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Extrapulmonary Tuberculosis Mimicking Malignancy on 18F FDG PET/CT 
SCAN: A Case Report 
Arrene Joy B. Baldonado, MD 

Department of Radiological Sciences, Section of Nuclear Medicine and PET-CT Center, Cardinal Santos Medical Center 
E-mail address: baldonadoarrene@gmail.com  

ABSTRACT 
Extrapulmonary tuberculosis (EPTB) accounts for approximately 15% of TB cases worldwide and often presents 
with nonspecific signs and symptoms that can closely mimic malignancy. Differentiating EPTB from cancer is 
challenging, as both conditions may exhibit similar imaging findings. Fluoro-2-deoxyglucose positron emission 
tomography and computed tomography (FDG PET/CT) is a well-established modality for evaluating                         
malignancies. However, FDG uptake is not exclusive to cancer and can also be observed in inflammatory/
infectious conditions, including TB.  

  

This report discusses the case of a 29-year-old Filipino male who presented with back pain radiating to the          
sternal region. A chest CT scan revealed lytic osseous lesions in the ribs, sternum, and vertebrae, along with a 
lobulated mass in the periportal region. FDG PET/CT was conducted for further assessment, revealing                  
heightened metabolic activity in the aforementioned lesions, which raised concerns for possible malignancy. 
However, a CT-guided biopsy of the 7th rib revealed caseating granulomatous inflammation consistent with 
tuberculosis. The patient was treated with a 12-month anti-TB regimen, with follow-up FDG PET/CT                    
demonstrating a favorable response to therapy.  

   

This case underscores the importance of considering EPTB in the differential diagnosis of patients with FDG-avid 
lymphadenopathy and osseous lesions, particularly in endemic regions such as the Philippines. A high index of 
suspicion, along with histopathologic confirmation, is essential to avoid misdiagnosis and ensure appropriate 
management.  

 

Keywords: Tuberculosis (TB), Extrapulmonary tuberculosis (EPTB), malignancy, and Fluoro-2- deoxyglucose      
positron emission tomography and computed tomography (FDG-PET/CT)  

INTRODUCTION 
 
Tuberculosis (TB) remains a significant public health      
concern in the Philippines, with an incidence of 554 cases 
per 100,000 people [1]. Caused by Mycobacterium           
tuberculosis, TB primarily affects the lungs but can also 
involve other organs, leading to extrapulmonary                    
tuberculosis (EPTB) [2]. EPTB accounts for approximately 
15% of TB cases worldwide, with lymph node and                  
musculoskeletal TB comprising 30% and 10% of these 
cases, respectively [2-4].  Unlike pulmonary TB, which 
presents with respiratory symptoms, EPTB has diverse 
manifestations that can mimic malignancy, leading to 
diagnostic delays.  
 

Diagnosing EPTB is complex due to its nonspecific clinical 
and imaging findings compared to pulmonary TB. CT and 
MRI are commonly used in malignancy workups, but FDG 
PET/CT is increasingly utilized for further evaluation.  
 
FDG PET/CT is a nuclear medicine imaging modality              
frequently used in oncologic evaluations [5]. FDG uptake 
reflects cellular glycolytic activity, which is elevated not 
only in malignancies but also in infectious and                             
inflammatory conditions such as TB [5]. This overlap can 
lead to misdiagnosis, unnecessary procedures, and              
delayed treatment.  
 
This paper presents a case of EPTB initially suspected of 
having a malignancy based on chest CT and FDG PET/CT 
findings.  
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Patient Information 
 
A 29-year-old Filipino male complained of back pain         
radiating to the sternal region with a pain scale of 9/10. 
There is no associated history of trauma nor any signs 
and symptoms of chest pain, difficulty breathing, cough, 
colds, night sweats, fever, or abdominal pain. His past 
medical history is unremarkable, with no known                
tuberculosis or human immunodeficiency virus (HIV)              
infection. Physical examination revealed clear breath 
sounds and no palpable lymph nodes detected. 
 

Diagnostic, Treatment, and           
Outcome  
 
A chest CT scan revealed lytic lesions with soft tissue 
components in the posterior aspect of the right 7th to 

11th ribs, sternum, and vertebral body, along with a        
lobulated mass adjacent to the porta hepatis, closely   
associated with liver segment III and the pancreatic neck. 
These findings raised suspicion of malignancy, prompting 
a referral for whole-body FDG PET/CT evaluation.  
 
The PET/CT scan demonstrated intense FDG uptake in 
the lobulated mass near the porta hepatis, extending to 
liver segment III, the pancreatic head and body, and the 
second portion of the duodenum, measuring 6.2 × 5.5 × 
4.8 cm. This was suggestive of a conglomerate of                  
enlarged lymph nodes, with a maximal SUV (SUVmax) of 
30. Additionally, multiple FDG-avid (SUVmax up to 39) 
lytic lesions, some with soft tissue components, were 
identified in the right scapula, left acromion, sternal 
body, right 2nd, 7th, 10th, and 11th ribs, T2 vertebra, 
transverse processes of T8 and T9, right L4 facet, and 
right ilium.  
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These findings suggested a malignant process, with             
primary considerations of lymphoma, plasmacytoma, 
and metastatic disease. To confirm the diagnosis, a           
CT-guided biopsy of the right 7th rib lesion was             
performed, revealing caseating granulomatous                       
inflammation consistent with tuberculosis. Further 
testing, including an acid-fast stain of the sputum, was 
negative. After a thorough evaluation, a final diagnosis of 
extrapulmonary tuberculosis (EPTB) was made, affecting 
the porta hepatis/retroperitoneal lymph nodes and              
multiple osseous sites.  
 
The patient was treated with a 12-month anti-TB               
regimen, consisting of two months of isoniazid (H),               
rifampicin (R), pyrazinamide (Z), and ethambutol (E),        
followed by 10 months of isoniazid and rifampicin (HR).  
 
After therapy, a follow-up FDG PET/CT scan showed                 
resolution of the abdominal lymphadenopathies and 
sclerotic transformation of the osseous lesions,                           
suggestive of a favorable treatment response with the 
anti-TB regimen (Figure 1).  

Discussion 
 
Tuberculosis is a common disease in the Philippines, and 
nearly 70 Filipinos die every day because of it. According 
to the world health organization (WHO) global report in 
2020, the Philippines has the highest TB incidence rate in 
Asia [1-2].  
 
General symptoms of TB include weakness, weight loss, 
fever, and night sweats, but for patients with pulmonary 
TB, additional symptoms of coughing, chest pain, and 
hemoptysis may be evident. EPTB manifestations vary, 
with musculoskeletal involvement leading to back pain, 
kyphotic deformity of the spine, limb weakness, and      
paraplegia, whereas lymphatic TB often presents with 
non-tender palpable nodes [3-7]. In this case, the patient 
presented with isolated back pain radiating to the             
sternum without the characteristic symptoms of TB.                 
Given his presentation, a chest CT scan was warranted, 
which revealed lytic lesions with soft tissue components 
in the ribs, vertebrae, and sternum, likely contributing to  
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the patient’s pain. A lobulated mass was also identified 
in the periportal region, raising suspicion for a malignant 
process. The diagnosis of EPTB is often difficult due to its 
variable clinical presentations, which can overlap with 
malignancies, as observed in this case. Hence, an FDG 
PET/CT scan was done for further evaluation.  
 
FDG-PET/CT enables molecular imaging of physiological 
and biochemical processes and is extensively utilized in 
oncologic assessment. FDG uptake corresponds to             
elevated glycolytic activity in malignant tumors, yet it is 
not tumor-specific, as it can also accumulate in infectious 
and inflammatory conditions. Lesion metabolic activity is 
quantified using the standardized uptake value (SUV), 
with values exceeding 2.5 generally considered                        
suspicious for malignancy. However, infectious and              
inflammatory processes, including TB, may demonstrate 
comparably increased SUV levels, posing a diagnostic 
dilemma [8-9].  
 
The increased uptake of FDG in tumor cells is primarily 
driven by the upregulation of glucose transporters 
(GLUT) and elevated intracellular levels of hexokinase 
and phosphofructokinase, key enzymes that enhance 
glycolytic activity. Malignant cells exhibit a heightened 
glycolytic rate, a phenomenon known as the Warburg 
effect, leading to the intracellular accumulation of FDG, a 
glucose analog that undergoes phosphorylation to 2-
[18F] fluoro-2-deoxyglucose-6-phosphate (FDG-6-
phosphate) and remains trapped within the cell [8-10]. 
Similarly, activated inflammatory cells, including macro-
phages, monocytes, neutrophils, and lymphocytes, 
demonstrate increased glucose metabolism, contributing 
to FDG accumulation in sites of infection and inflamma-
tion [11-12]. TB, as an infectious process, induces a 
strong inflammatory response, leading to FDG uptake 
patterns that overlap with those of malignancies, there-
by complicating differentiation between active TB and 
cancer on FDG PET/CT imaging [11-12].  
 
Recent studies have demonstrated FDG accumulation in 
immune cells involved in various stages of TB infection. 
Following infection with M. tuberculosis, macrophages 
undergo M1 polarization, a process associated with            
metabolic reprogramming that enhances glycolytic flux. 
This metabolic shift leads to the upregulation of GLUT 
and hexokinase, key regulators of FDG uptake [12-18]. 
Early macrophage activation is critical for the production 
of antimicrobial and pro-inflammatory mediators,               
facilitating granuloma formation to contain the infection 
and prevent its dissemination [12-18]. Granulomas,   
composed of macrophages, lymphocytes, neutrophils, 
and fibroblasts, also exhibit increased FDG uptake            

[12-18]. Multiple studies have reported FDG PET/CT           
positivity in patients histopathologically diagnosed with 
TB, reinforcing that FDG is not a tumor-specific tracer 
and may lead to false-positive findings, particularly in 
individuals with active infections such as TB [12-18].  
 
The definitive diagnosis of EPTB requires biopsy and           
histopathological examination of the affected organ [19]. 
Once confirmed, a standard anti-TB regimen is initiated, 
typically consisting of a six- to nine-month course: an 
initial two-month phase with isoniazid (H), rifampicin (R), 
pyrazinamide (Z), and ethambutol (E), followed by a       
continuation phase of four to seven months with                  
isoniazid and rifampicin [19-21]. In cases involving bone 
and joint TB, prolonged therapy may be necessary. In 
this case, a 12-month regimen (2HRZE/10HR) was              
administered.  
 
Post-treatment FDG PET/CT, in this case, showed                 
resolution of abdominal lymphadenopathy, the sclerotic 
transformation of bone lesions, and the disappearance 
of soft tissue components, indicating a positive                     
treatment response. Evidence suggests that FDG PET/CT 
plays a valuable role in assessing treatment response in 
EPTB, particularly in complex cases [14].  
 

Conclusion 
 
Tuberculosis is one of the most prevalent infectious            
diseases, with diverse presentations that can involve         
various organs of the body. Distinguishing EPTB with      
subtle symptoms from malignancy is challenging, making 
diagnosis difficult. EPTB can exhibit elevated FDG uptake 
in PET/CT scans, potentially leading to false-positive         
results. Therefore, in patients presenting with                       
lymphadenopathies and bone lesions, increased FDG 
avidity on PET/CT scans does not always indicate              
malignant disease, and EPTB should be considered,             
particularly in individuals from endemic regions such as 
the Philippines. Pathological examination remains crucial 
for accurately diagnosing EPTB.  
 

Consent  
Informed consent was obtained from the patient. This 
case report follows the protection and confidentiality of 
the patient in accordance with the Data Privacy Act of 
2012 and in the rules and principles of the 1964                    
Declaration of Helsinki.  
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Evaluation of Bone Graft Viability Using Three-Phase Bone Scan with Single 
Photon Emission Tomography (SPECT): A Case Series 
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ABSTRACT 
Autologous bone grafts are fundamental in orthopedic procedures, and ensuring graft viability is pivotal. Three-
phase bone scans with single photon emission computed tomography (SPECT) show promise for assessing graft 
health. This case series evaluates the potential of three-phase bone scans with SPECT for predicting graft                
viability and postoperative monitoring. Two cases were studied, representing different age groups, both                   
undergoing orthopedic procedures with bone grafts. One case initially exhibited signs of poor graft viability but 
showed subsequent clinical improvement. The other case demonstrated robust graft viability, mirroring positive 
clinical progress.  

 

This study underscores the potential of three-phase bone scans with SPECT for graft viability assessment. Larger 
studies are warranted to validate these findings across diverse patient profiles and clinical scenarios. 

 

 

INTRODUCTION 
 
Autologous bone graft is widely recognized as the gold 
standard for bone grafting in various medical and surgical 
contexts, owing to its superior efficacy compared to            
allografts [1]. The use of autologous bone grafts offers 
several advantages, including reduced risk of graft                 
rejection and the potential for enhanced healing and  
integration [2]. One of the most common sources of          
autologous bone grafts is the iliac spine, a region that 
provides ample graft material while minimizing donor 
site morbidity. [3] Despite its effectiveness, the success 
of autologous bone grafts is contingent upon various   
factors, and the ability to predict and ensure graft                    
viability is of paramount importance in achieving positive 
patient outcomes.  
 
The effectiveness of three-phase bone scans in predicting 
bone graft viability has been highlighted in several prior 
studies [1][4]. This scan is a non-invasive imaging                   
modality that can provide valuable insights into the            
perfusion and metabolic activity of the graft site. By           
assessing blood flow, perfusion, and bone turnover, 
three-phase bone scans offer a dynamic and               
comprehensive evaluation of graft viability. This has the 

potential to serve as an early warning system for graft 
complications, allowing clinicians to take proactive 
measures to address any issues before they result in 
graft failure. 
 

OBJECTIVES 
 
This case series aims to contribute to the growing body 
of knowledge surrounding the use of three-phase bone 
scans in bone grafting procedures. By evaluating their 
utility in predicting the viability of autologous bone 
grafts, the researcher seeks to provide clinicians with a 
potentially valuable tool for enhancing the success of 
these critical procedures. Through the examination of 
real-life cases and the analysis of three-phase bone scan 
data, we aim to offer insights that can inform clinical 
practice, reduce graft-related complications, and                   
ultimately improve patient outcomes. 
 
Inclusion Criteria 
This study included patients who underwent an                          
orthopedic procedure involving bone grafting and                  
subsequently underwent three-phase bone scans to             
assess graft viability. 
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Case 1 
 
The patient is N.A., a 71-year-old female with history of 
vehicular accident 1 month prior to scan resulting in the 
fracture of her left thigh. Patient sought consult at 
JRRMMC where she was assessed as a case of closed, 
complete, displaced, comminuted fracture of the left 
distal femur. Patient was advised surgery and underwent 
Open Reduction with Internal Fixation using Plate and 
Screws with Iliac Crest Bone Graft of the Left Distal                 
Femur 7 days prior to scan. A three-phase bone scan was 
requested 7 days post-operatively to assess graft viability 
(Fig 2.1-2.3). 
 
On the day of the scan, the patient was noted to be in 
good pain control (PS 3/10) but is not able to ambulate 
due to exacerbation of pain upon movement. Perfusion 
phase images (Figure 1.1A) show that there is                         
symmetrical blood flow/supply to the bilateral thighs 
while the soft tissue phase images (Figure 1.1B) show an 
area of decreased radiotracer in the region of the distal 

3rd of the left thigh. In contrast, the right thigh exhibits 
homogenous soft tissue radiotracer distribution . 
 
Delayed imaging (Figure 1.2) 2 hours after radiotracer 
administration showed washout of soft tissue activity. 
There is an area of decreased radiotracer uptake                   
appreciated on the distal 3rd of the left femur coinciding 
with the site of the bone graft with increased radiotracer 
localization around the photopenic area. Single Photon 
Emission Tomography (SPECT) (Figure 1.3) was done 
showing an area of decreased radiotracer uptake on the 
site of the bone graft. These findings were interpreted as 
suggestive of poor bone graft viability.  
 
In the interim, the patient was reported to have an      
improving clinical picture. The patient was noted to be 
able to ambulate with assistance and pain medications 
were reported to be necessary on an as needed basis 
only. A follow-up three-phase bone scan (Fig 2.1-2.3) was 
requested 6 weeks after the first scan  

FIGURE 1.1 Perfusion and flow phase images in anterior projection using Tc-99m HDP: (A) Perfusion phase images 
show symmetrical blood flow in the bilateral thighs; (B) Flow phase images show a photopenic defect (red arrow) 
in the region of the distal 3rd of the left thigh. 
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FIGURE 1.2 Delayed images in multiple views with persistence of photopenic defect at the graft site (red arrow).  

FIGURE 1.3 Single Photon Emission Tomography (SPECT) images of the left femur still show a photopenic area at 
the graft site  

Perfusion phase images (Figure 2.1A) show that there is 
symmetrical blood flow/supply to the bilateral thighs 
while the soft tissue phase images (Figure 2.1B) show 
homogenous and symmetrical radiotracer distribution. 
The previously noted area of decreased radiotracer              
uptake in the region of the distal 3rd of the left thigh is 
no longer appreciated. 
 
Delayed imaging (Figure 2.2) 2 hours after radiotracer 

administration showed washout of soft tissue activity. 
There is still an area of decreased but comparatively            
improved radiotracer uptake appreciated on the distal 
3rd of the left femur coinciding with the site of the bone 
graft. Single Photon Emission Tomography (SPECT) 
(Figure 2.3) likewise showed an area of decreased but 
comparatively improved radiotracer uptake radiotracer 
uptake on the site of the bone graft.  
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FIGURE 2.1 Perfusion and flow phase images in anterior projection using Tc-99m HDP: (A) Perfusion phase images 
show symmetrical and normal blood flow in the bilateral thighs; (B) Flow phase images show homogenous                
radiotracer uptake on both thighs. 

FIGURE 2.2 Delayed images in multiple views show faint radiotracer localization at the graft site (red arrow).  
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FIGURE 2.3 Single Photon Emission Tomography (SPECT) images of the left femur still show faint localization of 
radiotracer at the graft site. 

Case 2 
 
The patient is G.D.L., a 13-year-old male with a known 
history of congenital pseudoarthrosis of the left distal 
tibia secondary to neurofibromatosis. The patient                  
underwent resection of neurofibroma at the left distal 
tibia with application of Ilizarov external fixator 9 years 
prior to the scan. In the interim there was noted lag in 
the growth of the left leg compared to the right leg with 
development of pseudoarthrosis hence consult at our 
institution where he was advised to undergo operation. 
Eight days prior to the scan, patient underwent resection 
of the pseudoarthrosis with iliac crest bone graft and 
application of Ilizarov external applicator. A three-phase 
bone scan was requested 7 days post-operatively to            
assess graft viability. 
 
On the day of the scan, the patient was noted to be in 
good pain control (PS 4/10) but is not able to ambulate 
due to exacerbation of pain and the presence of the        
Ilizarov fixator. Perfusion phase images (Figure 3.1A) 
show that there is an area of increased blood flow along 
the region of the distal half of the left leg in comparison 
with the contralateral leg. Soft tissue phase images 

(Figure 3.1B) show an area of increased radiotracer               
distribution on the distal leg. In contrast, the right leg 
exhibits homogenous soft tissue radiotracer distribution. 
 
Delayed imaging (Figure 3.2) 2 hours after radiotracer 
administration showed washout of soft tissue activity 
with increased radiotracer uptake appreciated on the 
distal 3rd of the left tibia coinciding with the site of the 
bone graft. SPECT imaging (Figure 3.3) was done showing 
an area of increased radiotracer uptake on the site of the 
bone graft. These findings were interpreted as indicative 
of good bone graft viability. 
  

DISCUSSION 
 
Three-phase bone scan with SPECT can offer a unique 
perspective on the physiological activity of bone grafts. 
Unlike structural imaging techniques, scintigraphy is 
characterized by its capacity to provide insight into the 
metabolic activity of the bone, making it particularly well
- suited for the assessment of graft integrity and viability 
[1][4][5][6]. The three-phase component of the bone 
scan can potentially serve a pivotal role in our                           
assessment   of   graft  viability,  as  it  primarily  indicates 
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FIGURE 3.1 Perfusion and flow phase images in anterior projection using Tc-99m HDP: (A) Perfusion phase images 
show increased blood flow (red arrow) at the distal half of the left leg; (B) Flow phase images show increased         
radiotracer accumulation (yellow arrow) at the site of the bone graft . 

FIGURE 3.2 Delayed images in multiple views with increased radiotracer uptake at the graft site (red arrows).  
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FIGURE 3.3 Single Photon Emission Tomography (SPECT) images show increased radiotracer uptake at the graft 
site. 

blood flow within the graft region. Elevated tracer         
uptake during the early phase of the scan signifies the 
preservation of blood supply to the graft region,                 
highlighting the critical role of vascularization in graft 
viability. Furthermore, the images obtained at later                 
stages of the scan reveal increased tracer uptake,              
corroborating the integrity and viability of the bone graft.  
 
At one week post-operation, Case 1 showed a notable 
decrease in graft area uptake across all three phases of 
the scan, whereas Case 2 displayed an increased uptake 
in the graft area in all three phases. In the context of our 
investigation, a 'triple positive' scan, obtained one week 
after surgery, typically indicates robust graft viability and 
predicts favorable outcomes [7]. Conversely, a 'triple 
negative' scan is often associated with poor graft viability 
and potential complications [7]. Initially, our                        
observations led us to anticipate potential graft viability 
challenges and clinical outcome uncertainties for Case 1, 
while Case 2 appeared to be on track for a positive         
clinical course. However, the clinical team decided to 
closely monitor Case 1 for any signs of improvement. 
Remarkably, over the following period, the patient 
demonstrated clinical progress. What's particularly      
noteworthy is that our findings align with existing            
research, which suggests that even in cases where early 
postoperative scans indicate suboptimal graft viability, 
subsequent follow-up assessments can reveal                              

improvement [8]. This improvement is often evident in 
both the imaging data and the patient's clinical                      
presentation. These observations highlight the potential 
value of postoperative follow-up scans in the ongoing 
monitoring and management of graft outcomes, offering 
crucial insights, especially in cases where initial scans 
might raise concerns about graft viability.  
 
Case 1 presents an intriguing aspect of this study. As an 
elderly patient, N.A. was subjected to the rigors of a             
major orthopedic procedure. It is important to consider 
that advanced age can introduce certain factors that may 
affect the graft's healing process, potentially leading to a 
more delayed response [9]. This delay could explain the 
initial 'triple negative' scan, suggesting poor graft                  
viability. The subsequent improvement observed in Case 
1 underscores the possibility of delayed healing and the 
importance of patience in the evaluation of graft                   
viability, especially in older individuals. These findings 
highlight the need for a tailored approach in assessing 
graft outcomes, accounting for patient-specific factors 
such as age.  
 
It is also vital to recognize that the insights gained from 
this study may not universally apply to all patients and 
graft scenarios. The cases presented here offer valuable 
glimpses into the potential of three-phase bone scans 
with   SPECT   as   a   predictive   tool   for   graft   viability.  
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However, the sample size is limited, and variations in 
patient demographics, surgical techniques, and graft 
sites can influence outcomes. Therefore, it is crucial to 
exercise caution when generalizing these findings to a 
broader population. Larger case series or multicenter 
studies are warranted to establish a more                                     
comprehensive consensus regarding the utility of this 
diagnostic modality in predicting bone graft viability 
across diverse patient profiles and clinical settings. 
 

CONCLUSION 
 
In conclusion, this case series has shed light on the        
potential of three-phase bone scans with SPECT as a           
valuable tool in assessing the viability of bone grafts in 
orthopedic procedures. The findings underscore the           
dynamic nature of graft viability and the importance of 
considering individual patient characteristics, including 
age, in the assessment of graft outcomes. The cases of an 
elderly patient (Case 1) and a young patient (Case 2) 
demonstrated the varying responses to grafts and                 
highlighted the need for patience and careful monitoring 
in the evaluation of graft viability, especially in older                
individuals.  
 
Furthermore, the study highlights the significance of    
sequential scans in tracking the progression of graft               
viability over time. The initial 'triple negative' scan                
observed in Case 1 raised concerns about graft viability, 
but subsequent follow-up scans revealed improvement, 
aligning with the patient's clinical progress. This                             
emphasizes the potential value of postoperative                        
follow-up scans as an essential component of graft             
outcome management.  
 
However, it is essential to acknowledge the limitations of 
this study. The sample size is limited, and the insights 
gained may not universally apply to all patient                           
populations and graft scenarios. The results presented 
here serve as a foundation for further research in this 
field, encouraging larger case series and multicenter 
studies to establish a more comprehensive consensus on 
the utility of three-phase bone scans with SPECT in                  
predicting bone graft viability. Such endeavors will                 
contribute to the refinement of clinical practice and the 
enhancement of patient outcomes in orthopedic surgery. 
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ABSTRACT 
Background:  

Acute cholecystitis is a severe inflammation of the gallbladder and is one of the most common causes of acute 
surgical abdomen. Ultrasonography and cholescintigraphy, are done in order to evaluate the presence or       
absence of inflammation of the gallbladder. 

  

Objective: 

To determine clinical outcomes of adult patients who are suspected with acute cholecystitis who underwent 
both gallbladder ultrasound and cholescintigraphy scan. 

 

Methodology: 

This is a cross-sectional analytical study of 38 patients who were admitted and had undergone both gallbladder 
ultrasound and cholescintigraphy scan. Chart review was done. Images of gallbladder ultrasound were reviewed 
independently by a radiologist who is blinded with the clinical data and scintigraphic findings. Images of the 
cholescintigraphy scan were reviewed independently by a nuclear medicine physician who was blinded with the 
clinical data and sonographic findings. 

 

Results: 

Among the 38 patients, 13 patients (34%) had histopathological findings of acute cholecystitis. The mean age 
was 55.8 + 17.8 years and 52% were female. Of the 13 patients with acute cholecystitis, 8 patients (61%) had 
thickened gallbladder wall. Out of the 25 patients with no acute cholecystitis, 22 (88%) showed visualization of 
the gallbladder in 1 to 2 hours on cholescintigraphy scan with OR of 0.061 (95% CI: 0.0112 to 0.3271, p value 
0.001). Out of the 38 patients, 8 patients (2 with acute cholecystitis and 6 without acute cholecystitis) had post-
operative infection during the hospital stay. 

 

Conclusion: 

The prevalence of acute cholecystitis was 34%. The incidence of post-operative infection was 21%. There is an 
association of scintigraphic finding of visualization of gallbladder in 1-2 hours among patients without acute 
cholecystitis. 

 

Keywords: Cholecystitis, HIDA, hepatobiliary iminodiacetic acid scan, ultrasound, cholescintigraphy  
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INTRODUCTION 
 
Acute cholecystitis is a severe inflammation of the 
gallbladder and is one of the most common causes of 
acute surgical abdomen. There are two types, namely 
acute acalculous cholecystitis and acute calculous                
cholecystitis, the latter being more common, occurring in 
90% of all cases [1][2][3].  
 
Part of the diagnosis and management relies on history, 
physical, laboratory and imaging examinations, which 
includes ultrasonography and cholescintigraphy, in order 
to evaluate the presence or absence of inflammation of 
the gallbladder. 
 
Ultrasonography uses the principle of sound waves 
which are then analyzed to produce images of the body 
part being investigated. There have been multiple        
sonographic indicators described for acute cholecystitis 
including gallbladder wall thickness of more than 3mm, 
pericholecystic fluid, gallbladder distention, and           
sonographic Murphy’s sign [4]. Different combination of 
these findings in order to diagnose acute cholecystitis 
has not been well established [3]. 
 
The most common indication for cholescintigraphy or 
hepatobiliary iminodiacetic (HIDA) scan is acute                  
cholecystitis [5]. Cholescintigraphy is done by injecting a 
Technetium-99m labeled hepatobiliary                                               
radiopharmaceutical. Using a gamma camera, imaging of 
the hepatobiliary tree is then performed.                                 
Non-visualization or non-filling of the gallbladder on              
delayed imaging at 4 hours or 30 minutes after morphine 
infusion is diagnostic of acute cholecystitis [6]. 
 
There is wide variation in literature regarding the                    
sensitivity and specificities of both modalities. The                
sensitivity and specificity of ultrasonography in detecting 
acute cholecystitis ranges from 26-88% and 80-88%,           
respectively while cholescintigraphy has a sensitivity of 
96-97% and specificity of 90% [4][7]. One systematic            
review showed that cholescintigraphy demonstrated   
superior diagnostic accuracy than ultrasound, MRI, and 
CT scan in the detection of acute cholecystitis [7].                
Furthermore, time from admission to surgery and length 
of hospital stay were longer for patients who underwent 
HIDA Scan [4]. Treatments include antibiotics, hydration 
and analgesia and ultimately, cholecystectomy or              
removal of the gallbladder [8]. 
 
Given the importance of accurate diagnosis in the      
treatment of acute cholecystitis, it is notable to                

investigate which of these modalities carry significant 
weight in establishing or excluding diagnosis in order to 
better guide clinical decisions and improve patient        
outcomes. 
 

OBJECTIVE 
General Objective 
To determine clinical outcomes of adult patients who are 
suspected with acute cholecystitis who underwent both 
gallbladder ultrasound (US) and hepatobiliary                               
iminodiacetic acid (HIDA) scan. 
 
Specific Objectives 
• To determine the clinical profile of adult patients 

with suspected acute cholecystitis who underwent 
gallbladder ultrasound and cholescintigraphy 

 
• To determine the prevalence of acute cholecystitis 

among adult patients 
 
• To determine the association of sonographic                 

features of acute cholecystitis among adult patients 
 
• To determine the association of scintigraphic                   

features of acute cholecystitis among adult patients 
 
• To determine the association of risk factors,            

sonographic and scintigraphic findings with                
in-hospital outcomes among adult patients 

 
 

METHODOLODY 
 
Study Selection 
All patients who underwent both gallbladder ultrasound 
and HIDA Scan between January 1, 2018 to and            
November 30, 2021 at St. Luke’s Medical Center Quezon 
City or Global City. 
 
Inclusion Criteria 
Aged 18 years old and above 
Undergone both gallbladder ultrasound and HIDA Scan in 
St. Luke’s Medical Center Quezon City or Global City 
Admitted at St. Luke’s Medical Center Quezon City or 
Global City 
 
Exclusion Criteria 
Suboptimal sonographic images 
Pregnant patients 
Patients with history of morphine allergy 
Patients with incomplete data 
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Sample Size Estimation 
The prevalence of histologically proven acute               
cholecystitis with positive findings in both gallbladder 
ultrasound and HIDA scan was 66% with 80% reliability 
and 10% margin of error, the estimated sample size was 
38 participants.[3] 
 
Data Collection 
All eligible participants were to be anonymized by                     
designation of subject numbers. Demographic data was 
gathered from the clinical abstract: age, sex,                                
histopathology and follow-up. 
 
Data Extraction and Management 
All patients who underwent both gallbladder ultrasound 
and HIDA between January 1, 2018 to and November 30, 
2021 at St. Luke’s Medical Center Quezon City and Global 
City were reviewed from the census of ultrasound               
section and nuclear medicine department. Chart review 
was done to all included participants. 
 
Ultrasound 
Interpretation of the gallbladder sonographic images was 
done independently by two (2) radiologists with greater 
than 5 years of experience and were blinded on the               
patient’s information, clinical consideration, as well as 
the HIDA scan findings. A third radiologist of similar years 
of experience, also blinded regarding the patient’s                      
information, clinical consideration, the HIDA scan                        
findings and interpretation of the other 2 radiologists, 
evaluated the images in question to reach a consensus 
during the event of a non-agreement. 
 
HIDA scan 
Evaluation of the HIDA images was done independently 
by two (2) nuclear medicine physicians of more than 5 
years of experience who are blinded on the patient’s        
information, clinical consideration, as well as the                         
sonographic result. A third nuclear medicine physician of 
similar years of experience, also blinded regarding the 
patient’s information, clinical consideration, the                
sonographic result, and the interpretation of the other 2 
nuclear medicine physicians, evaluated the images in 
question to reach a consensus during the event of                      
non-agreement. 
 
Operational definitions: 
1. Ultrasound features of acute cholecystitis [9]: 

• Thickened gallbladder wall – wall thickness of     
greater than 4mm in the setting of negative     
chronic liver disease/ascites or right-sided heart 
failure 

• Enlarged gallbladder – long axis greater than 8 cm 
and short axis greater than 4 cm 

• Sonolucent layer within the gallbladder wall  
• Incarcerated gallbladder stone, debris echo and 

pericholecystic fluid collection 
• Sonographic Murphy’s sign – pain elicited when 

pressing the ultrasound probe in the right upper 
quadrant/gallbladder 

 
2. Scintigraphic features of acute cholecystitis: non-

visualization of the gallbladder at 4 hours of delayed     
imaging or 30 minutes after morphine infusion. 

 
3. Suboptimal images – non-visualization of the              

gallbladder or contracted gallbladder on ultrasound 
 
4. Acute cholecystitis - Clinical presentation of right      

upper quadrant pain and surgically proven acute    
cholecystitis or final clinical diagnosis based on               
ultrasound and/or HIDA Scan 

 
Study procedure and imaging protocol 
Transabdominal ultrasound examination of the                  
gallbladder was done using a low-frequency curvilinear 
probe. 
 
HIDA imaging was done using a gamma camera with a 
low energy high resolution collimator where the dynamic 
images of the hepatobiliary system were acquired in the 
anterior and posterior views for 60 minutes at 15                
seconds/frame after intravenous injection of 296 - 370 
MBq (8-10 mCi) of Tc-99m disofenin/mebrofenin.                 
Delayed imaging at 4 hours or post-morphine infusion 
(0.04 mg/kg diluted in 10 mL normal saline solution via 
slow injection for 2-3 minutes) imaging were done when 
needed. 
 
Statistical analysis 
Descriptive statistics were used to summarize the                   
demographic and clinical characteristics of the patients. 
Frequency and proportion were used for categorical              
variables, median and inter quartile range for                         
non-normally distributed continuous variables and mean 
and standard deviation for normally distributed                  
continuous variables. The Independent Sample T-test, 
Mann-Whitney U test and Fisher’s exact/Chi-square test 
were used to determine the difference of mean, rank 
and frequency, respectively, between patients with and 
without Histopathology findings. Odds ratio and                     
corresponding 95% confidence intervals from binary            
logistic regression was computed to determine                  
significant   predictors   for   Histopathology  findings.   All  
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statistical tests were two tailed tests. The Shapiro-Wilk 
test was used to test the normality of the continuous 
variables. Missing values were neither replaced nor                  
estimated. Null hypotheses were rejected at 0.05α-level 
of significance. STATA 13.1 was used for data analysis. 

 

RESULTS 
 
Among the 38 participants included in the study, 13     
patients (34%) were found to have histopathological 
findings consistent with cholecystitis, while the             
remaining 25 patients (66%) did not. The mean age of 
our sample population was 55.79 + 17.83 years. Both 
groups did not show a statistically significant difference 
in demographics such as age (p = 0.175) and sex (Table 
1). Out of the 13 patients diagnosed with cholecystitis, 
only 7 patients demonstrated sonographic Murphy’s 
sign. Moreover, clinical symptoms of fever, nausea or 
vomiting were only present in 7 subjects, and only 4 of 
which were diagnosed with cholecystitis.  
 
The ultrasound gallbladder findings were similar            
between both groups. The most common finding was a 
thickened gallbladder wall, observed in 60.53% of the 
total patient population, showing no statistical difference 
between the “With cholecystitis” and “Without            
cholecystitis” groups (p = 1.000). Similarly, no significant 
differences were observed for the rest of the gallbladder 
ultrasound findings. 
 
Serum amylase and lipase levels also did not differ                 
significantly between the "With" and "Without" groups 
(p = 0.670 and p = 0.450), respectively. The patients who 
were clinically managed for cholecystitis had an average 
hospital stay of 4 days, while patients who were not                
diagnosed with cholecystitis stayed for an average of 2.5 
days. This difference is also not statistically significant (p = 

0.561).  
 

In-hospital outcome measures showed that there were 8 
(21.05%) out of the 38 subjects who developed infection 
during confinement, 2 of which were related to                        
cholecystitis.  
 
Out of the 26 patients where the gallbladder was                   
visualized after 1-2 hours on HIDA scan, 22 had no             
evidence of cholecystitis. This was a statistically                  
significant finding (p-value<0.01), suggesting that                        
visualization of the gallbladder after 1-2 hours on a HIDA 
scan is significantly associated with the absence of                     
cholecystitis (Table 2). There were 12 patients with                    
non-visualization of the gallbladder on HIDA scan after 4 

hours or 30 minutes post-morphine administration. Of 
these 12 patients, 9 were histopathologically proven to 
have cholecystitis. Only 1 subject was observed to have a 
rim sign on HIDA scan and was eventually managed as a 
case of cholecystitis. 
 

DISCUSSION 
 
For patients with acute abdominal pain, acute                           
cholecystitis is responsible for 3-9% of hospitalizations. 
Ultrasound (US) is the preferred initial imaging modality 
for patients with suspected acute cholecystitis due to its 
lower cost and greater availability after hours.                            
Cholescintigraphy has logistical challenges and is limited 
to providing information about the biliary tract, which 
restricts its use in clinical practice [10]. 
 
In this study, we determined the clinical outcomes of 
patients suspected with cholecystitis who underwent 
both US and HIDA scan. The sonographic and                           
scintigraphic features of these patients were also                      
correlated with their clinical profiles and risk factors. 
 
We found no significant differences between the two 
groups across age, gender, presence of the sonographic 
Murphy’s sign, clinical symptoms, gallbladder ultrasound 
findings and levels of serum amylase and lipase. 
 
In-hospital outcomes showed that there were only 2   
subjects in the “with cholecystitis” group who developed 
infection while the remaining 6 subjects who also             
developed infection were not diagnosed to have                        
cholecystitis. Moreover, only 1 subject of the sample 
population was readmitted. These findings may be 
attributed to confounding factors during confinement 
that might come into play, particularly the presence of 
comorbidities and infection from other etiologies. 
 
In a similar study by Rodriguez et al., wherein                              
comparison between HIDA Scan and US were also used 
in the diagnosis of acute cholecystitis, it showed that 
HIDA scan was more superior in specificity and sensitivity 
than US, yielding the same results as our study. Their 
study also showed that patients who underwent US 
alone (4.3 days) had a shorter hospital stay than those 
who underwent HIDA Scan alone (6.7 days) [4]. Another 
study by Kamili et.al, showed that patient who                  
underwent combined US and HIDA had an average of 4.7 
days hospital stay [11]. When compared to our study, 
the overall length of hospital stay is shorter (average of 3 
days) when using a combination of both US and HIDA 
Scan. A 1—2  day difference in the length of hospital stay 
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 Histopathology findings p-value 

Total With Cholecystitis Without Cholecystitis 

Frequency (%); Mean + SD; Median (IQR) 

Age (years) 55.79 + 17.83 50.31 + 20.33 58.64 + 16.09 0.175 

Sex 

Male 

 

18 (47.37) 

 

6 (46.15) 

 

12 (48) 

1.000 

Murphy’s sign 

With 

Without 

 

23 (60.53) 

15 (39.47) 

 

7 (53.85) 

6 (46.15) 

 

16 (64) 

9 (36) 

0.728 

Symptoms 

Fever 

Vomiting 

Nausea 

 

4 (10.53) 

2 (5.26) 

1 (2.63) 

 

2 (15.38) 

1 (7.69) 

1 (7.69) 

 

2 (8) 

1 (4) 

0 

 

0.595 

1.000 

0.342 

Gallbladder ultrasound findings 

Thickened gallbladder wall 

Intraluminal debris 

Pericholecystic fluid 

Sludge 

Enlarged gallbladder 

 

23 (60.53) 

19 (50) 

14 (36.84) 

14 (36.84) 

 

8 (61.54) 

6 (46.15) 

5 (38.46) 

6 (46.15) 

 

15 (60) 

13 (52) 

9 (36) 

8 (32) 

 

1.000 

1.000 

1.000 

0.486 

0.315 

Amylase (U/L) (n=10) 58.6 (48 to 72) 58.6 (56 to 68) 58 (47 to 72) 0.670 

Lipase (U/L) (n=20) 145.5 (101.5 to 191) 178.5 (119 to 194) 138 (85 to 154) 0.450 

Clinical outcomes  

Infection (WBC >10,800 mm3) 8 (21.05) 2 (15.38) 6 (24) 0.689 

Re-admission 1 (2.63) 1 (7.69) 0 0.342 

Days of hospital stay, days 3 (1 to 11) 4 (2 to 11) 2.5 (1 to 10) 0.561 

HIDA Impression  

Visualization of the gallbladder 
after 1 to 2 hours 

26 (68.42) 4 (30.77) 22 (88) 0.001 

Rim sign 1 (2.63) 1 (7.69) 0 0.342 

TABLE 1. Demographic and Clinical Profile of the Patients  

Parameter Crude odds ratio 95% CI p-value 

Visualization of the gallbladder after 1 to 2 hours 0.0606 0.0112 to 0.3271 0.001 

TABLE 2. Factor associated with the occurrence of Histopathology findings  
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may be significant in our local setting. Furthermore, this 
study investigated which particular ultrasonographic and 
scintigraphic imaging findings in the diagnosis of            
cholecystitis will be an important factor in predicting the 
histopathologic findings. Herein, we observed that the 
visualization of the gallbladder (1 to 2 hours post HIDA) 
was significantly associated with the absence of            
cholecystitis (p-value = 0.001), making it an important 
parameter for evaluation of cholecystitis. Based on the 
clinical practice guidelines made by the Philippine college 
of Surgeons, the most accurate imaging test for acute 
cholecystitis is hepatobiliary scintigraphy, although for 
practical purposes, ultrasound is the appropriate initial 
imaging procedure [12]. This is also supported by a study 
by Velez et. al, that some surgeons consider HIDA scan to 
be the gold standard for the diagnosis of acute                       
cholecystitis [13]. 
 
Overall, our results suggest that the HIDA scan is more 
sensitive in the diagnosis of patients suspected of                
cholecystitis. Meanwhile, ultrasound, though less               
sensitive, proved more helpful in detecting other 
gallbladder findings such as gallbladder wall thickening, 
enlarged gallbladder, presence of pericholecystic fluid, 
cholelithiasis, and bile sludge. Another pertinent finding 
in our study was the presence of sonographic Murphy’s 
sign that was noted in both “with cholecystitis” and 
“without cholecystitis” group. However, it might be 
noteworthy that this finding was found more in the 
“without cholecystitis” group (64%) than in the “with 
cholecystitis” (53.85%) group, which is supported by a 
study of Bree, that the sonographic Murphy’s sign                  
yielded a lot of false positive results, making this sign less 
reliable for cholecystitis [14]. 
 
The level of agreement between the two (2) radiologists 
and (2) nuclear medicine physicians were in                           
concordance. However, there is a relative lack of                   
concordance between the radiologists and the nuclear 
medicine physicians. Operator expertise, dependence, 
and subjectivity may also be contributing factors into the 
discordance but may be eventually diminished with                  
experience.  
 
LIMITATION OF THE STUDY 
The research paper's generalizability may be limited by 
its setting in a tertiary hospital, which serves a patient 
population disproportionately comprised of individuals 
from social classes A and B. Due to ultrasound being an 
operator dependent imaging modality, the quality of the 
images may vary depending on the skills of the operator. 
In addition, other factors like patient cooperation and 
patient’s body habitus may also affect the images at the 

time of scanning [3]. 
 

CONCLUSION 
 
In conclusion, the prevalence of acute cholecystitis was 
34%. The incidence of post-operative infection was 21%. 
There is a statistically significant association of                      
scintigraphic visualization of the gallbladder after 1-2 
hours and the absence of acute cholecystitis. This                
suggests that HIDA scan plays a role in the preoperative 
diagnosis of acute cholecystitis, and therefore, its                        
utilization should be encouraged, especially when                  
ultrasound findings are inconclusive. HIDA Scan along 
with US may possibly reduce the average hospital stay of 
the patient compared to either using the HIDA scan 
alone or using US alone.  
 
Overall, our findings could aid in the clinical evaluation of 
patients being suspected for cholecystitis with an impact 
on hospital stay and potentially, the time to surgery. 
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ABSTRACT 
Introduction: 

Myocardial perfusion imaging (MPI) is integral in the assessment of myocardial viability. Interpretation of MPI 
studies is usually done through visual analysis by physician readers, though automated parameters by cardiac 
software may contribute objective information. Studies comparing visual and automated analysis are limited.    

  

Objective: 

Our aim is to to compare automated quantitative analysis and clinical visual analysis in the assessment of                
myocardial viability using rest-redistribution thallium-201 gated SPECT-MPI. 

 

Methodology: 

We studied adult patients who underwent rest-redistribution thallium-201 SPECT MPI. Automated parameters 
of myocardial perfusion and left ventricular function, namely initial rest scores (rest SS), delayed redistribution 
scores (redistribution SS), summed difference scores (SDS), summed motion scores (SMS), and summed                         
thickening scores (STS) were derived using the Cedars-Sinai Cardiac Suite for both noncorrected (NC) and                
attenuation corrected (AC) data sets. Semiquantitative scoring was done through visual analysis by two expert 
readers. Statistical analysis was performed to examine the differences between the two. 

 

Results: 

A total of 49 patients were included. Statistically significant differences were seen between visual (averaged 
between two readers) and automated perfusion scores for NC rest SS (p < 0.001), redistribution SS (p = 0.026), 
and SDS (p <0.001). Improved comparability was observed with the AC images, with a significant difference   
between visual and automated parameters only seen for SDS (p = 0.018). Good comparability with no                  
significant difference was demonstrated between visual and automated analysis of both LV motion (p = 0.566) 
and thickening (p = 0.190). 

 

Conclusion: 

Visual analysis remains an integral part of SPECT MPI interpretation, given significant differences that were  
observed between it and automated analysis, particularly with regards to myocardial perfusion. Automated 
analysis of perfusion and LV function can be used alongside visual assessment to address inter-reader                          
variability.     

 

Keywords: myocardial perfusion imaging (MPI), thallium-201, myocardial viability, automated quantification, 
reader variability, Cedars-Sinai Quantitative Perfusion SPECT / Quantitative Gated SPECT (QPS/QGS), SPECT-CT 
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INTRODUCTION 
 
Myocardial viability assessment is a vital part of the    
management of coronary artery disease, aiding in the 
determination of whether a patient may benefit from 
revascularization [1], with the goal of improving quality 
of life and overall prognosis. Myocardial perfusion              
imaging (MPI) using gated single photon emission             
computed tomography (SPECT) has long been used for 
the assessment of myocardial viability [2]. While positron 
emission tomography (PET) imaging with F-18                         
fluorodeoxyglucose (F-18 FDG), especially when                
combined with perfusion imaging, has emerged as the 
current standard [3], its use in current practice continues 
to be limited due to issues with costs and availability. As 
such, SPECT-MPI still plays a significant role in viability 
studies, with the added information regarding wall                  
motion and thickening improving its accuracy to become 
comparable with the PET standard [4].  
 
Clinical visual analysis remains the recommended            
method for interpretation of gated SPECT-MPI studies. 
However, technological advancements throughout the 
years have led to the development of software programs 
that enable automated quantification of such imaging 
studies, allowing an objective and more reproducible 
way of assessment [3]. 
  
Readings produced by these quantitative measures have 
been shown to be comparable with traditional visual 
analysis by physician interpreters in the diagnosis of            
coronary artery disease (CAD) [5][6]. However, studies 
incorporating data on both perfusion and gated motion 
as well as focusing on how automated assessment of 
myocardial viability compares to expert reading remain 
scarce, even more so in the high-risk population unable 
to undergo stress imaging protocols. 
 

OBJECTIVE 
This study’s objective therefore is to compare automated 
quantitative analysis and clinical visual analysis in the 
assessment of myocardial viability using rest-
redistribution thallium-201 gated SPECT-MPI. 
 
 

METHODOLODY 
 
This retrospective cross-sectional study included 49 adult 
patients with known coronary artery disease, who              
underwent rest-redistribution thallium-201 SPECT-MPI 
between January 1, 2019 and December 31, 2020.                    

Systematic random sampling was done to complete the 
sample population. Patients were excluded if clinical     
data was incomplete, scans were suboptimal, and/or 
percutaneous coronary intervention (PCI) and/or                      
coronary artery bypass graft (CABG) surgery had been 
done.   
 
This study was granted approval by the Technical Review 
Committee and the Institutional Ethics Review Board of 
the Philippine Heart Center. 
 
Image Acquisition and Processing 
All patients included in this study underwent viability 
assessment using a one-day rest-redistribution                           
thallium-201 gated SPECT-MPI protocol. Fasting was 
done for four hours prior to the procedure. Baseline 
electrocardiograph, blood pressure, and heart rate were 
recorded prior to the administration of 111 MBq (3 mCi) 
of thallium-201 via intravenous port bolus. Gated SPECT 
images at rest were acquired, while redistribution                      
images were obtained after a 4-hour interval. Imaging 
was done using a dual-head hybrid SPECT/CT system 
(Discovery NM/CT 670 ES, GE Healthcare), equipped with 
a low-energy high resolution (LEHR) collimator.  
 
Automated Analysis 
Automated parameters of myocardial perfusion, wall 
motion, and systolic thickening for each imaging study 
was obtained using the Quantitative Perfusion SPECT / 
Quantitative Gated SPECT software (QPS/QGS, Cedars-
Sinai Medical Center, Los Angeles, California, USA) with 
the vendor-provided normal database for resting                  
thallium. Initial summed scores (rest), delayed summed 
scores (redistribution), summed difference scores (SDS), 
summed wall motion scores (SMS), and summed                         
thickening scores (STS) were derived from the                               
automated analysis. 
 
Visual Analysis 
Image interpretation was done independently by two 
nuclear medicine physicians of more than 10 years of 
experience. Both readers were initially blinded to the 
automated quantification measures generated by the 
software as well as other available work-up information. 
Limited clinical data, including the patient’s sex, age, 
height, weight, and symptoms at the time of scan, were 
provided as these directly affected scan reading. 
 
The American Heart Association (AHA) 17-segment                   
model was used in image interpretation. Perfusion                        
defects were graded with the use of a 5-point system 
ranging from 0 (normal) to 4 (absent uptake).                               
Noncorrected (NC)  and  attenuation corrected (AC)  scan 
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 images were scored separately. Visual analysis of left 
ventricular function was conducted using grading scales 
for segmental wall motion (scale of 0-5) and systolic 
thickening (scale of 0-3). 

 

A detailed description of the methodology used can be 
found in Appendix A.  

 

Sample Size 

A minimum of 47 patients was required for this study 
based on 79.81% total agreement of automated summed 
scores versus the visual scan interpretation [5], 5% level 
of significance and 11.5% desired half-width of the                      
confidence interval [7]. 

 

Statistical Analysis 

Descriptive statistics was used to summarize the                   
demographic and clinical characteristics of the patients. 
Frequency and proportion were used for categorical                 
variables, median and inter quartile range for                        
non-normally distributed continuous variables, and 
mean and SD for normally distributed continuous                     
variables. Signed rank test was used to determine the 
difference between the two readers as well as the                    
automated perfusion result. All statistical tests were two 
tailed tests. Shapiro-Wilk test was used to test the                    
normality of the continuous variables. Missing values 
were neither replaced nor estimated. Null hypotheses 
were rejected at 0.05α-level of significance. STATA 13.1 
was used for data analysis. 

  

RESULTS 

Patient Characteristics 

A total of 49 patients were included in the final study. Table 1 
summarizes the baseline characteristics of these patients.  

 

Automated and Visual Analysis 

Comparison of visual (averaged between two expert readers) 
and automated scores of perfusion showed significant             
differences for noncorrected rest summed scores (p < 0.001), 
redistribution summed scores (p = 0.026), and summed         
difference scores (p <0.001) (Table 2). Comparability was 
better with analysis of the attenuation corrected images with a 
significant difference between visual scoring and automated 
parameters only seen for SDS (p = 0.018). No significant                   
difference was seen between visually scored and software-
derived rest SS (p = 0.073) and redistribution SS (p = 0.774) in 
the attenuation correction data set. 

 

Gated data analysis showed good comparability with no             
significant difference demonstrated between visual and                  

automated analysis of both LV motion (p = 0.566) and thicken-
ing (p = 0.190). 

 

 

Characteristic Frequency (%)  
Mean + SD 

Age, years 59.57 + 9.6 

Sex 

       Male 

       Female 

  

43 (87.76) 

6 (12.24) 

Weight, kg 65.41 + 10.25 

Height, cm 163.73 + 7.26 

Body mass index 24.37 + 3.34 

Coronary Angiography result 

     1-vessel disease (1VD) 

     2-vessel disease (2VD) 

     3-vessel disease (3VD) 

  

7 (14.29) 

9 (18.37) 

33 (67.35) 

Risk Factors for CAD 

Hypertension 37 (75.51) 

Dyslipidemia 30 (61.22) 

Diabetes mellitus 9 (18.37) 

Smoking History 23 (46.94) 

Past Medical History 

Myocardial Infarction 42 (85.71) 

Cerebrovascular Disease (CVD) 2 (4.08) 

Symptomatology 

Chest pain 

     None 

     Nonspecific 

     Atypical 

     Typical 

  

24 (48.98) 

14 (28.57) 

5 (10.20) 

6 (12.24) 

Exertional dyspnea 29 (59.18) 

Easy fatigability 26 (53.06) 

Orthopnea 5 (10.20) 

TABLE 1. Patient population baseline characteristics  
(n=49)  
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DISCUSSION 

Our study compared automated quantitative analysis 
and clinical visual analysis in the assessment of myocar-
dial viability using rest-redistribution thallium-201 gated 
SPECT-MPI. Statistically significant differences were 
demonstrated between visual analysis and software-
derived parameters of myocardial perfusion in terms of 
rest summed scores, redistribution summed scores, and 
summed difference scores (SDS) for the noncorrected 
(NC) data set. Improved comparability was seen with the 
attenuation corrected (AC) data. Good comparability was 
demonstrated between visual and automated analysis 
for gated parameters of LV function, with both summed 
wall motion scores (SMS) and summed thickening scores 
(STS) showing no significant difference between the two. 

 

SPECT-MPI is still among the most commonly used mo-
dalities for cardiac viability assessment, largely due to its 
wider availability and cost-effectiveness [2]. In our insti-
tution, MPI using the rest-redistribution protocol with 
thallium-201 is particularly of use in patients wherein 
viability assessment is essential but factors such as clini-
cal state and physical status do not make stress testing 
either with exercise or pharmacologic agents a feasible 
option. 

 

While visual analysis by physician readers is still the 
widespread method in use for interpreting MPI studies, 

technological advancements have led to the emergence 
of several software programs that are capable of             
producing automated measures of perfusion and left 
ventricular function [8][9][10] with the aim of enabling 
more objective and precise assessments. These software 
programs have been individually validated and shown to 
be highly reproducible, potentially addressing the          
inherent experience and skill-dependent limitations of 
visual analysis [11]. Automated analysis makes use of 
normal databases [12], composed of perfusion and gated 
data from persons with a low probability for coronary 
artery disease (CAD), to which patient data is compared 
and contrasted. Applied normal databases are often        
specific to sex, radiopharmaceutical used, imaging                 
protocol, and positioning during imaging. Custom normal 
databases may also be constructed and used in place of 
those provided by the software vendor and developer. 

 

Past studies comparing visual readings by physician         
experts and automated analysis by cardiac software           
programs for the diagnosis of CAD generally show high 
correlation between the two [5][13][14]. These studies 
focused only on NC data and made use only of the              
normal databases included with the software. In the 
study by Arsanjani et al. [6], using coronary angiography 
results as the gold standard, automated parameters 
were shown to be at least equivalent to visual analysis at 
a per-patient basis, with attenuation correction showing 
improved accuracy of automated analysis. In connection, 
comparability  between  visual  and  automated   analysis 

  Reader 1 & 2 Automated 
p-value 

Median (IQR) 

Perfusion       

NC       

Rest SS 23 (15 to 31) 14 (9 to 21) < 0.001 

Redistribution SS 21 (11 to 27) 14 (9 to 25) 0.026 

SDS 0 (0 to 5) -1 (-3 to 3) < 0.001 

AC       

Rest SS 18 (9 to 24) 14 (7 to 21) 0.073 

Redistribution SS 14 (8 to 22) 14 (9 to 19) 0.774 

SDS 0 (0 to 3) 0 (-2 to 3) 0.018 

Gated (LV Function)       

SMS 43 (22 to 52) 37 (29 to 48) 0.566 

STS 25 (17 to 34) 29 (20 to 32) 0.190 

TABLE 2. Comparison of visual reading and automated analysis  
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was observed to be improved in our study, particularly 
with the rest and redistribution scores, with AC,                     
compared to NC. 

 

Meanwhile, the study of Driessen et al. [15] showed 
comparable performance of automated and visual     
analysis using their constructed institutional normal     
database, but not with the vendor-provided database, 
which when used, showed better concordance of visual 
readings with fractional flow reserve-detected CAD      
compared with the automated indices. The patients    
included in the default database may have varied much 
in terms of body composition with the patients seen in 
their institution; hence, the difference in performance. 
Studies looking into the effect of a custom populations-
specific normal database, however, have been met with 
conflicting results with some showing significant            
differences with default vendor-provided databases [16]
[17][18] and others showing comparability [19][20]. A 
population-based normal database has yet to be made in 
the Philippines, and the effect of such a database is still 
unclear at present. 

 

In contrast to the results for perfusion indices, no          
significant differences were observed between visual and 
automated analysis of left ventricular function.                
Interestingly, visual scoring by the two expert readers 
also showed good comparability for both wall motion 
and thickening. The automated analysis of wall motion 
and thickening has previously been shown to perform 
better for CAD detection compared to visual analysis 
[21]. However, while centers performing MPI frequently 
report derived ejection fraction and left ventricular           
volumes, measured quantified indices for wall motion 
and thickening continue to be seldom utilized [2] in favor 
of descriptive reports based on visual observation. 

 

Notably, our study demonstrated significant variability of 
perfusion scoring between physician readers, particularly 
for the summed difference scores (SDS). The SDS             
represents what is termed to as ‘resting ischemia’ using 
the rest-redistribution thallium MPI protocol, reflecting 
the degree of viable myocardium [22]. The limited        
studies on inter-reader variability in myocardial             
perfusion imaging show mixed results with some            
showing good agreement [23][24], and others poor 
agreement between readers [25]. Visual interpretation 
of diagnostic medical images is inherently subjective and 
variable, affected by factors such as reader experience, 
fatigue, reading environment, stress levels, and internal 
biases. [26] Even among expert readers with                      
considerable years of experience, disagreements may 

still occur, especially in challenging cases that fall within 
the borderline of multiple possibilities. This inherent        
variability, as reflected in our findings, highlights the 
need for more objective ways of assessment to improve 
diagnostic study reporting, potentially in the form of 
computer-aided automated analysis. 

 

Our study has a number of limitations. We made use of a 
single cardiac software (QPS/QGS) in the automated 
analysis and because considerable differences can occur 
between software [27][28], the degree of comparability 
of indices derived by another software program with  
respect to visual analysis may not be the same as what 
we have observed in this study. Furthermore, this was a 
single center study and while minimal manual                        
intervention was done for the automated analyses, there 
may still be variations in protocol, scanning technique, 
and processing across institutions, which may affect             
derived values. Finally, no gold standard was used in the 
direct comparison of visual and automated analyses for 
myocardial viability assessment. Future work exploring 
accuracy through comparison with F-18 FDG PET imaging 
can be explored, though this modality may also be                
subject to reader variability as well as possess its own 
limitations. 

 

The existing and continually evolving cardiac software 
programs for SPECT MPI, with their ability to produce 
automated parameters of perfusion and left ventricular 
function, have the potential to address inter-reader                 
variability. However, given significant differences that 
were observed between automated and visual analysis, 
the latter remains an irreplaceable and integral part of 
SPECT MPI interpretation, particularly with regards to 
perfusion. We recommend using automated analysis 
alongside in combination with visual assessment,                  
especially when addressing equivocal cases that may 
cause reader dispute and to assist nuclear medicine             
physicians and nuclear cardiologists in the beginning of 
their training. 

 

CONCLUSION 

Automated indices of left ventricular wall motion and 
thickening are comparable with expert reader scoring. 
Though significant differences still remain, the addition 
of attenuation correction improves the comparability of 
perfusion parameters with that of visual analysis.                      
Automated analysis of perfusion and left ventricular 
function can be used alongside visual assessment for 
myocardial viability to potentially address inter-reader 
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APPENDIX A:  

DETAILED METHODOLOGY 

 

This was a retrospective cross-sectional study that         
included 49 adult patients with known coronary artery 
disease, diagnosed via coronary angiography (one or 
more lesions with > 50% stenosis), referred to the                    
Philippine Heart Center Nuclear Medicine Division for 
viability studies using rest-redistribution thallium-201 
SPECT-MPI between January 1, 2019 and December 31, 
2020.  

 

Image Acquisition and Processing 

All patients included in this study underwent viability 
assessment using a one-day rest-redistribution thallium-
201 gated SPECT-MPI protocol. Fasting was done for four 
hours prior to the procedure. Baseline                              
electrocardiograph, blood pressure, and heart rate were 
recorded prior to the administration of 111 MBq (3 mCi) 
of thallium-201 via intravenous port bolus. Gated SPECT 
images at rest were acquired, while redistribution                    
images were obtained after a 4-hour interval. Imaging 
was done using a dual-head hybrid SPECT/CT system 
(Discovery NM/CT 670 ES, GE Healthcare) equipped with 
a low-energy high resolution (LEHR) collimator. A               
step-and-shoot acquisition type was followed, with            
camera detectors configured at 90 degrees. Thirty-two 
projections were obtained over a 180-degree orbit (45 
degrees right anterior oblique to 45 degrees left                    
posterior oblique). Energy windows of 30% and 20% 
were used over the 72 keV and 167 keV photopeaks             
respectively, while the ECG gating was set at a 40% R-R 
window. A matrix of 64 x 64 x 16 was utilized to store 
images, with subsequent reconstruction using filtered 
back projection with a Butterworth filter (cut-off 0.5             
cycle/cm, order = 5). Attenuation correction was applied 
using low-dose CT. 

 

Automated Analysis 

Automated parameters of myocardial perfusion, wall 
motion, and systolic thickening for each imaging study 
was obtained using the Quantitative Perfusion SPECT / 
Quantitative Gated SPECT software (QPS/QGS, Cedars-
Sinai Medical Center, Los Angeles, California, USA) with 
the vendor-provided normal database for resting                     
thallium. Initial summed scores (rest), delayed summed 
scores (redistribution), summed difference scores (SDS), 
summed wall motion scores (SMS), and summed                         
thickening scores (STS) were derived from the                             

automated analysis.  

 

Visual Analysis 

Image interpretation was done independently by two 
nuclear medicine physicians of more than 10 years of 
experience. Both readers were initially blinded to the 
automated quantification measures generated by the 
software as well as other available work-up information. 
Limited clinical data, including the patient’s sex, age, 
height, weight, and symptoms at the time of scan, were 
provided as these directly affected scan reading. 

The American Heart Association (AHA) 17-segment             
model was used in image interpretation. Perfusion              
defects were graded with the use of a 5-point system (0 - 
normal; 1 - mildly decreased; 2 - moderately decreased; 
3 - severely decreased; 4 - absent uptake), and from 
these observations, the following were derived: visual 
initial summed scores, delayed summed scores, and 
summed difference scores. Noncorrected (NC) and           
attenuation corrected (AC) scan images were scored      
separately. Visual analysis of wall motion and systolic 
thickening was conducted using the following grading 
scales: a scale of 0-5 for segmental wall motion (0 -               
normal; 1 - mildly hypokinetic; 2 - moderately                        
hypokinetic; 3 - severely hypokinetic; 4 – akinetic; 5 - 
dyskinetic), and a scale of 0-3 for wall thickening (0 – 
normal; 1 – mildly reduced; 2 – moderately to severely 
reduced; 3 – no thickening). 
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APPENDIX B:    

  Reader 1 Reader 2 
p-value 

Median (IQR) 

Visual Perfusion       

NC       

Rest SS 25 (19 to 32) 21 (12 to 29) 0.060 
Redistribution SS 22 (12 to 27) 21 (11 to 27) 0.752 

SDS 5 (1 to 7) 0 (0 to 1) < 0.001 

AC       

Rest SS 20 (14 to 28) 12 (7 to 21) 0.002 

Redistribution SS 16 (10 to 23) 11 (6 to 20) 0.097 

SDS 3 (0 to 6) 0 (0 to 1) < 0.001 

Visual + Automated Perfusion       

NC       

Rest SS 25 (17 to 32) 21 (12 to 29) 0.125 

Redistribution SS 21 (12 to 27) 21 (11 to 27) 0.870 

SDS 4 (2 to 6) 0 (0 to 1) < 0.001 

AC       

Rest SS 20 (13 to 27) 12 (7 to 21) 0.002 

Redistribution SS 17 (10 to 23) 11 (6 to 20) 0.101 

SDS 3 (0 to 6) 0 (0 to 10) < 0.001 

Visual Gated LV Function       

SMS 41 (19 to 52) 46 (29 to 53) 0.529 

STS 23 (15 to 28) 30 (18 to 35) 0.061 

Visual + Automated Gated       

SMS 41 (21 to 52) 46 (29 to 53) 0.614 

STS 23 (15 to 29) 30 (18 to 35) 0.062 

INTER-READER COMPARISON OF PERFUSION AND LV FUNCTION 
 
TABLE B1. Inter-reader comparison of visual assessment of perfusion and LV function 



Phil J Nucl Med 2025; 20(1): 40 - 48 49  

 



50                                                                                                                                                                     Phil J Nucl Med 2025; 20(1): 50 - 59 

 

A retrospective study on the concordance of the OSEM and Q.Clear                                   
reconstruction algorithms in 18F-FDG PET-CT imaging of female patients with 
breast cancer 
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ABSTRACT 
Objective: 

This study examines the concordance of imaging interpretation between the Q.Clear and OSEM algorithms used 
in image reconstruction of PET-CT scans in female breast cancer at different stages of management.  

 

Methodology: 

This is a retrospective cohort study of PET-CT scans of female patients with biopsy-proven breast cancer,                  
categorized into three groups according to clinical indication. Shapiro-Wilk test was performed to verify normal 
distributions. SUV parameters were analyzed with paired T-test. Cohen's kappa was used to measure                     
agreement between the two algorithms. 

 

Results: 

PET-CT scans of 105 female breast cancer patients, aged 24-89 years, with mean BMI of 24.9 ± 4.5, referred for 
staging (34%), treatment evaluation (22%), and recurrence detection (44%) were included. Intraclass correlation 
coefficients demonstrated perfect agreement (k=1.0) for all groups. Metabolic responses per lesion had                  
moderate agreement (k=0.593) with more favorable responses seen in Q.Clear for discordant lesions.                         
Significantly higher average SNR for liver and target lesions (p<0.0001 and p=000.8, respectively) and average 
SUVmax and SULmax for target lesions (p=0.0254 and p=0.0267, respectively) were calculated in Q.Clear.                    
Differences for SUV and SUL parameters of reference regions were not statistically significant. 

 

Conclusion: 

Q.Clear and OSEM algorithms were concordant for staging, treatment evaluation, and recurrence detection in 
PET-CT scans of female breast cancer patients. Q.Clear may be used preferably for its higher SNR. However, we 
recommend using the same PET-CT reconstruction algorithm for treatment evaluation due to significant               
differences in SUVmax and SULmax for target lesions between the two algorithms.     

 

Keywords: Q.Clear, PET-CT, reconstruction algorithm, breast cancer  

INTRODUCTION 
 

As of 2020, female breast cancer has surpassed lung cancer as 
the leading cause of cancer incidence worldwide. It ranks 5th 
globally and ranks 1st in 110 countries in cancer-related              
mortality, accounting for one in six cancer deaths [1]. The 
management of breast cancer involves a multidisciplinary            
approach with nuclear medicine and molecular imaging              
techniques, particularly positron emission tomography -                  

computed tomography (PET-CT) using fluorine-18                                   
fluorodeoxyglucose (18F-FDG), playing an important role [2]. 
At the PET-CT center of our institution, breast cancer is second 
only to lung cancer as the most common cause for referral. 
Although functional imaging with 18F-FDG PET-CT is not                
routinely used in breast cancer upon diagnosis, it is accepted 
in the staging of many cancers [3]. Staging of breast cancer is 
performed to stratify patients into risk categories that define 
prognosis and guide treatment recommendations [4]. There 
are studies that show PET-CT is better than CT alone for            
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for detecting small tumors, nodal and distant                         
metastases, and for monitoring treatment response in 
breast cancer patients [5][6]. 
 
The current standard for PET-CT imaging reconstruction 
is the use of the ordered subset expectation                            
maximization (OSEM), an iterative statistical algorithm 
[7]. Because of increasing background noise with each 
iteration, a disadvantage of using this algorithm is that it 
is terminated early, preventing it from reaching full               
convergence of 25 iterations which suffers from high 
noise [8][9]. In the clinical setting, most PET centers use 
CT attenuation corrected (AC) images reconstructed with 
two to five iterations [10]. Innovatively, a relatively new 
Bayesian penalized-likelihood (BPL) iterative PET                
reconstruction algorithm developed by GE Healthcare, 
called Q.Clear, has been introduced into GE PET-CT              
scanners. This algorithm can control background noise in 
image reconstructions with full convergence, increasing 
the signal-to-noise ratio (SNR), thus improving image 
quality. Q.Clear has been described as a fully convergent 
PET image reconstruction technique designed to provide 
excellent image quality and consistent and accurate 
quantitation [9]. 
  
To date, there is still limited data on the use of Q.Clear in 
the clinical setting. Several studies have been published 
on its application in certain malignancies, including lung 
cancer with or without metastasis [11][12][13],                     
metastatic colorectal cancer [14], and lymphoma [15]
[16]. Although these studies have reported the clear  
advantages of this algorithm, its application in clinical 
practice is still left generally undecided and warrants   
further investigation.  
 

OBJECTIVE 
This study aims to examine the concordance of the 
Q.Clear algorithm with the standard OSEM algorithm in 
the interpretation of PET-CT imaging in female breast 
cancer patients at different stages of management: (1) 
upon diagnosis for initial staging prior to commencement 
of treatment, (2) evaluation of response to treatment, 
and (3) detection of disease recurrence. With the recent 
rise of female breast cancer as the most commonly              
diagnosed form of malignancy, it is imperative that                
further advancement in our approach to this disease 
through clinical research parallel its escalation. . 
 

METHODOLODY 
 
Materials  
A total of 4,460 18F-FDG PET-CT scans were performed 

between March 2017 to May 2021. Out of 639 PET-CT 
scans of adult, female patients with histopathologically 
proven invasive mammary carcinoma, 105 eligible scans 
were included in this study. Scans of patients with               
multiple primary malignancies, incomplete or                       
irretrievable images, and incomplete clinical records 
were excluded. As analysis of reference regions require 
physiologic 18F-FDG distribution in the liver, patients 
with extensive hepatic metastasis precluding proper 
physiologic liver SUV determination were likewise                
excluded. Scans were categorized to one of three groups 
according to clinical indication: staging prior to initiation 
of treatment (S-PET), evaluation of response to interim 
or completed treatment (T-PET), and surveillance for the 
detection disease recurrence (R-PET).  
 
Machine and equipment  
A single GE Discovery 710 model PET-CT scanner was 
used with gantry bore diameter of 70 cm and a spatial 
resolution of approximately 4.5 mm. The PET system is 
able to collect data in 3D mode and can reconstruct both 
the standard OSEM and Q.Clear images with or without 
time-of-flight (TOF) and point-spread function modeling 
(SharpIR). A CT injection system was used for all contrast 
administration. Visual evaluation and semi-quantitative 
measurement of standard uptake values (SUV) was                 
performed using a GE advantage workstation version 4.7 
which provides maximum intensity projections (MIPs), 
multi-slice PET and CT images, and their fusion. 
 
Imaging procedure and technique 
Patients underwent at least six hours of fasting before 
the examination. Blood glucose levels were evaluated 
prior to IV administration of F-18 FDG with an acceptable 
limit of less than 200 mg/dl. Image acquisition was              
obtained 60 ± 10 minutes after the injection of 0.12 mCi/
kg body weight 18F-FDG. Whole body scans covered the 
head to the either the mid-thigh or the feet with 8 ± 1 or 
14 ± 1 bed positions, respectively. For scans from head 
to mid-thigh, the acquisition time was 120 seconds per 
bed position. For scans from head to feet, acquisition 
time was 90 seconds per bed position from head to              
mid-thigh and 60 seconds per bed position from                    
mid-thigh to feet. PET images were reconstructed with 
both OSEM and Q.Clear algorithms. OSEM                                       
reconstruction was performed with a 70-cm dual field of 
view (DFOV) into a 192 × 192 matrix with 3 iterations and 
24 subsets. Reconstruction with Q.Clear was performed 
with penalization (β) factor of either 400 or 500. 
 
Imaging evaluation  
All included PET-CT scans were evaluated and                                  
interpreted     separately     by    two    nuclear    medicine 
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physicians (NMPs) from a pool of five NMP staff with at 
least two to five years of experience. Evaluating NMPs 
are either diplomates or fellows of the Philippine Society 
of Nuclear Medicine (PSNM) who had fellowship training 
in PET-CT interpretation from the University of Zurich in 
Switzerland. In cases of equivocal interpretations, the 
diagnostic conclusion was made by a consensus between 
the evaluating NMPs. Diagnostic conclusions were made 
according to the indication for referral and were grouped 
as follows: 

•  S-PET: Cancer was staged according to the 8th               
edition of the TNM staging system developed and 
maintained by American Joint Committee on Cancer 
(AJCC) [17]. 

• T-PET: Evaluation of overall treatment response was 
based on the European Organization for Research 
and Treatment of Cancer (EORTC) PET response          
criteria [18]. Metabolic responses of individual target 
lesions, likewise, derived from the EORTC PET            
response criteria, are defined in Table 1. 

• R-PET: Interpretation of scan were classified as to 
having evidence of disease recurrence (positive) or 
no detectable disease (negative). 

 

 
Semi-quantitative measurements for reference regions 
and target lesions.  

The parameters (e.g., maximum, mean, peak, standard 
deviation) of the standard uptake value (SUV) and its 
correction for lean body mass (SUL) were recorded using 
a standard volume of interest (VOI) tool. Reference          
regions were measured with 3.0 cm diameter spherical 
VOIs both in the right lobe of liver and descending aorta 
(at the level immediately below the aortic arch)                          
representing the mediastinal blood pool (MBP). The               
primary or metastatic lesion with the highest SUVmax 
was designated as the “target lesion”. For scans with the 
intent of evaluating treatment response (T-PET), the           
target lesion is chosen based on the prior PET-CT images 

for comparison. Signal-to-background ratio (SBR) for 
each target lesion was calculated as the maximum value 
of the target lesion VOI (SUVmax or SULmax) divided by 
mean value of the liver VOI (SUVmean or SULmean).   
Signal-to-noise ratio (SNR) for target lesions was                        
calculated as maximum value of the target lesion VOI 
(SUVmax or SULmax) divided by standard deviation of 
the liver VOI (SUVsd or SULsd), while SNR for the liver 
was calculated as mean value of the liver (SUVmean or 
SULmean) divided by the standard deviation of the liver 
(SUVsd or SULsd). The standard deviation value of the 
liver VOI was used as a measure of noise for this study.  

 

Statistical analysis.  

The OpenEpi version 3.01, Epi Info version 7.2, and SPSS 
statistics 20 were used for statistical analysis. The 
Shapiro-Wilk test was performed to verify normal                    
distributions. Paired T-test was used to determine the 
mean difference of SUV and SUL parameters between 
the Q.Clear and OSEM reconstruction algorithms, for 
reference  regions in the liver and MBP and identifiable 
target lesions across the entire cohort. The p-value              
generated from the statistical calculator determined the 
significance level of each group. A p-value of less than 
0.05 was considered statistically significant. Cohen's      
kappa (k) was used to calculate the intraclass correlation 
coefficient between the two algorithms for the three 
groups. 

 

Ethics approval and consent 

This study was conducted in strict compliance with the 
provisions provided in the Philippine Data Privacy Act of 
2012 (Republic Act No. 10173). All imaging procedures 
performed were in accordance with the rules and                           
principles of the 1964 Declaration of Helsinki, including 
its subsequent amendments. Through the Research                 
Ethics Review Committee of our institution, a waiver for 
informed consent was granted given its retrospective 
approach. 

 

RESULTS 
Clinical characteristics  

A total of 105 scans were included and retrospectively 
analyzed, of which 36 scans were assigned in the S-PET 
group, 23 in the T-PET group, and 46 in the R-PET group. 
Patients were of Asian (Chinese or Filipino) descent. Sixty
-three patients (60%) were above the upper limit of            
normal BMI for Asians (≥ 23). (See Table 2). 

Response category Criteria 

Complete response Resolution of FDG uptake 

Partial response > 25% decrease in SUVmax 

Metabolically stable < 25% change in SUVmax 

Metabolic progression > 25% increase in SUVmax 

Based on the EORTC PET response criteria (1999) 

TABLE 1. Metabolic response evaluation of target lesion  
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Reference regions 

Analysis for reference regions included the entire cohort 
(n=105). For the MBP, there was no statistically                       
significant difference for all SUV and SUL parameters           
between Q.Clear and OSEM. For the liver, differences in 
SULmean, SULpeak, and all SUV parameters were               
likewise not statistically significant. The average liver 
SULmax was significantly lower with Q.Clear (p = 0.0205), 

albeit a small mean diff. of -0.16 (95% CI -0.29 to -0.02). 
The standard deviation of the liver VOI was significantly 
lower for both SUV and SUL parameters (p < 0.001) with 
Q.Clear. Accordingly, average SNR for the liver was      
significantly higher (p<0.001) for both SUV and SUL in 
Q.Clear with a mean diff. of 2.84 (95% CL 1.80 to 3.88) 
and 2.95 (95% CI 1.91 to 3.98), respectively. (See Table 
3). 

TABLE 2. Patients characteristics per group 

TABLE 3. Summary of background SUV and SUL parameter analysis for reference regions across the entire 
cohort (n = 105) 

TABLE 4. Staging of disease for S-PET  
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Target lesions  

Across the entire cohort, 48 identifiable target lesions 
within normal distribution were included in the final 
analysis. The average SUVmax and SULmax were           
significantly higher (p = 0.0254 and p = 0.0267,                        
respectively) with Q.Clear than OSEM with a mean diff. 
of 1.27 (95% CI 0.16 to 2.38) and 0.93 (95% CI 0.11 to 
1.76), respectively. The average Q.Clear-to-OSEM uptake 
ratio was 1.23 for SUVmax and 1.25 for SULmax, with an 
average percent change (%Δ) of 23%. There was no                 
statistically significant difference for SUVpeak and 
SULpeak. The average SNR of the target lesions were 
significantly higher (p < 0.001) for both SUV and SUL with 
mean diff. of 14.25 (95% CI 6.05 to 22.44) and 13.96 
(95% CI 5.90 to 22.02), respectively. Signal-to-
background ratio was significantly higher (p = 0.0473) 
when using SUV with a mean diff. of 0.66 (95% CI 0.008 
to 1.32), while no statistically significant difference was 
noted when using SUL. (See Table 5).     

 

Staging of disease 

Patients in the S-PET group were referred for                             
pre-treatment staging. All 36 cases of the S-PET group 
demonstrated complete agreement between the Q.Clear 
and OSEM for all stages (k = 1.0, p < 0.001). Six cases 
(17%) were stage I, nine (25%) were stage II, five (13%) 
were stage III, and 16 (44%) were stage IV. (See Table 4). 

 

Metabolic responses of individual target lesions and 
overall treatment response.  

Patients in the T-PET group were referred for either           
interim or end of treatment response evaluation.                  

Eighteen patients (78.3%) underwent surgery (i.e.,               
simple mastectomy or modified radical mastectomy), 
eight (34.8%) had radiotherapy, and all underwent a 
form of antineoplastic drug treatment (e.g.,                            
chemotherapy, immunotherapy, targeted, or hormonal 
therapy). Concordance of metabolic responses were            
analyzed for all identifiable target lesions in the T-PET 
group (n = 23) based on semi-quantitative                                  
measurements. Similar metabolic responses were                 
observed between the two algorithms in 16 cases (69%) 
with concordance analysis showing moderate agreement 
(k = 0.593, p < 0.001). There were seven (30%)                           
discordant per-lesion metabolic responses. Among 
these, five out of seven (71%) showed more favorable 
responses with Q.Clear. (See Table 6).  

 

Despite these discrepancies in metabolic responses on a 
per-lesion basis, the diagnostic conclusion for overall 
treatment response per patient was concordant in all 23 
cases (k = 1.0, p < 0.001). Two cases (8%) had complete 
metabolic response, seven cases (30%) had partial              
metabolic response, two cases (8%) had stable metabolic 
disease, and 12 cases (52%) had progressive metabolic 
disease. (See Table 7).  

 

Detection of disease recurrence 

All 46 cases of the R-PET group also showed full              
agreement between the Q.Clear and OSEM algorithms   
(k = 1.0, p < 0.001). Twenty-two (48%) cases had            
evidence of disease recurrence while 24 (52%) had no 
detectable disease. (See Table 8). 

 

TABLE 5. Summary of included target lesions analysis (n = 48) 
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DISCUSSION 
 

Compared to the widely used OSEM reconstruction        
algorithm, BPL image reconstruction algorithms have the 
unique advantage of reaching full convergence with      
similar visual noise properties by using the relative      
difference penalty. It aims to improve accuracy of            
quantitative measurements without compromising visual 
image quality [19][20][21] The BPL algorithm Q.Clear has 
been found to improve image quality, with higher          
recovery coefficients and lower background variability
[22]. Since most PET imaging evaluation criteria are 
based upon the use of the standard OSEM algorithm, the 
application of Q.Clear, with its potential to modify              

imaging interpretation, warrants investigation into its 
conformity with these existing criteria.  

 

Semi-quantitative measurements using SUV in the             
evaluation of lesions has its limitations but are partly 
resolved when lesion SUVs are normalized to reference 
region SUVs [23]. Therefore, inter-algorithm variability of 
reference region activity should not be substantially     
divergent to maintain concordance of the significance of 
lesional uptake. The difference of VOI reference regions 
in the MBP and liver between the two algorithms were 
not statistically significant in our study. Average SUV and 
SUL parameters were mostly lower with Q.Clear than 
OSEM,  similar  to  Wyrzykowski  et al.  who  likewise had 

TABLE 6. Metabolic responses of target lesions for T-PET  

TABLE 8. Detection of disease recurrence for R-PET  

TABLE 7. Staging of disease for S-PET  

FIGURE 1. Q.Clear images (upper row) showing a more 
defined and intense uptake in the primary tumor 
(arrow) than with OSEM (lower row) with similar visual 
level of background noise and mediastinal activity. 
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slight decrease in the SUVmax of reference regions [15]. 
This is in contrast to the findings of Teoh et al. [11][12] 
and Parvizi et al. [14] whom had significantly higher          
average MBP and liver SUV parameters with the BPL  
algorithm. A β factor of 400 was used by the former, 500 
by the latter, and either 400 or 500 for our scans. For 
both authors, commencement of imaging was done after 
90 minutes, and acquisition time was 2x longer than 
ours. We presume that since similar β factors were used 
among the studies, the timing of imaging                      
commencement and acquisition time may have been the 
reason for the diametric semi-quantitative results for the 
reference regions. In any case, reference regions in our 
study did not vary significantly between the two                  
algorithms. Among the SUV parameters, SUVmean of the 
liver has been found to be the most stable or least                 
variable over different acquisition times [24] while the 
SULmean of the liver had excellent inter-reader                  
agreement with similar values and variance irrespective 
of VOI placement within the right lobe of the liver [25]. 

 

One aspect we considered for different reconstruction 
algorithms to be concordant is the visual similarity of 
images to the clinical eye of the evaluating physician. 
Quality of images being evaluated may influence scan 
interpretation and is usually reflected by the level of 
noise in the background. As seen in our results, the SNR 
for the liver and target lesions was significantly higher 
with Q.Clear. Similarly, in addition to the                                 
aforementioned studies, a study by Chilcott et al.              
comparing the two algorithms over a range of patient 
weights likewise showed a significantly higher liver SNR 
using BPL compared to OSEM for all BMI groups [26]. 
Interestingly, their study also showed that OSEM had 
increasing noise with increasing weight and BMI whereas 
BPL had no significant change. In agreement, a study by 
Vallot et al. concluded that BPL is especially appropriate 
for patients with a high BMI as it improves the SNR for all 
uptakes [27]. Although SUV ratios used to measure            
response to treatment are less dependent on noise [28], 
the resultant higher SNR, and consequently better image 
quality, may be beneficial in detecting subtle changes in 
lesions visually since image feature differences (e.g. 
shape, intensity, and gray-level co-occurrence matrix) in 
PET scans increases as the noise level increases [29].  
(See Figure 1). 

 

With the increasing number of iterations in PET image 
reconstruction, the SUV parameters would presumably 
increase, as is with noise, resulting to discordant SUV 
measurements between OSEM and BPL algorithms.         

Opposingly, Q.Clear demonstrated lower noise and       
reference region SUVs. Similarly with the studies of 
Wyrzykowski, Teoh, and Parvizi, the average SUVmax for 
target lesions were significantly higher with Q.Clear in 
our study as is with SULmax. The average %Δ of 23% for 
both SUV and SUL maximum uptake values was akin to 
Teoh who had a %ΔSUVmax of 23.7% for                                    
histopathologically positive nodules (n = 25). A lower 
increment was seen in nodules negative for metastasis in 
their study. Lesions that were deemed non-malignant or 
inflammatory in nature were not analyzed in our study 
even if their SUVmax was higher than included target 
lesions. Interestingly, not all target lesions in our study 
showed increases in uptake with Q.Clear and as much as 
eight (16%) lesions exhibited decreases in SUVmax. The 
difference in SUV and SUL peak values between the two 
algorithms was not statistically significant as opposed to 
Parvizi who had significantly higher SUVpeak for lesions 
(n = 45) with the BPL algorithm. Although SUVmax is       
presently the most widely used parameter for              
semi-quantitative measurements of lesions, SUVpeak has 
been proposed as a stronger alternative [30] and may 
increase the reproducibility and accuracy of quantitative 
PET studies necessary for treatment response                      
evaluation [24]. But further research into its application 
would be needed for it to be considered a potential             
alternative to the more extensively employed SUVmax. 

 

It is crucial for preliminary staging of breast cancer to be 
precise as possible as it may consequently affect initial 
and long-term treatment. Imaging plays a very important 
role in the evaluation of metastasis and the utility of          
PET-CT scans can lead to the upstaging or downstaging 
of breast cancer [31][32]. Ideally, stage of disease              
evaluated using an alternative PET reconstruction              
algorithm should not deviate from the standard OSEM, 
as contradicting disease extent may lead to unwarranted 
confusion in management. Our study showed complete 
concordance in breast cancer staging between the two 
algorithms. The importance of this agreement is further 
supported by evidence of PET/CT significantly                     
contributing to the accurate staging and management of 
breast cancer, starting from stage IIA [33].                                 
Coincidentally, the majority of patients (83%) in the         
S-PET group were stage II and above. 

 

Overall treatment response was concordant for all cases 
in the T-PET group in the context that diagnostic                     
conclusions were made considering responses not solely 
based on the target lesion but including all other lesions 
in its entirety.  Hence, the discordant but more favorable 
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semi-quantitative metabolic responses seen in single 
target lesions with Q.Clear, did not reflect in this                   
outcome. This signifies one important value of PET/CT in 
identifying evidence of heterogenous metabolic                 
responses of different metastatic lesions [34].                        
Additionally, this may potentially aid in avoiding                     
unnecessary and costly treatment escalation in cases of 
solitary lesions on follow-up. Although studies have been 
published on the utility of PET in solitary lesions in the 
lung [35][36][37] and liver [38], these are mainly                      
exploring its value in determining probability for                 
malignancy and not for treatment response as in this 
case.  

 

Several studies have already been published on the               
benefit of using 18F-FDG PET-CT for the diagnosis of               
disease recurrence in breast cancer [39][40][41]. The 
study of Radan et al. found that the use of PET-CT             
imaging led to changes in the subsequent clinical                
management in as much as 51% of breast cancer            
patients [39]. Our study showed complete concordance 
of scans, both in positive and negative cases of                    
recurrence between the two algorithms. We found that 
lesions likely ascribed to disease recurrence can be               
reliably detected in both the Q.Clear and OSEM                     
algorithms by our experienced NMPs. In our anecdotal 
observations, the evaluating NMPs expressed a greater 
degree of confidence with PET-positive lesions seen in 
Q.Clear reconstructed images as they had higher uptake 
values and were more visually striking albeit these same 
lesions were similarly regarded as positive for recurrence 
on OSEM. Agreeingly, the study of Sampaio et al.               
concluded that Q.Clear can impact on NMPs’ reading 
confidence and accuracy by improving image quality and 
quantitation capacity [42]. (See Figure 2). 

 

Limitations of this study 

The differences in acquisition time between the head-to-mid 
thigh scans and head-to-feet scans resulted in a 30-second 
disparity between the two ranges of imaging which may have 
affected SUV quantification. The shorter acquisition time 
stemmed from the need to improve logistics for patient      
scheduling to adjust for the more comprehensive head-to-feet 
scans. The small sample size for target lesions included in the 
final analysis was a result of excluding outliers in the data to 
achieve normal distribution. 

 

CONCLUSION 
 

The Q.Clear reconstruction algorithm was concordant with the  

standard OSEM for PET-CT imaging interpretation in female 
breast cancer patients for staging, evaluation of treatment 
response, and detection of disease recurrence. It is an                 
alternative algorithm that may be used preferably, given its 
higher SNR for both liver and target lesions. However, despite 
concordance in diagnostic conclusions, we recommend using 
the same PET-CT reconstruction algorithm on follow-up in 
comparing studies for treatment response evaluation due to 
the significant differences in average SUVmax and SULmax for 
target lesions between the two algorithms. 
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