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ABSTRACT 
 

Introduction: Appendicitis is one of the most common surgical emergencies. In spite of the relatively high rate of negative 
appendectomy, as a result of miss diagnosis, uncertainty of diagnosis still continues to challenge physicians. The objective of 
this prospective study was to investigate the role of 99mTc-Ubiquicidin (UBI) scintigraphy in the diagnosis of acute 
appendicitis and to compare 99mTc-UBI scintigraphy with 99mTc-IgG scintigraphy.  
Methods: Twelve patients with right lower quadrant pain and suspicious of acute appendicitis were referred to the nuclear 
medicine imaging center. Radionuclide imaging was performed with 99mTc-UBI in 8 and 99mTc-IgG in 4 patients. 
Ultrasonography, Alvarado scoring and histopathological examinations were also performed as additional diagnostic tests.  
Results: Reports from 99mTc-IgG and 99mTc-UBI scintigraphies of all patients were negative.  
Conclusion: This study may conclude that 99mTc-IgG scintigraphy and 99mTc-UBI scintigraphy in the detection of 
appendicitis do not have adequate efficacy. However, in order to better evaluate 99mTc-IgG and 99mTc-UBI scintigraphy, a 
comprehensive study on a large number of patients with clinical suspicious of acute appendicitis would be more helpful. 
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INTRODUCTION 
 
The accuracy of a clinical diagnosis is the first 
challenging step for every clinical practice. Good 
treatment is usually the result of a good diagnosis 
with high accuracy. In some emergency situations, 
which need treatment or surgery, rapid detection 
plays a vital role in the treatment outcome. A 
common surgical emergency, in which accurate 
diagnosis is still a challenging task, is acute 
appendicitis. Results of studies on the subject reveals 
that the rate of negative appendectomy is relatively 
high and about 20–40% of patients with appendicitis 
are misdiagnosed [1].  
Although, negative appendectomy is considered 
relatively harmless but surgery by itself is an 
economic burden and may cause complications such 
as post appendectomy infections [2]. Various 
detection techniques have been developed to reduce 
negative appendectomy rates as much as possible. 
Among the procedures and techniques used for 
diagnosis of appendicitis, operation and 
histopathological examinations are considered gold 
standards [3]. In spite of absolute diagnostic values of 
these examinations they are invasive with potential 
complications and practical limitations. Application 
of imaging techniques in the diagnosis of appendicitis 
as non-invasive diagnostic procedures can be used 
prior to invasive methods in order to determine if an 
operation is necessary. In regard to imaging 
modalities, radionuclide imaging or nuclear medicine 
procedures have the advantage of early detection, 
which allows the early diagnosis of appendicitis in 
early phase when infectious process is just in the 
beginning [4]. In this stage, clinical symptoms are 
minimal and the patient may appear healthy therefore 
diagnostic potential of nuclear medicine can be used 
as a promising technique in the early detection of 
appendicitis. 
Various radiopharmaceuticals can be used for this 
purpose. Recently 99mTc labeled with UBI has been 
proposed as an imaging radiopharmaceutical in 
diagnostic nuclear medicine. UBI is a cationic human 
antimicrobial peptide fragment with molar weight of 
1.69 kDa and 6 positively charged residues and 
results of the studies indicate that 99mTc-UBI binds to 
bacteria and is accumulated at sites of infection [5]. 
Another agent which its ability in detecting a variety 
of infections, including those of the chest, abdomen, 
hip and bone has been reported extensively in the 
literature is technetium-99m-labelled polyclonal 
human immunoglobulin G (99mTc-IgG) [3].  
Therefore, the aim of the present study was to 
evaluate diagnostic value of 99mTc-UBI and 99mTc-
IgG scintigraphy in the detection of acute 
appendicitis. 
 

METHODS 
 
This prospective study was conducted in the Persian 
Gulf Nuclear Medicine Research Center and 
Fatemeh-Zahra Hospital in the period of March 2010 
to March 2011. All suspected patients with acute 
right lower quadrant abdominal pain were admitted. 
The Alvarado scores were computed, and then 
patients with a score of 5 or 6 also patients suffering 
from acute right lower quadrant abdominal pain for 
more than three days were evaluated by 
ultrasonography then were referred to the nuclear 
medicine department. A total of 12 patients were 
referred to undergo nuclear medicine scintigraphy.  
This study complies with the declaration of Helsinki 
and was approved by the Institutional Ethics 
Committee of the University of Medical Science. All 
patients provided written informed consent. 
 
Imaging protocols 
For 99mTc-IgG scintigraphy, a human nonspecific 
polyclonal immunoglobulin for intravenous 
administration was used. Following the preparation 
of solution of IgG (pH of 7.4, concentration of 10 
mg/mL in 0.01 M phosphate-buffered saline), 740 
MBq (20 mCi) of 99mTc which was previously 
provided by the Iran Atomic Energy Agency was 
added to it then the resulted solution was incubated 
for 20 min at room temperature.  
Each vial of UBI contained 40 μg peptide dissolved 
in 10 μL 0.01 mol/L acetic acid, 5.0 μL of stannous 
ions from the standard pyrophosphate kit and 8.0 μL 
borohydrate prepared as standard solution of 0.7 
mg/mL sodium borohydrate in 0.1N NaOH. Vials of 
UBI were maintained at −5°C in the refrigerator and 
PH of the solution was maintained at 6 to 7. In order 
to provide 99mTc-UBI, 740 MBq (20 mCi) of 99mTc 
was added to the vial of UBI, the content was 
incubated for 10 to 15 min then 0.9% saline was 
added to the vial to bring the constituted volume to 
2.0 mL.   
Immediately after injection of 99mTc-UBI or 99mTc-
IgG, dynamic acquisition for 60 s for each frame was 
done for 90 min followed by static images every 15 
min for 2-4 hours.  
Static scintigraphy of 99mTc-IgG and 99mTc-UBI was 
performed by a high resolution double headed 
SPECT scintillation camera (ADAC Genesys 
Malpitas, CA, USA) with a low-energy all purpose 
collimator using a matrix of 128×128 on a 20% 
window at a 140-keV peak. Scintigraphy scans were 
analyzed visually by two nuclear medicine 
physicians, who were not aware of the clinical 
symptoms or work up of the patients. 
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Table 1.Statistical parameters of 99mTc-UBI Scintigraphy, 99mTc-IgG Scintigraphy, ultrasonography (US) and Alvarado scoring in detection 
of acute appendicitis.  
 

 Group 1(8 patients) Group 2(4 patients) 
 

99mTc-UBI 
 

US 
 

Alvarado (score≥7) 
 

99mTc-IgG 
 

US 
 

Alvarado (score≥7) 

 

Sensitivity 

 

0% 

 

50% 

 

100% 

 

0% 

 

50% 

 

100% 

Specificity 0% 100% 100% 0% 0% 100% 

PPV 0% 100% 100% 0% 100% 100% 

 
RESULTS  

 
99mTc-UBI scan 

The Alvarado score was computed for 8 patients (6 
men and 2 women) with a mean age of 20.75 y (16-
25 y) suspected to have acute appendicitis. Four 
patients received a score of 9 and 4 other patients' 
score of 5-7. Ultrasonography scanning was 
performed on 6 out of 8 patients; in 2 cases 
appendicitis was suggested. The pathology report, 
after the surgery, proved appendicitis for all patients 
in good agreement with surgeon exams before and 
during the surgery. Microbiologic sampling of 
appendix revealed E. coli and pseudomonas in 3 
patients. The results of 99mTc-UBI scanning in all 
patients were negative (Table 1). 

 
99mTc-IgG scan 
Four patients (3 men and 1 woman) with a mean age 
of 34 y (19-63 y) were evaluated to detect acute 
appendicitis. Pathology reports and observations 
during surgery proved appendicitis for all patients 
with Alvarado score of 9.  Ultrasonography scanning 
was performed on 3 patients (2 men and 1 woman) 
but appendicitis was detected only for the woman. 
Appendicitis sample culturing of 2 patients had 
negative results. Reports from 99mTc-IgG scanning of 
the patients were negative for all patients. 

 
DISCUSSION 

 
The present study is the first attempt to evaluate the 
diagnostic value of 99mTc-UBI scintigraphy in acute 
appendicitis. There have been extensive studies for 
99mTc-UBI scintigraphy for a variety of infections 
including bone infections, soft tissue infections, 
prostheses and fever of unknown origin (FUO) but 
there is no report regarding 99mTc-UBI scintigraphy 
for appendicitis. Akhtar et al., investigating 
antimicrobial peptide 99mTc-Ubiquicidin potential as 
human infection imaging agent, reported the overall 
sensitivity, specificity, and accuracy as 100%, 80% 
and 94.4%, respectively [6]. We studied the accuracy 

of 99mTc-UBI scan in detection of osteomyelitis in 
comparison to 99mTc-methylene diphosphonate 
scintigraphy and magnetic resonance imaging. 
Results of our previous study showed detection 
accuracy of 100% for 99mTc-UBI scintigraphy of 
osteomyelitis. We found that for fast detection of 
osteomyelitis, 99mTc-UBI is a promising modality 
with high accuracy [7].  
Sepúlveda-Méndez et al., studying 99mTc-UBI for 
detecting infection foci in patients with fever, 
reported that specificity, sensitivity, accuracy, PPV 
and NPV of 99mTc-UBI for localizing infection foci 
was 95.35%, 97.52%, 96.62%, 96.72% and 96.47% 
respectively. They concluded that 99mTc-UBI could 
be the gold standard in molecular imaging of 
infection sites [8]. Relative high accuracy, sensitivity 
and specificity of 99mTc-UBI scintigraphy in the 
detection of infections indicate high potential of this 
radionuclide as an infection seeking agent. Such 
promising results are partly due to the agent inducing 
infection. Staphylococcus aureus is one of such 
infectious agents. Akhtar et al. evaluated the bacterial 
infection seeking potential of 99mTc-UBI in 
Staphylococcus aureus and E. coli induced infections. 
They found that 99mTc-UBI accumulates less in E. 
coli infections than in Staphlococcus aureus 
infections [9]. Because E. coli is the most common 
infection agent involved in appendicitis, it is 
expected that the diagnostic value of 99mTc-UBI 
scintigraphy for appendicitis is not as efficient as for 
other types of infections in which Staphlococcus 
aureus is the predominant infectious agent. 
Furthermore, 99mTc-IgG scintigraphy has been used 
in the detection of acute appendicitis by Wong et al. 
on 35 patients suspected to have acute appendicitis. 
Results of that study showed sensitivity, specificity, 
accuracy, PPV and PNV of 91%, 100%, 94%, 100% 
and 86%, respectively. They concluded that 99mTc-
IgG scintigraphy of acute appendicitis can be a 
simple, rapid, and definitive technique [10]. Wong et 
al., in another attempt, evaluated efficacy of 99mTc-
IgG for the early localization and detection of acute 
appendicitis in an animal model and suggested that 
99mTc-IgG may have potential in the early detection 
of acute appendicitis when a rapid diagnosis is 
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needed [11]. Asadi et al., investigated 99mTc-
polyclonal IgG scanning in the detection of acute 
appendicitis. The images obtained by planar and 
SPECT scan were subjected to visual and quantitative 
analysis. The sensitivity and specificity of planar and 
SPECT images for diagnosis of appendicitis were 19-
24% and 100% and, 62% and 68%, respectively. 
They concluded that because of the low sensitivity 
and moderate NPV (62%) of 99mTc-IgG scanning, it 
is not a suitable tracer for diagnosis of appendicitis 
[12].   
Findings from this study showed poor sensitivity, 
specificity, PPV and NPV for 99mTc-IgG scintigraphy 
of appendicitis, however previous studies have shown 
more acceptable diagnostic results. In comparison 
with the above-mentioned studies, they used both 
qualitative and semi-quantitative analyses in a larger 
number of patients but in the current study, only 
qualitative analysis was used because we thought that 
a suitable radiotracer for detection of acute 
appendicitis should be obviously positive at first in 
the visual assessment. Also due to lack of capabilities 
of these scans in the diagnosis of acute appendicitis 
in planar views, we discontinued the requirement of 
new patients into the study. However, one main 
reason for this difference may have been in the 
number of patients attended to our study. 
Our study suffers from one main limitation regarding 
number of patients attended in this research. 
Therefore in order to provide a more detailed 
comparison of the diagnostic value of 99mTc-IgG and 
99mTc-UBI in acute appendicitis, similar study with 
larger sample is recommended. 

 
CONCLUSION 

 
This study may conclude that 99mTc-IgG scintigraphy 
and 99mTc-UBI scintigraphy in the detection of 
appendicitis do not have sensible efficacy. However, 
in order to better evaluate 99mTc-IgG and 99mTc-UBI 
scintigraphy, much larger study on patients suspected 
to have acute appendicitis would be necessary. 
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