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Abstract

Background The interest in correlation between hospital and surgeon practice volume and postoperative outcomes has grown
considerably over the last decades; it has been suggested that surgery is likely to be associated with higher cure rates, lower
morbidity and more favourable results in cost-effectiveness when performed in a high-volume setting. The aim of this paper is to
undertake an evidence-based literature review of the relationship between surgical volume and clinical outcomes in parathyroid-
ectomy for primary hyperparathyroidism. We used accepted quality markers to identify the relationship between volume and
outcome with a view to defining a reproducible minimal surgical volume-related standard of care in parathyroid surgery.
Methods A peer review literature analysis of volume and outcomes in parathyroid surgery was carried out and assessed from an
evidence-based perspective. Results were discussed at the 2019 Conference of the European Society of Endocrine Surgeons
devoted to “Volumes, Outcomes and Quality Standards in Endocrine Surgery”.

Results Literature reports no prospective randomised studies; thus, a low level of evidence may be achieved.

Conclusions Parathyroid surgery is at increased risk of failures, morbidity and need for reoperations and cost when performed in
low-volume settings; thus, it should be concentrated in dedicated settings, with adequate annual volume and expertise.
Acceptable results may be achieved moving parathyroid surgery cases away from low-volume settings (< 15 parathyroidecto-
mies/year). Challenging procedures (primary hyperparathyroidism without unequivocal preoperative localization, hereditary
variants, paediatric patients, reoperations) should be confined to high-volume settings (> 40 parathyroidectomies/year).

Keywords Primary hyperparathyroidism - Parathyroidectomy - Outcomes - Surgical volume
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surgery have been clearly demonstrated to have better out-
comes when performed in a high-volume setting [1-3] and
the volume-outcome relationship in endocrine surgery has
now also been extensively studied. In parathyroid surgery,
most studies suggest that parathyroidectomy is likely to be
associated with higher cure rates and lower morbidity when
performed in a high-volume setting [4—7] but there are also
isolated reports of satisfactory results in lower volume settings
[8], especially when dealing with a single preoperatively
localised parathyroid adenomas. It remains the case, however,
that national and international guidelines consistently recom-
mend that parathyroidectomies should be performed by sur-
geons with an appropriate case-load, training and experience
in the management of primary hyperparathyroidism (pHPT)
but rarely if ever defining the minimal annual case-load, train-
ing or experience advocated or indeed the evidence on which
this opinion is formulated.

The relative importance of hospital or institutional case-
load rather than individual surgeon is debated in some fields
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of surgery. In complex surgical procedures, hospital volume is
reported to reduce morbidity, shorten the length of stay and
reduce the overall cost of care [9]. However, in other surgical
specialties such as endocrine surgery, the hospital volume ap-
pears to be less important, and it is the workload, expertise and
experience of the individual surgeon that appears more rele-
vant [10]. Unfortunately, most of the literature on the relation-
ship between volume and outcome whether surgeon specific
or institutional is scientifically weak. Furthermore, national
guidance often focuses on the structure and process of service
provision rather than the clinical outcomes.

The aim of this study was to perform an evidence-based
literature review of surgical volumes and the related outcomes
in pHPT surgery. The ultimate goal was to use quality markers
that correlate the relationship between surgical volume and
outcomes in parathyroid surgery. With this data, we aimed to
define a minimal surgical volume-related standard of care that
could reliably ensure optimal outcomes in parathyroid

surgery.

Materials and methods

A Medline search of articles pertinent to volume and out-
comes in parathyroid surgery was performed using PubMed
(National Library of Medicine) to December 2018. Keywords
and medical subject headings (MeSH) were used and com-
bined by Boolean operators, specifically (“parathyroidecto-
my” or “parathyroid surgery”) AND (“volume” or “experi-
ence” or “quality”). A manual search of references in the eli-
gible papers was also performed to identify additional relevant
articles. The search was limited to papers based on human
studies and written in English.

Levels of evidence and possible grades of recommendation
were considered according to the criteria stated by a modified
Sackett’s classification [11] and the Grading of
Recommendations, Assessment, Development and
Evaluation (GRADE) system [12]. According to Sackett’s
classification, the strength of a recommendation has been
graded “A” when supported by studies with a level of evi-
dence I (meta-analysis or large randomised trials with clear
cut-off results and low risk for error); “B” when supported by
level II studies (small randomised trials and moderate to high
risk for error); and “C” when supported by level III (non-
randomised, prospective with contemporaneous control tri-
als), level IV (non-randomised trials with historical controls,
retrospective analysis) or level V studies (case series without
controls, expert opinion). In the GRADE system, the strength
of recommendations has been defined as “strong” or “weak”;
the quality of evidence has been indicated by cross-filled cir-
cles: “@000” denotes very low-quality evidence (any esti-
mate of effect is very uncertain); “®@@®00”, low quality (fur-
ther research is very likely to have an important impact on
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confidence in the estimate of effect and likely to change the
estimate); “@@®@®0”, moderate quality (further research is
likely to have an important impact on confidence in the esti-
mate of effect and may change the estimate); and “©@DO®”,
high quality (further research is very unlikely to change the
confidence in the estimate of effect).

A review of the literature led to the production of a draft
document that was presented and discussed at the 8th
Conference of the European Society of Endocrine Surgeons
(ESES) devoted to “Volumes, Outcomes and Quality
Standards in Endocrine Surgery” held in Granada (Spain),
May 16-18, 2019. This is a revised paper that incorporates
the outcomes of the discussions.

Results

The initial literature search yielded 821 articles that were se-
lected after screening of the title, abstracts and full text. After
exclusion of articles containing insufficient details and inclu-
sion of further articles following cross referencing, 18 studies
met the criteria for inclusion into the present analysis (Table 1)
[4,5,7,8, 13-26].

There were no prospective randomised studies. Most stud-
ies were based on retrospective cohorts or prospectively col-
lected data from large administrative databases. All papers
showed an evidence grade between III and V according to
Sackett’s classification, with a subsequent limited strength of
recommendations. Many papers were biased by the inclusion
of other neck endocrine operations (thyroidectomy) and by the
presence of self-reported outcomes without external review;
the largest studies were based on data from national or region-
al databases, potentially biased in turn by incomplete informa-
tion and suboptimal coding. Meta-analysis was not possible
because the reported data, outcomes and categorisation of sur-
gical volume were extremely heterogeneous and not
comparable.

Quality benchmarks in parathyroid surgery:
correlation between case-load and outcomes

Quality outcomes in parathyroid surgery have been
interpreted from either a clinical or an economic point of view
or both. The main clinical outcome identified in the literature
was the cure rate [4, 5, 8, 13, 14, 16, 18, 20, 21, 25]; the rate of
persistent/recurrent pHPT [19]; the need for reoperative sur-
gery after unsuccessful initial surgery [4, 5, 14, 18, 23]; the
morbidity rate, including general (cardiovascular, endocrine,
gastrointestinal, haematological, vascular, neurological, uro-
logical, respiratory, infections and wound) or surgical
endocrine-specific complications (laryngeal nerve injury,
voice disturbance, neck hematoma, definitive postoperative
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High-volume

Low-volume/
minimal

requirement

Low-volume surgeons achieve more complications and costs.

Hospital stay

Costs

High >40

Low/intermediate surgeons achieve volume longer hospital

stay and more readmissions
Parathyroid surgery is based on surgeon’s experience rather

75

17

Cure rate

Surgeon volume Not available

v

Neychev 2016 [25]

than system
Low-volume surgeons achieve more complications and longer

Complications

20

Surgeon volume Low 1-2 Complications

Al-Qurayshi 2017 [26] 1II

hospital stay

Length of stay

Costs

Intermediate 3—-19

High >20

Surgeon volume Low <20

40

High-volume surgeons achieve less complications

Complications

I

Meltzer 2017 [7]

High > 40

Evidence level: according to Sackett classification [11]

*This threshold varies on the basis of different outcomes taken into consideration (complications, reoperations, mortality)

hypoparathyroidism) [4, 5, 13-17, 19, 20, 22-26]; and the
mortality rate [14, 22, 23]. Economic items included operative
time, length of hospital postoperative stay, costs and hospital
charges [4, 16, 17, 22, 24, 26].

Nearly all the available literature suggested a self-evident
correlation between higher surgical volume (i.e. the number of
annually performed parathyroidectomies) and a better clinical
and economic outcome. Specifically, parathyroid surgery per-
formed in a high-volume setting achieved a significantly in-
creased cure rate (90-99% compared with 70-97% in lower
volume setting) [13, 14, 25] and a lower persistent pHPT rate
(4.2-6% vs 9.6-15%) [13, 19]. Higher volume parathyroid
surgery correlated with both a lower need for reoperation after
unsuccessful initial surgery (1.4% vs 6.5%) [23] and a lower
rate of avoidable reoperations because of persistent pHPT
(13-22% vs 78-89%) [4, 5].

When parathyroid surgery was performed in a low-volume
setting, morbidity was 1.8 to 7 times higher [22, 24, 26] and
the surgery-specific endocrine morbidity rate was significant-
ly higher (1.91-4.4% vs 0.99-3.5%) [14, 23]. The adverse
outcome rates were also higher in parathyroid reoperations
(3.76% vs 1.48%) [14], and in the paediatric population
(14% vs 10% for general complication and 11% vs 8% for
surgical endocrine-specific complications) [16]. Specifically,
high-volume surgeon parathyroidectomies were complicated
less frequently by vocal cord paralysis (absolute difference
1.5% vs 6%) [5, 7], by less postoperative hypoparathyroidism
(4% vs 14%) [13, 15] and neck hematoma compared with
low-volume setting [15, 20]. Low-volume parathyroid prac-
tice appears to present an increased mortality (6.7-fold in-
creased risk, or 1% vs 0.04%) compared with a high-volume
practice [14, 22].

Several papers reported that a low-volume setting corre-
lates with as much as 6 times longer length of stay [15, 18,
22], a 7-fold increased risk of hospitalisation greater than
2 days [24, 26], a longer postoperative stay in adults (mean
2.1 vs 1.8 days) [16] and children (2 vs 1.5 days) [17].
Furthermore, high-volume surgeons were more likely to per-
form parathyroid surgery as outpatient [15], with a reported
absolute difference of over 25.5% [7]. As a consequence, hos-
pital charges [22] and average cost for a low-volume parathy-
roid surgeon was significantly higher than those managed by
high-volume surgeons (65-300% in adults [15, 24, 26] and 9—
36% in children [16, 17]). Some papers also reported that
operative time was reduced for high-volume surgeons, espe-
cially when performing a bilateral neck exploration [21].

Defining high- and low-volume surgery

At least three different methods have been applied in literature
to identify thresholds for low and high-volume surgeons/cen-
tres. Arbitrary cut-off categorisation was used in almost all
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papers except for two in which a subdivision in quantiles
(quartiles or percentiles) was applied [24, 26]. Only one paper
used a mathematic formula correlating outcomes and volume
[23]. In some papers, the case-load was dichotomized between
high and low-volume [5, 16, 18], and in others, a variety of
intermediate categories were assessed. Some have opted not to
fix specific thresholds [4, 21]. Table 1 summarises the char-
acteristics of papers analysed, the suggested cut-off, the
analysed outcomes and the main findings.

The threshold used to define high-volume parathyroid
surgeon/centre varies from 10 to 100 annual cases and low-
volume surgeons/centres have been defined as anything from
1 to 50. Irrespective of this definition range, the majority of
studies confirmed the need to concentrate parathyroid surgery
into a high-volume setting whenever feasible or at least to
move patients away from the very lowest volume case-load
setting in order to improve the cure rate, reduce the reopera-
tion rate, morbidity and overall cost of care. Malmaeus [13]
suggested that special focused training in parathyroid surgery
is needed to optimise the cure rate and minimise the compli-
cations. This view has been reiterated by Yeh et al. [19] who
also advocated the designation of regional high-volume cen-
tres. Neychev [25] did not fix any specific threshold, but sug-
gested that improvement is achievable by identifying qualified
endocrine surgeons.

Sosa et al. [14] categorised surgeons into four volume
groups (cut-offs 10, 20 and 50 cases/year) and showed that
the lowest volume surgeons had a significantly higher com-
plication rate compared with the highest volume ones in pri-
mary operations. In reoperative parathyroidectomy, the differ-
ence in complications was significant comparing lowest vol-
ume to low-medium volume (10-20 procedures/year) sur-
geons. Stavrakis [15] categorised surgeons in six groups: A
(surgeons performing 1 to 3 procedures/year), B (4 to 8), C (9
to 19), D (20 to 50), E (51 to 99) and F (100 or more proce-
dures). A statistically significant difference was observed in
the rate of postoperative haemorrhage when comparing A with
F groups. Therefore, the authors assumed that surgeons
performing 3 or less parathyroidectomies/year should be con-
sidered very low-volume surgeons and that a cut-off of 4
cases/year could be considered a minimum safety value to
assure an acceptable safety level. The authors also concluded
that only surgeons performing over 100 parathyroidectomies/
year should be considered high-volume surgeons, which,
however, would represent just 1% of all surgeons performing
endocrine operations. The overall implication remains that
outcomes could be improved immediately by moving patients
away from lowest volume centres (<4 cases/year). Al
Qurayshi [24, 26] categorised surgeons into low (< 25 percen-
tile, 1-2 parathyroidectomies/year), intermediate (25—75 per-
centile, 3—19 parathyroidectomies a year) and high-volume (>
75 percentile, 20 or more parathyroidectomies a year) and
confirmed that procedures performed by low-volume

surgeons were associated with increased risks of postoperative
complications and longer hospital stay.

Other studies used arbitrary categorisations. Meltzer [7]
showed an improvement in results (less complications, more
outpatient procedures) for surgeons performing more than 40
procedures/year compared with those performing 20 or less
parathyroidectomies/year. Noureldine [22] categorised three
groups: low (<2 cases/year), intermediate (2—13 cases/year)
and high-volume surgeons (> 14 procedures/year), finding ad-
vantages in terms of morbidity, mortality, length of stay and
hospital charges for higher surgeon volume.

Chen [18] used a cut-off of 50 parathyroidectomies/year,
and found a lower failure rate after parathyroidectomies per-
formed in high-volume hospitals. These results appear in con-
trast with Chow [8] that showed good results in terms of cure
rate in a low-volume hospital (<10 parathyroidectomies/
year), even if a not negligible morbidity rate (1.9% transient
and 1% permanent vocal fold palsy) was reported. Mitchell
[5] categorised hospitals into low-volume (<20 cases/year)
and high-volume (20 or more cases), reporting a dramatic
drop of avoidable reoperations in the latter. Yeh [19] also
applied a categorisation to subdivide hospitals in low (<3
cases/year), medium (3—6) and high-volume (7 or more
cases/year), showing a progressive, non-linear decrease in per-
sistent disease, reaching a cure rate of 96%. Abdulla [23]
suggested that an average number of 10
parathyroidectomies/year seemed to be sufficient to achieve
an acceptable reoperation rate of 1%.

Surgeon volume vs institutional volume

Some studies focused on the individual surgeon case-load,
seeking the definition of “high-volume surgeon” [7, 14-17,
20-22, 24-26] whilst others focused on hospital case-load,
looking for “high-volume centres” [4, 5, 8, 13, 18, 19, 23].
Nearly all studies suggest that the specific annual case-load of
an individual surgeon is considerably more relevant than hos-
pital volume [4, 5, 15, 18, 25] in determining a favourable
outcome. Stavrakis reported that, even if a high degree corre-
lation (r=0.55) between surgeon and hospital volume was
present, the hospital volume activity was the dominating de-
terminant of length of stay and costs, whilst it had no effect on
complication rate which was predictable only by the individ-
ual surgeon case-load [15].

Parathyroid volume vs combined neck
endocrine volume

Whilst thyroid and parathyroid surgery share some anatomical

and surgical features, the literature suggests that the operative
volume is organ-specific, so that operative volume in thyroid

@ Springer
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surgery may not improve the outcomes in parathyroid surgery
[5, 15]. Useful data in this regard has been collected from
patient cohorts referred to a tertiary care centre for reoperative
surgery where the trend appears to be that centres performing
high thyroid but low parathyroid surgery numbers had signif-
icantly higher risk for reoperative parathyroid surgery [5]. In
this study, reoperations were deemed “avoidable” in a much
higher numbers when the first operation was performed in a
low parathyroidectomy volume centre (78% vs 22%), even in
case of concomitant high-volume thyroid volume. Thus, the
magnitude of the surgeon volume effect appears to be parathy-
roid specific [15], although most thyroid high-volume centres
tend to be equally high-volume for parathyroid surgery [14].

Localised vs unlocalised disease

Very few studies have analysed the role of case-load
and experience according to the preoperative localiza-
tion in pHPT surgery. Some papers suggested that sat-
isfactory results may be achieved even by low-volume
surgeons when preoperative ultrasonography or
scintiMIBI scanning identify an unequivocal solitary
parathyroid adenoma, reporting a cure rate of 98.1%
[8], presumably also due to patient selection. As previ-
ously stated, however, the rate of avoidable failures af-
ter primary neck exploration has been found to be sig-
nificantly higher in low-volume compared with high-
volume hospitals (100% vs 17%, respectively) even
when accurate preoperative localization was achieved
[5]. Parathyroid disease with equivocal or negative pre-
operative localization comes with a significantly higher
risks of failure (OR 1.96 and 2.5 respectively) but of
note is the fact that the lowest surgical success rate
(79.5%) was found among scan-negative/equivocal pa-
tients treated at low-volume hospitals. Indeed, low/
medium hospital case-load and negative/equivocal
scintiMIBI scan results appear to be a troublesome com-
bination of independent risk factors for persistent dis-
ease [19].

Hereditary pHPT and reoperations
for persistent/recurrent pHPT

No paper has formally compared the results of parathyroid
surgery in hereditary pHPT and the case-load of the surgeon
or institution. This may be because of the rarity of the diseases
or because complex surgery tends to gravitate towards spe-
cialist centres already. However, it is also true that some he-
reditary pHPT patients are simply not being diagnosed and the
results are to be found embedded within the reoperative para-
thyroidectomy data.

@ Springer

Discussion

Primary hyperparathyroidism is the third commonest endo-
crine disease and parathyroidectomy has become a relatively
common operation. A cure rate of over 95% at initial surgery
is reported by expert parathyroid surgeons who are, however,
responsible for just only 4% of procedures [15, 27]. Most
parathyroidectomies are performed in a setting where publi-
cation of results is less likely. Failure to cure pHPT may lead
to the need for reoperations that come with a lower cure rate,
more morbidity and increased cost. For these reasons, in re-
cent years, an increasing number of studies have addressed the
topic of the relationship between hospital and/or surgeon case-
load and outcomes in parathyroid surgery.

Whilst understandably no prospective randomised studies
have been performed, the existing literature reports a strong
relationship between higher case-load and better clinical and
economic outcomes in parathyroid surgery [14, 15, 24, 26].
Higher annual case-loads are consistently reported to achieved
significantly increased cure rates [13, 14, 25], lower rates of
persistent pHPT, less frequent need for reoperations [13, 19],
fewer avoidable reoperations [4, 5] and up to sevenfold lower
morbidity [22, 24, 26] than in a low-volume setting. Vocal
cord paralysis, postoperative hypoparathyroidism and neck
hematoma [13, 15, 20] are all less common in high-volume
practices and this effect appears to be amplified in the case of
reoperations and in the paediatric population [16]. Whilst dif-
ficult to demonstrate a causal link, the significantly increased
mortality risk (6- to 25-fold) in low-volume settings also can-
not be ignored [14, 22].

The available literature may always be accused of being
suboptimal but overwhelmingly supports the conclusion that
parathyroid surgery in a high-volume setting may be more
cost-effective in part due to the shorter length of stay or in-
creased rate of outpatient surgery [7, 15-18, 22, 24, 26] even if
comparison of absolute costs and hospital charges varies be-
tween national health care systems and may not comparable.

It is accepted that the published literature presents limita-
tions and requires careful interpretation and that the huge data
from anonymised administrative databases and national regis-
tries may have limited in accuracy due to possible coding
errors, under-reporting of complications that arise after dis-
charge and the unreliability of long-term outcomes.
However, the error is probably universal and comparative data
from the same sources and associated conclusions are likely to
be valid.

Whilst there is a fair but scientifically weak conclusion that
parathyroidectomy is best performed in high-volume settings,
the definitions of “low” and “high-volume” surgeons/
hospitals remain unclear, varying between 1-50 and 20-100
annual parathyroidectomies, respectively. The literature is too
heterogeneous to fix a definitive threshold, so organisations
often use linguistics rather than number thresholds: the
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American Association of Endocrine Surgeons guidelines state
that parathyroidectomy should be conducted by surgeons with
adequate training and experience [28]. A recent literature
systematic review [29] proposed to fix a threshold volume
of 15-20 parathyroidectomy/year to satisfy the minimal
criteria of safety and to fix a threshold of 30—40 procedures
to define “high-volume”. Since in some settings these minimal
thresholds cannot be achieved, a compromise has been pro-
posed to include the surgeon’s thyroidectomy practice to reach
the minimal volume even though the literature does not sup-
port this approach [5] since a high thyroidectomy case-load in
the context of few parathyroidectomies comes with a signifi-
cantly higher risk for persistent pHPT. Parathyroid surgery
appears to require specific expertise, knowledge of embryol-
ogy, surgical anatomy, pathophysiology that all underpin the
figure of the “experienced parathyroid surgeon” previously
recommended by Doppman [30].

Another controversial area is the definition of the relation-
ship between experience, expertise and surgeon annual case-
load. Even if expert and experienced surgeons usually perform
parathyroidectomy at high-volume some have extensive ex-
perience but lesser practice volumes at any given time. Sosa
and colleagues [14] analysed the impact of surgeon experience
to the annual case-load by assessing the number of years in
practice after completing an advanced training in endocrine
surgery. They found that in high-volume surgeons, less major
morbidity occurred after primary operations and reoperations,
with a further decrease of major complications and in-hospital
death rate directly correlated to the length of previous experi-
ence. Thus, it could be argued that better results might be
obtained by dedicated and specialised surgeons, with adequate
annual case-load, previous experience, targeted training and
specific knowledge of parathyroid surgery-related issues.

General surgical literature has placed great importance on
hospital in addition to surgeon volume in optimising outcomes
and reducing costs, but this seems to refer to high-risk surgical
procedures that require prolonged postoperative and multidis-
ciplinary management [9, 10]. In endocrine surgery, the im-
pact of the individual surgeon seems more relevant [4, 5, 15,
18, 25]. Indeed, Stavrakis and colleagues reported that hospi-
tal volume has no effect on complication rates, but may influ-
ence length of stay and costs, whilst it is surgeon volume that
has the main influence on clinical outcomes and in particular
is a predictor of complications [15]. The surgeon volume ef-
fect appears to be non-linear, with a sevenfold difference be-
tween the extremes of the volume spectrum, whilst the broad
“middle ground” of surgeons performing 4 to 99 endocrine
operations yearly achieved similar complication rates [15]. As
suggested above, satisfactory results were again reported also
by experienced surgeons operating at low-volume centres
[25]. However, it should be underlined that in most cases,
surgeon and hospital volumes coexist since high-volume sur-
geons usually operate at high-volume centres [5, 15].

Parathyroid surgery in most cases is performed after mul-
tiple localization studies with the site of the abnormal gland
already established prior to surgery. It has been reported that
satisfactory results may be obtained in this setting also by low-
volume surgeons [8] with appropriate patient selection, al-
though intervention on only localised disease would deprive
patients that might benefit from surgery. Indeed, the fact that
low-volume surgeons gravitate towards localised disease
whilst high-volume centres operate on all comers achieving
similar cure rates of around 97% [31] is an indirect marker of
the value of expertise. Localised disease is not, however, a
guarantee of cure in all hands since even when the disease
has been positively identified before surgery, low-volume sur-
geons still have worst outcomes [5, 15]. This finding has been
supported by population-based data from the USA where the
poorest outcomes and lowest cure rates were found among un-
localised disease patients treated at low-volume hospitals [19].

Similar conclusions may be reached when considering the
role of case-load and experience in parathyroid surgery at the
more challenging end of the spectrum. Parathyroidectomy in
the context of hereditary pHPT requires an understanding of
the genotypic and phenotypic background of the disease and a
thorough knowledge of the guidance on this topic; challeng-
ing bilateral neck explorations (and sometimes multiglandular
parathyroidectomy) with search for ectopically located disease
may be required [32]. These requirements automatically place
the patients in a specialist context but little data is available on
the differing outcomes encountered depending on the surgical
volume of the surgeon involved. Moreover, many hereditary
pHPT patients are in the paediatric age group where there is
evidence that high-volume practice is associated with lower
complication rates, hospital lengths of stay and cost of care
(Sosa 2008). The recommendation based on expert opinion is
that such surgery is best performed in the appropriate environ-
ment which invariable means in the context of high-volume
surgery [17].

A final special mention has to be made of reoperative
parathyroid surgery which is associated with a lower cure
rate and consistently higher morbidity [33]. Most inexpe-
rienced surgeons would not be keen to undertake
reoperative surgery and the American Association of
Endocrine Surgeons guidelines for the management of
pHPT [28] and the collaborative UK/US guidelines on
reoperative parathyroid surgery [34] both recommend that
parathyroid reoperations should be performed by high-
volume parathyroid surgeons. Most literature focuses on
the reason why the first parathyroidectomy failed [1] rather
than on the failure to cure at subsequent operations. It is
certainly the case that most previously unidentified para-
thyroid adenomas are located in the conventional neck sur-
gical field [35] so repeat surgery would seem logically and
self-evidently best performed by a surgeon with greater
experience [36]. However, the evidence-based to confirm
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this recommendation is based almost entirely on common
sense and expert opinion rather than scientific proof.

Conclusions

Parathyroid surgery appears to be associated with an increased
risk of failure to cure, need for reoperation, morbidity, possi-
bly mortality and increased costs when performed in low-
volume setting. As a consequence, there is a desire to move
away from the lowest volume parathyroid surgeons towards
more experienced surgeons in a high-volume setting. Expert
and experienced surgeons currently represent a minority and
are not ubiquitously available; so any centralization has to be
accommodated to local circumstances since it may not always
practical, feasible nor politically implementable. However,
patients armed with the existing evidence may ask why they
should be exposed to worse outcomes and higher risk and lead
this drive. There will remain a role for local centres with ad-
equate minimal case-load and with acceptable results for pa-
tients that prefer local surgery or who are unable or unwilling
to travel to dedicated centres.

Summary and recommendations

In conclusion, after presenting the results of this review in an
evidence-based perspective at the 8th European Society of
Endocrine Surgeons Conference (May 16—18, 2019,
Granada, Spain), a set of conclusions were agreed upon,
followed by the recommendation grade and evidence level.

-Is it possible to identify quality benchmarks in parathyroid
surgery?

Quality in pPTH surgery can be measured according to the
clinical and economic outcomes. The cure rate, rate of persis-
tent pHPT and need for reoperations, general and surgical
endocrine-specific morbidity and eventually mortality should
be measured by each parathyroid surgeon to assess the level of
performance (recommendation level: C, evidence level: III;
GRADE: strong; @®&0).

-Is there any correlation between case-load and outcomes?

Case-load and outcomes correlate well in parathyroid sur-
gery. High-volume settings unequivocally achieve better clin-
ical and economic results. The role of expertise, experience
and specific competence should be taken in account together
with the annual case-load (recommendation level: C, evidence
level: 1II; GRADE: strong; &@600).

-Is the impact on outcomes of individual surgeon and hos-
pital case-load different?

Specific experience and the case-load of the surgeon ap-
pears to be more relevant than hospital volume in achieving
good outcomes in parathyroid surgery (recommendation lev-
el: C, evidence level: III; GRADE: strong; &@@00).

@ Springer

-Can outcomes in parathyroid surgery be influenced by
thyroid surgery case-load?

Parathyroid surgery needs specific and adequate knowl-
edge and competence; thyroid surgery case-load may affect
the outcomes of parathyroid surgery but probably to a limited
extent and should not be considered when defining a requisite
surgical case-load for parathyroid surgery (recommendation
level: C, evidence level: III; GRADE: weak; &@000).

-How can high and low-volume parathyroid surgeons be
defined?

The definition of high and low-volume parathyroid sur-
geon remains arbitrary. Consensus gravitates towards a thresh-
old of 40 and 15 annual procedures as cut-off for the former
and the latter, respectively (recommendation level: C, evi-
dence level: III; GRADE: weak; &000).

-Should parathyroid surgery be concentrated in high-
volume settings?

Parathyroid surgery is at increased risk of morbidity, fail-
ures and need for reoperations when performed in low-volume
settings; thus, it should be concentrated in dedicated settings,
with adequate annual volume and expertise. Whenever possi-
ble, local centres with adequate minimal case-load and exper-
tise might be designated at least at regional level. Acceptable
results may be achieved simply moving parathyroid surgery
cases away from low-volume settings (recommendation level:
C, evidence level: III; GRADE: strong; &6@00).

Challenging procedures (pHPT without unequivocal pre-
operative localization, hereditary pHPT, paediatric patients,
reoperations) should be confined to high-volume setting (rec-
ommendation level: C; evidence level: III; GRADE: strong;
®e00).
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