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ABSTRACT
Objective: To determine the success rate of minimally invasive parathyroidectomies (MIPs) with preoperative scintigraphy and
ultrasonography, and to assess whether these imaging modalities are sufficient.
Study Design: Observational study.
Place and Duration of Study:  Department of General Surgery, University of Health Sciences, Kanuni Sultan Süleyman
Training and Research Hospital, Istanbul, Turkey between March 2017 and December 2019.
Methodology: Medical records of 61 patients, who underwent MIP to treat primary hyperparathyroidism, were examined. Age,
gender, and pre- and postoperative calcium, parathormone, and phosphorus levels were obtained from patient records. For all
patients, the parathyroid (PT) glands were localised, using ultrasonography and Tc-99m methoxyisobutylisonitrile (MIBI) scinti-
graphy.
Results: The average patient age was 56.89 ± 13.47 years. Of the patients, 83.6% (n = 51) were females. Localisation of the
PT glands with preoperative scintigraphy had an accuracy rate of 100%. However, ultrasonographic localisation was unsuc-
cessful in five patients. Adenomas were noted in 44 patients (72.1%), hyperplasia in 15 patients (24.6%), and neoplasia in two
patients (3.3%). Serum parathormone and calcium levels were measured 24 hours after surgery, and were found to be signifi-
cantly reduced compared to the corresponding preoperative levels (p  <0.001). Hypocalcaemia developed in four patients
(6.6%), two (3.3%) of which were symptomatic. After three months, persistent hyperparathyroidism developed in five patients
(8.2%).
Conclusion: Parathyroid scintigraphy has been demonstrated to be the gold standard for the preoperative localisation of PT
glands. In the absence of scintigraphy, ultrasound guidance is the next useful technique for PT gland localisation.
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INTRODUCTION

Primary hyperparathyroidism is an endocrine disease in which
bone and mineral metabolism deteriorate with the production
of  excessive  parathyroid  hormone  (PTH)  secretion.  In  the
1970s, after routine serum calcium tests became widely avail-
able and acceptable for use, this disorder became one of the
most  commonly  diagnosed  endocrine  diseases.1,2  Primary
hyperparathyroidism  is  usually  a  benign  disease,  but
increased  blood  calcium  levels  can  cause  life-threatening
consequences.
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Because of these potential consequences, it is crucial to have an
immediate and accurate diagnosis to allow rapid treatment.
The curative treatment for primary hyperparathyroidism is surg-
ical intervention, and the first successful parathyroidectomy
was performed in 1925.3 Bilateral neck exploration was the stan-
dard treatment for primary hyperparathyroidism until minimal
invasive parathyroidectomy (MIP) surgery took place, parallel
to advances in medical imaging and scintigraphy.4

Almost 90% of primary hyperparathyroidism cases present as
solitary adenomas. MIP provides advantages such as achieving
better cosmetic results with a smaller incision, shortening the
durations  of  surgery  and  the  subsequent  hospital  stay,
achieving an early  recovery,  minimising recurrent  laryngeal
nerve damage, and decreasing complications such as postoper-
ative hypocalcaemia. Additionally, MIP has an extremely high
success rate, which is equal to that of the standard method. One
of the most important factors affecting the success of MIP is the
ability to precisely detect the location of the lesion using preop-
erative imaging methods.5
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Primary hyperparathyroidism is diagnosed using various inva-
sive and non-invasive diagnostic methods, the most important
of which are parathyroid scintigraphy and ultrasonography.6

The  frozen  section  procedure  is  used  by  pathology,  which
confirms the removal of the parathyroid gland via auxiliary intra-
operative methods.7 Increased success rates of MIP have also
been reported with the use of assistive methods, such as the use
of gamma probe radio-guidance to help localise the adenoma
during  surgery,  and  intraoperative  parathormone  testing
performed until the adenoma has been removed.8

The purpose of the present study was to evaluate the success
rate of MIP with preoperative scintigraphy and ultrasonography
in this hospital, and to assess whether these imaging modalities
are sufficient, given the currently available alternatives, such
as gamma probe radio-guidance.

METHODOLOGY

The medical records of 61 patients, who underwent MIP to treat
primary  hyperparathyroidism  between  March  2017  and
December  2019,  were  retrospectively  examined.  Patients
with  multiglandular  disease,  recurrent  and/or  persistent
primary hyperparathyroidism, or other accompanying thyroid
diseases were excluded from the study. Age, gender, and pre-
and postoperative calcium, parathormone, and phosphorus
levels  were  obtained  from  hospital  records.  The  patients’
calcium and phosphorus levels were measured using an autoa-
nalyser, and serum PTH levels (normal range 12-88 pg/mL)
were measured using chemiluminescence. The type of anaes-
thesia and the duration of the operation (the total time from
introduction of anaesthesia to the  closure of the skin incision)
were  recorded.  After  a  primary  hyperparathyroidism  diag-
nosis, based on increased serum calcium and parathormone
levels, all  patients underwent ultrasonography and Tc-99m
methoxyisobutylisonitrile (MIBI) and dual-phase parathyroid
scintigraphy to localise the PT glands. All patients were evalu-
ated  pre-  and  postoperatively  via  direct  laryngoscopy  to
assess the condition of the vocal cords. Ultrasonography was
performed as  follows:  the  procedure  was  performed by an
experienced endocrine radiologist with a grey-scale, real-time
ultrasound  machine  (General  Electric  Logiq  E9,  USA),
equipped with a 7.5 MHz high-frequency linear transducer,
with the patient in a supine position with cervical hyperexten-
sion. To obtain a high quality parathyroid scintigraphy, after
the injection of 10 mCi Tc-99m MIBI (Polatom, Poland), static
images were taken with the gamma camera (e-Cam, Siemens)
at 15 minutes and 3 hours post-injection, to include the neck
and mediastinal area in an anterior position. In both sets of
images, ongoing focal retention was considered as a positive
indicator for parathyroid pathology.

All surgeries were performed by the surgical endocrinology
team.  The  frozen  section  procedure  was  performed  for  all
patients. Drains were not placed at the surgical site.

 Postoperative  serum  calcium,  parathormone,  and  phos-

phorus levels were measured after 24 hours. Serum calcium
and parathormone tests were repeated three months after the
surgery.

For recording data of all patients, SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis. The Kolmo-
gorov-Smirnov test was used to test the normality of the quanti-
tative data. Qualitative data were expressed as numbers and
percentages, while quantitative data were expressed as mean
± SD and median (IQR). The Wilcoxon signed-rank test was
used for comparisons, and statistical significance was defined
as p < 0.05.

RESULTS

A total of 61 patients were included in the study. The average
age was 56.89 ± 13.47 years. Of the patients, 83.6% (n = 51)
were females and 16.4% (n = 10) were males.  The median
preoperative parathormone, calcium, and phosphorus values
were: 148 (104.5-219.0) pg/mL, 11.3 (11.0-11.8) mg/dL; and
2.5 (2.3-2.95) mg/dL, respectively. The average surgical time
was 46.2 ± 19.3 minutes (Table I). Patients’ pathologies of the PT
glands were located in the right upper gland in 1 (1.6%), lower
right gland in 30 (49.2%), upper left gland in 5 (8.2%), and lower
left gland in 25 (41%) by scintigraphy. PT glands were localised
using scintigraphy in all  patients; however, ultrasonography
could not confirm the localisation in five cases, giving ultra-
sonography a success rate of 91.8% for localisation of the PT
glands.  The operative  findings  were  correlated with  scintig-
raphy, and based on the frozen specimen findings. The accu-
racy rate of PT gland localisation with preoperative scintigraphy
was found to be 100%. None of the patients had postoperative
wound infection, haematoma, and/or recurrent nerve damage.
Table I: Characteristics of the study population.

Parameters n=61
Age (women/men) 56.61 ± 12.86/ 58.30 ± 16.98
Gender (women/men) 51 (%83.6) / 10 (%16.4)
Preoperative PTH 148 (104.5-219.0) pg/mL
Preoperative CA 11.3 (11.0-11.8) mg/dL
Preoperative P 2.5 (2.3-2.95) mg/dL
Anesthesia (general/local) 61/0
Duration of the surgery 46.2 ± 19.3 minutes

When pathology reports were reviewed, adenomas were docu-
mented  in  44  patients  (72.1%),  hyperplasia  in  15  patients
(24.6%), and neoplasia in 2 patients (3.3%). The median postop-
erative parathormone, calcium, and phosphorus values were
46 pg/dL (30-82), 9.5 mg/dL (8.9-9.9), and 2.9 mg/dL (2.5-3.5),
respectively. Postoperative serum parathormone and calcium
levels were tested again after 24 hours, and were significantly
reduced compared to preoperative serum parathormone and
calcium levels (p < 0.001 for both). Hypocalcaemia developed
in four patients (6.5%), 2 (3.3%) of which were symptomatic and
were treated with 1-2 ml/kg of calcium gluconate.

After  three  months,  the  serum  parathormone  and  calcium
values for these patients were 68 pg/dL (39.0-94.5) and 9.4
mg/dL (9.1-10.0), respectively. These values were significantly
lower than preoperative values (p < 0.001 for both). After three
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months,  persistent  hyperparathyroidism  developed  in  five
patients  (8.2%),  and  the  parathormone  and  calcium  values
increased in these patients.

These patients underwent ultrasonography, scintigraphy, and
single-photon emission computerised tomography (SPECT-CT).
While no pathology was observed on ultrasonography. Scintig-
raphy demonstrated suspicious ectopic lesions in four patients,
and a contralateral right lower lobe hyperplasia in one patient.
The ectopic areas were found on SPECT-CT imaging to be the
thymus, the retroesophageal area, the carotid carotid sheath (n
= 2),  and the contralateral  right  lower  lobe.  These patients
subsequently underwent a second surgery. The pathological
assessment  of  these  four  patients  indicated  recurrent
adenomas, and one patient was diagnosed with hyperplasia.

DISCUSSION

MIP is currently the gold standard in the treatment for primary
hyperparathyroidism. In recent years, the frequency of these
surgeries has allowed for the development of additional preop-
erative imaging methods. Even when using a gamma probe for
radio-guidance,  intraoperative  parathormone  levels,  frozen
specimen  pathology,  scintigraphy,  ultrasonography,  SPEC-
T-CT, and magnetic resonance imaging can all be used for pre-
and postoperative evaluation. Some of these can even be used
for intraoperative evaluation. Although ultrasonography and
scintigraphy are the most common methods for preoperative
PT gland localisation, there are ongoing studies assessing the
value of adding other localisation methods.6

In the present study, the authors aimed to determine whether
ultrasonography and scintigraphy are sufficient for successful
surgery.  The success  rates  of  preoperative localisation with
scintigraphy  and  ultrasonography  were  100%  and  91.8%,
respectively. Given the results of the present study, the authors
would  advise  using  these  inexpensive  and  widely  available
tests for preoperative assessment.

Ultrasonography is a cheap, non-invasive, and radiation-free
imaging modality, and is readily available.9 As there is an opera-
tor-dependent aspect  for  ultrasonography,  sensitivity  varies
from  33-92%,  which  could  be  considered  a  disadvantage.10

Specialised  radiologists,  endocrinologists,  or  endocrine
surgeons can perform the ultrasonography, potentially with an
increased  rate  of  accuracy  for  the  detection  of  disease.
Predictably,  localisation  becomes  easier  as  the  adenoma
increases in size,11 which increases the success of preoperative
imaging for localisation. In a previous study, Solorzano et al.
found  that  77%  of  preoperative  localisation,  performed
correctly  and  with  ultrasonography  done  by  endocrine
surgeons, was equally as successful as scintigraphy.12 In this
study, there were only five cases in which an experienced ultra-
sonography  radiologist  was  unable  to  localise  PT  gland
pathology.

Scintigraphy is one of the primary preoperative imaging modali-
ties used to localise PT glands in clinical practise. In a meta-anal-
ysis involving 6,331 patients, Denham et al. found that the sensi-

tivity of scintigraphy for parathyroid adenomas was 91%, and
its specificity was 98.8%.13  In cases where scintigraphy and
ultrasonography  are  unable  to  localise  lesions,  the  surgical
success rate is significantly reduced.14 Although the sensitivity
of scintigraphy is lower in multiple gland pathologies; and in the
presence  of  accompanying  thyroid  disease,  these  patients
were excluded from the present study. Erbil et al. found that
sestamibi scintigraphy, high-resolution ultrasonography, and a
combination  of  both,  have  sensitivities  of  96%,  100%,  and
100%, respectively, when there are no nodules in the thyroid
gland.15 In the present study, localisation with scintigraphy was
successful for all preoperative patients, and it is believed that
the results of this study indicate that scintigraphy is sufficient
for successful MIP.

 Although ultrasonography and scintigraphy are considered to
be the primary imaging modalities for preoperative PT gland
localisation,  computed  tomography,  magnetic  resonance
imaging,  SPECT-CT,  PET,  and  venous  sampling  are  other
methods  which  can  be  used  in  the  recognition  of  glands  in
unusual locations. These methods can be used in cases of persis-
tent and recurrent primary hyperparathyroidism, in which locali-
sation  with  scintigraphy  and  ultrasonography  are  not
successful.16  The  total  success  rate  of  ultrasonography  and
scintigraphy, prior to secondary operations, is over 85%.17 In the
present study, even though the sensitivity of scintigraphy corre-
lated 100% with the surgical findings, five cases of persistent
hyperparathyroidism  and  new  lesions  were  successfully
detected when imaged with SPECT-CT.

Frozen  specimen  pathology  is  the  most  important  step  to
confirm the diagnosis of an adenoma. In a retrospective study of
1,579 cases, Westra et al.  identified the overall  accuracy of
frozen specimen pathology as 99.2%.18 In all of the patients
included in the present study, the PT gland pathologies were
diagnosed from frozen specimens. It is obvious that persistent
hyperparathyroidism, caused by multiple glands, is not associ-
ated  with  frozen  specimen  pathology,  which  is  preferred
because it has the same or an even higher success rate; and it is
cheaper than other methods of diagnosis.        

Persistent hyperparathyroidism is usually related to parathy-
roid gland pathology that existed prior to the first surgery and
which was not removed. It has been reported that there may be
a 1-10% rate of recurrent hyperparathyroidism or a 2-22% rate
of  persistent  hyperparathyroidism  after  treatment  of  the
primary  hyperparathyroidism.  The  most  common  causes  of
persistent and recurrent hyperparathyroidism are ectopic locali-
sations and multiple glands.19 In the present study, persistent
hyperparathyroidism was detected in five patients (8.2%), four
of  whom  had  atypical  placement,  and  one  had  a  second
adenoma on the contralateral side. The ratio of persistent hyper-
parathyroidism is  consistent with and acceptable to current
available  literature.  The  rate  of  ectopic  placement  in  the
present  study,  persistent  hyperparathyroidism patients  was
80%.   

Temporary hypocalcaemia could be a challenging clinical side
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effect. In a previously published meta-analysis of 82 observa-
tional and six randomised studies, hypocalcaemia rates were
reported  as  2.3-13.6%  after  parathyroidectomy.20  Typically,
hypocalcaemia is treated with medical intervention and does
not  recur.  Temporary  hypocalcaemia  was  observed  in  four
(6.6%) patients during the postoperative period of the present
study, which is compatible with current available literature.

CONCLUSION

Observing very high success and low recurrence rates in the
present study, it is shown that MIP with preoperative ultrasonog-
raphy  and/or  scintigraphy  does  not  require  intraoperative
imaging in patients with primary hyperparathyroidism. Current
available literature, however, does indicate that intraoperative
auxiliary methods may be needed in more complicated cases.

ETHICAL APPROVAL:
This study was conducted in compliance with the ethical princi-
ples,  according  to  the  Declaration  of  Helsinki;  and  it  was
approved  by  the  local  Institutional  Review  Board  (KAEK:
27.05.2020/32).

PATIENTS’ CONSENT:
Because this study was retrospective, the patients’ consent was
waived.

CONFLICT OF INTEREST:
The authors declared no conflict of interest.

AUTHORS’ CONTRIBUTION:
HB, SY, ES, YK, MAB: Conceived the study design, involved in
data collection, performed the statistical analysis, interpreted
data and prepared the manuscript draft.
All  the  authors  critically  reviewed  the  final  version  of  the
manuscript and approved it for publication.

REFERENCES

Bilezikian  JP,  Silverberg  SJ.  Clinical  spectrum of  primary1.
hyperparathyroidism.  Rev  Endocr  Metab  Disord  2000;
(4):237-45. doi: 10.1023/a:1026508829397.
Reeve TS,  Barraclough BH,  Delbridge LW,  Robinson BG,2.
Clifton-Bligh P, Sywak MS, et al. Increase in presentations
and procedure rates for hyperparathyroidism in Northern
Sydney  and  New  SouthWales.  Med  J  Aust  2002;
177(5):246-9. doi: 10.5694/j.1326-5377.2002.tb04756.x.
Kaplan  EL,  Yashiro  T,  Salti  G.  Primary  hyperpara-3.
thyroid¬ism in the 1990s: choice of surgical procedures for
this  disease.  Ann  Surg  1992;  215(4):301-7.  doi:
10.1097/00000658-199204000-00002.
Walsh NJ, Sullivan BT, Duke WS, Terris DJ.  Routine bilateral4.
neck  exploration  and  four-gland  dissection  remains
unnecessary in modern parathyroid surgery. Laryngoscope
Investig  Otolaryngol  2018;  4(1):188-192.  doi:  10.1002/
lio2.223.
Bagu l  A ,  Pate l  HP ,  Chadwick  D ,  Har r i son  B J ,5.
Balasubrahmanian  SP.  Primary  hyperparathyroidism:  An
analysis of failure of parathyroidectomy. World J Surg 2014;
38:534-541. doi: 10.1007/s00268-013-2434-6.

Johnson NA,  Tublin  ME,  Ogilvie  JB.  Parathyroid  imaging:6.
Technique  and  role  in  the  preoperative  evaluation  of
primary hyperparathyroidism. AJR Am J Roentgenol 2007;
188:1706-1715. doi: 10.2214/AJR.06.0938.
Westra  WH,  Pritchett  DD,  Udelsman  R.  Intraoperative7.
confirmation  of  parathyroid  tissue  during  parathyroid
exploration:  A  retrospective  evaluation  of  the  frozen
section. Am J Surg Pathol 1998; 22:538-44. doi: 10.1097/
00000478-199805000-00003.
Sackett  WR,  Barraclough  B,  Reeve  TS,  Delbridge  LW.  8.
Worldwide  trends  in  the  surgical  treatment  of  primary
hyperparathyroidism  in  the  era  of  minimally  invasive
parathyroidectomy. Arch Surg 2002; 137:1055-1059. doi:
10.1001/archsurg.137.9.1055.
But t  HZ ,  Husa iny  MA ,  Bo l i a  A ,  London  N JM .  9.
Ultrasonography  alone  can  reliably  locate  parathyroid
tumours  and  facilitates  minimally  invasive  parathyroi-
dectomy. Ann R Coll  Surg Engl  2015; 97:  420-424. doi:
10.1308/003588415X14181254790202.
-Siperstein  A,  Berber  E,  Mackey  R,  Alghoul  M,  Wagner10.
K,  Milas  M.  Prospective  evaluation  of  sestamibi  scan,
ultrasonography, and rapid PTH to predict the success of
limited  exploration  for  sporadic  primary  hyperpara-
thyroidism.  Surgery  2004;  136:872–880.  doi:  10.1016/
j.surg.2004.06.024.
Berber E, Parikh RT, Ballem N, Garner CN, Milas M, Allan E11.
Siperstein AE. Factors contributing to negative parathyroid
localization: An analysis of 1000 patients. Surgery 2008;
144:74-9. doi: 10.1016/j.surg.2008.03.019.
Solorzano  CC,  Carneiro-Pla  DM,  Irvin  GL  3rd.  Surgeon-12.
performed ultrasonography as the initial and only localizing
study in sporadic and primary hyperparathyroidism. J Am
Coll  Surg  2006;  202:18-24.  doi:  10.1016/j.jamcollsurg.
2005.08.014.
Denham DW, Norman J.  Cost-effectiveness of  preoperative13.
sestamibi  scan  for  primary  hyperparathyroidism  is
dependent solely upon the surgeon’s choice of operative
procedure.  J  Am  Coll  Surg1998;  186:293-305.  doi:
10.1016/s1072-7515(98)00016-7.
Boi F,  Lombardo C, Cocco MC, Piga M, Serra A, Lai ML.14.
Thyroid diseases cause mismatch between MIBI scan and
neck  ultrasound  in  the  diagnosis  of  hyperfunctioning
parathyroids: usefulness of FNA-PTH assay. Eur J Endocrinol
2013; 168(1):49-58. doi: 10.1530/EJE-12-0742.
Erbil  Y, Barbaros U, Yanik BT, Salmaslioğlu A, Tunaci M,15.
Adalet  I.  Impact  of  gland  morphology  and  concomitant
thyroid nodules on preoperative localization of parathyroid
adenomas. Laryngoscope 2006; 116:580-5. doi: 10.1097/
01.MLG.0000203411.53666.AD.
Hopkins RC, Reading CC. Thyroid and parathyroid imaging.16.
Semin Ultrasound CT MR 1995; 16(4):279-95. doi: 10.1016/
0887-2171(95)90033-0.
Mihai R, Barczynski M, Iacobone M, Sitges-Serra A. Surgical17.
strategy  for  sporadic  primary  hyperparathyroidism  an
evidence  based  approach  to  surgical  strategy,  patient
selection, surgical access, and reoperations. Langenbecks
Arch  Surg  2009;  394:785-98.  doi:  10.1007/s00423-
009-0529-1.
Westra  WH,  Pritchett  DD,  Udelsman  R.  Intraoperative18.



Minimally  invasive parathyroidectomy

Journal  of  the College of  Physicians and Surgeons Pakistan 2021,  Vol.  31(04):  440-444444

confirmation  of  parathyroid  tissue  during  parathyroid
exploration:  A  retrospective  evaluation  of  the  frozen
section. Am J Surg Pathol 1998; 22:538-44. doi: 10.1097/
00000478-199805000-00003.
Alhefdhi A, Schneider DF, Sippel R, Chen H. Recurrent and19.
persistence  primary  hyperparathyroidism  occurs  more
frequently in patients with double adenomas. J  Surg Res

2014; 190:198202. doi: 10.1016/j.jss.2014.02.024.
Singh  Ospina  NM,  Rodriguez-Gutierrez  R,  Maraka  S,20.
Espinoza  de  Ycaza  AE,  Jasim  S.  Outcomes  of  para-
thyroidectomy  in  patients  with  primary  hyperpara-
thyroidism: A systematic review and meta-analysis. World J
Surg  2016;  40(10):2359-77.  doi:  10.1007/s00268-016-
3514-1.

••••••••••


