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Abstract
AIM: To evaluate 99mTc-ciprofloxacin scintigraphy com-

pared with computed tomography (CT) for detecting 
secondary infections associated with severe acute pan-
creatitis (SAP) in swine. 

METHODS: Six healthy swine were assigned to a nor-
mal control group (group A, n  = 6). SAP was induced 
in group B (n  = 9) and C (n  = 18), followed by inocula-
tion of the resulting pancreatic necroses with inactive 
Escherichia coli  (E. coli ) (group B) and active E. coli 
(group C), respectively. At 7 d after inoculation, a CT 
scan and a series of analyses using infecton imaging 
(at 0.5, 1, 2, 3, 4 and 6 h after the administration of 
370 MBq of intravenous infecton) were performed. The 
scintigrams were visually evaluated and semi-quanti-
tatively analyzed using region of interest assignments. 
The differences in infecton uptake and changes in the 
lesion-background radioactive count ratios (L/B) in the 
3 groups were recorded and compared. After imaging 
detection, histopathology and bacterial examinations 
were performed, and infected SAP was regarded as 
positive. The imaging findings were compared with his-
topathological and bacteriological results. 

RESULTS: In group A, 6 animals survived without in-
fection in the pancreas. In group B, 7/9 swine survived 
and one suffered from infection. In group C, 15/18 ani-
mals survived with infection. Hence, the number of nor-
mal, non-infected and infected SAP swine was 6, 6 and 
16, respectively. The sensitivity, specificity, accuracy, 
positive predictive value and negative predictive value 
of the infecton method were 93.8% (15/16), 91.7% 
(11/12), 92.9% (26/28), 93.8% (15/16) and 91.7% 
(11/12), whereas these values for CT were 12.5% 
(2/16), 100.0% (12/12), 50.0% (14/28), 100.0% (2/2) 
and 46.2% (12/26), respectively. The changes in L/B 
for the infected SAP were significantly different from 
those of the non-infected and normal swine (P  < 0.001). 
The mean L/B of the infectious foci at 0.5, 1, 2, 3, 4 
and 6 h was 1.17 ± 0.10, 1.71 ± 0.30, 2.46 ± 0.45, 3.36 
± 0.33, 2.04 ± 0.37 and 1.1988 ± 0.09, respectively. At 
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of  SAP i.e., unusual gas bubbles and typical manifesta-
tions of  an abscess on the images. White blood cell (WBC) 
imaging is regarded as the principal nuclear medicine 
method for the imaging of  infection and inflammation[12]. 
However, it is also difficult to distinguish between infec-
tive and sterile inflammatory conditions using this meth-
od[13]. Fine-needle aspiration has contributed to making a 
definitive diagnosis of  infected pancreatic necrosis, but is 
an invasive procedure and there are difficulties in apply-
ing this technique to critically ill patients[10].

It is therefore essential to develop a sensitive and spe-
cific imaging methodology that will non-invasively detect 
secondary infections in SAP patients. Over the past few 
decades, a number of  radiopharmaceuticals have been 
developed to investigate infective and non-infective in-
flammatory disorders[13-16]. In this regard, 99mTc-ciproflox-
acin may be one of  the most promising agents in the field 
of  nuclear medicine[17,18]. This radiochemical combines 
the advantages of  a 99mTc label and the broad-spectrum 
bacteria-localizing capability of  ciprofloxacin, which has 
a higher sensitivity and specificity for bacterial infections 
than WBC scans[14,17-22].

We speculate that 99mTc-ciprofloxacin may have ef-
ficacy in the diagnosis of  SAP secondary infections. In 
our study, a SAP secondary infection model was devel-
oped in swine as previously reported[23]. The features and 
effectiveness of  99mTc-ciprofloxacin scintigraphy in the 
diagnosis of  secondary bacterial infection in this infective 
SAP animal model were then evaluated and compared 
with contrast-enhanced CT, and with histopathological 
and bacteriological testing. 

MATERIALS AND METHODS
This study was approved by the Animal Care Committee 
of  Changhai Hospital. Healthy female Taihu swine (Ex-
perimental Animal Center of  the Second Military Medi-
cal University, Shanghai, China), weighing 20-25 kg were 
acclimatized for one week before the start of  the experi-
ments. The animals had no access to food for 1 d and to 
water for 4 h prior to the start of  the experiment.

Preparation of the SAP animal model
Six healthy swine were assigned to group A as normal 
controls. SAP was induced in 27 animals as previously 
reported[23], and these animals were randomly assigned to 
group B (n = 9) and group C (n = 18). Two days after the 
onset of  SAP, 4 mL of  inactive Escherichia coli (E. coli) and 
active (108/mL) E. coli were inoculated into necrotic foci 
of  the pancreas in group B and C swine by CT-guided 
puncture, respectively (Table 1). Imaging examinations 
were performed 7 d after inoculation. The swine received 
ketamine hydrochloride (0.1 mL/kg) before imaging 
examinations and received 2 mL pentobarbital (Bio-
szune Life Sciences, Beijing, China) solution (3% w/v) at 
20-min intervals during the examinations.

Radiopharmaceuticals
99mTc-ciprofloxacin was prepared by mixing 2 mg 
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3 h, the radioactive counts (2350.25 ± 602.35 k) and 
the mean L/B of the infectious foci were significantly 
higher than that at 0.5 h (P  = 0.000), 1 h (P  = 0.000), 
2 h (P  = 0.04), 4 h (P  = 0.000) and 6 h (P  = 0.000). 

CONCLUSION: 99mTc-ciprofloxacin scintigraphy may 
be an effective procedure for detecting SAP secondary 
infections with higher sensitivity and accuracy than CT. 

© 2013 Baishideng. All rights reserved.

Key words: Pancreatitis; Infection; Radionuclide imag-
ing; Ciprofloxacin; X-ray computed tomography

Core tip: We successfully used a specific inflamma-
tory agent, 99mTc-ciprofloxacin, which non-invasively 
detected secondary infections in an infective severe 
acute pancreatitis (SAP) model with higher sensitivity 
and accuracy than computed tomography. This method 
may be an effective tool for accurately diagnosing and 
assessing the severity of secondary infections in human 
SAP patients in the future. To our knowledge, there 
have been no previous studies that have compared the 
differential diagnosis of non-infectious and infectious 
SAP using 99mTc-ciprofloxacin imaging and histopatho-
logical and biological methods.
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INTRODUCTION
Infection of  pancreatic or peripancreatic necroses oc-
curs in 30%-70% of  patients with severe acute pancre-
atitis (SAP)[1,2]. This disease is often accompanied by 
a late deterioration of  organ function or generalized 
systemic illness[3], which is the leading cause of  SAP-
related deaths, with mortality rates of  more than 30%[4-6]. 
Infected pancreatic necrosis in patients with clinical signs 
and symptoms of  sepsis is an important indication for 
interventional therapy including surgery and drainage[7,8], 
whereas patients with sterile necrosis should be managed 
conservatively and undergo intervention only under cer-
tain circumstances[9].

However, until recently, the differential diagnosis of  
sterile and infectious SAP has remained a challenging is-
sue. Effective biomarkers that will enable the localized 
diagnosis of  infected pancreatic necrotic tissue are still 
under development and need to be confirmed in studies 
of  larger patient cohorts[10,11]. Ultrasonography, computed 
tomography (CT) and magnetic resonance imaging have 
been used widely in the evaluation of  pancreatitis, and 
CT is usually the first choice, however, these techniques 
have limitations in detecting secondary infections in cases 



ciprofloxacin (Radiopharmaceuticals Laboratory of  Bei-
jing Normal University, China), 500 μg stannous tartrate, 
and 370 MBq freshly eluted sodium pertechnetate; then 
placed for 15 min at room temperature. Radiochemical 
purity was determined with a simple thin-layer chroma-
tography technique, using 1-mm filters (Xinhua Group 
Co., Ltd., Hangzhou, China) in methyl ethyl ketone. 99mTc-
ciprofloxacin remained at the base, and free pertechnetate 
moved with the solvent front. The Rf  values of  99mTc-
ciprofloxacin and 99mTcO4- were 1.0 and 0.0, respectively. 
The radiochemical purity and labeling rate of  the radio-
pharmaceutical preparations were found to be greater 
than 90% at 6 h. 

99mTc-ciprofloxacin scintigraphy and data analysis
99mTc-ciprofloxacin was administered into the ear vein of  
the swine. Abdominal imaging was then performed using 
a dual-head single photon emission CT (SPECT) scan-
ner (Philips, Forte, Netherlands). The energy peak was 
controlled at 140 KeV with a 15% window. Each animal 
underwent a 99mTc-ciprofloxacin scan at 0.5, 1, 2, 3, 4 
and 6 h after the injection of  radiolabeled ciprofloxacin. 
Multi-position graphic information with a total of  64 to-
mographic images was acquired continuously. The radio-
activity counts for each frame were 300 k and the matrix 
size was 64 pixel × 64 pixel. Following acquisition, filter 
back projection reconstructions were performed.

The 99mTc-ciprofloxacin scintigrams were visually 
evaluated by three experienced nuclear medicine physi-
cians in a blind fashion based on CT anatomic images. 
Sequential images captured from 0.5-6.0 h were manda-
tory for inclusion and interpretation. The scans were read 
independently, and any disagreements in interpretation 
were discussed and a consensus was reached on a ma-
jority basis. They were considered positive for infection 
when the pancreatic necrosis and peripancreatic tissue 
had a higher radionuclide uptake with a clear edge than 
the surrounding tissue, and negative for infection when 
the pancreatic necrosis and peripancreatic tissue had no 
significant radionuclide uptake. Diagnostic results were 
compared to bacterial culture and smear results. Semi-
quantitative analysis was performed by determining the 
radioactivity counts of  the pancreas, liver, spleen, renal, 
intestinal track, muscle and infectious foci in the pancreas 
using region of  interest techniques, and the radioactiv-

ity of  the muscle at the level of  the pancreatic body was 
considered to be background. The measured values were 
averaged by three physicians. The lesion-to-background 
(L/B) ratios were then scored. The L/B curves changed 
with time in the groups and the optimal imaging time for 
diagnosis of  infective SAP was thereby investigated.

CT scan and imaging analysis
CT was performed using a Sensation 64 scanner (Siemens 
Medical Solutions, Forchheim, Germany) 15 min after 
the SPECT scan. CT scanning (plain plus enhanced) was 
performed using the following parameters: a 3 mm slice 
thickness, 120 kV, 110 mAs, a 512 × 512 matrix, and 1.5 
mL/kg of  contrast material (Ultravist 300 mg I/mL; 
Schering AG, Germany) at a rate of  2 mL/s. The images 
were read by the same three nuclear medicine physicians 
and a consensus was reached on a majority basis accord-
ing to the following criteria: visible gas bubbles scattered 
within the pancreatic necrosis or peripancreatic fluid on 
the CT images were considered positive[24]. 

Pathologic study, bacterial culture and smear testing
After image examination, the animals were euthanized 
to remove the pancreas, and fluid was aspirated from 
the injection area or necrotic focus for bacterial culture 
or smear testing. Tissue samples were stained with he-
matoxylin and eosin (HE), and observed for evidence 
of  pathologic changes to the pancreas. The criteria for 
diagnosing SAP secondary infection were as follows: (1) 
the appearance of  the isolated pancreatic specimen was 
consistent with the pathologic diagnosis of  SAP, whereby 
acute purulent inflammatory foci were present; and (2) 
the result of  bacterial cultures from the necrotic area were 
positive or the presence of  infection was confirmed using 
a smear. Diagnoses were made independently by a senior 
pathologist with no prior knowledge of  the specimens. 

Statistical analysis
Quantitative data were expressed as the mean ± SD. The 
sensitivity, specificity, accuracy, positive predictive value 
(PV+), and negative predictive value (PV-) of  each imag-
ing diagnosis were calculated. The effect of  group and 
time on L/B was analyzed using two factor-repeated 
measure analysis of  variance, the comparisons for the 
changes of  L/B over time among groups were analyzed 
using one factor-repeated measure analysis of  variance, 
the comparisons at the different time points in the same 
group and the comparisons among groups at the same 
time point were subjected to the Bonferroni test. Com-
parison of  two rates was subjected to the χ 2 test. SPSS 
10.0 software (SPSS, Chicago, IL, United States) was used 
for analysis and P < 0.05 was considered statistically sig-
nificant. 

RESULTS
In group A, all six swine survived. In group B, 1 animal 
was excluded due to a main pancreatic duct intubation 
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Table 1  Results of secondary bacterial infection in a severe 
acute pancreatitis animal model

n Inoculation Survival 
number

Pathologic diagnosis and 
biological results

Infection 
(bacteria)

Non-
infection

Group A   6 No   6 0 6
Group B   9 Inactive E. coli   7 1 (S. aureus/E.coli) 6
Group C 18 Active E. coli 

(108/mL)
15 15 (14 E. coli and 1 

S. aureus /E.coli)
0

E. coli: Escherichia coli; S. aureus: Staphylococcus aureus.
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substances in the fat cytoplasm, and coagulative necrosis 
in part of  the foci. 

Visual analysis
In group A, 99mTc-ciprofloxacin scintigraphy revealed 
high radionuclide uptake in the kidneys, liver and spleen 
with excretion to the urinary bladder. No activity was ob-
served in the area of  the pancreas, normal bone marrow, 
muscle or gastrointestinal tract at any time point (Figure 
2A). The CT images showed that the pancreatic paren-
chyma of  all 6 animals were homogeneous and uniformly 
enhanced after contrast administration (Figure 2A). 

In group B, no radionuclide uptake in the pancreatic 
areas was detected by SPECT in 5 of  7 animals at any 
time point (Figure 2B) and these swine were therefore 
diagnosed as negative for secondary infection (Table 2). 
Mild uptake in the pancreatic area was evident in one 
animal and the L/B was 2.15 at 3 h after administration, 
indicating a positive diagnosis of  secondary infection 
(Table 2). However, pathology only displayed significant 
proliferation of  granulated tissue at the edge of  the ne-
crotic area, no infectious focus was found in this animal 
by either pathologic or bacterial examinations (Figure 
3A-C). Radionuclide uptake in the pancreatic area was 
detected in one animal, which was subsequently found 
to be infected with a mixture of  S. aureus and E. coli in 
the pancreatic necrosis (Table 2). CT images revealed the 
pancreas had enlarged markedly and that the gastroin-

failure and another died of  asphyxiation during anes-
thesia. In group C, one animal was also excluded from 
further analysis due to a main pancreatic duct intubation 
failure and two animals died of  disease progression af-
ter the onset of  SAP. Thus, in groups B and C, 7/9 and 
15/18 were subjected to imaging analysis, respectively 
(Table 1).

Pathology findings
In group A, none of  the swine showed infectious foci in 
the pancreas (Table 1). In group B, one of  the seven ani-
mals (1/7) showed a focus with a Staphylococcus aureus/E. 
coli mixed infection. Light microscopy analysis of  HE-
stained sections revealed liquefactive necrosis in the cen-
ter of  this infectious focus. The remaining 6 animals in 
group B showed no bacterial infection (Table 1). In group 
C, 15 swine showed successful induction of  a second-
ary infection. Bacterial culture and smear analysis of  the 
necrotic foci in the pancreas showed that 14 SAP swine 
were infected with E. coli alone and 1 with a mixture of  E. 
coli and Streptococcus, and showed intestinal perforation 
caused by this SAP secondary infection after paunching 
(Table 1). A total of  16 foci were found and yellow liquid 
flowed out of  the cross-sections (Figure 1A and B). One 
animal had two cystic lesions in the pancreatic body and 
tail, with diameters of  19 and 5 mm, respectively. HE 
staining of  infectious foci in group C showed liquefactive 
necrosis in most parts of  the focal center, structureless 

A B

C D

Figure 1  99mTc-ciprofloxacin scintigraphy has higher sensitivity and accuracy in the detection of bacterial infections than computed tomography (the 
swine came from group C). A: The evidence of secondary infections in the peripancreatic fluid were confirmed by pathological examination and by bacterial smear 
or culture testing; B: Pancreatic necrosis was confirmed by pathological examination and by bacterial smear or culture testing; C: 99mTc-ciprofloxacin scintigraphy at 3 
h demonstrated accumulation of radioactivity in the peripancreatic fluid and pancreatic necrosis (L/B = 3.37), indicating a true positive result; D: Enhanced computed 
tomography analysis showed low-density necrosis and peripancreatic fluid collection (arrow) without any indication of infection. 
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testinal tract was expanded and associated with effusion. 
Focal or pathy hypoattenuated areas within the pancreatic 
parenchyma were observed in all animals in group B and 
there were no signs of  gas bubbles (Figures 2B and 3D).

In group C, one animal was interpreted as negative 
by scintigraphy, which was proven to be a misdiagnosis 
by pathological examination, and by bacterial culture and 
smear testing. The remaining 14 animals in this group 
showed radioactive accumulations in the pancreatic area 
and were diagnosed as positive for secondary infection 
(Figures 1C and 2C), which was confirmed in each case 
by pathologic examination and bacterial culture (Table 

2). One animal showed irregular patches of  radioactivity 
accumulation around the pancreatic area due to intestinal 
perforations (Figure 4A). The animal with two lesions in 
the pancreatic body and tail was found to have a bigger 
focus in the pancreatic body, while smaller lesions were 
unclear.

CT images revealed that the pancreas was enlarged 
with irregular patchy and round-like cystic low-density 
necrotic areas, and effusion around the pancreas (Figures 
1D and 2C). One animal had two round-like cystic lesions 
in the pancreatic body and tail, with diameters of  19 and 
5 mm, respectively, without significant enhancement after 

A B C

1 
h

3 
h

6 
h

CT

Figure 2  99mTc-ciprofloxacin and computed tomography imaging of a normal swine pancreas and both non-infected severe acute pancreatitis swine and 
an animal with secondary infection associated with severe acute pancreatitis. A: No uptake indicating no infection, and a homogenous pancreatic parenchyma 
is evident in the normal pancreas by computed tomography imaging; B: A lower accumulation of 99mTc-ciprofloxacin in the pancreatic necroses of non-infected severe 
acute pancreatitis (SAP) swine; C: A higher accumulation of this agent in SAP swine with a secondary infection focus is evident. 

Wang JH et al . Imaging detection of SAP infection
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contrast administration and were diagnosed as pseudo-
cysts. Gas bubble signs were found in 2 swine, and one 
showed intestinal perforations and gas bubbles scattered 
throughout the necrotic area and in the peripancreatic 
fluid (Figure 4B), and the other showed gas bubbles in 
the pancreatic necrosis. 

Quantitative analysis
Based on our histopathological and biological results, the 
number of  normal, non-infected and infected SAP swine 
was 6, 6 and 16, respectively (Table 1). It was calculated 
that 99mTc-ciprofloxacin scintigraphy had a sensitivity of  
93.8% (15/16), a specificity of  91.7% (11/12), an accura-

cy of  92.9% (26/28), a PV+ of  93.8% (15/16), and a PV- 

of  91.7% (11/12) for detecting secondary bacterial infec-
tion associated with SAP (Table 3), and these values for 
CT were 12.5% (2/16), 100.0% (12/12), 50.0% (14/28), 
100.0% and 46.2% (12/26), respectively. Of  these param-
eters, sensitivity, accuracy and PV- were significantly lower 
than those of  99mTc-ciprofloxacin scintigraphy (P < 0.01) 
(Table 3). 

99mTc-ciprofloxacin scintigraphy results at different time 
points 
In infected SAP swine, the infectious foci in the pancre-
atic tissues showed no radionuclide uptake at 0.5 h, mild 
uptake at 1 and 2 h, and peak radioactivity counts at 3 h 
(2350.25 ± 602.35 k), and then gradually decayed from 4-6 
h. The change was different in the kidney, liver, spleen, 
gastrointestinal tract and muscle (Figure 5A). The L/B 
in 6 normal swine, 6 non-infected SAP and 16 infected 
SAP animals at 0.5, 1, 2, 3, 4, 6 h after the administration 
of  99mTc-ciprofloxacin are presented in Figure 5B. There 
were significant differences in the L/B changes over time 
among the three study groups (F = 95.66, P < 0.001). 
These changes in the infected SAP animals differed sig-
nificantly from those in the non-infected SAP (F = 88.63, 
P = 3.1e-16) and normal swine (F = 63.61, P = 8.2e-13). In 
contrast, no significant differences were found between 
the non-infected SAP and normal groups (t = 1.17, P = 
0.251). The L/B ratio at 3 h after the administration of  

Table 2  Pathologic diagnosis, 99mTc-ciprofloxacin and com-
puted tomography imaging analysis of secondary bacterial 
infection in a severe acute pancreatitis animal model

Pathologic 
diagnosis

SPECT CT

Infection Non-
infection

Infection Non-
infection

Group A Infection   0 0 0   0
Non-infection   0 6 0   6

Group B Infection   1 0 0   1
Non-infection   1 5 0   6

Group C Infection 14 1 2 13
Non-infection   0 0 0   0

SPECT: Single photon emission computed tomography; CT: Computed 
tomography.

A B

C D

Figure 3  False-positive case of 99mTc-ciprofloxacin scintigraphy (the swine came from group B). A: 99mTc-ciprofloxacin scintigraphy (arrow) is indicative of 
secondary infection (L/B = 2.15); B: However, light microscopy analysis showed pancreatic tissue and fat tissue necrosis (arrow), surrounding a marked hyperplastic 
area in granulated tissue (black arrow); C: Fibrous tissue (arrow), but no associated bacterial infection; D: Computed tomography image showed focal hypoattenuated 
areas within the pancreatic parenchyma (arrow) without gas bubbles.

Wang JH et al . Imaging detection of SAP infection
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99mTc-ciprofloxacin in the infected SAP swine reached 3.36 
± 0.33, which was significantly higher than at all other 
time points (P values were 1.1e-35, 3.5e-27, 3.9e-13, 4.2e-21 

and 2.5e-35, respectively).

DISCUSSION
Secondary infection of  pancreatic necrotic tissue is ac-

cepted as one of  the most important prognostic indica-
tors of  disease severity and outcomes in SAP cases[4-6]. 
Early diagnosis is the key to improved treatment out-
comes and reduced mortality. Although CT plays an 
important role in the diagnosis of  SAP, it can not detect 
the sites of  secondary infection with sufficient sensitivity 
as it can only do so if  gas bubbles appear within the le-
sion, which occurs infrequently. Indeed, Bhansali et al[25] 

Table 3  Results of imaging diagnosis for secondary infection of animals with severe acute 
pancreatitis  n  (%)

Imaging results Pathologic results Sensitivity Specificity Accuracy PV+ PV-

+ -
Infection + 15   1 15 (93.8)b 11 (91.7)    26 (92.90)b 15 (93.8)  11 (91.7)b

-   1 11
CT +   2   0  2 (12.5)   12 (100.0) 14 (50.0)     2 (100.0) 12 (46.2)

- 14 12

bP < 0.01 vs computed tomography (CT). +: Infection; -: Non-infection; PV+: Positive predictive value; PV-: 
Negative predictive value.

Figure 4  Swine with severe acute pancreatitis and secondary bacterial infection (from group C). A: The highest level of radioactivity accumulation was found 
by 99mTc-ciprofloxacin scintigraphy at 3 h (L/B = 3.42); B: Multiple bubbles scattered in the necrotic area and peripancreatic fluid were demonstrated on computed to-
mography images. Intestinal perforation caused by severe acute pancreatitis was found at autopsy.
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Figure 5  99mTc-ciprofloxacin scintigraphy results at different time points. A: Curves showing radioactivity count changes over time in the abdominal tissues of 
swine with infected severe acute pancreatitis (SAP) are shown. These curves show high uptake in the kidneys and moderate uptake in the liver and spleen. No activ-
ity was observed in the areas of the muscle or gastrointestinal tract. The radioactive uptake by infectious foci increased gradually over time, reached a peak at 3 h, 
and then gradually decayed; B: Lesion-background ratio change curves for the normal pancreas, and non-infected and infected SAP pancreas in the swine model are 
shown. The curves show that the optimal lesion-background ratio occurred at 3 h after administration of Infecton in positive SAP animals.
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reported previously that bubbles were detectable in only 
16% of  SAP patients with secondary infections using CT 
imaging (21/131 cases). Our present experimental results 
indicate that the sensitivity of  CT is too low (12.5%, 
2/16) to accurately diagnose a SAP secondary infection.

The novel radiopharmaceutical used in our scintigraphy 
analysis is based on the 4-fluoroquinolone broad spectrum 
antibiotic ciprofloxacin. Following intravenous injection, 
ciprofloxacin is widely distributed in the body and is ex-
creted via the kidneys. The mode of  action of  ciprofloxa-
cin is mediated via inactivation of  the bacterial DNA gy-
rase, which results in the retention of  this agent at the sites 
of  active bacterial infection[18]. Sierra et al[26] analyzed the 
mechanism of  intracellular accumulation of  99mTc-cipro-
floxacin in Staphylococcus aureus and Pseudomonas aeruginosa 
strains, and found that 99mTc-ciprofloxacin was equally 
accumulated intracellularly in all tested strains, while 
99mTcO4- did not show accumulation in any of  the strains. 
The absence of  intracellular 99mTcO4- indicated that the 
entire radioactivity detected in the 99mTc-ciprofloxacin as-
say was due to the accumulation of  the radiopharmaceu-
tical compound, rather than free 99mTcO4-. 

99mTc-ciprofloxacin has been widely tested in clinical 
studies and shown to be taken up by a wide range of  live 
(but not dead) bacteria in vitro and in vivo [12,13,17,18]. It has also 
been reported that the specificity of  99mTc-ciprofloxacin 
scintigraphy reached 85%-96% in detecting both bone 
and joint bacterial infections[27-29] and showed a sensitiv-
ity and specificity of  91.7% and 75%, respectively, in 
the diagnosis of  acute bacterial cholecystitis[19]. In our 
present study, the sensitivity, specificity and accuracy of  
99mTc-ciprofloxacin were found to be 93.8%, 91.7% and 
92.9%, respectively. The accuracy was higher than that of  
CT. We found that 99mTc-ciprofloxacin scintigraphy had 
some important advantages over WBC imaging which 
have also been reported by other studies. Firstly, the tech-
nique used for preparation is easy, and can be carried out 
without withdrawing blood, purifying leucocytes, labeling 
and reinjecting the radiolabeled cells, compared to WBC 
imaging. Secondly, no adverse effects were reported 
in response to intravenous administration of  99mTc-
ciprofloxacin. Thirdly, both the radiochemical purity and 
labeling rate were found to be over 90% within 6 h at 
room temperature. Hence, 99mTc-ciprofloxacin is an ideal 
specific targeting agent for the detection of  bacterial in-
fection[17,27-29]. 

In infected SAP cases, the radioactivity levels in the 
bacterial foci were higher than in the surrounding SAP, 
muscle or soft tissues. Pronounced focal accumulation 
was evident at 3 h after administration, when both the 
radioactivity counts and lesion-background ratios were at 
peak levels. This suggests that 99mTc-ciprofloxacin scin-
tigraphy is a suitable diagnostic test for SAP patients with 
a suspected secondary infection. However, both false-
positive and false-negative results still arise in 99mTc-cip-
rofloxacin scintigraphy. In our present analyses, one false-
negative result was found in a group C animal for which 
the pathology showed a pancreatic necrosis with a mild 

infection. This may suggest that the detectable uptake of  
99mTc-ciprofloxacin has a severity of  infection threshold. 
One false-positive result was also found in an animal show-
ing marked hyperplasia of  granulated and fibrous tissue 
at the edge of  the pancreatic necrosis, which suggested 
that radioactive uptake may be related to granulated tissue 
repair at the edge of  necrotic foci, as well as an increase 
in blood perfusion or capillary permeability[30]. 

We also found that SPECT visualization has disad-
vantages, including low resolution and poor display of  
anatomic structure. It can not display the shape and area 
of  pancreatic necrotic foci, nor display the non-infected 
foci with peripancreatic fluid or pseudocysts. However, 
while the clinical use of  SPECT-CT is widely accepted, 
the resolution and capability for displaying anatomical 
details of  the SPECT-CT scanner are much improved[31]. 
Incorporating SPECT with CT in one scanner, which 
has the advantages of  the two imaging techniques, makes 
it possible to evaluate and diagnose the infected foci 
with indefinite anatomical localization and low radioac-
tive uptake.

In summary, 99mTc-ciprofloxacin scintigraphy has a 
higher sensitivity and accuracy in the detection of  bacte-
rial infections than CT. Moreover, this agent is not taken 
up in a normal pancreas and non-infected SAP, which 
could be highly useful in the detection of  infectious 
SAP. This method may therefore become an effective 
tool in the future for accurately diagnosing and assess-
ing the severity of  secondary infections in human SAP 
patients. Undoubtedly, it is very important for clinicians 
to develop treatment programs and improve the efficacy 
of  SAP. 99mTc-ciprofloxacin scintigraphy, 18F-FDG PET 
and diffusion-weighted imaging (DWI) have been applied 
widely for the diagnosis of  infection, but they have ad-
vantages and limitations[32-36]. In the future, we will evalu-
ate the efficacy of  these commonly used techniques in 
the diagnosis of  secondary infection of  SAP. 
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Background
Secondary infection is one of the most challenging problems in the treatment of 
severe acute pancreatitis (SAP). Infected pancreatic necrosis in patients with 
the clinical signs and symptoms of sepsis is an important indication for inter-
ventional therapy including surgery and drainage, whereas patients with sterile 
necrosis should be managed conservatively and undergo intervention only un-
der certain circumstances. Conventional scintigraphic and radiologic methods 
have limitations in the detection of secondary infection of SAP. It is therefore 
essential to develop a sensitive and specific imaging methodology that will non-
invasively detect secondary infections in SAP patients. However, to their knowl-
edge, only a few authors have applied traditional radionuclide imaging agents 
for the diagnosis of pancreatitis associated with infection. The utility of infecton 
in the detection of SAP secondary infection is still unclear.
Research frontiers
In the area of SAP, one of the research hotspots is the detection of second-
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ary infection of pancreatic necrosis. Over the past few decades, a number of 
radiopharmaceuticals have been developed to investigate infective and non-
infective inflammatory disorders. In this regard, 99mTc-ciprofloxacin may be one 
of the most promising agents in the field of nuclear medicine. This radiochemi-
cal combines the advantages of a 99mTc label and the broad-spectrum bacteria-
localizing capability of ciprofloxacin, which has a higher sensitivity and specific-
ity for bacterial infections than white blood cell scans. 
Innovations and breakthroughs
The authors successfully used a specific inflammatory agent, 99mTc-ciproflox-
acin, which non-invasively detected secondary infections in an infective SAP 
model with higher sensitivity and accuracy than computed tomography (CT). To 
our knowledge, there have been no previous studies that have compared the 
differential diagnosis of non-infectious and infectious SAP using 99mTc-ciproflox-
acin imaging and histopathological and biological methods.
Applications
This method may be an effective tool in the future for accurately diagnosing 
and assessing the severity of secondary infections in human SAP patients. Un-
doubtedly, it is very important for clinicians to develop treatment programs and 
improve the efficacy of SAP. 
Terminology
SAP is defined as necrosis involving at least 30% of the pancreas as visualized 
by contrast-enhanced CT, with greater involvement indicating greater severity of 
necrosis. It is a special type of acute pancreatitis with more complications and 
high mortality. The 4-fluoroquinolone broad spectrum antibiotic, ciprofloxacin, was 
labeled with 99mTcO4-. The mode of action of ciprofloxacin is mediated via the inacti-
vation of bacterial DNA gyrase, which results in the retention of 99mTc-ciprofloxacin 
at the sites of active bacterial infection.
Peer review
This is a well-presented manuscript describing a good research protocol on the 
use of 99mTc-ciprofloxacin in the detection of infection in severe acute pancreatitis 
in an animal model. The single photon emission CT (SPECT) images, with high 
background activity in the nearby organs, are indistinct, as is to be expected at this 
resolution. As the authors themselves have pointed out, SPECT-CT hybrid imaging 
would provide better images and localize the abnormal tracer activity more pre-
cisely to the focus of infection. The results are interesting and suggest that 99mTc-
ciprofloxacin scintigraphy may therefore become an effective tool in the future 
for accurately diagnosing and assessing the severity instances of secondary 
infections in human SAP patients.
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