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Computed Tomography for the Evaluation and
Monitoring of Infected Abdominal Aortic

Aneurysms: A 10-Year Case Series
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Purpose: This study aimed to evaluate the role of gallium-67 single photon emis-
sion computed tomography (SPECT) with contrast computed tomography (CT) in
the evaluation and monitoring of infected abdominal aortic aneurysms (IAAA).
Materials and Methods: A retrospective cohort analysis was performed using pro-
spectively collected data of consecutive patients with IAAA in Princess Margaret
Hospital in Hong Kong between January 2010 and December 2020. The patients
were identified using the Radiology Information System.

Results: All five patients had proven 1AAA on CT and/or metabolic imaging.
Among them, three were further supported by positive blood culture results. Gal-
lium-67 SPECT with contrast CT was useful in the detection of residual disease,
monitoring, and detection of recurrence.

Conclusion: Gallium-67 SPECT with contrast CT is helpful for evaluating 1AAA.
1t serves an important role in guiding management, especially during long-term
follow-up.
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INTRODUCTION

diagnosis of an infected aneurysm. Radionuclide scanning

is generally reserved for the detection of vascular graft

An infected aneurysm is defined as an infectious break
in the arterial wall with the formation of a blind, saccular
outpouching that is contiguous with the arterial Tumen.
The prevalence is estimated to be around 0.5% [1]. Salmo-
nella is the most common causative agent [1,2]. The clini-
cal presentation is typically fever with a painful pulsatile
abdominal mass. General management involves antibiotics,
surgical debridement with or without revascularization, or
endovascular treatment [3]. Multidetector computed to-
mography angiography (CTA) is the first modality for the

https://doi.org/10.5758/vsi.210020

infection; however, it can also be used in the diagnosis of
infected aneurysm [4].

Gallium-67 scans have long been proven useful in lo-
calizing infection in infected aneurysms or vascular graft
infections [5,6], particularly for evaluating the diagnosis,
extent of disease, and efficiency of treatment [7]. The com-
bined use of gallium-67 single photon emission computed
tomography (SPECT) with contrast computed tomography
(CT) has been shown to be useful in evaluation since 1990,
with added specificity [8].
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The use of functional imaging in the evaluation of in-
fected aneurysms is currently a trend for the evaluation of
the disease, as conventional imaging cannot gauge meta-
bolic activity [9], which can be addressed by functional im-
aging [10]. Various recent case reports have demonstrated
efficacy in its diagnosis [9,11]. However, there is a lack of
knowledge regarding the further evaluation and monitoring
of this group of patients. Previous case reports have mainly
focused on the initial diagnosis. Relapse of infection is
common and was reported in up to 42.6% of cases [1]. The
optimal imaging techniques for postoperative evaluation,
monitoring of endovascular grafts, and how imaging may
guide further management remain uncertain. Therefore, we
would like to report our case series over 10 years regarding
the use of gallium-67 SPECT with contrast CT as a func-
tional imaging adjunct to conventional CTA.

MATERIALS AND METHODS

We performed a retrospective cohort analysis of pro-
spectively collected data involving all patients with an
infected abdominal aortic aneurysm (IAAA) referred to a
radiology unit from Princess Margaret Hospital in Hong
Kong between January 2010 and December 2020. The
patients were identified using the Radiology Information
System. The Institutional Review Board of the Radiology
Department approved the study design and use of clinical
data (approval number: KW/EX-19-061[137-02]). The writ-
ten informed consent was waived by the board.

For gallium-67 SPECT with contrast CT, the CT model
was Discovery NM/CT 670 (GE Healthcare, Chicago, 1L, USA)
with the administration of gallium-67 Citrate of 3 mci (adult
dose). Images were obtained at 48-h post-injection using a
dual-head SPECT-CT camera with medium energy general
purpose collimators. We then performed a whole body scan
at 10 cm/min, and then SPECT on the abdomen by a total
of 60 pairs of views, each of 25 s duration, acquired over
360° in a 128x128 matrix. CT was performed with non-
contrast, arterial, and venous phase CT images (helical, 120
kV; slice, 1.25 mm; pitch, 1; rotation, 0.5 s; intravenous
(V) contrast, 70 mL at a rate of 3 mL/s). SPECT CT recon-
struction was performed using ordered 3-dimensional (3D)
subset expectation maximization with two iterations, 16
subsets, and a Butterworth filter by GE Xeleris Functional
Imaging Workstation (GE Healthcare).

For CT angiogram pre- and post-endovascular aortic
repair (EVAR) scans, the CT model was Somatom Defini-
tion Flash VA48A (Siemens Healthcare GmbH, Erlangen,
Germany). Scan parameters included helical Combined
Applications to Reduce Exposure kV; slice, 0.6 mm; pitch,
0.8; rotation, 0.5 s. 1V contrast 70 mL+30 mL saline was ad-
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ministered at a rate of 3 mL/s. For pre-EVAR cases, we per-
formed the arterial phase only, while for post-EVAR cases,
both arterial and venous phases were performed. 3D recon-
struction was performed using Syngo CT VA48A (Siemens
Healthcare GmbH).

Cases with proven 1AAA were followed up annually by
CTA with gallium-67 SPECT as per the local hospital’s pro-
tocol. All planar, SPECT, and CTA images were reviewed and
interpreted by two radiologists with more than 10 years of
nuclear medicine experience. Diagnosis was made based
on the consensus of both. Positive findings suggesting in-
fection on SPECT were defined as follows: focal increased
uptake in the graft or aneurysmal tissue, site of previously
infected AAA, periaortic soft tissue, or psoas muscle. The
focal uptake is correlated to the respective CTA image for
the corresponding soft tissue changes.

RESULTS

A total of five patients were identified (age at presen-
tation, 63 to 74 years; four males and one female). The
diagnosis was confirmed either by imaging or surgical
specimens, as supported by microbiological studies (Table 1).
Four patients had a primary infected abdominal aneurysm,
whereas the fifth had a secondary infected vascular graft
for AAA (Fig. 1-4).

Relapsed infection was defined as the occurrence of
a continuous fever (>3 days), sepsis, graft or stent-graft
infection, abscess, multiple organ dysfunction syndrome,
aorto-enteric fistula, gastrointestinal bleeding, or recurrent
TAAA [12]. 1t appeared in two out of the five cases (Fig. 1, 3),
ranging from 9 months to 4 years after the initial episode.
This was confirmed by both CTA and gallium-67 SPECT
with contrast CT, in which functional imaging demonstrat-
ed its ability for early detection of relapsed infection with
accurate extent characterization. The extent of infection
also involved adjacent contiguous structures (such as spinal
infection with paravertebral soft tissue and psoas abscess)
in two cases, which were confirmed by functional imaging.
All relapsed infections required urgent aggressive treatment
with broad-spectrum 1V antibiotics. Image-guided drainage
of psoas abscesses was offered in a timely manner, in addi-
tion to broad-spectrum 1V antibiotic therapy for controlling
sepsis. Resolved infections were confirmed by functional
imaging in these cases, which allowed switching from a
parental to oral antibiotic regimen and discharge of the pa-
tients.

Four patients currently have shown no evidence of ac-
tive infection on routine surveillance imaging with CTA
and interval gallium-67 SPECT with contrast CT. They sur-
vived for 7 to 10 years from the first presentation and were
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Table 1. Patient demographics

Case Age (y) Sex Microbiology Use of Ga/SPECT Outcome/antibiotics Endoleak on CTA
1 65 M  Salmonella (blood culture) Detection of relapsed infection Resolved infection/lifelong No
Confirming infection resolution prophylaxis
Monitoring
2 66 F Negative Confirming infection resolution Resolved infection/lifelong No
Monitoring prophylaxis
3 63 M Salmonella (blood culture) Early detection of relapsed periaortic  Lifelong antibiotic therapy No
graft infection instead of surgery
Detection of paraspinal abscess with
extent localization
4 69 M Negative Detection of infected graft Resolved infection/lifelong No
Confirming resolution prophylaxis
5 74 M Klebsiella (aneurysmal tissue) Evaluation for infection foci at aorta/  Succumbed 2 months No

around aorta

post-operatively

Ga/SPECT, gallium-67 single photon emission computed tomography; CTA, computed tomography angiography; M, male; F, female.

Fig. 1. Images of Case 1. (A)
Computed tomography angiog-
raphy (CTA) showed an infected
abdominal aortic aneurysm
with impending rupture. (B)
Gallium-67 single photon emis-
sion computed tomography
(SPECT) with contrast computed
tomography performed 4 years
later showed increased focal
tracer uptake. (C) Follow-up

CTA and gallium-67 SPECT after
treatment showed resolution of
infection. (D) Interval surveil-

\
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administered lifelong prophylactic antibiotics. Patient 5
succumbed shortly from the underlying 1AAA with postop-
erative complications. No patient had an endoleak on CTA.

1) Case 1

A 65-year-old male with good health presented with
fever and abdominal pain for a few days. White blood cell
count was normal upon admission (9,200/uL). The patient
was diagnosed with an 1AAA with impending rupture on
CTA. He was treated with EVAR (Endurant; Medtronic,
Minneapolis, MN, USA) and femoral-femoral crossover by-
pass in 2010. Blood culture yielded Salmonella group D. He
was administered a 2-month course of 1V ceftriaxone 1 g

https://doi.org/10.5758/vsi.210020

lance using gallium-67 SPECT
confirmed no relapse of infec-
tion.

every 12 hours and oral ciprofloxacin 250 mg twice daily,
followed by oral azithromycin 500 mg daily. Serial follow-
up gallium-67 SPECT showed resolution of the inflamma-
tory focus until 6-month postoperatively. Antibiotics were
stopped because of the resolution of inflammatory changes
by gallium-67 SPECT. Gallium-67 SPECT with contrast CT
4 years later showed increased focal tracer uptake (Fig. 1B),
confirming relapsed infection with suggestive findings of
periaortic fat stranding on CT. He had mild abdominal pain
and mild leukocytosis (14,300/uL). Blood culture results
were negative. He subsequently received a 3-month course
of TV antibiotics (ceftriaxone 2 g daily with oral azithromy-
cin 500 mg daily), with a follow-up CTA and gallium-67
SPECT after treatment showing resolved infection (Fig. 1C).
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A joint decision to administer life-long prophylactic anti-
biotic (azithromycin 500 mg daily) was made by vascular
surgeons and microbiologists. Serial follow-up CTs from
2015 to 2019 showed no endoleaks or relapse of infection,
and interval surveillance gallium-67 SPECT with contrast
CT in 2017 confirmed no relapse of infection (Fig. 1D). The
patient opted to continue conservative treatment, and he
has had no detectable recurrence since then.

2) Case 2

A 66-year-old female was incidentally diagnosed with
rapidly enlarging TAAA on CT for follow-up of renal stones
in 2012 (Fig. 2A), and was treated with EVAR (Zenith graft;
Cook Medical LLC, Bloomington, IN, USA). Leukocytosis
(15,900/uL) was observed. Blood culture results were nega-
tive. A CT performed in 2014 showed a relapse of periaortic
infection with a left psoas abscess (Fig. 2B). Leukocytosis
(11,500/ul) was seen, as well as an elevated C-reactive pro-
tein level of 123 mg/L. The patient was treated with CT-
guided drainage of the left psoas abscess and 1V antibiotic
(initial 3-day course of piperacillin-tazobactam 4.5 g ev-
ery 8 hours followed by an 8-week course of amoxicillin-
clavulanate [1.2 g] every 8 hours). Blood culture results
were negative. Follow-up gallium-67 SPECT with contrast
CT 4 months later showed residual inflammatory/infective
changes (Fig. 2C). A follow-up gallium-67 SPECT with con-
trast CT in 2016 showed resolution of infection (Fig. 2D).
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Fig. 2. Images of Case 2. (A)
Computed tomography (CT)
showed a rapidly enlarging in-
fected abdominal aortic aneu-
rysm. (B) Follow-up CT showed
relapse of periaortic infection
with a left psoas abscess. (C)
Follow-up gallium-67 single
photon emission computed
tomography (SPECT) with con-
trast CT 4 months later showed
residual inflammatory/infective
changes. (D) Follow-up gal-
lium-67 SPECT with contrast CT
in 2016 showed resolution of
infection.

There was no relapsed infection detected on surveillance
CT. She was administered a lifelong antibiotic (oral levo-
floxacin 250 mg daily).

3) Case 3

A 63-year-old male presented with fever and abdominal
pain, with CT pointing to possible 1AAA in 2013 (Fig. 3A),
which yielded Salmonella group D. He was treated with an
aortic stent graft (Endurant 11; Medtronic) (Fig. 3B) and 1V
antibiotics (2-month course of ceftriaxone 2 g daily fol-
lowed by a 4-month course of azithromycin 500 mg daily).
A follow-up gallium-67 SPECT with contrast CT 3 months
after interval shrinkage of the aneurysm showed residual
inflammatory changes at the aortic aneurysmal sac and
at the area adjacent to the stent graft. Further follow-up
gallium-67 SPECT with contrast CT in early 2014 showed
resolution of inflammation. However, the first breakthrough
infection occurred 9 months later, and urgent CT for fever
and back pain showed infective collection around the distal
end of the aortic stent-graft. Blood culture results were
negative. After treatment, the follow-up CT after 1 month
showed interval resolution of the infective collection. The
second breakthrough infection occurred in 2015. The fol-
low-up gallium-67 SPECT in January 2015 with contrast CT
identified new inflammation/infection foci adjacent to the
stent graft (Fig. 3C). At that time, the patient was reviewed,
and was found asymptomatic and afebrile, with his white
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cell count being normal (8,000/uL) and CRP level mildly
elevated (8.2 mg/L). CTA confirmed the infective collection
at the distal end of the stent graft. He was administered 1V
ceftriaxone 4 g daily and oral levofloxacin 250 mg twice
per day. Initially, there was no fever, but he eventually be-
came febrile and developed sepsis as well as leukocytosis
(16,500/uL) in late June 2015. Another follow-up gallium-67
SPECT with contrast CT done in July 2015, which was 6
months after the last study, showed an infective/inflamma-
tory lesion anterior to the aortic bifurcation and left com-
mon iliac artery, causing tethering of mesenteric vessels
and obstruction of the left ureter, with paraspinal extension
causing a small paraspinal abscess at L4 and erosion of the
L4 and L5 cortices (Fig. 3D). Oral metronidazole (400 mg,
three times daily) was added in addition to the previous
regimen. White cell counts and inflammatory markers were
normalized. Blood cultures results were negative. CT-guid-
ed drainage of the collection was not performed because
of technical difficulty. Two months after treatment, the
follow-up CT showed similar soft tissue stranding and in-
flammatory/infective changes around the aortic bifurcation,
but with resolution of the rim-enhancing fluid collection.
The same antibiotic regimen was continued for 2 months.
The third breakthrough infection occurred with recurrence
of the rim-enhancing collection adjacent to the L4 vertebral
body 3 months later upon repeat CT in 2015. 1V ertapenem (1
g daily) and oral co-trimoxazole (960 mg, twice daily) were

https://doi.org/10.5758/vsi.210020

Fig. 3. Images of Case 3. (A)
Computed tomography (CT)
showed an infected aneurysm.
(B) An aortic stent graft was
deployed. (C) Follow-up gal-
lium-67 single photon emission
computed tomography (SPECT)
identified new inflammation/
infection foci adjacent to the
stent graft. (D) Another gal-
lium-67 SPECT with contrast CT
showed an infective lesion an-
terior to the aortic bifurcation
and left common iliac artery
with a paraspinal abscess.

administered. White cell counts and inflammatory markers
were normalized. This antibiotic regimen was continued for
8 months before stepping down to oral azithromycin (500
mg daily). Subsequent follow-up CTs from 2016 to 2018
showed persistent periaortic inflammatory changes with an
enlarging aneurysm. The patient opted for long-term oral
antibiotic prophylaxis therapy (combined azithromycin 500
mg daily plus co-trimoxazole 960 mg twice per day) with
interval monitoring instead of surgical exploration. The lat-
est gallium-67 SPECT with contrast CT in 2020 showed no
disease recurrence.

4) Case 4

A 69-year-old male with good past health presented with
a 1-week history of abdominal pain and low grade fever.
Mild leukocytosis (11,300/ul) was observed on admission.
A 5.3-cm infrarenal abdominal aortic aneurysm with im-
pending rupture was seen on CTA in 2013 (Fig. 4A), with
endovascular repair (Endurant; Medtronic) (Fig. 4B). Blood
culture results were negative. Gallium-67 SPECT with con-
trast CT showed focal uptake, thus confirming the diagno-
sis (Fig. 4C). He was treated with oral antibiotics (a 3-week
course of amoxicillin-clavulanate 375 mg three times daily
followed by a 17-week course of levofloxacin 750 mg daily),
and the follow-up gallium-67 SPECT with contrast CT 3
months later showed largely resolved uptake, suggesting re-
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Fig. 4. Images of Case 4. (A) Computed tomography (CT) angiography showed a 5.3-cm infrarenal abdominal aortic aneu-
rysm with impending rupture. (B) Endovascular repair was performed. (C) Gallium-67 single photon emission computed
tomography with contrast CT showed focal uptake, thus confirming the diagnosis of an infected aneurysm.

solved infections. A follow-up CT in 2016 also revealed no
changes in size or any no infective/inflammatory changes
of the aortic aneurysm. He was prescribed lifelong oral pro-
phylactic antibiotic (cefuroxime 250 mg daily).

5) Case 5

A 74-year-old male with secondary infrarenal AAA with
known L4/5 spondylodiscitis presented with acute abdomi-
nal pain with a ruptured AAA confirmed on ultrasonogra-
phy. On the same day, emergency surgery was performed
with resection of the ruptured AAA and graft replacement,
which required massive transfusion with inotropic support
during the operation. Culture of the aneurysmal wall tissue
showed growth of Klebsiella. He was administered 1V anti-
biotics (vancomycin 250 mg every 8 hours and sulperazon
1 g every 12 hours). Follow-up CT on postoperative day 12
showed AAA post-graft placement and left retroperitoneal
hematoma, as well as a large complex multiloculated retro-
peritoneal collection and persistent L4/5 spondylodiscitis.
He underwent a second laparotomy and drainage. Post-
operatively, he developed pneumonia, Candida fungemia
probably secondary to line sepsis, and abdominal compart-
ment syndrome. Gallium-67 SPECT with contrast CT per-
formed 2 months after the initial operation showed interval
shrinkage of the aneurysmal sac and mild gallium uptake in
the anterior portion of the AAA, suggesting an underlying
infection/inflammatory change. He went into cardiac arrest,
but was resuscitated and given immediate care. Another
repeated blood culture also showed Klebsiella growth, with
the patient succumbing 1 month later from deconditioning.

DISCUSSION

1AAA is a life-threatening condition requiring urgent
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intervention, such as endovascular repair or open surgery.
A significant reinfection rate of up to 42.6% has been re-
ported [3]. In general, there was a lack of knowledge in the
follow-up evaluation of these patients, especially when
they had an endograft in situ. A further step is to consider
the management of these patients, particularly determin-
ing whether lifelong prophylactic antibiotic is needed. The
strongest predictor of poor long-term outcomes is persis-
tent infection, with a 1-year survival rate of only 39% [13].
Therefore, metabolic imaging, such as gallium-67 SPECT
with contrast CT plays a crucial role in the follow-up evalu-
ation of 1AAA, which would allow detection of persistent
infection or reinfection and ensure complete remission of
infective activity.

Gallium-67 SPECT with contrast CT, together with CTA,
have promising roles in confirming a diagnosis of 1AAA.
This is in concordance with previous studies [3,13]. This
combination technique demonstrated its usefulness in the
detection of relapsed infection with accurate localization
and follow-up to check for complete resolution of infection
activity. This allows early detection of re-infection with ac-
curate characterization. As demonstrated in case 3, timely
treatment could be offered to patients with the confirma-
tion of abnormal metabolic activity indicating infection. In
addition, concomitant use of CTA for follow-up evaluation
is very helpful in detecting endoleaks from the aortic stent
graft.

Gallium-67 SPECT with contrast CT provides invaluable
information for guiding management during follow-up
evaluations in the long run. First, it allows triage of patients
by correlating metabolic activity with treatment urgency
and strategy. A metabolically active disease suggests active
infection/inflammation, which requires urgent and timely
stepping up of broad-spectrum antibiotic therapy. Meta-
bolically active fluid collection requires image-guided or
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surgical drainage. 1AAA requires multidisciplinary manage-
ment, especially when contagious spread of infection takes
place (e.g., to the spine causing spondylodiscitis). Additional
input by orthopedic surgeons and microbiologists in patient
management is necessary. Resolution of metabolic activ-
ity confirms resolved infective/inflammatory changes, and
adjustment of antibiotics can be performed accordingly.
Therefore, it provides a guide for successful treatment, de-
ciding the duration of treatment, or whether these patients
need lifelong prophylactic antibiotic. Gallium scans help
localize the site of inflammation. They are less expensive
and do not require special preparation [7]. Concerns about
the unreliability of using gallium scans alone for imaging
abdominal infection due to physiological bowel activity
have been discussed [5]. However, the potential drawbacks
of non-specific uptake at the bowels, liver, and spleen could
be overcome by using SPECT, which offers accurate local-
ization and confirmatory diagnosis along with CTA.

Luo et al. [3] reported the successful use of gallium-67
SPECT for the accurate localization of 1AAA, thus allowing
timely and accurate diagnosis. In the cases in the present
study, the use of hybrid imaging not only allowed for time-
ly diagnosis, but also the monitoring and early detection of
reinfection, thereby guiding treatment. The latest European
Society for Vascular Surgery guidelines on the management
of TAAA recommend 6 to 12 months or lifelong postopera-
tive antibiotic treatment [14], which is formulated on a
case-by-case basis in close collaboration with microbiology
specialists based on clinical and laboratory parameters and
imaging studies [14]. The current study’s illustration also
sheds light on this management decision in deciding the
duration of antibiotic therapy. We suggest incorporating
gallium-67 SPECT with CTA in the routine follow-up proto-
col (e.g., yearly).

Compared to other metabolic imaging modalities, the
Indium-111 white blood cell scan is more expensive than
the Gallium-67 scan [8], but it could be performed 18 to
24 hours after injection, presenting an advantage over the
latter. However, this was not available in our hospital. 18R
fluorodeoxyglucose positron emission tomography/CT (18
FDG-PET/CT) is a potential alternative for confirming the
diagnosis and monitoring response to antibiotics [9,15]. The
main advantages of gallium-67 scan over 18 FDG-PET/CT
are its lower cost and local availability. In Hong Kong, only
a minority of hospitals are equipped with 18 FDG-PET/CT
machines, and are dedicated to oncology services most of
the time. Gallium-67 SPECT with contrast-enhanced CT
is more readily available. One potential drawback of gal-
lium-67 SPECT with contrast CT is the higher radiation
dose received by patients, but it is relatively inexpensive
compared to 18 FDG-PET/CT.

https://doi.org/10.5758/vsi.210020

The retrospective observational nature of this study was
a major limitation. Other limitations include the study’s
small sample size due to the rarity of the disease. In addi-
tion, there is no optimal cutoff value nor standardized pro-
tocol for gallium uptake. Furthermore, gallium-67 SPECT is
not readily available in urgent settings because of the lack
of related expertise and cost of study. A higher radiation
dose is also associated with the use of gallium-67 SPECT
compared with gallium studies, but the potential advantage
of accurate disease localization and treatment implications
renders the procedure worthwhile.

Multicenter, large scale, prospective studies compar-
ing hybrid imaging and conventional imaging can further
prove their usefulness. Furthermore, comparisons of differ-
ent metabolic imaging modalities may also be helpful. 1t is
hoped that optimal follow-up protocols and management
protocols will be elucidated further in the near future.

CONCLUSION

The use of gallium-67 SPECT with contrast CT is useful
in the evaluation and monitoring of patients with T1AAA,
and serves an important role in guiding long-term manage-
ment.
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