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ABSTRACT
Background: Primary hyperparathyroidism (PHPT) is caused by excessive parathyroid hormone production by 
autonomously functioning parathyroid gland(s), most commonly by adenomatous change in a single gland (SG). This 
pathological SG may be removed in a minimally invasive surgical approach rather than a traditional bilateral neck 
exploration. However, this requires the SG to be localized preoperatively using imaging.
Objectives: To determine the prevalence of SG and multigland (MG) disease, techniques used to localize disease 
preoperatively and outcome based on surgical approach, in patients with PHPT undergoing first parathyroidectomy at the 
Wits Donald Gordon Medical Centre, Johannesburg, South Africa.
Methods: A retrospective review of all eligible patients (from October 2008 to January 2018) with biochemically confirmed 
PHPT undergoing parathyroidectomy was conducted.
Results: Records of 252 patients with PHPT were reviewed. SG disease was the cause of PHPT in 83.3% of patients, 
whereas MG disease, including double adenomas and hyperplastic change, accounted for the remainder. A neck ultrasound 
scan (USS) was performed in 71.8% of patients with a sensitivity of 77.1% (95% CI, 68.5–84.4%), while 75.4% had a Tc-99 
Sestamibi Single -Photon Emission Computed Tomography (SPECT) scan with a comparable sensitivity of 72.9% (63.9–
80.7%) in localizing SG disease. Combined USS and SPECT scan had sensitivity in SG disease of 79.7% (71.3–86.5%). 
Only 44.8% of patients underwent a minimally invasive parathyroidectomy.
Conclusion: A bilateral neck exploration has been the gold standard surgical approach in PHPT management. However, 
given the predominance of SG disease, with a careful interpretation of reliable preoperative localization imaging studies, a 
minimally invasive parathyroidectomy should be considered.
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INTRODUCTION
Primary hyperparathyroidism (PHPT) is an endocrine 
disorder arising from dysregulated parathyroid hormone 
(PTH) production. Symptoms are caused by the result-
ant hypercalcaemia. Typically, PHPT affects middle-aged, 
post-menopausal females.(1) PHPT is diagnosed bio-
chemically by hypercalcaemia in the setting of an inappro-
priately elevated PTH level. Autonomous PTH production 
arises from a single parathyroid gland, so-called single 
gland (SG) disease, in approximately 85% of patients with 
PHPT.(2) Adenomatous change is usually the underlying 

pathological change seen in SG disease. Hyperplasia, how-
ever, is mainly responsible for MG disease, which occurs 
in approximately 15% of PHPT patients. Hyperplastic 
glands are smaller and less impressive than glands enlarged 
by adenomatous change. Multiple adenomas may also be 
found in MG disease. Carcinoma is rarely implicated in 
PHPT (<1%).(2)

PHPT can be cured and is primarily managed by an 
expedient surgical removal of the pathological gland(s).(3) 
Traditionally, the surgeon’s gold standard involves a bilat-
eral neck exploration in which all four parathyroid glands 
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are explored and any abnormally enlarged gland resected. 
This approach has cure rates above 95% and does not fun-
damentally require preoperative imaging.(4) Postoperative 
cure is defined as normocalcaemia at 6 months post-surgery. 
However, given that most patients with PHPT have SG 
disease this has led to an advocacy for a more focused and 
minimally invasive approach directed at removing the sin-
gle pathological gland. Comparable successful cure rates of 
more than 95% have been reported to those achieved with 
a bilateral neck exploration.(5) In addition, a minimally 
invasive approach has a smaller and thus more cosmetically 
appealing scar, shorter operative time and hospital stay, and 
reduced postoperative complications, such as hypocalcae-
mia and recurrent laryngeal nerve damage.(6,7)

To remove an SG in a focused surgical manner, the sur-
geon has to be able to preoperatively localize it. Imaging 
modalities are used to localize the gland and not to confirm 
or exclude the diagnosis of PHPT.(8) Commonly used 
imaging modalities include a neck ultrasound scan (USS) 
and a Technetium (Tc)-99 Sestamibi single-photon emis-
sion computed tomography (SPECT) scan. A neck USS 
has the advantage of being widely available, cheap and easy 
to use. However, the success in localizing the gland is often 
operator dependent.(9) A 2012 meta-analysis reported 
a pooled sensitivity of a neck USS to be 76.1% (95% CI 
70.4–81.4%) with a pooled positive predictive value in SG 
detection of 93.2% (95% CI 90.7–95.3%). The pooled sen-
sitivity and positive predictive value of a Tc-99 Sestamibi 
SPECT scan were reported as 78.9% (95% CI 64–90.6%) 
and 90.7% (95% CI 83.5–96.0%), respectively, for SG dis-
ease.(10) However, the latter modality is not widely availa-
ble, less cost-effective than USS and requires more skill to 
interpret.(11) Combining the two imaging modalities has 
been shown to increase preoperative localization accuracy 
to a sensitivity between 79 and 95% and thus a combined 
imaging approach is recommended.(12)

Both neck USS and Tc-99 Sestamibi SPECT scans, unfor-
tunately, perform poorly in detecting MG disease.(13,14) 
Indeed, negative, equivocal or discordant imaging results 
should raise the suspicion of MG disease and necessitate a 
bilateral neck exploration.(15) Missed MG disease is a pre-
ventable cause of persistent or recurrent hypercalcaemia and, 
therefore, of ‘surgical failure’ postoperatively.(16,17) Such 
an outcome may lead to ongoing target organ damage from 
hypercalcaemia, in which case a re-exploration is indicated. 
Re-exploration is technically more challenging and is associ-
ated with increased surgical morbidity.(18)

In addition to imaging, other proposed markers of 
potential use to differentiate SG and MG diseases pre-
operatively include the degree of clinical symptomatology 
and elevation of hypercalcaemia, both of which are of a 
worse degree in adenomatous rather than hyperplastic dis-
ease.(19) However, studies have shown inconsistent results 
using these variables and the widespread clinical use of such 
strategies has not gained popularity.(13,20) Vitamin D,  
commonly deficient in the African populations,(21) is a 

known contributing factor to severity of disease and accu-
racy of preoperative localization. Ideally, vitamin D levels 
should be measured in patients with suspected PHPT.(22)

There are no published studies from developing countries 
that have assessed the value of imaging and other factors in 
the localization of disease. We thus reviewed a large cohort 
of patients with PHPT who underwent parathyroidectomy 
and aimed to determine the predominance of SG disease 
and whether SG disease can be predicted preoperatively by 
means of biochemistry and imaging modalities.

MATERIALS AND METHODS
Patient selection
Data from patients of 18 years and older undergoing par-
athyroidectomy for PHPT at the WITS Donald Gordon 
Medical Centre in Gauteng, South Africa by a single 
surgeon over the study period of October 2008 to April 
2017 were collected retrospectively. Patients undergoing 
reoperation and those undergoing parathyroidectomy for 
renal-related or multiple endocrine neoplasia parathyroid 
disease were excluded.

Data acquisition
All data were recorded in a REDCap database. Data were 
anonymized to ensure patient confidentiality and included 
basic demographic characteristics and relevant biochemis-
try results of preoperative corrected serum calcium, PTH 
and vitamin D levels. Also, postoperative serum corrected 
calcium results were recorded. Preoperative biochemis-
try done more than 180 days pre-surgery was excluded. 
Six-month follow-up blood results outside of 7 months 
post-surgery were also excluded. Hypercalcaemia was 
defined as a calcium level above 2.60 mmol/L and normo-
calcaemia as a calcium level of 2.00–2.60 mmol/L.

Preoperative imaging results from neck USS and Tc-99 
Sestamibi SPECT were reviewed. SG or MG disease was 
determined from the number of glands identified by each 
of these imaging modalities individually and combined. 
For the use of both imaging modalities together, patients 
were classified as having MG disease if one or both imag-
ing modalities identified MG disease; otherwise patients 
were classified as having SG disease.

Classifications based on imaging modalities were then 
compared to the ‘true’ or gold standard classification based 
on surgical and histological assessment. Therefore, a true 
positive imaging result of SG disease was based on the sur-
gical and histological assessment showing only an SG as 
pathologically abnormal. Specifically, histological outcome 
was defined as follows: if one abnormal gland was identi-
fied, regardless of whether this was an adenoma, carcinoma 
or hyperplasia, this was diagnosed as SG disease. If more 
than one abnormal gland was identified, a diagnosis of MG 
disease was made. The study fulfilled all the ethical require-
ments of the University of the Witwatersrand’s Human 
Research Ethics Committee.
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Statistical analysis
Data analysis was carried out using SAS version 9.4 for 
Windows and STATA version 14.2. Descriptive statistics 
were conducted, and categorical variables were summarized 
by frequency and percentage, whilst continuous variables 
were described according to the median and interquartile 
range (IQR). The associations between preoperative cal-
cium levels and histological outcome, surgery and histolog-
ical outcome, and between SG/MG disease and adenoma/
hyperplasia were determined by the Mann–Whitney U 
Test and chi-squared or Fisher’s exact test, as appropriate. 
Where both imaging tests were carried out, the degree 
of agreement between neck USS and Tc-99 Sestamibi 
SPECT scan in the identification of SG versus MG dis-
ease was determined by Cohen’s kappa with a standard 
error (SE). The sensitivity and specificity of the individual 
imaging modalities and their combination in predicting 
SG and MG diseases are reported. A P value of 0.05 was 
used for statistical significance for all tests.

RESULTS
Patient characteristics and preoperative 
biochemistry
A total of 252 patients underwent parathyroidectomy dur-
ing the study period and were included in the study. Table 1  
shows the demographic characteristics, preoperative 

biochemistry and histopathology findings in SG versus 
MG disease. The median age (IQR) of the study patients 
at surgery was 60.0 (51.0–70.0) years and this did not 
differ between SG and MG diseases. The majority of 
study patients were female (n = 195, 77.4%), regardless of 
whether SG or MG disease was diagnosed. Histologically 
proven SG disease was found in 83.3% of patients and 
adenoma was the causative pathology in 91.0% of these 
patients. Histologically proven MG disease was found in 
13.1% of patients and hyperplasia was the causative pathol-
ogy in 87.9% of these patients. Nine patients had no glands 
identified on histology, i.e. tissue mistaken for parathyroid 
tissue was removed at the time of surgery.

One or more blood results were recorded for 212 patients 
(15.9% missing data). The median (IQR) preoperative 
calcium level in the study patients was 2.68 (2.57–2.80) 
mmol/L and 68.6% (n = 142) had hypercalcaemia (Table 1).  
The median calcium level was significantly higher in SG 
versus MG patients (P = 0.03). PTH levels showed a 
median (IQR) level of 118.6 (88–175) pg/mL, with 93% 
of patients having PTH levels above the normal range 
of 15.0–68.3 pg/mL, and none below the normal range. 
Also, PTH levels were significantly higher in MG versus 
SG disease patients (P = 0.007). Vitamin D levels were 
only available in 51% of study patients (n = 128) and 
did not show any significant differences between SG and 
MG diseases.

Table 1: Patient demographics, preoperative clinical characteristics and histopathology in Single gland (SG) versus 
Multigland (MG) disease

Parameters Total SG MG P value*

Study patients, n (%) 252 (100%) 210 (83.3%) 33 (13.1%)
Glands identified 243 (96.4%)
Age, years 60.0 (51.0–70.0) 60.0 (51.0–70.0) 59.0 (48.0–67.0) 0.41
Female, n (%) 195 (77.4%) 165 (78.6%) 24 (72.7%) 0.50
Calcium, mmol/L 2.68 (2.57–2.80) 2.70 (2.58–2.83) 2.64 (2.49–2.71) 0.03
Calcium level categories (n=207)
Normocalcaemia, n (%) 65 (31.4%) 50 (29.6%) 11 (37.9%) 0.39
Hypercalcaemia, n (%) 142 (68.6%) 119 (70.4%) 18 (62.1%)
PTH, pg/mL 118.6 (88.0–175.0) 116.1 (87.1–166.8) 142.0 (108.0–1102) 0.007
Vitamin D, ng/mL 22.1 (16.8–28.5) 21.9 (16.5–28.5) 23.6 (19.8–28.5) 0.56
Histopathology, n (%)
Adenoma 199 (79.0%) 191 (91.0%) 8 (24.2%) <0.0001
Hyperplasia 42 (16.7%) 17 (8.1%) 29 (87.9%) <0.0001
Carcinoma 2 (0.8%) 2 (0.9%) 0 –
No glands 9 (3.6%)
*Mann–Whitney test statistic for continuous variables; chi2/Fisher’s exact test statistic for categorical variables. Continuous variables are presented 
as median (interquartile range [IQR]), unless specified otherwise. Categorical variables are expressed as absolute and relative frequencies. PTH, 
parathyroid hormone. Bold P values denote statistical significance at the P < 0.05 level.
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Localization of disease with preoperative imaging
Of the 252 patients, 94% (n = 237) had at least one type 
of preoperative imaging performed. A neck USS (Table 2)  
was performed in 71.8% (n = 181) patients. Of these 
patients, 76.8% were found to have SG disease, 7.2% 
MG disease and 16.0% had no glands identified. A Tc-99 
Sestamibi SPECT scan was performed on 75.4% (n = 190) 
patients, identifying SG and MG diseases in 76.8% and 
5.3%, respectively. No glands were identified in 17.9% of 
patients. Combined imaging was done in 53.2% (n = 134) 
patients. The following results were obtained: 80.6% SG, 
12.7% MG and no glands in 6.7% of patients.

To determine the degree of agreement between the neck 
USS and the Tc-99 Sestamibi SPECT scan in identify-
ing SG and MG diseases, Cohen’s kappa (SE) was calcu-
lated to be 0.139 (0.07), suggesting poor agreement. For 
those 134 patients who had both the neck USS and the 
Tc-99 Sestamibi SPECT scan, the sensitivity and speci-
ficity of each imaging modality and their combination in 

successfully identifying SG or MG disease is shown in 
Table 3. Preoperative imaging was reasonably sensitive in 
detecting SG disease but not for the detection of MG dis-
ease, albeit reliably specific in the latter.

Surgical approach
The 252 patients had a total of 266 surgeries: 1 patient had 
3 surgeries and 12 patients had 2 surgeries each. There were 
no deaths. For this study, only the first surgery was consid-
ered, as these relate directly to the preoperative imaging 
data. Minimally invasive or unilateral surgery was per-
formed in only 44.8% (n = 113) of patients, while the rest 
had bilateral neck explorations. SG disease as determined 
by histological outcome was found in 74.1% (n = 103) of 
patients who underwent bilateral four gland exploration.

Postoperative calcium levels
As 6-monthly postoperative serum calcium levels were only 
available in 21 patients (91.7% missing data), the incidence 

Table 2: SG and MG diseases according to imaging modalities

Variable Total Histology outcome
(n = 252) SG (n = 210) MG (n = 33) No glands(n = 9)

Neck USS done, n (%) 181 (71.8%) 155 (73.8%) 20 (60.6%) 6 (66.7%)
 No glands 29 (16.0%) 26 (16.8%) 2 (10%) 1 (11.1%)
 SG disease 139 (76.8%) 120 (77.4%) 14 (42.4%) 5 (55.6%)
 MG disease 13 (7.2%) 9 (5.8%) 4 (12.1%) 0 (0%)
Tc-99 Sestamibi SPECT done, n (%) 190 (75.4%) 167 (79.5%) 16 (48.5%) 7 (77.8%)
 No glands 34 (17.9%) 29 (17.4%) 4 (25.0%) 1 (11.1%)
 SG disease 146 (76.8%) 129 (77.2%) 11 (68.8%) 6 (66.7%)
 MG disease 10 (5.3%) 9 (5.4%) 1 (6.3%) 0 (0%)
Both USS and Tc-99 Sestamibi SPECT, n (%) 134 (53.2%) 118 (56.2%) 12 (36.4%) 4 (44.4%)
 No glands 9 (6.7%) 9 (7.6%) 0 (0%) 0 (0%)
 SG disease 108 (80.6%) 94 (79.7%) 10 (83.3%) 4 (100%)
 MG disease 17 (12.7%) 15 (12.7%) 2 (16.7%) 0 (0%)

MG, multigland; SG, single gland; USS, ultrasound. Bold boxed values denote the % agreement between pre-operative imaging and histology outcome.

Table 3: Sensitivity and specificity of individual and combined imaging modalities

Imaging modality To identify SG To identify MG
(n = 134) Sensitivity

% (95% CI)
Specificity
% (95% CI)

Sensitivity
% (95% CI)

Specificity
% (95% CI)

Neck USS 77.1 (68.5–84.4) 31.3 (11.0–58.7) 16.7 (2.1–48.4) 95.1 (89.6–98.2)
Tc-99 Sest. SPECT 72.9 (63.9–80.7) 31.3 (11.0–58.7) 0.0 (0.0–26.5) 92.6 (86.5–96.6)
Both modalities 79.7 (71.3–86.5) 12.5 (1.6–38.4) 16.7 (2.1–48.4) 87.7 (80.5–93.0)
Sest., Sestamibi; USS, ultrasound.
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of postoperative normocalcaemia and, therefore, surgical 
cure rates at 6 months could not be determined retro-
spectively. Nevertheless, the serum calcium levels imme-
diately postoperatively were available in 157 patients with 
SG disease (74.8%) and in 27 patients with MG disease 
(81.8%). In these 157 patients, preoperative hypercalcae-
mia was present in 109 patients with SG disease (69.4%) 
and was significantly reduced to only 15 patients (9.6%) 
postoperatively (P = 0.02), as shown in Figure 1. In the 
27 patients with MG disease and postoperative calcium 
levels available, hypercalcaemia was present in 16 patients 
(59.3%) preoperatively and only 1 patient (3.7%) remained 

hypercalcaemic postoperatively, although this reduction 
was not statistically significant (P = 0.60).

Postoperative PTH levels
In patients with SG disease who had both pre- and immedi-
ate postoperative PTH levels measured (n = 155), there was 
a marked decrease in median PTH level postoperatively. 
Where 92.2% of SG patients had preoperative PTH levels 
above the normal range of 68.3 pg/mL compared to only 
10.3% postoperatively, this did not reach statistical signif-
icance (P = 0.16; Figure 2). The latter may be explained by 

Fig 1: Reduction in hypercalcaemia postoperatively. MG, multigland; SG, single gland

80.00%

70.00%
69.4%

59.3%

9.6%

SG MG

3.7%

Preoperative
hypercalcaemia

Postoperative
hypercalcaemia

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.0%

Fig 2: Reduction in PTH levels postoperatively. MG, multigland; PTH, parathyroid hormone; SG, single gland

1400

1200

1000

800

P
T

H
, p

g/
m

L

600

400

200

0

SG preoperative PTH SG postoperative PTH MG preoperative PTH MG postoperative PTH

article1.indd   97 28-06-2021   17:14:50



98 MacRobert et al.

the eight patients who actually had an increase in postop-
erative PTH levels; of these eight patients, one also became 
hypercalcaemic postoperatively. In MG patients with both 
pre- and postoperative PTH levels available (n = 27), there 
was a statistically significant decrease in median PTH level 
postoperatively (P < 0.001; Figure 2).

DISCUSSION
Patients undergoing parathyroidectomy in this cohort 
from a private academic hospital in Johannesburg, South 
Africa, had a similar demographic profile to what has been 
described in the existing literature in that PHPT is mainly 
a disease of postmenopausal females. Likewise, SG disease 
was the predominant (83.3%) cause of PHPT and charac-
teristically secondary to adenomatous change.

Preoperative serum corrected calcium and PTH levels 
are routinely measured in the diagnostic evaluation of a 
patient with PHPT. Hypercalcaemia was present in 68.6% 
of the study group while the normocalcaemic phenotype 
of PHPT was observed in as many as 31.4%. The higher 
prevalence of the normocalcaemic phenotype of PHPT 
compared to previously studied, mainly Western popula-
tion groups,(23) is of interest and may be explained by a 
possible underlying vitamin D deficiency.(24) Most of the 
observed vitamin D levels in the study group were in the 
low normal range.

Although the degree of hypercalcaemia was signifi-
cantly higher in patients with SG disease compared to 
MG PHPT, the clinical relevance may not be important as 
there was a close numerical similarity between the median 
calcium levels in SG 2.70 mmol/L and MG disease 2.64 
mmol/L. Interestingly, MG disease was associated with 
significantly higher PTH levels, unlike the existing litera-
ture where the opposite has been demonstrated.(19) Given 
this conflicting finding, we caution the application of pre-
operative biochemistry to clinical practice in predicting SG 
versus MG disease.

A minimally invasive parathyroidectomy relies upon the 
accurate preoperative localization of SG disease by using 
imaging. At least one modality of imaging was performed 
preoperatively in the majority of patients, a neck USS in 
71.8% and a Tc-99 Sestamibi SPECT in 75.4% of the 
group. Just over half (53.2%) had both forms of imaging 
done. The study showed a comparable sensitivity, 77.4% for 
neck USS and 77.2% for Tc-99 Sestamibi SPECT, for the 
detection of SG disease to what has been reported in the 
past. Combined imaging resulted in a marginally higher 
sensitivity (79.7%) for SG disease. However, the agreement 
between the two imaging modalities was poor and there-
fore, imaging results, should always be interpreted with 
caution. Therefore, imaging results must be reviewed by the 
operating surgeon and the concordance between different 
modalities established. The sensitivity of detecting MG 
disease was dismally poor for both neck USS and Tc-99 

Sestamibi SPECT. Any discordance or equivocal imaging 
results should favour a bilateral neck exploration.

Despite the predominance of SG disease and acceptable 
preoperative localization technique accuracy, only 44.8%  
(n = 113) of the cohort had a minimally invasive parath-
yroidectomy. Of those patients who had a bilateral neck 
exploration, the majority, 74.1% (n = 103), had SG disease 
on final histopathological review. On temporal analysis of 
the data, there appeared to be a greater reliance on min-
imally invasive surgery for SG disease over later years, 
suggesting that increasing surgical experience may have 
been a factor. However, a recent retrospective study in the 
Collaborative Endocrine Surgery Quality Improvement 
Program, which included more than 5500 patients under-
going a first parathyroidectomy, demonstrated that despite 
excellent preoperative localization to SG disease, up to 40% 
of the patients still underwent a four gland exploration, a 
decision largely at the discretion of the surgeon.(25)

Surgical cure at 6 months between the two opera-
tive approaches could not be determined given the large 
number of missing 6-month postoperative calcium levels. 
Nevertheless, the analysis of serum calcium levels immedi-
ately postoperative showed a clear reduction in the number 
of patients who remained hypercalcaemic. Likewise, PTH 
levels dropped dramatically postoperatively. This demon-
strates the effectiveness of parathyroidectomy in reversing 
the biochemical changes in patients with PHPT.

This study does, however, have limitations. First, this is 
a retrospective study and therefore not all data points were 
available for each study patient. Second, this study could 
not investigate whether any association exists between 
symptomatology and SG or MG disease as this infor-
mation was not available retrospectively. Finally, this is a 
single-centre study, and all patients were operated on by 
a single surgeon and thus the surgical approach possibly 
reflects a single-operator bias.

CONCLUSION
The biochemical changes characteristic of PHPT, namely 
hypercalcaemia and hyperparathyroidism, are rapidly 
reversed with parathyroidectomy. Currently a bilateral neck 
exploration remains the gold standard surgical approach. 
However, given the predominance of SG disease in patients 
with PHPT, a minimally invasive parathyroidectomy based 
on the accurate interpretation of reliable preoperative local-
ization studies is equally advocated.
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