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ABSTRACT 
 

Introduction: Radio-guided parathyroid surgery along with other minimally invasive surgeries constitutes the main 
surgical treatment procedures for different kinds of hyperparathyroidism.  In this article we have reported our 
experience of radio-guided parathyroid surgery using Tc-99m sestamibi. 
Methods: Ten patients with hyperparathyroidism included in our study. Twenty mCi of Tc-99m sestamibi was 
injected intravenously to the patients in the day of surgery. All patients underwent surgery 4 hours after injection of 
the tracer. Abnormal parathyroid glands were localized by surgical gamma probe during surgery and were removed. 
Results: Eight out of 10 patients had single adenoma. One patient had parathyroid hyperplasia secondary to chronic 
renal failure. The one remaining patient had persistent hyperparathyroidism with previous unsuccessful parathyroid 
surgeries. Except for the patient with parathyroid hyperplasia, parathyroid hormone (PTH) level of all other patients 
decreased after surgery including the patient with persistent hyperparathyroidism.  
Conclusion: Minimally invasive radio-guided parathyroid surgery is an easy and safe method for surgical treatment 
of hyperparathyroidism. With the increasing availability of surgical gamma probes and nuclear medicine facilities in 
Iran considering this kind of approach for surgical treatment of hyperparathyroidism seems rational. 
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INTRODUCTION 

Hyperparathyroidism is a common disease 
which can go undetected for a long period. 
Primary hyperparathyroidism is the main 
type of this disorder which is usually due to 
a solitary adenoma. Multiple adenomas, 
hyperplasia, and parathyroid carcinoma are 
the other causes (1,2). Secondary 
hyperparathyroidism is usually the result of 
renal failure (3,4). Failure to localize the 
pathologic glands during surgery is a serious 
problem which can be largely avoided by 
pre-surgical localization. For this purpose 
nuclear medicine procedures play an 
important role using Tc-99m sestamibi 
and/or Thalium-201 scanning (5-8).  
Bilateral cervical neck dissection for 
removal of all hyper-functioning parathyroid 
tissues was considered the treatment of 
choice in different types of 
hyperparathyroidism (9). However for 
solitary parathyroid adenoma removal of the 
diseased gland is curative approach. With 
introduction of pre-operative localization by 
nuclear medicine imaging, unilateral 
approach became more and more popular 
(10). Gradually minimally invasive 
parathyroid surgery with endoscopy or video 
assistance was introduced and with the 
advent of gamma probes, radio-guided 
surgery has become a favorable procedure 
for parathyroid adenoma (9, 11-15). This 
approach is also gaining popularity for 
secondary and tertiary hyperparathyroidism, 
(16-18), parathyroid cancer (19) as well as 
difficult cases such as ectopic adenoma or 
post-surgical persistent hyperparathyroidism 
(20-25). To the extent of our knowledge, 
this approach has not been reported 
previously in Iran.  
In this study we presented our experience in 
minimally invasive radio-guided parathyroid 
surgery using Tc-99m sestamibi. 
   

METHODS 
Ten patients with hyperparathyroidism 
entered in our study. We didn’t recruit any 
patient with concomitant thyroid nodule. 

The day of study all patients received 20 
mCi of Tc-99m sestamibi intravenously. 
Five minutes as well as three hours post-
injection anterior projection images (5 min 
per view) of the neck and mediastinum were 
taken using low-energy high resolution 
collimator, Tc-99m photopeak and 20% 
window (Figure 1).  
Four hours after radiotracer injection, 
patients underwent general anesthesia for 
surgical removal of abnormal parathyroid 
tissues. All quadrants of the neck were 
explored using a gamma probe (Europrobe, 
GMS, France). After spotting the hottest 
point, a 3 cm incision was made over the 
point. Plathysma and strap muscles were 
retracted and under the guide of gamma 
probe the hot parathyroid tissues were 
removed. The sternocleidomastoid muscle 
and jugular vein were also identified. 
Especial care was taken to preserve the 
recurrent laryngeal nerve.  
Background counts of the neck over the 
carotid arteries as well as ex-vivo counts of 
the removed parathyroid tissues were also 
recorded.  
Pre and post-operative PTH levels were 
recorded. We didn’t use any intra-operative 
approach (such as intra-operative PTH 
measurement, or frozen section) for 
confirmation of abnormal parathyroid tissue 
removal. 
 

RESULTS 
Ten patients entered in our study. Summary 
of the patients’ data are available in Table 1. 
Nine patients were female and the mean age 
of the patients was 43.8 years. The etiology 
of hyperparathyroidism was single adenoma 
in 8 patients. Patient number 4 had 
parathyroid hyperplasia secondary to 
chronic renal failure. Patient number 9 had 
previous unsuccessful surgeries for single 
parathyroid adenoma resection and 
underwent surgery due to persistent 
hyperparathyroidism. In all patients 
abnormal parathyroid glands were localized 
in pre-operative Tc-99m sestamibi scan. 
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Figure 1. Delayed anterior image of a patient with a 
parathyroid adenoma in the right upper part of the 
thyroid. 
 
 
 
 
 
 
 
 
 
Table 1. Summary of patients’ data. 
 

No Age Gender Tc-99m 
sestamibi 

scan 
results 

Etiology Location of 
abnormal 

parathyroid 
tissue 

Ex vivo 
parathyroid 

to carotid 
artery 
count 

Size of 
the 

excised 
gland 
(cm) 

Time to 
completion 
of surgery 

(min) 

Outcome 
of 

surgery 

1 49 F Positive Adenoma Left lower 1.4 2 27 Cure 

2 42 F Positive Adenoma Left lower 1.3 3 27 Cure 

3 46 F Positive Adenoma Left lower 0.5 2 37 Cure 

4 40 F Positive 
in lower 
poles of 
thyroid 

Hyperplasia due to 
CRF 

Two excised 
nodes in the 
left lower 
and right 

lower 

0.25/0.25 2/1.5 45 Persistent 
disease 

5 41 F Positive Adenoma Left lower 0.8 2 30 Cure 

6 44 F Positive Adenoma Right lower 0.9 1.5 30 Cure 

7 51 F Positive Adenoma Right upper 1.1 3 30 Cure 

8 50 F Positive Adenoma Left upper 1 2 24 Cure 

9 35 M Positive Persistent 
hyerparathyroidism 

due to failed 
excised adenoma 

Right lower 1.1 3 25 Cure 

10 40 F Positive Adenoma Left lower 0.9 2 30 Cure 

Mean 43.8     0.863 2.18 30.5  
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In all patients with parathyroid adenoma 
(including patient number 9 with persistent 
hyperparathyroidism) the abnormal gland 
was successfully located during surgery by 
gamma probe and excised, and successfully 
as proven by PTH measurement. In patient 
number 4 with parathyroid hyperplasia; 
despite removal of two abnormal glands, 
hyperparathyroidism persisted after surgery. 
Six out of 11 excised parathyroid glands 
were located in the lower part of the left 
thyroid lobe. Three in right lower, one in 
right upper and one was in left upper part of 
the thyroid lobe. The mean size of the 
excised glands was 2.18 cm. 
  

DISCUSSION 
In recent years, the worldwide trend in 
parathyroid surgery is toward less invasive 
procedures: from bilateral neck exploration 
to unilateral neck exploration and more 
recently several types of minimally invasive 
interventions including radio-guided surgery 
(26). The most important advance in the 
management of hyperparathyroidism which 
allowed these minimally invasive 
procedures was pre-operative localization of 
the abnormal parathyroid glands. 
Parathyroid imaging is usually performed 
with Tc-99m sestamibi which is avidly 
accumulated in the parathyroid adenomas. 
Two techniques of subtraction or dual phase 
scintigraphy both were successful (5-7). At 
our department, we use dual phase technique 
with 20 mCi Tc-99m sestamibi. The overall 
sensitivity of Tc-99m sestamibi scanning for 
pre-operative localization of abnormal 
parathyroid glands is reported to be 77%. 
The false negative results are more likely to 
happen in patients with small or superior 
adenomas, hyperplasia or preoperative 
normocalcemia (27). Although it is 
recommended not to perform radio-guided 
surgery in patients with negative Tc-99m 
sestamibi scan, Lal et al. reported 
localization of abnormal parathyroid glands 
in 18% of these patients. However it seems 
prudent to perform other localization 

procedures such as Thalium-201 or 
ultrasonography in this context (28). 
Another breakthrough in the management of 
hyperparathyroidism was intra-operative 
PTH assay (14, 29). In our department, we 
didn’t have access to this assay. However 
except for the patient with hyperplasia, 
surgery was successful in the remaining of 
the cases. Our results are in agreement with 
Caudle et al and Goldstein et al which had 
excellent results without intra-operative 
PTH assay (30, 31).  
Although the radiation dose to the surgical 
staff during radio-guided parathyroidectomy 
is low (8.78 to 11 µSv for senior surgeon in 
the study of Bekiş et al (32)), Rubello et al 
developed a low dose radio-guided surgery 
with excellent results (33, 34). However this 
needs significant skill (35) and we chose the 
conventional high dose Tc-99m sestamibi 
injection for surgery. In addition to 
parathyroid adenoma, secondary and tertiary 
hyperparathyroidism due to parathyroid 
hyperplasia could also be considered for 
radio-guided surgery. In the largest study in 
this field Chen et al. reported excellent 
result in secondary/tertiary 
hyperparathyroidism patients (36). In our 
study, surgery in the only patient with 
secondary hyperparathyroidism was not 
successful. Further patients with secondary 
hyperparathyroidism should be recruited in 
order to be able to reach any conclusion 
concerning these groups of patients.  
Difficult cases of hyperparathyroidism 
including ectopic, persistent and recurrent 
parathyroid adenomas were also treated with 
radio-guided surgery (22-24). Our patient 
with persistent hyperparathyroidism had 
several failed previous surgeries and his 
recurrent laryngeal nerve was severed. It 
was a difficult case which was cured with 
radio-guided surgery. The count ratio of the 
abnormal parathyroid glands to the 
background (carotid artery area in our study) 
is reported to be more than 20% in the study 
of Murphy et al. (37). We also used this rule 
in our patient. The mean target to 
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background ratio was 0.863 in our patients. 
The lowest ratio was for the patient with 
parathyroid hyperplasia which is in 
agreement with Rubello et al. who found 
lower target to background ratio in 
hyperplastic lesions (34). 
The main advantages of minimally invasive 
radio-guided parathyroid surgery are 
reported to be small incisions with better 
cosmetic results, increased accuracy for 
detection of abnormal parathyroid tissues 
especially in ectopic adenomas and other 
difficult cases (38), and significant cost 
saving due to reduced surgery time (39). In 
our study, the mean time of the surgery was 
also significantly short (30.5 min) which can 
decrease the morbidity and cost of surgery. 
 

CONCLUSION 

Minimally invasive radio-guided 
parathyroid surgery is readily available and 
valuable tool for treatment of the 
hyperparathyroidism. This approach can be 
very helpful in difficult cases such as 
ectopic adenomas or persistent 
hyperparathyroidism. With increasing 
availability of surgical gamma probes and 
nuclear medicine facilities in Iran, 
considering this kind of surgery for 
hyperparathyroid patients seems a rational 
approach. Lack of other kinds of minimally 
invasive parathyroid surgery in Iran (such as 
video assisted surgery) underscores the 
importance of radio-guided procedures. 
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