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Abstract

Objective: This study compares the outcome of parathyroidectomy for primary hyperparathyroidism (PHPT) in
patients whose adenomas’ weights were at the extremes of the distribution curve. As the size of parathyroid
adenomas influences the success rate of localization studies for PHPT and negative localization can lead to higher
risk of failed surgical treatment, it is possible that a difference in cure rate could be observed between subgroups of
patients.

Study design: Case series

Methods: Data were retrieved from a prospective database maintained in a large University hospital.

Results: From a cohort of 519 patients who underwent parathyroidectomy for PHPT; two subgroups of patients
were identified based on the extreme 10% of the distribution curve for adenomas’ weight: adenomas <300 mg
(“dwarfs”, n=100, median 200 mg) and >3000 mg (“giants”, n=56, median 4300 mg). Age was similar between
groups. In comparison with giant adenomas, dwarf adenomas were associated with less severe hypercalcaemia
(median 2.84 vs. 3.00 mmol/l, p<0.001) and lower PTH (median 11.7 vs. 25.6 pmol/l, p<0.001). The occurrence of
dwarf adenomas showed no trend during the study period (23/173(13%) in 2000-2004 vs. 36/217(17%) in
2007-2011).

Scan-directed parathyroidectomy was feasible in significantly more patients with giant adenomas (59% vs. 38%).
Persistent disease was diagnosed in three patients with dwarf adenomas and all were cured after a second
operation. Patients with giant adenomas had no recurrence during a median follow-up of 25 months even though
eight patients had histological features suggestive of atypical/malignant tumors.

Conclusion: Preoperative biochemistry is a poor predictor of adenomas’ size even at the extremes of the
distribution curve. Cure can be achieved in all patients with “dwarf” adenomas. Even in the presence of suspicious
histological features, “giant” adenomas did not show malignant behavior.

Keywords: Primary hyperparathyroidism; Adenoma weight;
Parathyroidectomy; Cure rate

Introduction
Primary hyperparathyroidism (PHPT) is a common endocrine

disease with an incidence as high as 1 in 500 in postmenopausal
women and a prevalence of up to 13% in those over 75 years old [1,2].
The severe symptoms suggested by the classical mnemonic of bone-
stones-abdominal moans-groans are rarely seen in Western practice
and most patients are diagnosed when hypercalcaemia is moderate and
symptoms might be considered to be absent [3]. Such patients are
currently identified during screening for osteoporosis or on blood tests
organized for unrelated complaints though many more might remain
undiagnosed in the general population [4]. The current evidence-base
for treating asymptomatic patients has been reviewed by the third NIH

consensus but in current medical practice the endocrinologists might
have a higher threshold for referral for surgical treatment and surgeons
with large practice are unlikely to follow the restrictions suggested by
the NIH consensus [5-7].

In the last decade the combination of Tc99m-sestamibi scintigraphy
and neck ultrasound has been used in most centers to select patients
who would benefit from a scan-directed limited neck exploration, most
commonly performed as an open minimally invasive
parathyroidectomy (MIP) [8]. A cure rate of over 95% of MIP has been
reported in numerous large series of patients operated with or without
intraoperative PTH monitoring hence scan-directed
parathyroidectomy has been widely adopted as the ideal treatment for
PHPT [9]. As more patients are being identified earlier in the course of
the disease it is expected that this could lead to the diagnosis of
patients with smaller tumors. This hypothesis is based on the historical
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data showing a trend for increasing adenoma weight with increasing
severity of hypercalcaemia.

If this assumption is true, it could be that small adenomas in
patients with less severe hypercalcaemia might be more difficult to
identify on preoperative localization studies (and possible less likely to
be found during the operation); hence the risk of persistent or
recurrent PHPT might be higher in such patients. The aim of this study
is to compare the outcome of parathyroidectomy in patients with
PHPT with tumors at the extremes of the distribution of their size.

Methods
A prospective database collected clinical, biochemical, pathological

and follow-up data on consecutive patients operated for primary
hyperparathyroidism. Patients with known familial disease and that
undergoing redo parathyroidectomy were excluded from this analysis.
All patients underwent preoperative localization studies using high-
resolution neck ultrasound and Tc99m-sestamibi scintigraphy.

When both localization studies were positive and concordant, a
scan-directed unilateral exploration was performed (minimally
invasive parathyroidectomy, MIP). Bilateral neck exploration was
performed in patients with discordant or negative scans.

As previously reported, intraoperative PTH was not used in any of
the patients [10]. All operations were performed by one of the two
Consultants (GS and RM) or a higher surgical trainee with a dedicated
interest in endocrine surgery. Statistical analysis was performed using
Excel-Windows (XLSTAT2011, Addinsoft, France).

Data with normal distribution are presented as mean ± standard
mean (range) are provided for data with non-normal distribution.
Parametric and non-parametric tests were used accordingly. For all
tests p<0.05 was considered significant.

Results

Patients

Between April 2000 and March 2011 a total of 662 patients
underwent parathyroidectomy for PHPT. Patients with familial disease
and renal hyperparathyroidism and those referred with persistent/
recurrent disease (n=84) were excluded from analysis.

Patients with multi-gland disease and those with single adenomas
whose weight was not recorded were also excluded (n=59). Weight of
parathyroid adenomas was available in 519 cases and these patients
were included in further analysis. Demographic and biochemical
details of those whose adenomas’ weight was missing did not differ
from those of the 519 include in analysis (data not shown).

The distribution of adenomas’ weight was not normal (Shapiro-Wilk
test). The lower and top 10 percentile were determined at 300 and 3000
mg. These values were used to identify two subgroups of patients:
Those with “dwarfs” adenomas (weight<300 mg, n=100) and those
with “giant” adenomas (weight>3000 mg, n=56). Age was similar
between these two subgroups but the female predominance was more
apparent in those with dwarf adenomas (88% vs. 65%).

The occurrence of dwarf adenomas showed no significant trend
during the study period as they were identified in 23/173(13%)
patients in 2000-2004 vs. 36/217 (17%) patients in 2007-2011 (p=NS,
chi-square test) (Figure 1) (Table 1).

Figure 1: Distribution of weight of parathyroid adenomas in 519
patients with PHPT.

Parameters “dwarf”adenomas n=100 adenomas of “average”
weight n=363

“giant” adenomas n=56 p*

Gender 82F:18M 266F:97M 65 (25-89) <0.01 (Chi2 Test)

Age (years) 69 (24-89) 63 (17-90) 65 (25-89) p=ns

Preop calcium (mmol/L) 2.84 (2.51-3.61) 2.89 (2.52-5.00) 3.00 (2.65-3.64) <0.001**

Preop PTH (pmol/L) 11.7 (2.7-124.5) 15.8 (4.5-190) 25.6 (9.2-137) <0.001**

Weight of adenomas (mg) 200 (60-300) 990 (310-2960) 4300 (3000-37000) <0.001**

(*comparison between dwarf and giant adenomas) (**Mann-Whitney test)

Table 1: Comparison of preoperative parameters in patients found to have either “dwarf ” or “giant” parathyroid adenomas.
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Biochemical, radiological and pathological characteristics

There was only a weak correlation between the adenomas’ size and
the severity of hypercalcaemia (weight=1716 × [Ca]-3421, R2=0.026)
and PTH values (weight=33 × [PTH]+824, R2=0.075) (Figure 2).

Figure 2: Correlation between highest preoperative calcium level
(A) or PTH level (B) and the weight of the parathyroid adenomas.

Dwarf adenomas were associated with less severe hypercalcaemia
and lower PTH when compared with “giant” adenomas (Table 1). With
increasing severity of preoperative hypercalcaemia (from <2.8 to
2.8-3.0 or >3.0 mmol/L) there was an increase in the median weight of
adenomas (530 vs. 800 vs. 1100 mg, p<0.0001 Kruskal-Wallis test) with

an increasing presence of “giant” adenomas (from 7% to 19%) and a
decreasing incidence of dwarf adenomas (from 27% to 6%) (Figure 3).

Figure 3: Incidence of “dwarf ” and “giant” adenomas in subgroups
of patients with varying severity of hypercalcaemia.

Positive preoperative localization was more likely in patients with
“giant” adenomas compared with those with “dwarf ” adenomas both
for sestamibi (37/42(88%) vs. 48/95(50%)) and for ultrasound
scanning (38/50(76%) vs. 45/92(49%) (Fisher exact test in a 2 × 2
contingency table and two-tailed p <0.001).

Histological analysis of the adenomas demonstrated a
predominance of chief cells in majority of adenomas in both subgroups
(64/100 and 35/56, respectively, p=NS, chi-square test).

Outcome of parathyroidectomy

Scan-directed minimally invasive parathyroidectomy was feasible in
59% of patients with giant adenomas and 38% of “dwarf ” adenomas.
Majority of patients were discharged on the day of surgery and length
of stay was similar for both groups (range 0-4 days, mode 0).

Persistent disease was diagnosed in three of 100 patients with dwarf
adenomas. Subsequent reimaging demonstrated a second adenoma
and at redo parathyroidectomy a larger adenoma was resected. During
a follow-up of 39 ± 27 months (median 34 months) all patients have
remained normocalcaemic (2.30 ± 0.61 mmol/l).

Patients with giant adenomas had no recurrence during a median
follow-up of 25 months (average 34 ± 26 months) even though eight
patients had tumors with histological features suggestive of atypical/
malignant tumors (Figure 4).
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Figure 4: Monthly follow-up after parathyroidectomy.

Discussion
This study is based on the analysis of a cohort of over 500 patients

with primary hyperparathyroidism (PHPT) operated over a decade in
a University center and reports excellent cure rates of
parathyroidectomy independent on the size of parathyroid adenomas.

Parathyroidectomy for PHPT is an increasingly common operation
as the disease incidence is increasing in an aging population. In
addition to large personal series, national registries from Sweden and
the United Kingdom reported cure rates in excess of 95%
parathyroidectomy [11]. Such multicenter data collection also showed
that only two thirds of patients have localization studies and that the
subgroup of patients with negative localization studies might have a
much higher risk (up to 20%) of unsuccessful operation [12]. As size of
the adenomas is one of the factors potentially influencing the success
of localization studies, we compared the outcome of
parathyroidectomy in patients with adenomas whose weight was at the
extremes of the distribution curve.

The correlation between the severity of biochemical abnormalities
and size of parathyroid adenomas has long been debated [13-16].
Despite the fact that dwarf adenomas were more likely in patients with
calcium <2.8 mmol/L than in those with Ca >3 mmol/L, preoperative
biochemical parameters would not have predicted the likelihood of
encountering a “dwarf ” or a “giant” adenoma. It can be suggested
however that in a patient with severe hypercalcaemia (>3.0 mmol/l)
and negative scans the finding of a minimally enlarged gland should
prompt further exploration for identification of a possibly much larger
ectopic gland either in the anterior mediastinum or the posterior
mediastinum (acquired ectopia of a “giant” superior adenomas sliding
along the prevertebral fascia in a paraoesophageal position). Similarly,
in a patient with minimal hypercalcaemia the finding and the excision
of a slightly enlarged gland might be sufficient treatment and one
should not extend the exploration. A similar protocol was suggested by
the authors of the “Wisconsin index” in which the product between
calcium and PTH concentration can be trace on a nomogram that
allows one to estimate the risk of multigland disease [17]. Based on
their data for example, for a Wisconsin index of less than 800 and a
gland weight of 500 mg; there is a 9% chance for additional hyper
functioning parathyroid glands but if the WIN is 801 to 1600 these

chances increase to 28%, and if the WIN is more than 1600 the chance
of multi gland disease is 61% [17].

During the period analyzed there was no significant change in the
incidence of “dwarf ” adenomas. This finding doesn’t support the
hypothesis that the current more proactive approach for diagnosing
patients with PHPT is not identifying patients at an earlier stage of
their disease. It is of historical interest to note that in Fuller Albright’s
first report of parathyroidectomy in 1940s in eight patients with severe
symptoms the adenomas weight was in excess of 11 gm. In contrast, in
our series of over 600 patients only seven patients had tumors with
weights in excess of 11 gm and half of patients had tumors <1 gram.

For small parathyroid adenomas the main concern remains the
limitation of current localization studies to demonstrate the position of
such tumors. Several studies have shown that sestamibi is less sensitive
for smaller adenomas and that on neck ultrasonography such tumors
cannot be easily differentiated from thyroid nodules or local lymph
nodes [8]. Confirming these previously reported data in our series
scan-directed parathyroidectomy was less likely in patients whose
adenomas were <300 mg. Never the less, such small adenomas could
be identified intraoperatively through a systematic neck exploration by
comparing their appearance/size with that of the other (three) normal
glands.

Though large adenomas are readily demonstrated on ultrasound,
some do not uptake the radioactive tracer hence sestamibi scintigraphy
was found to be negative in 12% of patients with giant adenomas. The
preoperative description of a large parathyroid tumor should raise
suspicion of a parathyroid carcinoma and such patients might need a
simultaneous ipsilateral thyroid lobectomy. In our practice, the
decision to perform a lobectomy was taken in only five patients with
macroscopic suspicion of locally-invasive tumor. For cases where the
“giant” parathyroid adenoma was easily dissected off the surrounding
structures, no thyroid lobectomy was performed. Despite such a
“conservative” approach there have been no cases of local or distant
recurrence. Such decisions could be facilitated by the introduction in
routine clinical practice of histological analysis currently available only
in research settings such as demonstrating the loss of expression of
parafibromin in parathyroid carcinomas [18-20].

In summary, size of parathyroid adenomas has no impact on the
cure rate of parathyroidectomy for primary hyperparathyroidism.
Small adenomas missed on preoperative localization studies can be
identified reliably during bilateral neck exploration. At the opposite
extreme, giant adenomas are seldom malignant and local excision is
sufficient for the vast majority of them.
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