathyroid* adj3 (adenoma* or carcinoma* or hyperplasia* or neoplas* or tumo?r* or
cancer* or metasta* or hypercalc?emi*)).ti,ab.

6 or/1-5

7. letter/

8 editorial/

9 news/

10. exp historical article/

11. Anecdotes as Topic/

12. comment/

13. case report/

14. (letter or comment*).ti.

15. or/7-14

16. randomized controlled trial/ or random™*.ti,ab.
17. 15 not 16

18. animals/ not humans/

19. exp Animals, Laboratory/

20. exp Animal Experimentation/
21. exp Models, Animal/

22. exp Rodentia/

23. (rat or rats or mouse or mice).ti.
24. or/17-23

25. 6 not 24

26. limit 25 to English language

Embase (Ovid) search terms

1. hyperparathyroidism/ or primary hyperparathyroidism/

2. ((primary or asymptomatic or symptomatic or mild or familial or maternal) adj6 (HPT or
hyperparathyroidis*)).ti,ab.
PHPT.ti,ab.
parathyroid tumor/ or parathyroid adenoma/ or parathyroid carcinoma/
(parathyroid* adj3 (adenoma* or carcinoma* or hyperplasia* or neoplas* or tumo?r* or
cancer* or metasta®* or hypercalc?emi*)).ti,ab.

6. or/1-5

7. letter.pt. or letter/

8. note.pt.

9. editorial.pt.

10. Case report/ or Case study/

11. (letter or comment™).ti.

12. or/7-11

13. randomized controlled trial/ or random*.ti,ab.

14. 12 not 13

15. animal/ not human/

16. Nonhuman/

17. exp Animal Experiment/
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18. exp Experimental animal/

19. Animal model/

20. exp Rodent/

21. (rat or rats or mouse or mice).ti.

22. or/14-21

23. 6 not 22

24, limit 23 to English language

Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Hyperparathyroidism] explode all trees

#2. MeSH descriptor: [Hyperparathyroidism, Primary] explode all trees

#3. ((primary or asymptomatic or symptomatic or mild or familial or maternal) near/6 (HPT
or hyperparathyroidis®)):ti,ab

#4. PHPT:ti,ab

#5. MeSH descriptor: [Parathyroid Neoplasms] explode all trees

#6. (parathyroid* near/3 (adenoma* or carcinoma* or hyperplasia* or neoplas* or tumo?r*
or cancer” or metasta® or hypercalc?emi*)):ti,ab

#7. (or #1-#6)

CINAHL (EBSCO) search terms

S1. (MH "Hyperparathyroidism")

S2. ( (primary or asymptomatic or symptomatic or mild or familial or maternal) né HPT ) OR
( (primary or asymptomatic or symptomatic or mild or familial or maternal) n6
hyperparathyroidis™ )

S3. PHPT

S4. (MH "Parathyroid Neoplasms")

S5. (parathyroid* n3 (adenoma* or carcinoma* or hyperplasia® or neoplas™ or tumor* or
tumour* or cancer* or metasta* or hypercalcemi* or hypercalcaemi*))

S6. S10OR S2 OR S3 OR S4 OR S5

S7. PT anecdote or PT audiovisual or PT bibliography or PT biography or PT book or PT
book review or PT brief item or PT cartoon or PT commentary or PT computer program
or PT editorial or PT games or PT glossary or PT historical material or PT interview or
PT letter or PT listservs or PT masters thesis or PT obituary or PT pamphlet or PT
pamphlet chapter or PT pictorial or PT poetry or PT proceedings or PT “questions and
answers” or PT response or PT software or PT teaching materials or PT website

S8. S6 NOT S7

PsycINFO (ProQuest) search terms

1. su.Exact("parathyroid neoplasms" OR "hyperparathyroidism" OR "hyperparathyroidism,
primary")

2. PHPT

3. ((primary or asymptomatic or symptomatic or mild or familial or maternal) Near/6 (HPT
or hyperparathyroidis®))

4. (parathyroid* near/3 (adenoma* or carcinoma* or hyperplasia* or neoplas* or tumor* or
tumour*® or cancer* or metasta* or hypercalcaemi* or hypercalcemi*))
1or2or3or4

6. (su.exact.explode("rodents") or su.exact.explode("mice") or (su.exact("animals") not
(su.exact("human males") or su.exact("human females"))) or ti(rat or rats or mouse or
mice))

7. (s1 or s2 or s3 or s4) NOT (su.exact.explode("rodents") or su.exact.explode("mice") or

(su.exact("animals") not (su.exact("human males") or su.exact("human females"))) or
ti(rat or rats or mouse or mice))
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Health Economics literature search strategy

Health economic evidence was identified by conducting a broad search relating to primary

hyperparathyroidism population in the NHS Economic Evaluation Database (NHS EED - this

ceased to be updated after March 2015) and the Health Technology Assessment database

(HTA) with no date restrictions. The NHS EED and HTA databases are hosted by the Centre

for Research and Dissemination (CRD). Additional searches were run on Medline and

Embase for health economics papers published since 2002.

Table 13: Database date parameters and filters used

Database Dates searched Search filter used
Medline 2002 — 06 August 2018 Exclusions
Health economics studies
Embase 2002 — 06 August 2018 Exclusions
Health economics studies
Centre for Research and HTA - Inception — 06 August None
Dissemination (CRD) 2018
NHSEED - Inception to March
2015
Medline (Ovid) search terms
1. hyperparathyroidism/ or hyperparathyroidism, primary/
2. ((primary or asymptomatic or symptomatic or mild or familial or maternal) adj6 (HPT or
hyperparathyroidis*)).ti,ab.
3. PHPT.ti,ab.
4, Parathyroid Neoplasms/
5. (parathyroid* adj3 (adenoma™ or carcinoma* or hyperplasia* or neoplas* or tumo?r* or
cancer” or metasta* or hypercalc?emi*)).ti,ab.
6. or/1-5
7. letter/
8. editorial/
9. news/
10. exp historical article/
11. Anecdotes as Topic/
12. comment/
13. case report/
14. (letter or comment*).ti.
15. or/7-14
16. randomized controlled trial/ or random*.ti,ab.
17. 15 not 16
18. animals/ not humans/
19. exp Animals, Laboratory/
20. exp Animal Experimentation/
21. exp Models, Animal/
22. exp Rodentia/
23. (rat or rats or mouse or mice).ti.
24. or/17-23
25. 6 not 24
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26. limit 25 to English language

27. Economics/

28. Value of life/

29. exp "Costs and Cost Analysis"/

30. exp Economics, Hospital/

31. exp Economics, Medical/

32. Economics, Nursing/

33. Economics, Pharmaceutical/

34. exp "Fees and Charges"/

35. exp Budgets/

36. budget®.ti,ab.

37. cost™.ti.

38. (economic* or pharmaco?economic*).ti.

39. (price* or pricing®).ti,ab.

40. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

41. (financ™ or fee or fees).ti,ab.

42. (value adj2 (money or monetary)).ti,ab.

43. or/27-42

44, 26 and 43

Embase (Ovid) search terms

1. hyperparathyroidism/ or primary hyperparathyroidism/

2. ((primary or asymptomatic or symptomatic or mild or familial or maternal) adj6 (HPT or
hyperparathyroidis*)).ti,ab.

3. PHPT .ti,ab.

4. parathyroid tumor/ or parathyroid adenoma/ or parathyroid carcinoma/

5. (parathyroid* adj3 (adenoma* or carcinoma* or hyperplasia* or neoplas* or tumo?r* or
cancer” or metasta®* or hypercalc?emi*)).ti,ab.

6. or/1-5

7. letter.pt. or letter/

8. note.pt.

9. editorial.pt.

10. Case report/ or Case study/

11. (letter or comment*).ti.

12. or/7-11

13. randomized controlled trial/ or random*.ti,ab.

14. 12 not 13

15. animal/ not human/

16. Nonhuman/

17. exp Animal Experiment/

18. exp Experimental animal/

19. Animal model/

20. exp Rodent/
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21. (rat or rats or mouse or mice).ti.

22. or/14-21

23. 6 not 22

24. limit 23 to English language

25. health economics/

26. exp economic evaluation/

27. exp health care cost/

28. exp fee/

29. budget/

30. funding/

31. budget*.ti,ab.

32. cost™.ti.

33. (economic* or pharmaco?economic®).ti.

34, (price™ or pricing*).ti,ab.

35. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

36. (financ™ or fee or fees).ti,ab.

37. (value adj2 (money or monetary)).ti,ab.

38. or/25-37

39. 24 and 38

NHS EED and HTA (CRD) search terms

#1. MeSH DESCRIPTOR Hyperparathyroidism EXPLODE ALL TREES

#2. MeSH DESCRIPTOR Hyperparathyroidism, Primary EXPLODE ALL TREES

#3. (((primary or asymptomatic or symptomatic or mild or familial or maternal) adj6é (HPT or
hyperparathyroidis*)))

#4. (PHPT)

#5. MeSH DESCRIPTOR Parathyroid Neoplasms EXPLODE ALL TREES

#6. ((parathyroid* adj3 (adenoma* or carcinoma* or hyperplasia* or neoplas* or tumo?r* or
cancer” or metasta* or hypercalc?emi*)))

#7. #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8. * IN NHSEED

#9. * IN HTA

#10. #7 AND #8

#11. #7 AND #9
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Appendix C: Clinical evidence selection

Figure 1: Flow chart of clinical study selection for the review of: Management
options in failed primary surgery
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Appendix D: Clinical evidence tables

Reference
Study type
Countries and
setting

Study
methodology

Number of
patients
Patient
characteristics

Index test(s)

Bonjer 19978

Retrospective study

The Netherlands, University Hospital

Data source: patient records

Recruitment: all patients who had operations on the thyroid glands at the University hospital between May 1993 and April 1995.

n=27 (2/27 had secondary or tertiary HPT, but results reported separately so can exclude from calculations)

Age, mean (range): 59 (34-79) years

Gender (male to female ratio): 6:21

Ethnicity: not reported

Inclusion criteria: hyperparathyroidism confirmed by the findings of raised concentrations of serum parathyroid hormone by a two-site
immunoassay; patients with pre-operative sestamibi scan.

Exclusion criteria: patients about to undergo first operation of familial HPT, MEN, and secondary and tertiary HPT.

Details of imaging tests and surgical intervention: patients had MIBI, SPECT and US of the neck and chest. All patients about to
undergo their first parathyroidectomy had bilateral exploration (and an attempt made to identify all parathyroid glands). Patients being
operated on for persistent or recurrent HPT or patients having local anaesthesia had unilateral exploration.

Prior tests: no preselection based on prior imaging

Patient details:

21 people had primary HPT, 6 people had persistent or recurrent HPT (3 persistent PHPT, 1 recurrent PHPT, and 2 excluded from this
analysis due to secondary or tertiary HPT). 16% re-operation, results reported separately for 15t operation (n=21) and re-operation
(n=4).

n=27 solitary adenoma (n=25 PHPT).

Index test (unable to calculate 2x2 table values for US)
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Reference Bonjer 19978

and reference MIBI: °*mTc-sestamibi scans done 10, 90 and 150 minutes after 370MBq of **mTc-sestamibi had been given V. Anterior and posterior

standard planar images of the neck and chest recorded using a gamma camera with a large field of view and a high resolution parallel-hole
collimator.

Positive = not reported

Reference standard

The operative and histopathological findings of those explorations that resulted in normocalcaemia post-operatively (and states in
results that all people became normocalcaemic).

2x2 table MiBI
‘True positives’
21
‘False negatives’
4
Total 25
Statistical Index text: MIBI
measures ‘Sensitivity’: 84%
‘Specificity’: -
Source of Not reported
funding
Limitations Risk of bias: none

Indirectness: none

Study

Study type

Number of studies (number of participants)
Countries and setting

Line of therapy

Duration of study

Method of assessment of guideline
condition

Total Correct localisation of single n=17 (TPs)
‘False positives’ Correct localisation of single in persistent/recurrent PHPT n=4 (TPs)
0 Incorrect localisation of single n=1 (FNs)
‘True negatives’ Imaging negative, missed single n=3 (FNs)
0
0 25 Analyse separately for 1st operation (17TPs, 4FNs, n=21) and
reoperation (4TPs, n=4).
Peacock 2005 482

RCT (Patient randomised; Parallel)

N/A (n=18 patients who had re-operation) [n=78 all participants]
Conducted in USA

Mixed line

Intervention time: 52 weeks

Adequate method of assessment/diagnosis: See inclusion criteria
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Study

Stratum

Subgroup analysis within study
Inclusion criteria

Exclusion criteria

Recruitment/selection of patients
Age, gender and ethnicity
Further population details

Extra comments

Indirectness of population
Interventions

Funding

Peacock 2005 432
Patients with failed primary surgery for primary hyperparathyroidism
Not applicable

Serum calcium concentration between 10.3 mg/dL (2.57 mmol/L) and 12.5 mg/dL (3.12 mmol/L), and
plasma PTH concentration >45 pg/mL. Parathyroid hormone was measured on 22 occasions =7 days apart
during the 12-month before baseline.

Pregnancy; creatinine clearance < 50 ml/min; treatment with bisphosphonates/fluoride within 90 days before
baseline; familial hypocalciuric hypercalcaemia; fasting urine calcium/creatinine in mg (molar) ratio less than
0.05 (0.14); requirement for drugs which are metabolised by P450 2D6 (CYP2D6) and have a narrow
therapeutic index (e.g. flecainide, thioridazine, tricyclic antidepressants).

Not specified
Age (overall sample) - Mean (range): 62 (27 - 83). Gender (M:F): 21:57. Ethnicity: Not reported
1. Adjusted serum calcium: Not stated / Unclear (See inclusion criteria). 2. Presence of end-organ effects

(end organ effects defined as kidney stones, history of fragility fractures or osteoporosis [BMD T-score <-2.5
at any site]): Not stated / Unclear

Adults with PHPT. Women on stable doses of selective oestrogen receptor modulators or oestrogen
replacement therapy were eligible. Usually, similar studies exclude people who are on hormone replacement
therapy.

No indirectness

(n=9) Intervention 1: Calcimimetics - Cinacalcet. 30 mg twice daily, but if patients were still hypercalcaemic
(serum calcium > 10.3 mg/dL) then the dose was increased to 40 mg twice daily at Week 4 and increased to
50 mg twice daily at Week 8. Duration 52 weeks. Concurrent medication/care: Not reported. Indirectness: No
indirectness

(n=9) Intervention 2:Placebo. 30 mg twice daily, but if the patients were still hypercalcaemic the dose was

increased to 40 mg twice daily at Week 4 and 50 mg twice daily at Week 8. Duration 52 weeks. Concurrent
medication/care: Not reported. Indirectness: No indirectness

Study funded by industry (Amgen Inc.)

RESULTS (NUMBERS ANALYSED) AND RISK OF BIAS FOR COMPARISON: CINACALCET versus PLACEBO

Protocol outcome 1: Persistent hypercalcaemia
- Actual outcome: Proportion of participants who achieved a mean serum calcium of £10.3 mg/dL (2.57 mmol/L) and a reduction from baseline of

Aiabins Atewnd pajies ul suondo juswabeuey

(Arewnd) wsipiolAyerediadAHy



G8
'SJY0U JO SOON 0} JOBIGNS "POAISAI SIYOU |1 "6L0Z FOIN ©

Study

Peacock 2005 482

20.5 mg/dL (0.12 mmol/L) at 24/52 weeks; Group 1: 7/9, Group 2: 1/9; Risk of bias: All domain - Very high, Selection - High, Blinding - Low, Incomplete
outcome data - High, Outcome reporting - Low, Measurement - Low, Crossover - Low; Indirectness of outcome: No indirectness; Baseline details: Some
difference in baseline mean plasma parathyroid hormone (SD) was observed: Cinacalcet 105 (36) vs. Placebo 120 (54) pg/mL.

Protocol outcomes not reported by the Health related quality of life; Mortality; Preservation of end organ functions (bone mineral density, fractures,

study

Reference
Study type
Countries and
setting

Study
methodology

Number of
patients
Patient
characteristics

renal stones and renal function); Deterioration in renal function; Cardiovascular events; Adverse events;
Cancer incidence

Rossi 2000 526

Unclear

USA, Medical Centre

Data source: N/A

Recruitment: consecutive re-operations for HPT performed by 1 surgeon from February 1999 to February 2000.
n=11

Age, mean (range): 58.3 (35—78 years)

Gender (male to female ratio): 5:6

Ethnicity: not reported

Inclusion criteria: hypercalcaemia and elevated PTH caused by PHPT; reoperation
Exclusion criteria: not reported

Details of imaging tests and surgical intervention: pre-operative studies included sestamibi and US in all patients, MRI in 4 patients, CT in
3, parathyroid arteriogram in 1 and selective venous sampling in 1. All patients underwent intraoperative Tc-99m-sestamibi scanning and
IOPTH.

Prior tests: no preselection based on prior tests

Patient details:
n=11
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Reference

Index test(s)
and reference
standard

2x2 table

Statistical
measures

2x2 table

Rossi 2000 526
All reoperation (but only 8/11 reoperation for PHPT — 73%) — analyse separately for IOPTH (can subgroup for IOPTH as they were all
TPs)

Index test
IOPTH: intraoperative PTH immunochemiluminescent assay. Plasma from a neck or peripheral vein obtained prior to incision, after the
thyroid gland was mobilised, and at 5 and 10 minutes post-excision.

Positive = drop of >50% from baseline (unclear if pre-incision or pre-excision) at 5 or 10 minutes.

Index test

MIBI: pre-operatively all patients injected with 15mCi of technetium 99m sestamibi. Early images of the neck and chest were obtained at 3
hours post injection. The distribution of sestamibi in the early and delayed images was compared.

Positive = not reported

Index test
US: high resolution US
Positive = not reported

Index test
MRI: not reported

Index test
CT: not reported

Reference standard
Pathology. States all had low or normal post-operative calcium levels.

IOPTH Reference standard + Reference standard - Total Analyse separately for 15t operation (8TPs, n=8)
Index test + 11 0 11 and reoperation (3TPs, n=3).

Index test — 0 0 0

Total 11 0 11

Index text: IOPTH
Sensitivity: 100%
Specificity: -

MIBI Total Correctly localised single n=7 (TPs)
‘True positives’ ‘False positives’ Negative imaging, final outcome single n=4 (FNs)
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Reference

Statistical
measures

2x2 table

Statistical
measures

2x2 table

Statistical
measures

2x2 table

Rossi 2000 526
7
‘False negatives’
4

Total 11

Index text: MIBI
‘Sensitivity’: 63.6%

‘Specificity’: -

us
‘True positives’
7
‘False negatives’
4

Total 11

Index text: US
‘Sensitivity’: 63.6%

‘Specificity’: -

MRI
‘True positives’
2
‘False negatives’
2

Total 4

Index text: MRI
‘Sensitivity’: 50.0%
‘Specificity’: -

CT
‘True positives’
1
‘False negatives’
2
Total 3

0

‘True negatives

0
0

‘False positives

0

‘True negatives’

0
0

‘False positives’
0
‘True negatives’
0
0

‘False positives’
0
‘True negatives’
0
0

11
Total Correctly localised single n=7 (TPs)

Incorrectly localised single n=2 (FNs)

Negative imaging, final outcome single n=2 (FNs)
11

Total

Total

Correctly localised single n=2 (TPs)
Incorrectly localised single n=1 (FNs)
Negative imaging, final outcome single n=1 (FNs)

Correctly localised single n=1 (TPs)
Negative imaging, final outcome single n=2 (FNs)
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Reference

Statistical
measures

Source of
funding
Limitations

Rossi 2000 526

Index text: CT

‘Sensitivity’: 33.3%
‘Specificity’: -

Not reported

Risk of bias: unclear if only people with sporadic PHPT were included and whether people with familial PHPT or MEN were excluded
Indirectness: none
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Appendix E: Forest plots

Cinacalcet versus placebo in failed surgery for primary
hyperparathyroidism

Figure 2: Normocalcaemia (serum calcium £ 2.57 mmol/L)

Cinacalcet Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Peacock 2005 7 9 1 9 100.0% 7.00 [1.07, 45.90]

Total (95% CI) 9 9 100.0%  7.00 [1.07, 45.90] ————
Total events 7 1

Heterogeneity: Not applicable -0.01 0:1 1-0 100-

Test for overall effect: Z = 2.03 (P = 0.04) Favours placebo Favours cinacalcet

Diagnostic accuracy of imaging tests in re-operation for
primary hyperthyroidism

Figure 3: Sestamibi
Studu TP FF FH TH Sensitivity [35% C1] Specfidty (954 C1] Sensitivity (954 CI]  Specificity (3584 G

Banjer 1997 4 0 0 0 1.00 [0.40, 1.00] Mot estimable | I ﬁ | ' ' ! ]
Oo0zo0o406082 1 0020406081

Diagnostic accuracy of intra-operative tests in re-operation
for primary hyperthyroidism

Figure 4: IOPTH (>50% drop at <10 minutes)
Study TF FF FH TH Sensitivity [95% CI] Specificity [35% CI) Sensitivity [35% C1)  Specificity [(25% C1)

Rossi2000 2 0 0 0 1.00 [2.23, 100] Motestimable |, , —/————™#™ . . . . |
002040608 10 02040608 1
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Appendix F:

GRADE tables

Table 14: Clinical evidence profile: Cinacalcet versus placebo

Quality assessment No of patients Effect
Quality | Importance
No of . Risk of . . A Other . Relative
studies Design bias Inconsistency Indirectness [Imprecision AR Cinacalcet|Placebo| (95% Cl) Absolute
Normocalcaemia (serum Ca 2.57 mmol/L) (follow-up 24 & 52 weeks; d with: ¢ )

1 randomised |very no serious no serious Serious® none 719 11.1% [RR 7 (1.07 to|666 more per 1000 (from 8] @000 [IMPORTANT

trials serious® [inconsistency indirectness (77.8%) 45.9) more to 1000 more) VERY

LOW

2 Downgraded by 1 increment if the majority of the evidence was at high risk of bias, and downgraded by 2 increments if the majority of the evidence was at very high risk of bias
® Downgraded by 1 increment if the confidence interval crossed one MID or by 2 increments if the confidence interval crossed both MIDs
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Appendix G: Health economic evidence
selection

Figure 5: Flow chart of health economic study selection for the guideline

Records identified through
database searching, n=372

Additional records identified through other
sources: n=0

-
<

A

Records screened in 1%t sift, n=372

Records excluded* in 15t sift,
n=332

\ 4

\ 4

Full-text papers assessed for
eligibility in 2" sift, n=40

Y4

\ 4

Full-text papers assessed for
applicability and quality of
methodology, n=3

\

Papers excluded* in 2" sift, n=37

A 4

y

\ 4

(2 studies)

Studies included by
review:

e Indications for
diagnostic testing: n=0

¢ Diagnostic tests: n=0

¢ Indications for surgery:
n=0

e Surgical localisation:
n=2

e Surgical interventions:
n=0

e Management options in
failed primary surgery:
n=0

¢ Calcimimetics: n=0

¢ Bisphosphonates: n=0

e Monitoring: n=0

e Pregnancy: n=0

¢ Patient information: n=0

A
ﬁ’apers included, n=2 \ capers selectively

excluded, n=0

Studies selectively
excluded by review:

¢ Indications for
diagnostic testing: n=0

¢ Diagnostic tests: n=0

¢ Indications for surgery:
n=0

e Surgical localisation:
n=0

e Surgical interventions:
n=0

e Management options in
failed primary surgery:
n=0

e Calcimimetics: n=0

¢ Bisphosphonates: n=0

¢ Monitoring: n=0

e Pregnancy: n=0

¢ Patient information: n=0

Reasons for exclusion:

K ) Ksee appendix |.2

Papers excluded, n=1 \
(1 study)

Studies excluded by
review:

¢ Indications for
diagnostic testing: n=0

¢ Diagnostic tests: n=0

¢ Indications for surgery:
n=1

e Surgical localisation:
n=0

e Surgical interventions:
n=0

e Management options in
failed primary surgery:
n=0

e Calcimimetics: n=0

e Bisphosphonates: n=0

e Monitoring: n=0

e Pregnancy: n=0

¢ Patient information: n=0

Reasons for exclusion:

see appendix |.2 j

* Non-relevant population, intervention, comparison, design or setting; non-English language

© NICE 2019. All rights reserved. Subject to Notice of rights.

91



Hyperparathyroidism (primary)
Management options in failed primary surgery

0
9
o)
©
)
O
o
c
O
O
S
O
O
=
o
c
S
o &
o
L o
= =
o <
Q 3
L 3
I ¢
¥ O
T =2
s
o &
Q S
< 3

© NICE 2019. All riahts reserved. Subiect to Notice of riahts.
92



Hyperparathyroidism (primary)
Management options in failed primary surgery

Appendix |: Excluded studies

Excluded clinical studies

Table 15: Studies excluded from the bisphosphonates clinical review
Study Exclusion reason
Akbaba 201315 Incorrect comparator (raloxifene)
Brardi 20158°
Casez 2003121
Cesareo 2017128
Chow 2003 146
Hamdy 1987255
Hassani 2001262
Horiuchi 2002287

Incorrect interventions

Incorrect interventions

Did not include re-operation patients
Did not include re-operation patients
Non-comparative study

Not a randomised controlled trial

Inappropriate intervention — 2-week administration only of oral
etidronate. This bisphosphonate is no longer used.

Khan 2004 337 Did not include re-operation patients

Khan 2009336
Khan 2014335
Khan 2015333
Martin 2010405
Narayan 2007441
Parker 2002474
Peacock 2005482
Peacock 2009483
Peacock 2011481
Reasner 1993514
Rossini 2001527
Sankaran 2010553
Schwarz 2014562

Post-hoc subgroup analysis of a previously published study
Conference abstract

Incorrect interventions (calcimimetics)

Conference abstract

Incorrect population (end stage renal disease)

Not a randomised controlled trial

Incorrect interventions (calcimimetics)

Open label non-comparative extension study of an RCT
Pooled analysis of 3 clinical trials (checked for references)
Dose study

Comparative outcomes not available

Non-systematic literature review

Incorrect interventions (calcimimetics)

Shoback 200358
Szczech 2004632

Incorrect interventions (calcimimetics)
Non-systematic literature review

Table 16: Studies excluded from the calcimimetics clinical review
Study Exclusion reason
Akbaba 20131® Incorrect comparator
Brardi 20158° Incorrect interventions
Casez 2003121
Cesareo 2017 128
Chow 2003146
Hamdy 1987255
Hassani 2001262
Horiuchi 2002287
Khan 2004 337
Khan 2009336
Khan 2014335

Incorrect interventions

Incorrect interventions (bisphosphonates)
Incorrect interventions (bisphosphonates)
Incorrect interventions (bisphosphonates)
Incorrect interventions (bisphosphonates)
Incorrect interventions (bisphosphonates)
Incorrect interventions (bisphosphonates)
Incorrect interventions (bisphosphonates)
Conference abstract
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Khan 2015333
Martin 2010405
Narayan 2007441
Parker 2002474
Peacock 2009483
Peacock 2011481
Reasner 1993514
Rossini 2001527
Sankaran 2010553
Schwarz 2014562
Shoback 2003581
Szczech 2004632

Table 17: Studies excluded from the surgical indications clinical review

Study
Adler 2008°

Agus 19931
Alhava 19882
Almqvist 200225
Almqvist 200424

Alvarez-Allende 201426

Amborgini 2007 28
Anonymous 200032
Anonymous 20003
Barkun 200656
Blanchard 201478
Bollerlslev 200782
Bollerslev 200983
Bonzelaar 201685
Britton 197191
Brothers 198792
Broulik 201193
Bruining 19819
Burney 1996100
Burney 199810
Calo 2016105
Carneiro-Pla 2007115
Chen 1998136
Cheng 201513
Chigot 1995142
Clifton-Bligh 2015152

Cowie 1982157
D'Andrea 1996163

Exclusion reason

Did not include re-operation patients

Conference abstract

Incorrect population (end stage renal disease)

Incorrect interventions (bisphosphonates)

Open label non-comparative extension study of an RCT
Pooled analysis of 3 clinical trials checked for references
Dose study

Incorrect interventions (bisphosphonates)
Non-systematic literature review

Non-comparative observational study (PRIMARA study)

Did not report information from patients with re-operation separately

Non-systematic literature review

Exclusion reason

Inappropriate comparison — study compares different types of

surgery
An opinion piece

Non-comparative before and after study
No relevant outcomes

Inappropriate comparison. Incorrect interventions. Comparison of

different timings of surgery.

Conference abstract

Did not include re-operation patients
Not a primary study — article

Not a primary study — article
Commentary of an included RCT
Non-comparative before-and-after study
Did not include re-operation patients

No relevant outcomes

Conference abstract

Non-comparative study
Non-comparative study
Non-comparative before-and-after study
Non-comparative study
Non-comparative study
Non-comparative study

Inappropriate comparison

Non-comparative study (all patients underwent surgery)
Non-comparative study

Systematic review. Screened for relevant references.
Non-comparative study (all patients underwent surgery)

Did not report information from patients with re-operation
separately

Incorrect study design — case series
Non-comparative study (all patients underwent surgery)
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Diaz-Guerra 2015179
Dy 201210
Edwards 2006192
Elvius 1995 198
Espiritu 2011202
Falkheden 1980207
Fang 2008209
Farnebo 1984210
Freaney 1978216
Ghose 1981231
Hagstrom 2006252
Hedback 1990270
Hedback 1991269
Horiuchi 2002

Jansson 2006302
Khosla 1999340

Lafferty 1989366
Larsson 1993369
Leong 2010376
Lundstam 2015 3%
Melton 1992415
Mole 1992427

Morris 2010430

Nomura 2004456

Nordenstrom 2004457
Oucharek 2011467
Paloyan 1983471
Perrier 2009488
Persson 2011490
Posen 1985493

Rao 2003510

Rao 2004 509
Richmond 2007518
Rolighed 2012523
Rubin 200834
Sankaran 2010553
Sanzenbacher 197055

Exclusion reason

Conference abstract

Non-comparative study (all patients underwent surgery)
Non-comparative study (all patients underwent surgery)
Did not include re-operation patients

No relevant outcomes reported

Non-comparative study (all patients underwent surgery)
NRS — no multivariate analysis or adjustment for confounders
Non-comparative study (all patients underwent surgery)
Non-comparative study (all patients underwent surgery)
Non-comparative before and after study
Non-comparative before and after study
Non-comparative retrospective study

Non-comparative retrospective study

Inappropriate intervention — 2 week administration only of oral
etidronate. This bisphosphonate is no longer used.

Conference abstract

NRS — only reports the effect of surgery on fracture risk from a
univariate model and not the adjusted HR for this factor from the
MV model

Non-comparative study (all patients underwent surgery)
NRS with no adjustment for confounders

NRS with no adjustment for confounders

Did not include re-operation patients

Non-comparative study (all patients underwent surgery)

NRS - surgery effect on fracture risk only reported from a
univariate model (risk adjusted for confounders not reported)

NRS with no adjustment for confounders. Study also provides an
analysis of eight people who underwent surgery compared with
eight age-matched conservatively managed people (but other key
confounders not matched).

No relevant outcomes reported — for some outcomes results are
only reported for the intervention group. Paper includes a
statement that there was no morbidity or mortality but it is unclear if
this refers to both the intervention and control group or just the
control group.

NRS with no adjustment for confounders

Non-comparative before and after study

Non-comparative study (all patients underwent surgery)
Non-comparative study (all patients underwent surgery)

No relevant outcomes

Follow-up study of an included RCT but with no relevant outcomes
NRS with no adjustment for confounders

NRS with no adjustment for confounders

Did not include re-operation patients

Non-comparative study

Conference abstract

NRS with no adjustment for confounders

A literature review not specified as systematic review and without
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Saponaro 2013555
Schneider 2014560
Scott Jr 1981564
Sejean 2005567
Silverberg 1995585
Silverberg 1999586
Singh Ospina 2016%!
Singh Ospina 201659

Siperstein 199259
Solorzano 200860
Soreide 1997610
Strewler 1995624
Talpos 2000636
Tay 2016938

Tisell 1983649
Trombetti 2016655

Exclusion reason
quality assessment of the studies included

Inappropriate study design

Incorrect interventions

Inappropriate study design

Inappropriate comparison. Incorrect interventions
Inappropriate study design

Incorrect study design — decision analysis
Non-comparative study (all patients underwent surgery)

NRS -—study performed a multivariate analysis but factors included
are unclear and no adjusted risk given for the effect of surgery on
the outcome

Systematic review screened for references

Systematic review screened for relevant references
Non-comparative study (all patients underwent surgery)
Non-comparative retrospective case series

Did not include re-operation patients

Non-comparative study (all patients underwent surgery)
Literature review with commentary and opinion

NRS with multivariate analysis but no relevant outcomes

VanderWalde 2009 669
Vera 201457
Vestergaard 2003675
Wagner 2007682
Wermers 199869

Did not include re-operation patients

Inappropriate comparison. Inappropriate study design.
NRS with no adjustment for confounders

NRS with no adjustment for confounders

Overlap in recruitment of participants with an already included
study (Vestergaard 2003) — larger study included in this review

Witteveen 2010701 Review. Screened for relevant references.

Wu 2010707 NRS with mulitvariate analysis but the effect of surgery on risk of
death is not reported from the univariate or multivariate analysis

Yeh 2016710 Non-comparative study (all patients underwent surgery)

Yu 2010716 Inappropriate comparison

Zhao 2014724 NRS — adjusted relative risk for the effect of surgery on fracture

risk not reported

Table 18: Studies excluded from the surgical interventions clinical review

Study Exclusion reason

Aarum 2007 Inappropriate comparison — patients randomised to pre-operative
localisation (group 1) and no pre-operative localisation (group 2). In
group 1, minimally invasive parathyroidectomy for positive
localisation findings and conventional bilateral neck exploration for
negative localisation findings. In group 2 all patients underwent

conventional bilateral neck exploration.

Agus 19931 An opinion piece

Barczynski 2006°" Inappropriate comparison — minimally invasive video assisted
parathyroidectomy versus open minimally invasive
parathyroidectomy.
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Bergenfelz 200266

Bergenfelz 200585
Bruno 20109
Chen 1999138
Gracie 2012242

Hessman 2010276

Jinih 2016308
Jinih 2017309
Kreidieh 2013357
Laird 2016367
Lombardi 20093%°
Miccoli 1999417

Miccoli 2008418

Nelson 2007445

Norlen 2015459

Reeve 20005'°
Russell 2006538
Sadik 2011544

Simonella 2005589

Singh Ospina 2016%°"

Slepavicius 2008597
Sozio 2005612
Taieb 2013633

Westerdahl 200769

Inappropriate comparison. Does not compare focused versus non-
focused, compares unilateral versus bilateral

Did not include re-operation patients

Conference abstract

Incorrect study design — non randomised study
Systematic review. Screened for relevant references.

Inappropriate comparison — open minimally invasive
parathyroidectomy versus minimally invasive video-assisted
parathyroidectomy

Conference abstract

Systematic review. Screened for relevant references.
Protocol for a Cochrane review

Literature review. Screened for relevant references.
Systematic review. Screened for relevant references.
Did not include re-operation patients

Inappropriate comparison. Both arms compared minimally invasive-
study compares focused parathyroidectomy plus quick intra-operative
parathormone assay (qPTHa) during minimally invasive video-
assisted parathyroidectomy (MIVAP) versus MIVAP with endoscopic
bilateral neck exploration.

Incorrect study design — cohort study

Incorrect study design — retrospective cohort study. Study
investigated long term outcomes after focussed parathyroidectomy.

Systematic review. Screened for relevant references.
Did not include re-operation patients

Did not include re-operation patients

Paper not in English

Systematic review. Screened for relevant references.
Did not include re-operation patients

Paper not in English

Article on minimally invasive parathyroidectomy

Inappropriate comparison. Study compares unilateral versus bilateral;
does not compare focused versus non-focused.
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Table 19: Studies excluded from the monitoring clinical review

Study

Abdulkader 20123
Agarwal 20036

Ahsan 201713
Alvarez-Allende 201426
Amaral 201227

Antonelli 201134
Babey 201040
Bai 201243

Bailey 19744
Bandeira 200946

Bandeira 201648
Bao 201349
Battersby 196958
Beard 1950%°
Bhadada 2018 7!
Bonzelaar 201685
Cannon 2010110

Carnaille 1998112

Cassibba 2014122
Clifton-Bligh 2015152
Corlew 1985156
Csupor 2005158

Danzi 1974164
Deaconson 1987169

De Geronimo 2006167
Diaz de la Guardia 201080
Dimkovic 2002182

Dolgin 1979183

Dumitrescu 2008187

Eufrazino 2013204

Exclusion reason

Conference abstract

Incorrect study design — case report

n=25. Excluding studies less than 50 participants.
Conference abstract

Inappropriate comparison. Study compared the clinical and
laboratory data between the normocalcaemic and mild
hypercalcaemic patients.

Conference abstract
Conference abstract

Incorrect study design — literature review to explore association
between primary hyperparathyroidism (PHPT) and acute or chronic
pancreatitis

Incorrect population — patients with urinary stones

Inappropriate comparison. Study aims to determine the prevalence
of cortical osteoporosis in patients with symptomatic PHPT and
compare it with the asymptomatic form.

Conference abstract

Conference abstract

Incorrect study design — case report (of pancreatitis with PHPT)
Incorrect study design — case series.

Non-comparative study

Conference abstract

Inappropriate comparison. Study describes the surgical outcome
and long term results of hypercalcaemic crisis patients after
parathyroidectomy compared to non-crisis patients.

Incorrect comparison. Study looked at association of pancreatitis
with PHPT.

Incorrect study design — retrospective analysis of a case series
Did not include re-operation patients
n=47. Excluding studies less than 50 participants.

Inappropriate comparison. Study aimed to assess the potential
association between the surgically confirmed location of the disease
and the presence of kidney stone.

Incorrect study design — case report.

Inappropriate population group. Study reports the influence of
parathyroidectomy on the natural history of nephrolithiasis and
changes in the rates of new stone formation.

Did not include re-operation patients
Not in English

Inappropriate population. Study aimed to examine patients with
kidney stone disease, elevated iPTH, but normal serum calcium
level and normal urinary excretion of calcium.

Study analysed the effect of routine screening of calcium and
phosphate levels on the incidence and spectrum of PHPT. No
useable outcomes.

Incorrect population. Study aimed to determine the prevalence of
contributors to secondary osteoporosis in patients presenting with a
clinical vertebral or non-vertebral fracture.

Incorrect study design-cross-sectional study
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Falko 1984208

Hedback 1998 268
Heath 1991267
Hedback 2002271
Jha 2016 307
Kenny 1995331
Khosla 1999340
Kobayashi 1997 348
Larsson 1989368
Larsson 199336°
Lowe 2007392

Lueg 1982394
Marques 2011403

Melton 1992415
Misiorowski 2012422

Mollerup 1999428

Nilsson 2005453

Pradeep 2008495
Pratley 1973498
Purnell 1971 504
Rajeevan 2014506
Ronni-Sivula 1985524
Rubin 2008534

Scholz 198156
Siilin 2011582

Silverberg 1990587
Silverberg 1995584
Siminovitch 1980588

Soreide 1997610

Strewler 1995624

Suh 2008628

Turchi 1962650
Vanderwalde 2006668

Exclusion reason

No comparison group. Study assessed clinical and biochemical
spectrum of patients with PHPT who had surgery.

Did not include re-operation patients
Incorrect study design — case series.
Incorrect study design — case series.
Non-comparative study

Did not include re-operation patients
Did not include re-operation patients
Non-comparative study

No useable outcomes

Did not include re-operation patients

No comparison group. Study described the clinical course of 37
patients with normocalcaemic PHPT who were followed for up to 8
years.

Incorrect study design — case series

Incorrect study design. Retrospective review of medical records to
describe the characteristics of normocalcaemic primary
hyperparathyroidism (NPHPT) in patients seen for osteoporosis
evaluation.

Did not include re-operation patients

No useable outcomes. The aim of the study was to evaluate the
diagnostic power of the bone densitometry in diagnosis of PHPT.

Inappropriate comparison — before and after surgery. The study
aimed to evaluate the risk of renal stone recurrence after successful
surgical treatment of PHPT.

Inappropriate population and outcomes. Study explored long term
effects of parathyroidectomy on cardiovascular functions in PHPT.

Non-comparative study

Incorrect study design — case series.
Non-comparative study

Incorrect study design — series review
Did not include re-operation patients

Inappropriate comparison. Study compared PHPT patients who had
undergone surgery versus those without surgery.

Non-comparative study

Study assessed BMD between PHPT and men without PHPT. No
clinical outcomes.

No comparison group
Non-comparative study

Study assessed the effect of parathyroidectomy in patients with
normocalcaemic calcium stones. No useable outcomes.

Inappropriate comparison. The study evaluated survival after
surgical treatment for primary hyperparathyroidism.

Literature review. Screened for references.
Did not include re-operation patients
Incorrect study design — case report

Study aimed to determine the effect of parathyroidectomy on
fracture risk in patients with PHPT. Inappropriate comparison —
comparison groups were parathyroidectomy versus observation.
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Study
Vanderwalde 2009669

Vestergaard 2000572
Vestergaard 2003674
Vestergaard 200367°
Vestergaard 2003673

Vestergaard 2004676
Wermers 1998 693)
Wilson 1988700

Yu 2009718

Yu 2011717
Yu 2011720

Yu 2013719

Exclusion reason

Inappropriate comparison — comparison groups were
parathyroidectomy versus observation

Inappropriate comparison
Study included in surgery review
Study included in surgery review

Inappropriate comparison. The aim of this study was to evaluate
cardiovascular morbidity before and after surgery for PHPT.

Inappropriate comparison
Non-comparative study
Did not include re-operation patients

Study did not meet protocol criteria. Study evaluated prevalence
and incidence of PHPT.

Did not include re-operation patients

No protocol outcomes. Study provided information on the natural
history of asymptomatic ‘mild’ PHPT patients with a long follow-up
period, in terms of the biochemical progression of the disease.

No useable outcomes. Study aimed to identify the best biochemical
risk factors for predicting adverse outcomes in untreated PHPT.

Table 20: Studies excluded from the surgical localisation review

Reference
Aarum 2007

Abboud 20072

Adler 20114

Agarwal 20127
Agha 200710

Agha 20128

Agha 20139

Ahmed 201312

Akbaba 20124
Akin 200916

Al-Askari 20127

Alabdulkarim 201018

Reason for exclusion
Did not include re-operation patients

Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table for either MIBI or US (for MIBI,
number of correct scans only reported for 291/310 people who had
either a negative scan or a single adenoma on scan; for US, only
reported as the added benefit over MIBI)

Did not include re-operation patients
Did not include re-operation patients

Incorrect index test (contrast enhanced ultrasonography, and
unable to calculate 2x2 table values for protocol method for other
imaging tests). IOPTH incorrect criteria (only reports for >60% drop
at 15 minutes, unclear if all people also had a >50% drop at 10
minutes).

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (for IOPTH, unclear if histology also
used as part of the reference standard or if only intraoperative
findings and normocalcaemia)

Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (unclear if normocalcaemia used as
part of the reference standard and 6/204 had recurrent or persistent
hypercalcaemia)

Unable to calculate 2x2 table values for protocol method
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Albuja-Cruz 201319

Alexandrides 200620

Alhefdhi 201122

Aliyev 201428
Ammori 19982°

Anderson 200830
Ansquer 200833

Apostolopoulos 19983
Arciero 200436

Arici 200137
Aspinall 201238

Attie 19883°
Bacher 201141

Badii 201642

Bambach 197845

Bandeira 2008%7

Barber 2016%°
Barczynski 200652

Barczynski 200753

Barczynski 2009%

Barczynski 200954

Barraclough 198157
Berczi 200260

Bergenfelz 199462

Reason for exclusion

Unable to calculate 2x2 table values for protocol method. Sensitivity
and specificity values provided for IOPTH but unclear how
calculated from the numbers provided in the results.

Incorrect index test (people either had thallium-201/technetium-99m
pertechnetate subtraction scan, 99mTc-tetrofosmin scan or 99mTc-
sestamibi scan). Unable to calculate 2x2 table values for protocol
method for US.

Incorrect reference standard (for IOPTH, unclear if histology also
used as part of the reference standard or if only intraoperative
findings and normocalcaemia)

Incorrect reference standard (surgical findings)

Unable to calculate 2x2 table for protocol method

Unable to calculate 2x2 table values for protocol method (accuracy
of MIBI for lateralisation not precise localisation)

Unable to calculate 2x2 table values for protocol method (accuracy
calculated on a per-gland basis)

Incorrect index test (99mTc-tetrofosmin)

Incorrect reference standard (for IOPTH, no mention of histology
used as part of the reference standard)

Unable to calculate 2x2 table values for protocol method.

Incorrect reference standard (normocalcaemia not part of the
reference standard, assumption made that parathyroid glands left in
situ were not pathologically enlarged or hyperfunctioning)

Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table values for protocol method (accuracy
for localisation to the correct side)

Unable to calculate 2x2 table values for protocol method (for pre-
operative imaging or IOPTH)

Incorrect population (recruited people with a diagnosis of primary or
tertiary HPT and numbers included unclear)

No relevant outcomes (sensitivity, specificity or values for 2x2 table
not provided). Incorrect reference standard (histology only).
Incorrect reference standard (IOPTH and pathology)

Unable to calculate 2x2 table values for protocol method
Did not include re-operation patients

Incorrect index test (venous sampling test in isolation (not in
conjunction with previous surgery results), for lateralisation and not
precise localisation)

Incorrect reference standard (accuracy of IOPTH for prediction of
normocalcaemia, but no pathological confirmation [states
‘intraoperative frozen sections were performed only to confirm the
parathyroid origin of the resected tissue’])

Incorrect index test (US imaging using a 5MHz frequency probe)

Sensitivity and specificity provided of MIBI and US for correct
lateralisation but unable to calculate 2x2 values for protocol method

Unable to calculate accuracy of IOPTH (study reports average
decline in IOPTH at various time points, not the accuracy at a
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Bergenfelz 19965°

Bergenfelz 199757

Bergenfelz 1998 63

Bergenfelz 200998

Bergenfelz 200754
Bergenfelz 20116°

Bewick 201470

Bhansali 200672

Bhatnagar 199873

Biertho 20037
Billotey 199676

Bilezikian 197375
Bishop 201577

Blower 199279

Bobanga 201780

Boggs 19968

Borel Rinkes 200186

Bradford Carter 199787

Bradley 2016 88

Brennan 198190

Brown 2015%

Reason for exclusion
particular threshold)

Incorrect index test (accuracy of venous sampling test in isolation,
for lateralisation and not precise localisation)

Incorrect reference standard (findings at neck exploration —
although all people were rendered normocalcaemic, there is no
mention of histological confirmation)

Unable to calculate 2x2 table values for IOPTH (sensitivity and
specificity values are provided in the paper but it is unclear if these
refer to the whole study population or only people with single
adenoma)

Unable to calculate 2x2 table values for protocol method (as not
reported whether the people with negative imaging had a final
outcome of single or multigland disease)

Unable to calculate 2x2 table values for protocol method
Not assessing accuracy of imaging or IOPTH

Incorrect reference standard (unclear if normocalcaemia used as
part of the reference standard)

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (surgical resection and histopathology)

Incorrect population (5% had carcinoma)
Incorrect population (44% had secondary or tertiary HPT)

Incorrect reference standard (not all people rendered
normocalcaemic)

Accuracy results only presented for different age subgroups and no
overall accuracy reported

Incorrect reference standard (no mention of normocalcaemia)

Did not include re-operation patients

Incorrect reference standard (for IOPTH, post-operative
normocalcaemia reported but unclear if histology was used to
confirm final outcome in all patients — only reported narratively in
the results for some patients)

Incorrect reference standard (post-operative normocalcaemia, but
no histology)

Unable to calculate 2x2 table values for protocol method
(classification of TPs from table 1 suggests accuracy for correct
lateralisation of MIBI, not precise location)

Did not include re-operation patients

Incorrect population (unclear if only people with primary HPT
included and 9% had FHH, suspected FHH or non-parathyroid
hypercalcaemia).

Unable to calculate 2x2 table values for protocol method

© NICE 2019. All rights reserved. Subject to Notice of rights.

102



Hyperparathyroidism (primary)
Management options in failed primary surgery

Reference
Bugis 1995%

Bumpous 20099%

Burke 2013

Butt 2015102

Caixas 1997103
Cakal 2012104
Calo 2012108

Calo 20131086
Calo 2013107

Campbell 2015 109

Carlier 20081

Carnaille 1998113
Carneiro 200317

Carneiro-Pla 2006"16

Carneiro-Pla "4

Casara 2001118

Casas 1993120

Casas 1994119
Catania 200223
Catargi 1999124

Caveny 2012126
Caudle 2006125

Cayo 200927
Cham 2015130
Chan 200531
Chapuis 1996132

Chatterton 1987133

Reason for exclusion
Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table values for protocol method

Unable to calculate sensitivity and specificity for correct gland
localisation in the correct quadrant (scans were considered
accurate if they localized an abnormal gland on the ipsilateral side
of the gland removed at operation)

Incorrect reference standard (unclear if normocalcaemia used as
part of the reference standard and 7% weren’t rendered
normocalcaemic)

Incorrect population (around 17% of the population had either
secondary HPT or MEN)

Incorrect reference standard (surgical and histopathological
examination)

Overlap in the included participants with the Calo 20131% study
(Calo 2013 study larger and therefore included in this review)

Did not include re-operation patients
Unable to calculate 2x2 table values for IOPTH

Unable to calculate 2x2 table values for protocol method (per-gland
method used in study)

Unable to calculate sensitivity and specificity values or 2x2 table for
protocol method (per-gland method used in study)

Incorrect index test (pre-operative PTH, not IOPTH monitoring)

Incorrect reference standard (intraoperative findings and post-
operative normocalcaemia, but no histology)

Incorrect reference standard (intraoperative findings and post-
operative normocalcaemia, but no histology)

Incorrect reference standard (intraoperative findings and post-
operative normocalcaemia, but no histology)

Incorrect population (6% with MEN, parathyroid carcinoma or
familial HPT). Incorrect reference standard (unclear if all patients
had normocalcaemia following operation).

Unable to calculate sensitivity and specificity values or 2x2 table for
protocol method

Did not include re-operation patients
Unable to calculate 2x2 table values for IOPTH

Incorrect reference standard (operative findings/surgical
exploration)

Incorrect reference standard (histology and drop in IOPTH)

Unable to calculate sensitivity and specificity values. Incorrect
reference standard (calcium levels at 6 months only available in
around 50% of people)

Did not include re-operation patients
Unable to calculate sensitivity and specificity values or 2x2 tables
Conference Paper. Incorrect reference standard (histology)

Incorrect index test (IOPTH assay results weren'’t available until 2
hours after completion of surgery). Incorrect reference standard
(surgical findings used as the reference standard for MIBI and US
imaging).

Incorrect index test (Thallium-201-Technetium-99m subtraction
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Chen 1997134
Chen 200513%
Chen 200537

Cheung 2012140

Chick 2017141
Chiu 200643
Cho 2014144

Chou 1997145
Chun 2013147

Ciappuccini 2012148
Civelek 2002149
Clark 1984150

Clark 2003151

Cook 1998154
Cook 2010155

Czerniak 1991160

D'Agostino 2013162

D'Agostino 2013161
Davis 2013165

Day 201566

De Simone'68

Del Rio 200870
Demirkurek 2003171
Denham 1998172
Derom 1993177

Derom 1994176

Reason for exclusion
scan)

Incorrect population (16% had secondary or tertiary HPT)

Incorrect reference standard (intraoperative findings and post-
operative normocalcaemia, but no histology)

Did not include re-operation patients

Incorrect reference standard (systematic review — normocalcaemia
as part of the reference standard was not an inclusion criteria for
studies)

Did not include re-operation patients

Agreement and comparison of different IOPTH criteria.
Incorrect population (6% had MEN)

Unable to calculate 2x2 table values for protocol method.

Incorrect reference standard (histology and decrease in PTH, no
mention of cure/normocalcaemia)

Incorrect reference standard (surgical findings and pathology)
Incorrect reference standard (histology)
Incorrect population (11% had secondary HPT)

Unable to calculate 2x2 table values for protocol method (accuracy
of MIBI for lateralisation, not precise localisation)

Incorrect population (38% had tertiary HPT). Incorrect reference
standard (histology).

Incorrect population (subgroup of people who had an IOPTH rise at
5 minutes)

Incorrect index test (dual radionucleotide parathyroid-radioiodinated
toluidine blue / technetium 99m-thyroid scintigraphy). Unable to
calculate 2x2 table values for protocol method.

Incorrect reference standard.

Reference standard was exploratory surgery or IOPTH drop (not
normocalcaemia) — so in some people the reference standard for a
negative gland was only IOPTH. “Glands were considered negative
if they were either explored and deemed normal by the surgeon or
not explored with drop in IOPTH that met the Miami criteria”.

Unable to calculate 2x2 values for protocol method (per-gland
method used in the study)

Comparing different IOPTH criteria

Incorrect study design for test and treat (comparing 4DCT to no
4DCT, but not randomised). Incorrect reference standard
(pathology and IOPTH).

Incorrect reference standard (unclear if all people rendered
normocalcaemic)

Incorrect reference standard (histology). Unable to calculate 2x2
table values for protocol method.

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (systematic review — normocalcaemia
as part of the reference standard was not an inclusion criteria for
studies)

Incorrect population (includes people with secondary and tertiary
HPT)

Article not in English
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Deutmeyer 2011178
Dillavou 200018

Doppman 1998184

Drews 2003185
Dudek 1994186

Dunlop 1980188
Dwarakanathan 198689
Dy 2012191

Ebisuno 1997192
Eichhorn-Wharry 2011194

Eisenberg 197419
Elaraj 201019
Eloy 200697

Emmolo 2005199
Erdman 1989200
Ersoy 2014201

Estella 2003203

Ezzat 2011206
Ezzat 2012205
Fayet 199721
Feingold 200022
Fogelman 1984214
Foster 1989215

Freudenberg 200627

Gallacher 1993218

Gallowitsch 1997219

Gallowitsch 2000220
Garcia-Santos 2014221

Garcia-Talavera 2010224

Garcia-Talavera 2011 223
Garcia-Talavera 2016222
Garner 1999225

Reason for exclusion
Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 values for protocol method (accuracy of
MIBI for lateralisation)

Incorrect reference standard (some participants had angiographic
ablation rather than surgery)

Incorrect population (50% of people had secondary HPT)

Incorrect population (>75% secondary HPT). Incorrect index test
(thallium-technetium scan)

Incorrect reference standard (histology)
Incorrect reference standard (operative and pathological findings).

Incorrect index test (for IOPTH, accuracy only reported for a drop of
50% or more and to a normal or near-normal level — unable to
calculate for a 50% drop alone)

Incorrect reference standard (histology)

Incorrect reference standard (post-operative normocalcaemia not
reported)

Incorrect population (included people with secondary HPT)
Unable to calculate 2x2 values for protocol method

Incorrect index test (accuracy of venous sampling test in isolation,
for lateralisation and not precise localisation)

Unable to calculate the accuracy of IOPTH
Incorrect reference standard (surgical findings)

Incorrect reference standard (states that all participants included in
the analysis had biochemical improvement, unclear if this refers to
all patients having normocalcaemia).

Incorrect population (8% MEN). Incorrect reference standard (not all
people were rendered normocalcaemic).

Incorrect population (people with indication for total thyroidectomy)
Unable to calculate 2x2 values for protocol method

Incorrect reference standard (surgical and pathological findings)
Unable to calculate 2x2 values for protocol method

Incorrect reference standard (surgical exploration)

Incorrect index test (thallium-technetium subtraction scintigraphy).
Incorrect reference standard (normocalcaemia not reported).

Unable to calculate 2x2 values for protocol method (study uses per-
gland method)

Unclear how sensitivity and specificity were calculated (‘per-gland’
or ‘per-patient’, and not enough information provided to complete
2x2 table)

Incorrect reference standard (histology in people who had surgery,
not all people underwent surgery)

Incorrect reference standard (histology)

Unable to calculate 2x2 table values for IOPTH and sensitivity or
specificity not reported

Incorrect reference standard (pathology and post-operative PTH, no
mention of normocalcaemia)

Incorrect index test (accuracy of intra-operative gamma probe)
Unable to calculate 2x2 table values for protocol method
Did not include re-operation patients
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Gauger 2001226

Gawande 2006227
Gedik 2017228
Ghemigian 2015230
Gergel 201422°

Gil-Cardenas 2006232
Gilat 2005233

Gill 2011234
Gimm 2012235

Giraldez-Rodriguez 2008236

Glynn 2011237
Gofrit 1997238
Gogas 2003239

Goldstein 2006240
Gooding 1986241
Grant 2005243
Grayev 2012244

Griffith 2015245
Gross 2004246

Grosso 2007247
Guerin 2015248

Haber 2002249

Habibollahi 2018250

Haciyanli 2003251
Halvorson 1994253

Hamamci 201125
Hamilton 1988256
Hammonds 1976257
Hanif 200628

Reason for exclusion

Only included people with double adenoma and assessed IOPTH
after excision of the first gland (therefore not possible to obtain true
positive or false negative results)

Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table for protocol method (study gives
accuracy of US and MIBI for lateralisation and per-gland method)

Unable to calculate 2x2 table values for protocol method

Incorrect population (unclear age range of participants, one 13 year
old included)

Incorrect reference standard (operative findings and histopathology)

Incorrect index test (super-selective venous sampling: involved an
initial conventional venous sampling, followed by a second round of
additional samples taken from small venous branches in the region
with the highest PTH level)

Unable to calculate 2x2 table values for protocol (unclear if MIBI
accurately localised in all cases, only states that it was positive or
negative)

Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table values for protocol method (unclear if
the two people with inaccurate pre-operative localisation would be
classified as an incorrectly localised single adenoma by protocol
method).

Incorrect reference standard (no mention of histopathology)
Incorrect reference standard (surgical findings)
Incorrect population (people with familial HPT or MEN included).

Provides sensitivity and PPV of MRI for lateralisation but unable to
calculate 2x2 values for protocol method

Incorrect reference standard (surgical and pathological findings.
Although all patients were cured, this could be based on
normocalcaemia at 6 months or a 50% drop in IOPTH levels)

Incorrect population (14% had tertiary HPT)
Unable to calculate 2x2 values for protocol method

Unable to calculate 2x2 values for protocol method (study uses
‘per-patient’ method to calculate sensitivity, but differs to protocol
method)

Incorrect reference standard (biochemical cure could be based on
IOPTH or normocalcaemia at 6 months, so not all people had
confirmation of normocalcaemia).

Incorrect reference standard (cure based on post-operative
normocalcaemia or positive IOPTH)

Incorrect population (10% of people had familial disease).

Incorrect reference standard (surgical, anatomical and pathological
findings)

Paper not in English

Did not include re-operation patients

Not assessing the accuracy of imaging techniques for localisation
Did not report information from patients with re-operation separately
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Hanninen 20002%°

Hara 2007260

Harris 2008261
Hasselgren 1992263
Hassler 2014264

Hathaway 2013265
Hayakawa 2014266

Heiba 2015272
Heineman 2015273

Heizmann 2009274
Heller 1993275

Hewin 1997277

Hindie 1995280

Hindie 1997279
Hindie 1998278
Hinson 2015281
Hjern 1975282

Ho Shon 2001283
Ho Shon 2008284
Hoda 2013285

Horanyi 2010286
Hornung 2011288

Hughes 2011289

Hunter 2012290

Hwang 2010%°"

lacobone 2005292
Inabnet 1999294

Reason for exclusion

Incorrect population (18% of people had secondary
hyperparathyroidism)

Incorrect population (79% of people in the study were receiving
regular haemodialysis)

Did not include re-operation patients
Unable to calculate 2x2 table values for protocol method.

Incorrect reference standard (surgery and histopathology, PTH
measured after surgery to ensure cure). Unable to calculate 2x2
values for protocol method.

Did not include re-operation patients

Incorrect population (3/15 (20%) of people had MEN). Incorrect
reference standard (histological confirmation without mention of
normocalcaemia)

Incorrect reference standard (histopathology)

Incorrect reference standard (PTH levels used to determine cure,
so elevated PTH in the setting of normocalcaemia could be
considered as no cure)

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (surgical findings without
normocalcaemia)

Unable to calculate 2x2 table values for protocol method (paper
reports accuracy of US and MRI for lateralisation, not precise
location)

Incorrect reference standard (surgical findings and normocalcaemia
without histology)

Unable to calculate 2x2 table values for protocol method
Did not include re-operation patients
Incorrect reference standard (normocalcaemia not reported)

Incorrect reference standard (pathology, not all people rendered
normocalcaemic)

Unable to calculate 2x2 table values for protocol method
Incorrect reference standard (histopathology)

Only included people with negative or inconclusive imaging (only 3
participants included)

Incorrect population (secondary hyperparathyroidism and MEN
included). Incorrect index test (fine needle tissue aspirate).

Incorrect index test (contrast enhanced ultrasonography). Unable to
calculate 2x2 values for protocol method for conventional US.

Did not include re-operation patients

Incorrect reference standard (histology alone, no mention of
cure/normocalcaemia).

Histology alone used to confirm presence of adenoma in a region
identified on the scan. Unclear how absence of adenomas in all
other glands was confirmed (suggested that surgeries were focused
or unilateral and no mention of cure/normocalcaemia).

Did not include re-operation patients

Did not include re-operation patients

Unable to calculate sensitivity and specificity or 2x2 values.
Incorrect index test (IOPTH assay taken at 30, 60, 90 and 120
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Ibrahim 2015293

Irvin 1993295
Irvin 199429

Isidori 20172%7
Ito 20072%8

Itoh 2003299
Jabiev 2009300
James 2014301

Jarhult 1985303
Jaskowiak 1996304

Jaskowiak 2002305
Javaid 1999306
Johnson 2001310

Johnson 201031

Johnston 1996312

Joliat 2015314

Jones 2001316
Jones 2002315

Jorna 2007317
Kairaluoma 1993320

Kairaluoma 1994319
Kairaluoma 1994318
Kairys 200632
Kandil 2012322
Kang 1993323
Karakas 2012324

Katayama 1990325
Kaur 2016326
Keane 2013327

Reason for exclusion
minutes after excision (our protocol specifies 5, 10 or 20 minutes)

Incorrect reference standard (brief statement in abstract ‘surgical
findings and results of clinical follow-up as a reference standard’,
but no details provided in methods, unclear if normocalcaemia was
used).

Incorrect reference standard (IOPTH prediction of post-operative
normocalcaemia, but no histology)

Incorrect reference standard (normocalcaemia not reported for all
included participants)

Incorrect reference standard (histology)

Incorrect index test (accuracy of venous sampling test in isolation,
for lateralisation and not precise localisation)

Incorrect population (secondary hyperparathyroidism)
Unable to calculate 2x2 table values for protocol method

Incorrect population (used tissue from patients undergoing surgery
for thyroid or parathyroid disease)

Incorrect reference standard (histology)

Unclear if accuracy measures are calculated against a reference
standard using normocalcaemia

Did not report information from patients with re-operation separately
Incorrect reference standard (histology)

Incorrect population (also included people with MEN, renal failure
and carcinoma)

Incorrect population (1 participant out of 15 had MEN). Unable to
calculate 2x2 table values for protocol method

Unable to calculate 2x2 table values for protocol method (unclear if
those not cured had a final diagnosis of single or multi-gland
disease).

Incorrect reference standard (unclear if normocalcaemia measured
as part of the reference standard)

Unable to calculate 2x2 table values for protocol method.

Incorrect population (23% of people had either secondary HPT,
parathyroid cancer, parathyromatosis or MEN)

Unable to calculate 2x2 table values for protocol method

Incorrect population (10% had familial hyperparathyroidism or
MEN). Incorrect reference standard (intraoperative findings)

Did not include re-operation patients

Incorrect population (27% of people had MEN)

Unable to calculate 2x2 table values for protocol method
Incorrect reference standard (normocalcaemia not mentioned)
Incorrect reference standard (surgical reports)

Incorrect reference standard (states surgical cure was achieved in
all patients, but unclear if this was defined by normocalcaemia or a
positive IOPTH decline)

Paper not in English
Incorrect reference standard (normocalcaemia not mentioned)

Incorrect reference standard (histological confirmation used to
confirm the true location of the adenoma, post-operative PTH or
calcium returning to normal used to confirm the true location if
histology inconclusive). Unable to calculate 2x2 table.
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Kebapci 2004328
Keidar 201732°

Kelly 2014330

Khaliq 2003332
Khan 1994334

Khan 2015338
Khorasani 2014339
Kim 2012343

Kim 2015 341

Kim 2016342
Klieger 1998344
Kluijfhout 2016346

Kluijfhout 201734°

Kobayashi 1998347
Koberstein 2016349
Koksal 2006350

Koong 1998351

Koren 2005352

Kovatcheva 2014353

Koyuncu 20053%*

Krakauer 2016355

Krausz 2006356
Krubsack 1989358

Kucuk 200235°

Kukar 2014360

Reason for exclusion
Unable to calculate 2x2 table for protocol method

Incorrect reference standard (states intra-op and post-op
biochemical workup as well as surgical findings and
histopathological results, but unclear if post-op normocalcaemia
used). Gives number of adenomas with same Perrier localisation on
imaging and surgery, but unable to calculate 2x2 table.

Incorrect reference standard (pathological findings used as the
reference standard without normocalcaemia)

Unable to calculate 2x2 table values for protocol method.

Incorrect population (type of HPT not reported and unclear if any
people had MEN or familial HPT)

No relevant outcomes (diagnostic accuracy not reported)
Incorrect reference standard (histopathology)
Incorrect reference standard (lesions confirmed pathologically only)

Did not include re-operation patients

Unable to calculate 2x2 table values for protocol method

Incorrect population (31% had a history of chronic renal failure)
Unable to calculate 2x2 table values for protocol method (per-gland

accuracy reported).

Systematic review (unable to calculate 2x2 table values for protocol
method)

Accuracy of individual preoperative imaging tests not assessed
Incorrect reference standard (intraoperative findings)

Unable to calculate 2x2 table values for protocol method (not
enough detail provided to determine if imaging is accurately
localising to the precise location, or to side of adenoma)

Incorrect reference standard (surgical findings and histology only).
Unable to calculate 2x2 values for protocol method.

Unable to calculate 2x2 table values for protocol method

No diagnostic accuracy measures for localisation (assessing US-
guided high-intensity focused ultrasound as a non-invasive
treatment for PHPT)

Incorrect reference standard (histology only).

Histology used to confirm presence of abnormal gland and if no
adenoma was found then other glands were explored. But if an
abnormal gland was located first time, there was no use of
cure/normocalcaemia to confirm no other abnormal glands.

Unable to calculate 2x2 values for protocol method

Did not report information from patients with re-operation separately

Unable to calculate values for 2x2 table (gives sensitivity and
specificity values for locating adenomas in the correct region — 3
regions: right and left lobe of thyroid and below the thyroid gland)

Incorrect reference standard (presence of adenoma in people with
positive imaging was only confirmed using histology — no mention of
normocalcaemia to ensure no abnormal glands were missed)

Unable to calculate 2x2 values for protocol method (accuracy in
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Reference

Kumar 2000361
Kuriloff 2004362
Kutler 2011363

Kuzu 2016364
Kwon 2013365
Lavely 2007370

Lebastchi 2015371

Lee 1996374

Lee 2014373
Lee 2016372
Lenschow 2015375

Leupe 2011377

Levin 1987378

Lew 2009379
Lew 2010380

Lezaic 2014381
Lim 2017382

Lin 1991383

Linda 2012384

Lindqvist 200938>

Livingston 2014386
Lloyd 199037

Lo 2003388

Lo 2007389
Lombardi 2008391
Lubitz 201039

Reason for exclusion

study based on laterality and not precise quadrant localisation).
Incorrect reference standard (surgical cure was assessed but
unclear if it was included as part of the reference standard).

Did not include re-operation patients
Unable to calculate sensitivity and specificity values

Incorrect reference standard (radiology reports and the operative
and histopathologic findings)

Incorrect reference standard (histology)
Incorrect reference standard (surgical findings and histology)

Incorrect reference standard (surgical findings/determined by the
surgeon)

Unable to calculate 2x2 table values for protocol method (number
with correct localisation, localisation to wrong gland and negative on
imaging given, but unclear if final outcome was single adenoma in
all participants)

Incorrect population (16% had either secondary or tertiary HPT or
MEN)

Did not include re-operation patients
Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (intraoperative and pathologic finding.
Incorrect index test (11C-Methionine PET/CT).

Incorrect reference standard (surgical and pathological findings);
also looked at pathology from one or more normal glands but
unclear if all glands assessed in this way. Normocalcaemia
following resection of a pathological gland was used to assume
other glands normal, but suggested this was only done if unable to
visualise all glands during the operation.

Incorrect population (27% had either MEN, secondary or tertiary
HPT or familial HPT)

No accuracy data reported

Incorrect reference standard (no histological verification of
adenomas, only IOPTH and post-operative hormocalcaemia)

Unable to calculate 2x2 values for protocol method.

Gives sensitivity of IOPTH for predicting operative failure but not
reported how operative failure was measured (unclear if
normocalcaemia)

Incorrect population (people with hypercalcaemia and suspected
parathyroid adenoma or carcinoma, and some included participants
had chronic renal failure).

Incorrect reference standard (two reference standards used:
surgical findings and histologic diagnosis)

Unable to calculate sensitivity, specificity or 2x2 table values
(methods state a ‘per-gland’ method and a ‘per-patient’ method, but
results only given for the sensitivity and specificity of localising to
the correct side)

Not assessing accuracy of pre-operative imaging techniques

Incorrect reference standard (not all people had post-operative
normocalcaemia)

Did not include re-operation patients
Did not include re-operation patients
Did not include re-operation patients
Unable to calculate 2x2 values for protocol method
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Reference
Lumachi 200439
Lundstroem 2016397

Majors 1995398
Malhotra 199639
Mandal 2015400
Mandell 2001401

Manhire 1984402
Martin 1996404

Martin 2000406

Martinez-Rodriguez 2011407
Martinez-Rodriguez 2014408

Maweja 200440°

Mazzeo 2000410
McDermott 199641

Mclntyre 1994412

McMillan 1983413
Medas 2016414
Meyer 2009416
Miccoli 2008418
Michel 2013419
Mihai 2007420

Miller 2003421
Miura 2002423
Mohammadi 2012424

Moka 2000425
Moka 2000426
Morks 2011429
Morris 2012431
Mortenson 2008 432

Reason for exclusion
Incorrect reference standard (IOPTH and final histology)

Incorrect reference standard (quadrant of adenoma determined by
anatomical findings at surgery, histopathological results and
IOPTH). Normocalcaemia/hypercalcaemia at 1 year or more is
reported but not included within the determination of the reference
standard result.

Incorrect population (33% had secondary or tertiary HPT)
Incorrect population (29% had secondary or tertiary HPT)
Unable to calculate 2x2 values for protocol method

Incorrect reference standard (accuracy of IOPTH for prediction of
normocalcaemia, but no mention of pathological confirmation)

Incorrect population (32% had MEN or family history of MEN)

Incorrect reference standard (compared with surgical and
pathological findings, states the post-operative results were also
reviewed but unclear if normocalcaemia/cure was assessed as part
of reference standard)

Incorrect reference standard (sustained post-operative
normocalcaemia given as an outcome (% of people) but unclear if
used as part of the reference standard to calculate accuracy of
localisation)

Incorrect reference standard (histopathologic diagnosis)

Incorrect reference standard (histopathological result, unclear if
normocalcaemia used as part of the reference standard)

Incorrect reference standard (unclear reference standard as states
all participants were normocalcaemic post-operatively, but also that
there was 1 FP and 8TNs)

Incorrect reference standard (histopathology)

Incorrect population (6% had parathyroid carcinoma). Unable to
calculate 2x2 table values for protocol method.

Incorrect reference standard (unclear if histology and
normocalcaemia used as part of the reference standard)

Incorrect reference standard (normocalcaemia not mentioned)
Unable to calculate 2x2 values for protocol method
Comparison of 2 different IOPTH assays

Did not include re-operation patients

Did not include re-operation patients

Unable to calculate 2x2 values for protocol method (146/150 people
had correctly localised adenoma but unclear if the imaging correctly
located the adenoma in the other 4 people who were not cured after
the first surgery)

Incorrect reference standard (normocalcaemia not reported in all
people)

Did not report information from patients with re-operation
separately.

Incorrect reference standard (post-operative histopathology results
and IOPTH monitoring)

Unable to calculate 2x2 values for protocol method
Unable to calculate 2x2 values for protocol method
Did not include re-operation patients

Incorrect reference standard (surgical results)
Unable to calculate 2x2 values for protocol method
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Reference
Mozzon 2004434

Moure 2008 433
Mshelia 2012435

Munk 2008436
Murchison 1991437
Nael 2015438

Nair 201643
Najafian 2017440
Nasiri 2012442

Nehs 2013444

Nelson 2007445
Neves 2012450
Neumann 1996448

Neumann 1997447
Neumann 1997446

Neumann 2008449
Nilsen 2006452
Noguchi 1994454
Noltes 2017455

Nordin 2001458
Numerow 1995460
O’Connell*612011

O'Doherty 1992462

Ohe 2003463
Opoku-Boateng 2013464
Orevi 2014465

Orloff 2001466
Ozimek 2010468

Ozkaya 2015469

Reason for exclusion

Did not report information from patients with re-operation
separately.

Unable to calculate 2x2 values for protocol method

Not assessing the diagnostic accuracy of imaging to locate
adenomas (correlation of imaging results with serum calcium levels)

Unable to calculate 2x2 table values for protocol method

Incorrect index test (US imaging using a 7.5MHz frequency probe)
Incorrect reference standard (surgical pathology)

Incorrect population (7% had carcinoma)

Unable to calculate 2x2 values for protocol method

Incorrect reference standard (histology only).

Bilateral exploration performed and the decision to terminate the
surgery was based on gross morphology in combination with frozen
section — no use of cure/normocalcaemia to confirm absence of
other abnormal glands.

Accuracy of IOPTH to correctly lateralise and not for precise
localisation

Incorrect study design. No relevant outcomes.
Incorrect population (15.4% had MEN or carcinoma)

Incorrect reference standard (surgical and histopathological
findings)

Incorrect reference standard (surgical and histopathological
findings)

Incorrect reference standard (surgical and histopathological
findings)

Incorrect reference standard (surgical findings and histology only)
Did not include re-operation patients
Paper not in English

For US and MIBI, can only deduce accuracy for lateralisation, not
precise localisation. Incorrect index test (for IOPTH, a decrease of
65% was required).

Did not include re-operation patients
Incorrect population (primary or secondary HPT).

Unable to calculate values for 2x2 table (breakdown given of
imaging resultsand surgical outcome, but imaging results only state
left-sided or right-sided so unable to determine if imaging indicates
1 or more adenoma)

No relevant outcomes (sensitivity, specificity or values for 2x2 table
not provided)

Incorrect index test (IOPTH results were not assessed while
surgery was being performed). Average decline in PTH reported at
each timepoint, and not number of people achieving >50% decline

Unable to calculate sensitivity and specificity values
Incorrect population (only 50% of people had primary HPT)
Did not include re-operation patients

Incorrect reference standard (gives diagnostic accuracy of IOPTH
but unclear if normocalcaemia was used as the reference standard
for all people, mentions subsequent cervical explorations and the
accuracy for preditcting ‘operative outcome’)

Incorrect reference standard (normocalcaemia not part of reference
standard; diagnosis confirmed by surgical resection, IOPTH, frozen
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Reference

Ozkul 2015470
Panzironi 2002472
Parikh 2015473
Pata 2010475
Pata 2011476

Patacsil 2006477
Patel 1998478
Pattou 1998479

Pattou 1999480
Pearl 1993484
Peck 1987485

Pellitteri 2003486
Perez-Monte 1996487
Perrier 2000489

Philippon 2014491

Politz 2006492
Powell 2013494

Prager 20034%
Prasannan 2007497

Preventza 200049°
Profanter 2004501
Profanter 2004502

Profanter 2004500

Purcell 1999503

Quiros 2004505
Rameau 20165%7

Ramirez 2016508
Rauth 199651
Reading 1982512

Reason for exclusion
section and histopathology)

Did not include re-operation patients
Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table for protocol method (study gives
accuracy of SPECT and SPECT/CT for lateralisation and per-gland
method)

Unable to calculate 2x2 table for protocol method (study gives
accuracy of SPECT and SPECT/CT for lateralisation)

Unable to calculate 2x2 table values for protocol method
Did not include re-operation patients

Incorrect index test (accuracy of venous sampling test in isolation,
for lateralisation and not precise localisation)

Incorrect index test (participants had either 99mTc-labelled
sestamibi or 99mTc-labelled tetrofosmin). Unable to calculate
sensitivity and specificity or 2x2 values for new method.

Incorrect index test (methods of ultrasound not reported).

Unable to calculate 2x2 table for protocol method (study gives
information on lateralisation of MRI

Incorrect reference standard (surgical findings)
Incorrect reference standard (surgical and histopathologic findings)

Incorrect population (secondary HPT, tertiary HPT, MEN and
parathyroid cancer included). Incorrect index test (fine needle tissue
aspirate).

Incorrect population (MEN not excluded and unclear how many
people had MEN)

Incorrect reference standard (pathology)

Incorrect reference standard (details of reference standard not
reported). Unable To calculate 2x2 table for protocol method.

No accuracy results for IOPTH reported

Unable to calculate 2x2 table for protocol method (accuracy of US
and MIBI for correct lateralisation, not precise quadrant)

Unable to calculate 2x2 table for protocol method (number classed
as false negative by protocol method unclear).

Incorrect index test (CAT-MIBI image fusion, unable to calculate
2x2 table values for protocol method for SPECT)

Incorrect index test (CAT-MIBI image fusion, unable to calculate
2x2 table values for protocol method for SPECT)

Incorrect index test (¥™Tc04-2°'T1 pinhole subtraction SPECT).
Unable to calculate 2x2 table values for protocol method for US
(unclear if a false positive in the study refers to an incorrect location
or an additional normal gland localised)

Unable to calculate 2x2 table values for protocol method (using 4-
gland method)

Incorrect reference standard (histopathology not reported)

Incorrect reference standard (final pathology and IOPTH decline,
not all patients were normocalcaemia after surgery)

Incorrect reference standard (pathology)
Incorrect reference standard (surgical and pathologic reports)
Not a human clinical study (study in dogs)
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Reference
Reading 1985513
Richards 2008516
Richards 2011517
Rickes 2003 519
Riss 2009520
Rodgers 200652
Rolighed 2004522

Roskies 2015525
Rotstein 1998528

Roza 198452°

Rubello 2003533

Rubello 2005532

Rubello 200653°

Rubello 2006531

Ruckert 1996535
Ruf 2004536

Ruf 2007537
Ryan 1997 539

Ryhanen 2015540

Saaristo 2002541

Sadeghi 2008542

Sadeghi 2018543
Sagan 201054
Sager 2014546
Saguan 2013547

Saint Marc 2004548

Sakimura 2013549
Sand 1994550

Sandqvist 2017551
Sandrock 1990552

Reason for exclusion

Incorrect population (15% had MEN, familiar disease or carcinoma)
Incorrect population (9% had MEN)

Did not include re-operation patients

Incorrect reference standard (surgery and histpathology)
Sensitivity, specificity and 2x2 table values not given for IOPTH
Unable to calculate 2x2 table values for protocol method

Incorrect index test (IOPTH drop of 280% at 5 minutes post-
excision)

Unable to calculate 2x2 table values for protocol method

Incorrect population (7% of participants had carcinoma). Unable to
calculate 2x2 values for protocol method.

Incorrect population (7% of participants had carcinoma). Unable to
calculate 2x2 values for protocol method.

Incorrect population (6% tertiary HPT). Incorrect reference standard
(surgical and pathological findings — all normal looking glands
biopsied but normocalcaemia not measured).

No relevant outcomes (sensitivity, specificity or values for 2x2 table
not provided)

No relevant outcomes (sensitivity, specificity or values for 2x2 table
not provided)

Did not include re-operation patients

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (unclear if normocalcaemia used as
part of reference standard). Unable to calculate 2x2 values.

Incorrect reference standard (histopathology only)

Unable to calculate 2x2 table values for protocol method (unclear if
scintigraphy results given in the table are the same for planar and
SPECT)

Unable to calculate 2x2 table values for protocol method

Did not include re-operation patients

Unable to calculate 2x2 table values for protocol method (not all
people cured, unable to confirm final diagnosis of single or multi-
gland disease in all people)

Unable to calculate 2x2 table values for IOPTH

Did not include re-operation patients

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (pathology only)

Incorrect reference standard (histology only)

Incorrect reference standard (not all people had normocalcaemia)

Incorrect reference standard (reference standard of cure based on
post-operative PTH level, not serum calcium level).

Unable to calculate 2x2 table values for protocol method

Unable to calculate 2x2 table values for protocol method (paper
uses a ‘per-gland’ method)
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Reference

Schalin-Jantti 2013°%6

Scheible 1981557

Scheiner 2001558

Schenk 201355

Scott-Coombes 2017563

Sebag 2003565

Seeliger 2015566

Seniaray 2016568
Sepahdari 2015%6°

Serra 2006570
Seyednejad 201657
Shabtai 2003572
Shafiei 2012573
Shaha 1997574

Shaheen 2008575
Sharma 2006576
Sharma 2008577

Sheng 2011578

Shin 201157
Sho 2016580

Silov 2013583
Singh 20075%

Siperstein 20045%
Siperstein 2008593
Slater 200559%
Smith 2009598
Sofferman 199659
Sofferman 1998600
Sofianides 1978%01
Sohn 2015602

Sokoll 2000603

Reason for exclusion
Incorrect reference standard (histopathology)

Incorrect reference standard (not all people had cure, therefore final
pathology unclear). Unable to calculate 2x2 table values for protocol
method.

Incorrect population (people with hypercalcaemia suspected of
having PHPT, but parathormone assays not routinely obtained).

Incorrect reference standard (histopathology and IOPTH)
Unable to calculate 2x2 table values for protocol method

Sensitivity and specificity of IOPTH reported separately for people
with negative and positive pre-operative imaging (overall sensitivity
and specificity or 2x2 table values not reported)

Unable to calculate 2x2 table values for protocol method (unclear
numbers used to calculate sensitivity for IOPTH, so unable to
determine 2x2 table values)

Unable to calculate 2x2 table values for protocol method

Incorrect study design (case report). Incorrect index test (PET
scan).

Unable to calculate 2x2 table values for protocol method
Paper not in English

Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method

Incorrect population (6% had MEN). Unable to calculate 2x2 table
values for protocol method (per-gland method used).

Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method

Unable to calculate sensitivity, specificity or 2x2 values for protocol
method

Incorrect reference standard (a proportion of people had unclear
pathology, therefore unable to assess the accuracy of IOPTH)

Paper not in English

Incorrect population (included people with secondary and tertiary
hyperparathyroidism, MEN and parathyroid cancer)

Unable to calculate 2x2 table values for protocol method.

Incorrect reference standard (histology only). No relevant
outcomes.

Not looking at accuracy for correctly localising the adenoma, but for
correctly predicting the presence of an adenoma (at any location).

Incorrect reference standard (histopathology)

Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method
Unable to calculate 2x2 table values for protocol method
Incorrect reference standard (normocalcaemia not reported)
Incorrect reference standard (surgical and pathological findings)
Accuracy measures or 2x2 table values for IOPTH not reported

Incorrect index test (cervical oesophagram). Incorrect reference
standard (histology only).

Assessing the difference between IOPTH decline in people with
PHPT and renal insufficiency and people with PHPT without renal
insufficiency (although the 2x2 table can be calculated for the group
without renal insufficiency, the study only included people with

© NICE 2019. All rights reserved. Subject to Notice of rights.

115



Hyperparathyroidism (primary)
Management options in failed primary surgery

Reference

Solorzano 2005605
Solorzano 20068%4
Sommer 1982607

Song 1999608
Soon 2008609
Soyder 2015611

Spouse 2001613
Sreevathsa 2017614
Stalberg 2006515
Starker 2011616

Starr 2001617

Staudenherz 1997618

Stein 199061°

Stenner 2009620
Stevens 1993621

Steward 2006622
Stratmann 2002623
Suarez 2017625

Sugg 1993626
Sugg 2004527

Suh 2015620
Sullivan 2001630
Sun 2016831

Taira 2004534

Takei 1999635
Tampi 2014637
Taylor 19963

Reason for exclusion
single adenoma who were cured — no reference standard negative)

Incorrect reference standard (for IOPTH, no mention of pathology,
unclear if histology used to confirm final outcome)

Incorrect reference standard (IOPTH, macroscopic evaluation and
post-operative normocalcaemia but without histopathology)

Incorrect reference standard (post-operative normocalcaemia but
without histopathology)

Unable to calculate 2x2 values for protocol method
Incorrect reference standard (surgical and pathologic findings)

Unable to calculate 2x2 table values for protocol method (study
looked at accuracy for localisation of the correct side, not precise
quadrant)

Did not include re-operation patients
Unable to calculate 2x2 table values for protocol method.
Did not include re-operation patients

Incorrect population (secondary and tertiary hyperparathyroidism
included)

Incorrect population (15% had familial hyperparathyroidism).
Unable to calculate 2x2 table values for protocol method.

Incorrect population (included people with secondary HPT, MEN
and carcinoma)

Incorrect reference standard (histopathology — ‘a biopsy of a normal
gland was also taken for reference’ but normocalcaemia not
measured)

Did not include re-operation patients

Incorrect population (people with secondary and tertiary HPT
included). Incorrect reference standard (operative and histologic
findings).

Incorrect reference standard (surgical and pathological findings)
Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (accuracy of IOPTH in relation to post-
operative serum calcium, but no mention of histology).

Unable to access full text paper

Incorrect reference standard (unclear if normocalcaemia used as
part of the reference standard for all people, to confirm all
adenomas removed)

Unable to calculate 2x2 table values for protocol method (accuracy
for lateralisation not precise localisation)
Unable to calculate 2x2 table values for protocol method

Incorrect population (6% had secondary HPT or papillary thyroid
carcinoma). Unable to calculate 2x2 table values for protocol
method.

Incorrect population (people with MEN included in study population
but unclear if included in the people with surgery who underwent
final analysis). Incorrect reference standard (not all people rendered
normocalcaemic by surgery and further investigation not reported).

Incorrect reference standard (histopathology)
Did not include re-operation patients

Incorrect reference standard (normocalcaemia not reported).
Incorrect population (1 participant out of 15 had MEN).
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Taywade 20176840

Tee 2013641
Thakur 2009642
Thanseer 2017643

Thielmann 2017644

Thomas 2009%45
Thompson 1999646
Thule 1994647
Timm 2004648
Tokmak 2014850

Toriie 2016651
Treglia 2016952
Treglia 2018653

Trinh 201765
Tublin 200966

Tummers 2015657

Tunca 2017658

Tziakouri 1996660
Udelsman 2003661
Ulanovski 2002662

Untch 2011663
Valdemarsson 1998 664

Van Dalen 2001665

Van der Vorst 2014666
Van Ginhoven 2011667

Vaz 2011670
Vignali 2002677
Vitetta 2014678

Von Schulthess 1988679
Wachtel 2015680

Wade 2012681

Weber 1993684

Reason for exclusion

Incorrect index test (accuracy of venous sampling test in isolation,
for lateralisation and not precise localisation)

Incorrect reference standard (histopathology)
Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (accuracy of IOPTH reported but
unclear reference standard, details not reported)

Incorrect reference standard (no confirmation that all people were
normocalcaemic post-operatively)

No accuracy data reported for IOPTH

Incorrect reference standard (histology)

Incorrect population (19% had MEN or familial disease)
Did not include re-operation patients

Incorrect population (included people with primary or secondary
HPT).

Incorrect reference standard (surgical findings)
Incorrect reference standard (unclear if all had normocalcaemia).

Incorrect reference standard (systematic review — normocalcaemia
as part of the reference standard was not an inclusion criteria for
studies)

Review article — unable to obtain full text

Incorrect reference standard -data given for recurrence on follow-up
[hypercalcaemia at 26 months], not for operative cure.

Incorrect reference standard (surgery and pathology reports,
surgical failure based on IOPTH, no details of post-operative
normocalcaemia)

Incorrect reference standard (presence of adenomas were
confirmed using histology of resected specimen and IOPTH, but no
use of normocalcaemia/cure, so unable to eliminate the possibility
of further adenomas)

Unable to calculate 2x2 table values for protocol method
Incorrect reference standard (histopathology)

Incorrect reference standard (no details of reference standard given
for positive confirmation of abnormal gland)

Incorrect reference standard (pathology)

Unable to calculate 2x2 table values for protocol method (accuracy
of US and MIBI for lateralisation not precise localisation)

Unable to calculate 2x2 table values for protocol method (accuracy
of scintigraphy for lateralisation not precise localisation)

Unable to calculate 2x2 table values for protocol method

Did not report information from patients with re-operation
separately.

Incorrect reference standard (histopathology)
Did not include re-operation patients

Incorrect reference standard (unclear what was used for the
reference standard)

Unable to calculate 2x2 table values for protocol method
Incorrect reference standard (surgical and pathological findings)
Did not include re-operation patients

Incorrect index test (for IOPTH, accuracy only reported for a drop of
50% and into the normal range — unable to calculate for a 50% drop
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Weber 1999683
Weber 2004685
Weber 2010686
Weber 2013688
Weber 2017687

Wei 19926%

Wei 1994691

Wei 1997689
Wei 20156592

Westerdahl 2004694

Westra 199869
Wheeler 1982697
Whelan 198965%
Whitley 1981699

Witteveen 2010703

Witteveen 2011702
Wong 2009705

Wong 2011706
Wong 2015704

Wu 1988708

Yao 1993709

Yen 2006712
Yen 2008711

Yip 2008713
Ypsilantis 2010715
Younes 2008714
Zawawi 2013721

Reason for exclusion
alone)

Incorrect population (29% had either secondary
hyperparathyroidism or MEN)

Incorrect index test (IOPTH samples taken but results not available
until 48 hours — not available intraoperatively for decision making)

Incorrect population (around 50% had secondary HPT)

Incorrect reference standard (intraoperative and histological
findings). Unable to calculate sensitivity and specificity for protocol
method.

Incorrect index test (C-11 Methionine PET/CT). Unable to calculate
2x2 table values for protocol method for US.

Incorrect index test (assessing the accuracy of Methionine PET/CT,
unable to calculate 2x2 table values for US and only selected
patients with a negative MIBI)

Incorrect reference standard (histopathology). Incorrect population
(20% had secondary or tertiary HPT and were analysed with the
results of people with multigland primary HPT).

Did not include re-operation patients

Incorrect population (43% had either MEN, secondary
hyperparathyroidism or tertiary hyperparathyroidism and results
mixed)

Incorrect reference standard (systematic review — normocalcaemia
as part of the reference standard not required as an inclusion
criteria of the studies)

Unable to calculate 2x2 table values for protocol method
Incorrect reference standard (histopathology)
Unable to calculate 2x2 table values for protocol method

Incorrect population (25% of people had MEN). Accuracy for
lateralisation of MRI and US, not precise localisation.

Can calculate the accuracy for predicting the correct side of
adenoma location, but not the precise quadrant.

Did not include re-operation patients

Incorrect population (50% had either tertiary HPT, MEN or
parathyroid carcinoma)

Unable to calculate 2x2 table values for protocol method

Diagnostic accuracy of US and MIBI for correct lateralisation of the
adenoma, not for localisation of the abnormal gland

Incorrect reference standard (systematic review — normocalcaemia
as part of the reference standard was not an inclusion criteria for
studies)

Incorrect reference standard (unclear if normocalcaemia used as
part of the reference standard)

Unable to calculate 2x2 table values for protocol method

Incorrect reference standard (reference standard for IOPTH for
‘failed operations’ included people who were initially
normocalcaemia but were then hypercalcaemic after 6 months
[recurrent PHPT]).

Incorrect population (13% had MEN or parathyromatosis)
Did not include re-operation patients

Unable to calculate 2x2 table values for protocol method
Incorrect reference (intraoperative and histopathology)
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Zeina 2017722 Incorrect reference standard (pathology and drop in IOPTH but no
use of cure/normocalcaemia).
Presence of adenoma confirmed if frozen section showed
hypercellular gland or adenoma and the IOPTH dropped. If IOPTH
did not drop then other glands were explored.

Zerizer 2011723 Unable to calculate 2x2 table values for protocol method
Zmora 1995725 Incorrect reference standard (histopathology)
Zotti 1984726 Incorrect index test (US with a 7MHz scanner and scintigraphy with

radioiodinated toluidine blue-technetium 99m or thallium 201-
technetium 99m)

Excluded health economic studies

None.
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Appendix J: Research recommendations

Failed primary surgery

Research question: What is the best and most cost-effective management strategy for
people whose first surgery for primary hyperparathyroidism is not successful?

Why this is important:

Repeat parathyroid surgery is relatively uncommon; failure rates are higher than for primary
surgery and it carries a higher risk. Currently there is limited evidence available on the
management of people with failed surgery. The committee therefore felt that there is a need
for a robust evidence base to guide an optimal management pathway for those who have
had failed primary surgery.

Criteria for selecting high-priority research recommendations:

Population: Adults (18 years or over) with primary hyperparathyroidism in

whom primary surgery has failed.

Intervention(s):

e Re-operation with or without surgical localisation
-surgical localisation to include non-invasive techniques (for example
parathyroid ultrasound, sestamibi scanning, CT and MRI scanning) or
invasive techniques prior to surgery (for example parathyroid venous
sampling); and intra-operative tests such as intraoperative parathyroid
hormone assays (IOPTH), methylene blue and intra operative frozen
sections.

¢ Calcimimetics

¢ Bisphosphonates

e Monitoring

Comparison: All interventions compared to each other

Outcome(s) for intervention studies:

e HRQOL
o Mortality

e Preservation of end organ function (bone mineral density, fractures,
renal stones and renal function)

e Deterioration in renal function
¢ Persistent hypercalcaemia

e Cardiovascular events

e Adverse events

e Cancer incidence

Outcomes for diagnostic test-and-treat studies:
e HRQOL

o Mortality

e Success (cure) / failure

¢ Adverse events

e BMD of the distal radius or the lumbar spine
¢ Deterioration in renal function

e Fractures (vertebral or long bone)

e Length of hospital stay

e Occurrence of kidney stones

¢ Persistent hypercalcaemia
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Hyperparathyroidism (primary)
Management options in failed primary surgery

e Reoperation
e Unnecessary neck exploration

Outcomes for diagnostic accuracy studies:

o Specificity

o Sensitivity

Target condition (for localisation studies): correct localisation of adenoma.

Target condition (for intra-operative tests): correct prediction of removal of
all abnormal tissue.

The research will allow an evidence-based approach to the management
of people with failed primary surgery and help improve the cure rate in
such people.

This research will enable future guidelines to clearly recommend an
evidence-based approach to the management of people with failed
primary surgery.

This research would standardise the approach to the management of
people with failed surgery. Appropriate management of such patients will
reduce recurrence or persistent disease.

No

The systematic review on management options in failed surgery identified
one study on calcimimetics and this was from a sub-group of patients who
had previous failed parathyroidectomy. There was evidence available from
two more studies assessing the diagnostic accuracy of sestamibi scanning
(MIBI) and intra-operative parathyroid hormone monitoring (IOPTH) in
patients undergoing repeat surgery. However the evidence was of low
quality and based on a very small number of patients.

There was no evidence available for indications for repeat surgery,
surgical interventions (focused/4-gland exploration), bisphosphonates and
monitoring.

Due to the limited evidence the committee made a consensus
recommendation on the management of this population. The committee
considered that there is a need for a stronger evidence-based
recommendation for management of people with failed surgery.

The recommendation is unlikely to impact on equality issues.

RCTs and systematic reviews of RCTs

Diagnostic test and treat (surgical localisation and intra-operative tests)
Diagnostic accuracy (surgical localisation and intra-operative tests)

The time scale will need to be at least 6 months to ensure adequate
follow-up so that differences in interventions can be seen between the
groups. As there is only a small proportion of patients who are not cured

after first surgery (4-5%), there may be difficulty in conducting large
RCTs.

None

¢ High: the research is essential to inform future updates of key
recommendations in the guideline.
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