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ABSTRACT 

Objective: To assess the role of pre-operative Tc-99m sestamibi scintigraphy in Differentiating Benign vs Malignant Renal 
Masses. 
Study Design: Cross-sectional study 
Place and Duration of Study: Nuclear Medical Centre, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from Jun 
2022 to Jun 2023. 
Methodology: A total of 41 patients with T1 solid renal tumours who were eligible for undergoing surgery or suitable for 
biopsy underwent Tc-99m sestamibi scintigraphy during study duration. Tc-99m sestamibi scintigraphy findings were 
correlated with post-operative histopathology results to determine accuracy of scintigraphic study.  
Results: Out of forty-one patients, 24(58.5%) were men and 17(41.5%) were women with a mean age 54.39±13.28 years. Among 
total patients, 24(58.5%) had clear cell RCC, 5(12.2%) had papillary RCC, 3(7.3%) had chromophobe RCC, 2(4.9%) had 
oncocytic papillary RCC, 5(12.2%) had oncocytoma and 2(4.9%) had lipid poor angiomyolipoma variant on histopathology. 
Overall, 7(17.07%) patients had benign pathology. Tc-99m Sestamibi SPECT/CT correctly identified all benign lesions 
(oncocytoma and lipid poor angiomyolipoma) and two variants of malignant pathology (chromophobe and oncocytic 
papillary RCC) yielding a sensitivity of 100% while specificity of 85.29% in detecting benign lesions. There was significant 
correlation between positive Tc-99m sestamibi findings and benign pathology with a p-value <0.001. 
Conclusions: Tc-99m sestamibi scintigraphy plays a significant role in pre-operative evaluation of renal masses and offers a 
non-invasive modality to help differentiate benign and malignant renal masses.  
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INTRODUCTION 

Renal cell carcinoma (RCC) is on rise globally 
making approximately 2% of the cancer worldwide.1 
Incidence of RCC has almost doubled in last fifty 
years. Around the world, renal tumours are the sixth 
leading cause of malignant growth in men and the 
10th in women, representing 5% and 3% of every 
oncological finding, separately.2 Malignant renal 
tumours are also common in children representing 5% 
of childhood cancers.3 As the prevalence of renal 
tumours has increased, most cases of renal cell 
carcinoma are found incidentally on various imaging 
modalities (i.e. ultrasonography, CT and MRI).4,5 Most 
of these cancers comprises of renal cell carcinomas 
(RCCs). But, almost 20% of small kidney masses 
(<4cm) are one of a few benign growths, most 
commonly renal oncocytoma, angiomyolipoma (lipid 
poor-AML) and infected cyst.6 Oncocytoma comprises 
for almost 10% of all epithelial renal tumours.7 Among 
renal tumours, oncocytomas is unique, because their 

cells have abundant, densely packed mitochondria 
which show significant Tc-99m sestamibi uptake. One 
of the technique for differentiating benign renal 
masses from malignant is percutaneous biopsy. 
Although this method has best accuracy, but it also 
carries poor negative predictive value, making it 
challenging for surgeons to have the confidence to go 
for surgical intervention after a negative biopsy.8 
Renal biopsies have also a significant non-diagnostic 
rate, ranging from almost 8-14%. Moreover, renal 
biopsy is less convincing when evaluating small renal 
masses. Beside the invasive nature of renal biopsy, 
there are multiple complications like hematoma and 
haematuria that may occur after percutaneous biopsy.9 

In the field of nuclear medicine and molecular 
imaging, Tc-99m sestamibi is broadly used as a 
mitochondrial agent for cardiac perfusion scintigraphy 
and the localizing normal and ectopic parathyroid 
adenomas. On the basis of this information, several 
studies are conducted to explore the effectiveness of 
Tc-99m sestamibi in differentiating benign vs. 
malignant renal masses. Tc-99m sestamibi is a 
lipophilic cation that concentrates predominantly in 
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those cells that are rich in mitochondria. As renal 
oncocytoma consist of numerous oncocytic cells 
having densely packed mitochondria, it shows 
significant Tc-99m sestamibi uptake. The objective of 
this study was to elucidate the diagnostic accuracy of 
Tc-99m sestamibi in differentiating benign vs. 
malignant renal masses. This study will not only help 
in establishing its diagnostic value but also improve 
patient care and clinical practice. 

METHODOLOGY 

This cross-sectional study was conducted at 
Nuclear Medical Centre Armed Forces Institute of 
Pathology from June 2022 to June 2023 over a period 
of 1 year. Study protocol was approved from 
Institutional Review Board (IRB) before start of the 
study (IRB number FC-NMC20-1/READ-IRB/22/1451). 
WHO sample size calculator was used for calculating 
sample size taking margin of error 6%, confidence 
interval 95% and prevalence of 0.96.10 The sample size 
came out to be 41. All patients were selected by 
convenient sampling technique. Informed written 
consent were taken from all the participants. 

Inclusion Criteria: All patient irrespective of age and 
gender having T1 solid renal tumours, suitable for 
surgical intervention or biopsy were included in our 
study. 
Exclusion Criteria: Patients having tumours >7 cm in 
maximum diameter on CT scan/MRI and those 
having metastatic disease on preoperative imaging i.e. 
visceral extension and regional lymphadenopathy 
were excluded from our study. 

All patients were in fasting condition for at least 
4-6 hours before administration of radiopharma-
ceutical. SPECT/CT imaging was initiated on a 
Siemens Symbia T6 (Siemens Healthcare, Erlangen, 
Germany), 60-90 minutes after the injection of 925±25 
MBq (25 mCi) Tc99m-sestamibi, 1-7 days before 
surgery or percutaneous biopsy. Gamma camera was 
equipped with low energy high resolution (LEHR) 
collimators. SPECT scintigraphy was performed with 
a 128 × 128-pixel matrix size (with a zoom factor of 
1.23) acquiring 32 projections in a step and shoot 
mode. Each projection frame was acquired for a period 
of 25-seconds. After the SPECT study directly, a CT 
scan was acquired at 130 kV tube voltage and 20 mA. 
2.5-mm axial slices were reconstructed for both SPECT 
data and CT data. For attenuation correction and 
anatomical correlation CT acquisition was used. 

SPECT/CT images were analysed at Siemens 
Symbia workstation. SPECT/CT images were 

independently analysed by two well qualified nuclear 
medical specialists, each having almost 17 years of 
experience in nuclear medicine and molecular 
imaging. SPECT/CT images were matched with the 
corresponding CT/MRI images for correct 
identification of the renal tumour. They reached on the 
consensus of the location of the tumour, the degree of 
radiotracer uptake by the tumour, and the ipsilateral/ 
contralateral normal renal tissue. Focal Tc99m-
sestamibi accumulation in the tumoral lesion detected 
on SPECT/CT images was considered as Tc99m-
sestamibi positive (sestamibi +), whereas that lesion 
having mild or absent Tc99m-sestamibi uptake was 
considered to be Tc99m-sestamibi negative (sestamibi −). 

All data including patient demographic data, 
clinical & radiological data such as (tumour site and 
size, composition i.e. cystic/solid), type of surgery 
(radical nephrectomy vs. partial nephrectomy) and 
results of pathological consideration including tumour 
size, histological type & grading were collected on pre-
designed proforma. 

Data was entered and analysed using statistical 
package for social sciences (SPSS version 21). 
Quantitative variables were presented as Mean±SD 
while categorical data was presented as frequency and 
percentages. Chi-square test was used to compare 
histopathological and Tc99m-sestamibi findings and        
p-value of ≤0.05 was considered significant.  

RESULTS 

Out of 41 patients, 24 were men (58.5%) and 17 
were women (41.5%) ranging in age between 29 and 
77 years (mean age: 54.39±13.28 years). 13(31.7%) were 
smokers, 23(56.1%) patients were incidentally 
diagnosed with renal mass, while patients with clinical 
features had weight loss in 24(58.5%), flank pain in 
31(75.6%) and haematuria in 29(70.7%). Out of 41 
patients 21(51.2%) had left renal mass and 20(48.8%) 
had right renal mass. 14(34.1%) had tumour size <4cm 
while 27(65.9%) had tumour size >4cm. Majority of 
patients (90.2%) underwent radical nephrectomy as 
shown in Table-I.  

Among total patients, 24(58.5%) had clear cell 
RCC, 5(12.2%) had papillary RCC, 3(7.3%) had 
chromophobe RCC, 2(4.9%) had oncocytic papillary 
RCC, 5(12.2%) had oncocytoma and 2(4.9%) had lipid 
poor angiomyolipoma variant on histopathology as 
shown in Table-II. Overall, 7(17.07%) patients had 
benign pathology. Tc-99m Sestamibi SPECT/CT 
accurately identified all benign lesions (oncocytoma 
and lipid poor angiomyolipoma) and two variants of 
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malignant pathology (chromophobe and oncocytic 
papillary RCC) as shown in Table-II. The overall 
sensitivity of Tc99m-sestamibi to detect benign lesions 
is 100% while specificity is 85.29%. There was signi-
ficant correlation between positive Tc99m-sestamibi 
findings and benign pathology with a p-value <0.001. 
 

Table-I: Baseline Characteristics, Clinical Features and 
Operative Findings (n=41) 

Characteristics Values 

  Age 54.39±13.28 years 

Gender  

  Male 
  Female 
  Incidental findings 

24(58.5%) 
17(41.5%) 
23(56.1%) 

Clinical features  

  Weight loss 
  Flank pain 
  Haematuria 

24(58.5%) 
31(75.6%) 
29(70.7%) 

Tumour size  

  <4cm 
  >4cm 

14(34.1%) 
27(65.9%) 

Location  

  Right kidney 
  Left kidney 

20(48.8%) 
21(51.2%) 

Surgery  

  Radical nephrectomy 
  Partial nephrectomy 

37(90.2%) 
4(9.8%) 

 

Table-II: Histopathological Findings and Tc99m-Sestamibi 
SPECT/CT Results (n=41) 

Histopathological 
Type  

Frequency 
Tc-99m sestamibi 

SPECT/CT Findings 
p-

value 
Avid Non Avid 

Clear cell RCC 24 0 24(100%) 

<0.001 

Papillary RCC 5 0 5(100%) 

Chromophobe RCC 3 3(100%) 0 

Oncocytic papillary 
RCC 

2 2(100%) 0 

Oncocytoma 5 5(100%) 0 

Angiomyolipoma 
(lipid poor) 

2 2(100%) 0 

Renal cell carcinoma=RCC 

 
Figure: Tc-99m Sestamibi SPECT/CT Image Showing Avid 
Lesion (Oncocytoma) 
 

DISCUSSION 

In the present study aimed to assess the 
diagnostic accuracy of Tc99m-sestamibi in 
differentiating benign vs. malignant renal masses it 
was found that Tc-99m sestamibi scintigraphy plays a 
significant role in pre-operative evaluation of renal 
masses and offers a non-invasive modality to help in 
differentiating benign and malignant renal masses.The 
detection of renal masses on CT/ MRI is significantly 
increased, but it is still a challenging task to 
differentiate benign from malignant, mostly in the 
cases of small renal masses having size <20mm. 
Among various techniques percutaneous biopsy has 
good accuracy in diagnosis, but it leads to a lot of 
complications.11 In nuclear medicine Tc-99m sestamibi 
is extensively used as mitochondrial agent. Tc-99m 
sestamibi is a lipophilic monovalent cation that 
diffuses passively through the cell membrane and 
strongly binds to mitochondria in the cytoplasm.              
Tc-99m sestamibi is removed from the cell via 
multidrug resistant (MDR) pump. Among the renal 
tumours, oncocytoma is rich in mitochondria, so it 
show significant radiotracer uptake, so it is strongly 
avid on Tc-99m sestamibi scan12 and there is less MDR 
pump expression in oncocytoma so radiotracer 
remains attached for longer period of time. Lipid poor 
angiomyolipoma is also a benign variant of renal 
masses, showing variable Tc-99m sestamibi uptake, 
almost equal to or less than normal renal parenchyma. 
Tzortzakakis et al published a case of angiomyolipoma 
displaying increased Tc-99m sestamibi uptake alike 
the normal renal parenchyma.13 Some of the malignant 
variant of the renal cell carcinoma like chromophobe 
and oncocytic papillary RCC also show significant 
radiopharmaceutical uptake due to increased 
mitochondrial content and low MDR pump expression 
in these less aggressive malignant tumour.14 
Chromophobe (specifically eosinophilic type) and 
oncocytic papillary RCC are although malignant 
tumours, but these tumours rarely metastasize and 
have indolent clinical course. In other types of renal 
cell carcinoma like clear cell RCC and papillary RCC, 
there is no significant radiotracer uptake because these 
tumours have high expression of multidrug resistant 
pumps (MDR) and low mitochondrial content, so they 
appears photopenic on Tc-99m sestamibi scan.15,16 

Literature review is limited on this study in 
Pakistan, so this study will not only help in 
establishing its diagnostic value but will also improve 
patient care in clinical practice. In the future we can 
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significantly reduce unnecessary nephrectomies in 
those patients having renal masses of likely benign 
etiology by evaluating these masses by Tc-99m 
sestamibi scanning. Studies with larger sample sizes is 
necessary for establishing a quantitative tool as 
important supplement to visual evaluation in order to 
reach the accurate diagnosis.17,18 

LIMITATION OF STUDY  

The major limitation of our study was little sample size 
and also the very few cases of less frequent pathologies, such 
as oncocytoma, lipid poor angiomyolipoma and HOCT 
(hybrid oncocytic chromophobe tumour). 

CONCLUSION 

Tc-99m sestamibi scintigraphy plays a significant role 
in pre-operative evaluation of renal masses and offers a non-
invasive modality to help in differentiating benign and 
malignant renal masses.  
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