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Minimally invasive parathyroidectomy versus 
bilateral neck exploration for primary 
hyperparathyroidism

Primer hiperparatiroidizmde bilateral boyun eksplorasyonuna 
karşı minimal invaziv paratiroidektomi

ABSTRACT

Objective: Our purpose was to evaluate and compare the results of minimally invasive parathy-
roidectomy (MIP) with intraoperative parathormone (IOPTH) monitoring and conventional 
bilateral neck exploration (BNE) without IOPTH monitoring in patients with primary hyper-
parathyroidism (pHPT).
Methods: Of the 68 patients in the study, 33 patients (48.5%) underwent MIP with IOPTH 
monitoring, and 35 patients (51.5%) bilateral neck exploration without IOPTH monitoring. 
Data regarding imaging, localization site, surgery performed, incision size, operative time, ade-
noma size, postoperative complication, and calcium/PTH measurements obtained at postopera-
tive 6th and 12th months were collected from the patient charts.
Results: A statistically significant difference was not seen between MIP, and BNE groups as for 
the amount of changes in PTH blood levels according to these two time points of the follow-up 
period (p>0.05). When compared with MIP group, in BNE group, blood Ca levels increased to a 
greater extent also at postoperative 12. month relative to postoperative 6. month (p=0.005). As 
for the comparison of the groups with successful, and failed outcomes, negative effects of male 
gender, and possession of at least one comorbidity on success rates were detected (p=0.007, and 
p=0.002, respectively). Statistically significant effects of type of surgery, and median size of the 
adenoma on success rates were not seen (p=0.314, and p=0.615, respectively ). 
Conclusion: Minimally invasive parathyroidectomy performed with IOPTH analysis, and para-
thyroidectomy using BNE method have similar, and acceptable success rates.

Keywords: Primary hyperparathyroidism, minimally invasive parathyroidectomy, bilateral 
neck exploration

ÖZ

Amaç: Amacımız, primer hiperparatiroidili hastalarda intraoperatif parathormon izlemi ile yapı-
lan minimal invaziv paratiroidektomi ve intraoperatif parathormon izlemi olmaksızın yapılan 
geleneksel bilateral boyun eksplorasyonunun sonuçlarını değerlendirmek ve karşılaştırmaktı.
Yöntem: Çalışmaya alınan 68 hastanın 33’üne (%48,5) intraoperatif parathormon izlemi ile 
minimal invaziv paratiroidektomi, 35’ine (%51,5) intraoperatif parathormon izlemi olmaksızın 
bilateral boyun eksplorasyonu yapıldı. Postoperatif 6. ve 12. aylarda elde edilen görüntüleme, 
lokalizasyon bölgesi, uygulanan cerrahi, insizyon büyüklüğü, operasyon süresi, adenom boyutu, 
postoperatif komplikasyon ve kalsiyum/parathormon ölçümlerine ait veriler hasta dosyaların-
dan toplandı. 
Bulgular: Minimal invaziv paratiroidektomi ve bilateral boyun eksplorasyonu grupları arasında 
takip periyodundaki iki zaman noktasına göre parathormon kan seviyelerindeki değişiklik mik-
tarı açısından istatistiksel olarak anlamlı bir fark görülmedi (p>0,05). Minimal invaziv paratiro-
idektomi grubu ile karşılaştırıldığında bilateral boyun eksplorasyonu grubunda kan kalsiyum 
seviyeleri postoperatif 6. aya göre postoperatif 12. ayda daha büyük ölçüde arttı (p=0,005). 
Gruplar başarılı ve başarısız sonuçlar açısından karşılaştırıldığında, erkek cinsiyetin ve en az 
bir komorbiditeye sahip olmanın başarı oranları üzerindeki negatif etkileri belirlendi (p=0,007, 
and p=0,002). Cerrahi tipinin ve adenomun medyan büyüklüğünün başarı oranları üzerine ista-
tistiksel olarak anlamlı bir etkisi görülmedi (p=0,314, p=0,615).
Sonuç: İntraoperatif parathormon izlemi ile yapılan minimal invaziv paratiroidektomi ve bila-
teral boyun eksplorasyonu ile yapılan paratiroidektomi benzer ve kabul edilebilir başarı oran-
larına sahiptir. 

Anahtar kelimeler: Primer hiperparatiroidizm, minimal invaziv paratiroidektomi, bilateral boyun 
keşfi, intraoperatif parathormon
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INTRODUCTION

There is a substantial debate about the most prop-
er surgical approach for primary hyperparathyroid-
ism (pHPT) patients (1). The standard surgical approach 
involves a bilateral neck exploration (BNE). 
Minimally invasive parathyroidectomy (MIP) 
involves the resection of one parathyroid gland, pre-
operatively localized with radiological techniques. 

Minimally invasive surgery for primary hyper-
parathyroidism depends on precise localization of 
adenoma preoperatively with sestamibi-technetium 
99 m scintigraphy (sestamibi) and ultrasound (US) 
and the availability of intraoperative parathormone 
(IOPTH) monitoring to determine a decrease of PTH 
concentration (if any) during surgery (2). When intra-
operative PTH levels decrease by more than 50%, 
successful exploration is assured with a predictive 
cure rate of at least 95 % or greater (3). Bilateral neck 
exploration with detection of four parathyroid glands 
and removal of the hyperfunctioning gland has been 
accepted as ‘gold standard’ for the pHPT treatment (4). 
Nevertheless, 80-90 % of pHPT patients have a soli-
tary adenoma of the parathyroid gland, and the exci-
sion of only one gland is mandatory for the treatment 
of these patients (4).

Our purpose was to evaluate and compare the 
results of MIP with IOPTH monitoring and BNE 
without IOPTH monitoring in patients with pHPT in 
a certain period of surveillance.

MATERIALS and METHODS

Study Design: The study has been conducted in 
accordance with the principles of the Helsinki 
Declaration and approved by the local Institutional 
Review Board (20/2016).

A retrospective study of 68 consecutive surgery-
naive patients with biochemically proven pHPT 
treated at our institution from January 2008 to 
December 2015 was performed. Information regard-
ing imaging, localization site, the procedure per-
formed, incision size, operative time, adenoma size, 
postoperative complication, and calcium/PTH mea-

surements obtained at postoperative 6th and 12th 

months were collected from the patient charts.
Of the 68 patients in the study, 33 patients (48.5%) 

underwent MIP with IOPTH monitoring, and 35 
patients (51.5%) bilateral neck exploration without 
IOPTH monitoring. All patients had sestamibi scan 
and US for the localization of parathyroid adenomas. 
A total of 33 patients with a single enlarged parathy-
roid gland were eligible for inclusion in the MIP 
Group. A total of 35 patients who had more than one 
gland (or none) localized during preoperative period 
, or patients with concomitant thyroid disease requir-
ing both parathyroidectomy and thyroidectomy were 
eligible for inclusion in the BNE Group. 

Patients with hereditary HPT (multiple endocrine 
neoplasia (MEN) 1 and 2, non-MEN-related familial 
HPT), suspicion of involvement of multiple parathy-
roid glands on sestamibi scanning, previous neck 
exploration for thyroid disorders, anticipated or 
planned simultaneous thyroid operations, and allergy 
to drugs used for local anesthesia, as well as those who 
could not fully comprehend the information given or 
who rejected confirmation to participate were exclud-
ed from the study (5). Patients aged less than 18 years, 
those with a hypercalcemic crisis and high-risk patients 
(American Society of Anesthesiologists grade IV) 
were also not included in the study.

PTH levels above 69 pg/ml and serum calcium 
levels above 10.6 mg/dL measured at 6., and 12. 
months were defined as procedural failure.

Statistical Analysis: Data were analyzed using 
the IBM Statistical Package for Social Sciences v21 
(SPSS Inc., Chicago, IL, USA). Data are expressed 
as mean±SD or median (interquartile range), as 
appropriate. Parametric tests (Student’s t test) were 
applied to data of normal distribution and non-para-
metric tests (Mann-Whitney) were applied to data of 
questionably normal distribution. All differences 
associated with a chance probability of ≤ .05 were 
considered statistically significant. Numeric data and 
percentages related to patient’s features, and prog-
nostic characteristics, and necessary cross compari-
sons were presented as descriptive statistics. A uni-
variate analytical method examined the correlation 
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between prognostic factors and survival rates. 
Survival curves were estimated using the Kaplan-
Meier method. A univariate analysis of potential 
prognostic factors was performed with the log-rank 
test for categorical factors and with the univariate 
Cox analysis for continuous variables Parameters 
with a p-value of <0.15 at the univariate step were 
included in the multivariate regression Cox propor-
tional hazards model. 

RESULTS

Demographic and clinical characteristics of the cases 
according to groups are shown in Table 1. A statistically 
significant difference was not seen among groups as for 
mean ages (p=0.145), gender distribution (p=0.191), the 
percentage of symptomatic cases (p=0.902), postopera-
tive complicatiDemographic and clinical characteristics 
of the cases according to groups are shown in Table 1. 
A statistically significant difference was not seen among 
groups as for mean ages (p=0.145), gender distribution 
(p=0.191), the percentage of symptomatic cases 
(p=0.902), postoperative complications (p=0.493), and 
median follow-up period (p=0.476). In the MIP group, 
the incidence of concomitant diseases (p=0.013), and 
length of the median incision in the BNE group statisti-
cally significantly increased (p<0.001). The median size 
of the adenoma was statistically significantly lower in 
the BK group (p<0.001). 

Intragroup PTH and Ca levels are shown in Table 
2. Intraoperative, postoperative 6., and 12. month- 
blood PTH levels in MIP and BNE groups were statis-
tically significantly different when compared with 

preoperative levels (p<0.001 for both groups). 
Intraoperative, postoperative 6., and 12. month-blood 
Ca levels in MIP, and BNE groups were statistically 
significantly different when compared with preopera-

Table 1. Clinical and demographic details of the patient groups.

Age (years)
Sex ratio (M/F)
Accompanying disease
Symptomatic disease
Incision size (cm)
Adenoma size (mm)
Postoperative complication
Follow-up (months)

MIP Group 
(n=33)

51.3±15.5
4/29

16/33 (48.5%)
26/33 (78.8%)
3.2 (2.5-5.1)
20 (10-40)

-
21 (12-90)

BNE Group 
(n=35)

56.1±12.8
1/34

7/35 (20.0%)
28/35 (80.0%) 
6,0 (3.0-6.5)

15 (6-30)
2 (%5.7)

20 (12-85)

p Value

0.145†

0.191‡

0.013¶

0.902¶

<0.001$

<0.001$

0.493‡

0.476$

†Student’s t test, ‡Fisher’s exact test, ¶Ki-Square test, $Mann-Whitney U test. 
MIP=Minimally invasive parathyroidectomy; BNE=Bilateral neck explo-
ration; M=Male; F=Female

Table 2. Intragroup PTH, and Ca levels based on the times of mea-
surement during follow-up period.

Preoperative
Intraoperative
Postoperative 
6th month
Postoperative 
12th month
p Value †

Preoperative
Postoperative 
6th month
Postoperative 
12th month
p Value †

MIP Group (n=33)

248.0 (94.0-2174.0)a,b,c

34.3 (3.0-123.8)a

50.5 (10.5-226.0)b

45.0 (5.2-117.0)c

<0.001

11.6 (10.5-17)b,c

9.5 (8.0-12.0)b

9.4 (8.1-10.7)c

<0.001

BNE Group (n=35)

198.0 (79.0-904.0)a,b,c

43.0 (5.0-93.2)a

42.3 (0.2-207.0)b

33.9 (4.7-181.0)c

<0.001

11.6 (8.5-14.1)b,c

8.7 (5.8-10.5)b,d

9.3 (7.4-11.0)c,d

<0.001

PTH 
(pg/ml)

Ca 
(mg/dl)

†Friedman test, a: Preoperative vs. Intraoperative (p<0,001), b: Preopera-
tive vs. Postoperative 6th month (p<0,001), c: Preoperative vs. Postop-
erative 12th month (p<0,001), d: Postoperative 6th month vs. Postopera-
tive 12th month (p<0,001). MIP=Minimally invasive parathyroidectomy; 
BNE=Bilateral neck exploration

Table 3. Intergroup comparisons of changes in PTH, and Ca levels between any time points during follow-up period.

Preoperative vs. Intraoperative
Preoperative vs. Postoperative 6th month
Preoperative vs. Postoperative 12th month
Intraoperative vs. Postoperative 6th month
Intraoperative vs. Postoperative 12th month
Postoperative 6th month vs. Postoperative 12th month

Preoperative vs. Postoperative 6th month
Preoperative vs. Postoperative 12th month
Postoperative 6th month vs. Postoperative 12th month

MIP Group (n=33)

-224.7 (-2171.0 - -58.5)
-222.4 (-1948.0 - -33.2)
-222.4 (-2063.8 - -3.6)

5.1 (-59.0 - 223.0)
-0.09 (-74.0 - 107.2)
-2.0 (-115.8 - 79.9)

-2.1 (-8.2 - -1.0)
-2.3 (-7.2 - -0.8)
-0.3 (-2.2 - 1.6)

BNE Group (n=35)

-154.8 (-852.4 - -20.8)
-161.0 (-868.6 - -24.0)
-148.5 (-878.2 - -36.6)

-5.3 (-89.6 - 158.0)
-7.4 (-67.5 - 131.6)
-4.8 (-176.1 - 56.1)

-3.0 (-5.5 - -0.5)
-2.4 (-5.1 - 0.0)
0.6 (-1.3 - 2.4)

PTH (pg/ml)

Ca (mg/dl)

†Mann Whitney U test.

p Value†

0.078
0.187
0.158
0.450
0.121
0.907

0.004
0.759
0.005
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tive levels (p<0.001 for both groups). Besides, in BNE 
group Ca levels were statistically significantly higher 
at postoperative 12. month relative to postoperative 6. 
month (p<0.001).

Intergroup comparison of changes in PTH, and Ca 
levels between any of two periods of monitorization are 
shown in Table 3. A statistically significant difference 
was not seen between MIP, and BNE groups as for the 
amount of changes in PTH blood levels according to 
these two time points of the follow-up period (p>0.05). 
In the BNE group, when compared with preoperative 
levels, at postoperative 6. month blood Ca levels 
decreased statistically significantly to a greater extent 
relative to MIP group (p=0.004). Besides when com-
pared with MIP group, in BNE group, blood Ca levels 
increased to a greater extent also at postoperative 12. 
month relative to postoperative 6. month (p=0.005).

Comparison of the groups with successful and 
failed outcomes is shown in Table 4. Negative effects 
of male gender and possession of at least one comor-

bidity on success rates were detected (p=0.007, and 
p=0.002). Statistically significant effects of type of 
surgery, and median size of the adenoma on success 
rates were not seen (p=0.314, and p=0.615). Since in 
univariate analysis, statistically significant effect of 
type of surgery on success rates was not seen. When 
adjustments were made for other probable risk factors, 
the significance of the impact of the type of surgery on 
success rates (if any) could not be investigated in mul-
tivariate logistic regression. 

The comparisons of the groups with successful, and 
failed outcomes as for blood Ca levels at the end of 6. 
and 12. months, and as for blood PTH levels at the end 
of 12. months are shown in Tables 5, 6, and 7, respec-
tively. A statistically significant intergroup difference 
was not seen as for mean ages, gender distribution, 
comorbid diseases, type of surgery, and median size of 
adenoma (p>0,05). As a result of univariate analyses, 
none of those above-mentioned variables had any statis-
tically significant effect on success rates, so bivariate 
logistic regression analysis could not be performed.

Table 4. Demographic and clinical characteristics of the cases accord-
ing to the groups with successful, and failed outcomes as for PTH 
levels at the end of 6. months.

Successful 
(n=53)

54.2±12.9
1/52

13 (%24.5)
24 (%45.3)
29 (%54.7)
18 (6-40)

Unsuccessful 
(n=15)

51.6±18.7
4/11

10 (%66.7)
9 (%60.0)
6 (%40.0)
20 (10-30)

p Value#

0.617†

0.007‡

0.002¶

0.314

0.615$

Age (years)
Sex ratio (M/F)
Accompanying disease 
Groups	 MIP
	 BNE
Adenoma size (mm)

†Student’s t test, ‡Fisher’s exact test, ¶Ki-Square test, $Mann Whitney U 
test, #The P value that indicates statistical significance after the Bonfer-
roni correction is .0125, MIP=Minimally invasive parathyroidectomy; 
BNE=Bilateral neck exploration

Table 5. Demographic and clinical characteristics of the cases accord-
ing to the groups with successful, and failed outcomes as for Ca levels 
at the end of 6. months.

Successful 
(n=64)

53.2±14.0
5/59

21 (%32.8)
29 (%45.3)
35 (%54.7)
18 (6-40)

Unsuccessful 
(n=4)

61.5±19.3
0/4

2 (%50.0)
4 (%100.0)
0 (%0.0)

30 (15-30)

p Value$

0.261†

>0.999‡

0.599‡

0.050‡

0.117¶

Age (years)
Sex ratio (M/F)
Accompanying disease 
Groups	 MIP
	 BNE
Adenoma size (mm)

†Student’s t test, ‡Fisher’s exact test, ¶Mann Whitney U test
$The P value that indicates statistical significance after the Bonferroni 
correction is .0167

Table 6. Demographic and clinical characteristics of the cases accord-
ing to the groups with successful, and failed outcomes as for PTH 
levels at the end of 12. months.

Successful 
(n=59)

52.7±14.9
5/54

18 (%30.5)
27 (%45.8)
32 (%54.2)
18 (6-40)

Unsuccessful 
(n=9)

59.6±8.2
0/9

5 (%55.6)
6 (%66.7)
3 (%33.3)
30 (10-40)

p Value#

0.186†

>0.999‡

0.255‡

0.299‡

0.321¶

Age (years)
Sex ratio (M/F)
Accompanying disease 
Groups	 MIP
	 BNE
Adenoma size (mm)

†Student’s t test, ‡Fisher’s exact test, ¶Mann Whitney U test
#The P value that indicates statistical significance after the Bonferroni 
correction is .0125

Table 7. Demographic and clinical characteristics of the cases accord-
ing to the groups with successful, and failed outcomes as for Ca levels 
at the end of 12. months.

Successful 
(n=65)

53.4±14.5
5/60

22 (%33.8)
31 (%47.7)
34 (%52.3)
20 (6-40)

Unsuccessful 
(n=3)

58.7±9.3
0/3

1 (%33.3)
2 (%66.7)
1 (%33.3)
15 (10-30)

p Value$

0.538†

>0.999‡

>0.999‡

0.608‡

0.651¶

Age (years)
Sex ratio (M/F)
Accompanying disease 
Groups	 MIP
	 BNE
Adenoma size (mm)

†Student’s t test, ‡Fisher’s exact test, ¶Mann Whitney U test
$The P value that indicates statistical significance after the Bonferroni 
correction is .0167
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DISCUSSION

Controversy continues to exist as to which opera-
tive approach should be considered as the standard 
surgical treatment for pHPT. With the advent of 
improved preoperative parathyroid localization stud-
ies, increased availability of IOPTH monitoring, and 
the predominance of single-gland disease in most 
patients with pHPT, MIP has become the alternative 
to conventional BNE.

Combined sestamibi scan, and US may 94-99% 
improve the precision of localization of a solitary 
adenoma (6,7). When concordant sestamibi scan and US 
have been reported to have an operative success rate 
close to 99%, preventing the need for IOPTH monitor-
ing (5-8). Although studies reveal outstanding results in 
this subgroup of very particular patients with concor-
dant localizing studies, this selective approach consid-
erably restricts the number of suitable patients for MIP. 
Preoperative sestamibi scan and US have been shown 
to be concordant only in 50-60% of the cases, leaving 
an excessive number of patients with no definitive 
localization (9). Discordance between sestamibi scan 
and US has been described in 38% of the patients 
treated by parathyroidectomy with an 11% rate of mul-
tiglandular disease. Advantages of MIP include 
improved esthetic outcomes with minor incisions, 
reduced postoperative pain, shorter surgery time, 
reduced hospitalization, and fast postoperative recov-
ery with more than 95% treatment success rate similar 
to BNE (10). IOPTH monitoring is a significant improve-
ment in the management of primary hyperparathyroid-
ism, and a surgical adjunct to reveal the excision of all 
hyperfunctioning parathyroid tissue. First applied rou-
tinely by George Irvin, IOPTH monitoring minimizes 
the need to detect all four parathyroid glands (11,12). The 
intraoperative principle for effective parathyroidecto-
my firstly defined by Irvin is a reduction of PTH levels 
more than 50% from the highest preincision (or preex-
cision) PTH level in peripheral blood samples obtained 
ten minutes after removal of all pathological parathy-
roid tissue (11-13). 

The conventional approach in the surgical man-
agement of primary hyperparathyroidism is BNE that 

typically necessitates the detection of four parathy-
roid glands. When performed by skilled specialists, 
the treatment rate for BNE is over 95% with a com-
plication rate varying between 1% and 4% (14,15). 
When patients have more than one gland (or none) 
located during preoperative studies, BNE should be 
taken into account. BNE is also indicated in patients 
with secondary or tertiary hyperparathyroidism. In 
patients with related thyroid pathology necessitating 
combined parathyroidectomy and thyroidectomy, and 
in cases of parathyroid cancer, BNE is performed. 

The success of MIP has been confirmed by 
numerous studies with treatment and complication 
rates comparable to BNE (16-18). Udelsman et al. (17) 

studied 656 patients older than 11 years in which 255 
underwent MIP and 401 BNE with cure rates ranging 
between 99% and 97%. Irvin et al. (18) studied 718 
patients older than 34 years and revealed that the cure 
rates for MIP and BNE were 97% and 94%, respec-
tively. In a 5-year follow-up of a randomized con-
trolled trial, MIP presented the similar long-term 
results as BNE in primary hyperparathyroidism 
patients (19). All the studies concluded that MIP was 
an effective alternative to BNE for most patients with 
primary hyperparathyroidism.

Presently, there are few long-term data to compare 
the operative success rates between MIP and BNE. 
Siperstein et al. simulated MIP in 916 patients with 
primary hyperparathyroidism, by using preoperative 
sestamibi scan and US for parathyroid localization 
and intraoperative IOPTH monitoring (20). Afterward, 
BNE was performed in all these patients, showing 
16% of patients with further enlarged glands, which 
arised the distress for longer-term failure or recur-
rence rate for MIP may be greater than described in 
reports of initial outcomes (20). Further reports, how-
ever, have suggested otherwise and showed that MIP 
resulted in the long-term, and permanent surgical 
achievement comparable to BNE. 

In our cases, median size of the adenomas was 
statistically significantly lower in the group that 
underwent BNE which we attributed to the difficulty 
in the detection of smaller adenomas using imaging 
modalities. As postoperative complication in two 
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cases in the BNE group, presumably symptomatic 
and transient hypocalcemia developed secondary to 
the exploration of all parathyroid glands in the BNE 
group. During the postoperative period, this condi-
tion resolved with medical treatment. In one patient 
in the BNE group, a hyperplasic gland other than an 
adenomatous gland was excised. In this patient, PTH 
level decreased 50% at 15. minutes. Intragroup PTH 
levels were analyzed at various time points during the 
follow-up period. In the MIP group at 6. postopera-
tive month they were above 69 pg/ml in 9 patients. 
However, in BNE group in only 6 patients increased 
PTH levels were detected. Whereas at postoperative 
1. year 6 patients in MIP and 3 patients in BNE group 
TPH levels were higher than 69 pg/ml. At postopera-
tive 6. month Ca levels were higher than 10.6 mg/dl 
in 4 patients in MIP group. While at postoperative 12. 
month higher Ca levels were detected in 2 patients in 
MIP, and 1 patient in BNE group.

CONCLUSION

Minimally invasive parathyroidectomy performed 
with IOPTH analysis, and parathyroidectomy using BNE 
method have similar, and acceptable success rates.
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