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Background Diagnosis of aortic graft infection is challenging, and delayed diagnosis is associated with poor prognosis. Positron
emission tomography/computed tomography (PET/CT) has improved diagnostic accuracy.

...................................................................................................................................................................................................
Case summary A patient with a history of congenital heart disease was admitted due to fever. He had a history of four cardiac sur-

geries, including the Bentall procedure for endocarditis. Blood cultures were negative. A semi-mobile mass was
detected in the distal portion of the aortic tube graft in echocardiography. PET/CT scan was used to confirm tube
graft infection and to support proceeding to cardiac surgery.

...................................................................................................................................................................................................
Discussion Using multimodality imaging, including PET/CT scan in combination with echocardiography, can improve diagnostic

accuracy for the detection of aortic tube graft infection, infection of prosthetic valves, or intra-cardiac devices, es-
pecially in high-risk surgical cases.
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Learning points
• Infective endocarditis and tubular graft infection can be misdiagnosed as haematologic disorders like idiopathic thrombocytopenic purpura.
• Splenic infarction and history of prolonged fever can be clues for evaluation of aortic tube infection in patients with history of Bentall

procedure.
• Positron emission tomography/computed tomography scan has additive diagnostic value to echocardiography for aortic tubular graft infec-

tion especially in the setting of clinical uncertainty.
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..Introduction

Infective endocarditis (IE) can occur following prosthetic valve or
tubular graft implantation surgery.1 Early detection of infection and
appropriate treatment can decrease complications, including mortal-
ity. Echocardiography has limited sensitivity for the detection of vege-
tation in the presence of prosthetic materials1,2; therefore, other
imaging modalities are needed to improve the diagnostic accuracy.
Positron emission tomography hybrid imaging (PET/CT) is a function-
al imaging modality that evaluates metabolic activity in different
tissues. 99mTc-Hexamethylpropylene amine oxime (99mTc HMPAO)
labelled white blood cell (WBC) scan/single-photon emission tomog-
raphy (SPECT), another functional imaging, may also assist in detec-
tion of prosthetic material infection with an acceptable specificity.3

The resolution of cardiac magnetic resonance is optimal, but it is not
possible to differentiate active vegetation from chronic changes in
previously manipulated valves.3 A combination of PET/CT scan and
echocardiography can improve the sensitivity for diagnosing endocar-
ditis and graft infection.4

Timeline

Case presentation

A 28-year-old Caucasian man presented with a 3-month history of
low-grade fever, significant weight loss, and left upper quadrant pain.
On admission, he was ill and febrile, with a blood pressure of 90/
65 mmHg, heart rate of 110/min, a mid-systolic murmur in the se-
cond left intercostal space, splenomegaly, and left upper quadrant
tenderness. There were no other signs in favour of endocarditis. Few
months before the onset of fever, thrombocytopenia and spleno-
megaly were detected during follow-up visits, and a diagnosis of idio-
pathic thrombocytopenic purpura was considered based on the
absence of clinical symptoms and lack of platelet morphologic

abnormalities in the peripheral blood smear. Corticosteroid was initi-
ated following the diagnosis.

The patient had a history of tetralogy of Fallot and underwent car-
diac surgery four times including Blalock-Taussig shunt in 1994, tetral-
ogy of Fallot total correction in 2001 (surgery was deferred to this
time due to acceptable oxygen saturation), pulmonary valve replace-
ment (PVR) with a bioprosthetic valve in 2010 due to the presence of
severe pulmonary regurgitation, and Bentall procedure for native
aortic valve endocarditis along with mechanical PVR in 2015. He was
under regular cardiology follow-up since the last surgery.

As for the lab data, haemoglobin (Hb) level was 8 g/dL (13–
16 g/dL), WBC count was 19400� 109/L (4000–10 000� 109/L)
with 81% polymorphonuclear leucocytes, serum creatinine was
2.1 mg/dL (0.6–1.5 mg/dL), erythrocyte sedimentation rate was
80 mm/h (0–15 mm/h), and C-reactive protein was 56 mg/L
(<6 mg/L). Blood cultures were negative. Due to abdominal pain,
fever, and splenomegaly, an abdominal CT scan was performed that
showed splenic infarction and subcapsular haematoma, which did not
require specific interventions.

In transthoracic echocardiography (TTE), the left ventricular
ejection fraction was 25%, and aortic and pulmonic prosthetic
valves had normal pressure gradients with no evidence of para-
valvular regurgitation or obvious vegetation. A suspicious pseudoa-
neurysm formation was detected in the anterior part of the aortic
annulus. As prosthetic valve endocarditis (PVE) was highly prob-
able, transoesophageal echocardiography (TOE) was performed,
which showed no vegetation on native and prosthetic valves
(Video 1, Video 2, Video 3). However, a 1.2 cm semi-mobile mass
was detected in the distal part of the ascending aorta tube graft
(Figure 1). TTE and TOE were repeated 2 weeks later, and the
findings remained unchanged.

1991 Tetralogy of Fallot was diagnosed after birtd

1994 Blalock–Taussig shunt surgery

2001 Tetralogy of Fallot total correction surgery (acceptable oxygen saturation after previous surgery had delayed total correction sur-

gery for 7 years)

2010 Pulmonary bioprosthetic valve replacement due to severe pulmonary regurgitation

2015 Infective endocarditis of aortic valve resulting in Bentall procedure for native aortic valve along with mechanical pulmonary valve

replacement

2018 (July) Detection of splenomegaly and thrombocytopenia in follow-up visit. Corticosteroid was initiated due to diagnosis of idiopathic

thrombocytopenic purpura

2018 (November) Initiation of fever and abdominal pain. Persistence of thrombocytopenia despite corticosteroid treatment

2019 (January) Patient was referred to our centre due to persistent fever and left upper quadrant pain. Abdominal computed tomography (CT)

scan was performed due to splenomegaly, which showed splenic infarction. Blood cultures were negative. In transoesophageal

echocardiography, a semi-mobile mass was detected in distal part of ascending aorta tube graft. Antibiotics were initiated, but

no improvement occurred in patient’s symptoms. Positron emission tomography/CT scan showed increased metabolic activity

around tubular graft. Bentall homograft procedure was performed. Symptoms resolved following surgery and continued anti-

biotic therapy.

2020 Normal platelet count, no symptoms, normal inflammatory biomarkers
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Figure 1 Transoesophageal echocardiography demonstrated a mobile mass in the distal portion of the ascending aortic tube graft (arrow).

Figure 2 Positron emission tomography/computed tomography scan showed increased metabolic activity in aortic root and around ascending
aortic tubular graft indicative of abnormal hypermetabolism (arrow).
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Empiric antibiotic treatment was initiated for endocarditis after
TOE. The drug regimen included ampicillin/sulbactam 3 g intravenous
(IV) every 6 h, vancomycin 1 g IV twice daily, gentamycin 80 mg IV
every 8 h, and rifampin 200 mg oral every 8 h. The patient remained
febrile despite treatment, and no improvement was noted in symp-
toms. Repeated blood cultures were still negative and there was no
evidence of atypical IE pathogens, including a positive culture for the
HACEK group or serum antibody against Coxiella burnetii. Moreover,
no other sources were found for embolic infarction.

Due to persistent symptoms and the tube graft mobile mass, which
did change after two weeks of treatment, the patient became a candi-
date for open surgery. Regarding the high surgical risk and the ab-
sence of definite echocardiographic data in favour of PVE, the surgery
team refused to operate. We used a PET/CT scan, delayed up to this
stage of disease against the European Society of Cardiology (ESC)
2014 guideline recommendation due to lack of insurance coverage,
for detecting signs of inflammation around the prosthetic valves and
tubular graft. Sixty minutes after intravenous injection of a 6.6 mCi
18F-fluorodeoxyglucose (FDG), whole-body scan was done using an

integrated PET/CT device (D-690, General Electric Medical
Systems). There was increased metabolic activity in the aortic root
up to the aortic arch with a standardized uptake value (SUV) max of
8.2. The root of the pulmonary artery also showed hyper-
metabolism (SUV max = 5.4). The scan was indicative of abnormal
hyper-metabolism of the tubular graft due to active inflammation/in-
fection (Figure 2 and Figure 3).

The patient was scheduled for cardiac surgery. Extensive involve-
ment of the tubular graft was evident at the surgery with no pseudoa-
neurysm formation or prosthetic valve involvement. The patient
underwent the Bentall homograft procedure. Antibiotic treatment
with ampicillin/sulbactam, vancomycin, gentamycin, and rifampin was
continued for 6 weeks at the same doses. The platelet count
returned to normal, and corticosteroid was discontinued. At 1-year
follow-up, the patient did well with no symptoms and normal inflam-
matory biomarkers. The homograft aortic valve function was normal
with no evidence of infection in echocardiography.

Discussion

Infective endocarditis occurs in about 5% of the patients with pros-
thetic valves,1 and about 20–30% of IE patients have prosthetic valves
or intra-cardiac devices.1,2 On the other hand, aortic tube graft infec-
tion occurs in up to 2% of graft insertions and is associated with an
increased mortality rate of as high as 25%, especially if left untreat-
ed.5,6 A significant proportion of tube graft infections have late-onset
manifestations,7 which can be non-specific with the absence of fever,5

causing a major diagnostic challenge. However, complications of in-
fection, including septic emboli to other organs, may be present,5,7

which can assist in proper diagnosis. In our patient, splenic infarction
was a key finding in favour of endocarditis or graft infection. The
Modified Duke criteria are used for the diagnosis of IE, which include
TTE or TOE findings as a major criterion.8 However, there are no
specific criteria for the diagnosis of aortic graft infection, and a com-
bination of clinical, organism culture, and imaging, similar to Duke cri-
teria, is used for the detection of graft infection.5 In our patient, due
to the presence of fever, splenic infarction, and a semi-mobile mass in

Figure 3 Coronal view of positron emission tomography scan re-
vealing increased metabolic activity in ascending aorta.

Video 1 TEE midesophageal short axis view. No evidence of
pseudoaneurysm or abscess formation was detected.

Video 2 TEE midesophageal long axis view. VSD
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TOE, a diagnosis of tubular graft infection was considered, and anti-
biotic treatment was initiated.

TOE has some limitations for the detection of aortic graft infec-
tion: the shadow of a prosthetic valve may result in artefacts,3,7

between-observer variation may occur in image analysis, and small
vegetations may be missed.4 Thus, using other imaging modalities can
improve the diagnostic accuracy. Aortic CT angiography provides
high-resolution anatomical images of the aorta and has a high sensitiv-
ity and specificity for the detection of aortic infection, especially peri-
aortic complications like abscess or pseudoaneurysm formation.3

However, it may have a lesser value for detecting vegetations, metal-
lic prosthetic valves may create artefacts, and there are several limita-
tions for performing this modality, including renal failure and allergy
to contrast material.3 Cardiac magnetic resonance imaging (MRI) is
another option, which demonstrates anatomical details along with tis-
sue inflammation and oedema,3 but its diagnostic accuracy is not
determined in trials, and there are also limitations including renal fail-
ure, claustrophobia, and presence of metallic materials including
intra-cardiac devices.3 In our patient, the presence of the metallic
prosthetic aortic valve made CT angiography and MRI less suitable
options.

Functional imaging modalities can also be used to improve the
diagnostic accuracy. 18F-FDG PET/CT scan, which was used in this
patient, has a high sensitivity for the detection of endocarditis and
aortic graft infection.3,9 Some studies found that a combination of
PET/CT scan with echocardiography increased the sensitivity of the
diagnosis of IE and aortic graft infection and could reclassify patients
with uncertain diagnoses.2,3 PET/CT scan is also valuable for the de-
tection of peripheral embolization.10 However, the specificity of PET
is not high and other non-infectious inflammatory processes like
post-surgical inflammation, if the modality is performed within few
months after cardiac surgery, may be associated with false-positive
results.9,11 On the other hand, small vegetations and prolonged anti-
biotic therapy may result in a false negative scans.9,11 99mTc HMPAO/
SPECT is another functional method with a high specificity that can
detect abscess formation and peripheral embolization of infection,
but it has a lower sensitivity.3

The 2014, the ESC guideline on aortic diseases suggested using
PET for detection of inflammatory aortic involvement including

endovascular graft infection,12 and the 2015 ESC guideline on infect-
ive endocarditis recommended using PET/CT for improving the diag-
nostic accuracy in misdiagnosed cases with possible IE and for
detecting peripheral embolic events.13 Decision making for this pa-
tient was challenging. Due to the persistence of fever despite anti-
biotic treatment, surgery was the next therapeutic option. However,
the history of previous operations increased the risk of mortality and
morbidities in the upcoming surgery since bleeding, transfusion, pro-
longed mechanical ventilation, pneumonia or acute respiratory fail-
ure, and acute kidney injury are more common in redo operations.14

Furthermore, negative blood cultures and lack of vegetation on aortic
prosthetic valve made it necessary to determine the infectious nature
of the tubular graft mass. A combination of PET/CT scan was applied
to obtain more accurate evidence to resolve clinical uncertainty, but
a major concern was the history of antibiotic treatment during admis-
sion that could negatively affect the results. Based on the ESC guide-
lines, our patient underwent a PET/CT scan, which showed increased
metabolic activity around the aortic tubular graft despite antibiotic
therapy. Increased FDG uptake in the aortic graft provided additional
data for invasive management, which confirmed the presence of
tubular graft infection.

Conclusion

This case report emphasized the use of multimodality imaging includ-
ing PET/CT scan in combination with echocardiography for detection
of aortic tubular graft infection in high-risk surgical cases.
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Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.
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Video 3 TEE midesophageal long axis view. No residual flow in
VSD patch and no paravalvular regurgitation in prosthetic aortic
valve.
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I, Gonzàlez-Alujas MT et al. Improving the diagnosis of infective endocarditis in
prosthetic valves and intracardiac devices with 18F-fluordeoxyglucose positron
emission tomography/computed tomography angiography: initial results at an in-
fective endocarditis referral center. Circulation 2015;132:1113–1126.

3. Gomes A, Glaudemans AWJM, Touw DJ, Van Melle JP, Willems TP, Maass AH et
al. Diagnostic value of imaging in infective endocarditis: a systematic review.
Lancet Infect Dis 2017;17:e1–e14.

4. Kouijzer IJ, Vos FJ, Janssen MJ, van Dijk AP, Oyen WJ, Bleeker-Rovers CP. The
value of 18 F-FDG PET/CT in diagnosing infectious endocarditis. Eur J Nucl Med
Mol Imaging 2013;40:1102–1107.

5. FitzGerald SF, Kelly C, Humphreys H. Diagnosis and treatment of prosthetic aor-
tic graft infections: confusion and inconsistency in the absence of evidence or
consensus. J Antimicrob Chemother 2005;56:996–999.

6. Seeger JM. Management of patients with prosthetic vascular graft infection. Am
Surg 2000;66:166–177.

7. Machelart I, Greib C, Wirth G, Camou F, Issa N, Viallard JF et al. Graft infection
after a bentall procedure: a case series and systematic review of the literature.
Diagn Microbiol Infect Dis 2017;88:158–162.

8. Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T et al. Proposed modifi-
cations to the Duke criteria for the diagnosis of infective endocarditis. Clin Infect
Dis 2000;30:633–638.

9. Garcı́a-Arribas D, Vilacosta I, Ortega Candil A, Rodriguez Rey C, Olmos C,
Perez Castejon M et al. Usefulness of positron emission tomography/computed
tomography in patients with valve-tube graft infection. Heart 2018;104:
1447–1454.

10. Signore A, Jamar F, Israel O, Buscombe J, Martin-Comin J, Lazzeri E. Clinical indi-
cations, image acquisition and data interpretation for white blood cells and anti-
granulocyte monoclonal antibody scintigraphy: an EANM procedural guideline.
Eur J Nucl Med Mol Imaging 2018;45:1816–1831.

11. Swart LE, Scholtens AM, Tanis W, Nieman K, Bogers AJJC, Verzijlbergen FJ et al.
18F-fluorodeoxyglucose positron emission/computed tomography and com-
puted tomography angiography in prosthetic heart valve endocarditis: from
guidelines to clinical practice. Eur Heart J 2018;39:3739–3749.

12. Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD, Eggebrecht H et al.
2014 ESC Guidelines on the diagnosis and treatment of aortic diseases:
Document covering acute and chronic aortic diseases of the thoracic and ab-
dominal aorta of the adult. The Task Force for the Diagnosis and Treatment of
Aortic Diseases of the European Society of Cardiology (ESC). Eur Heart J 2014;
35:2873–2926.

13. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta J-P, Del Zotti F et al.
2015 ESC guidelines for the management of infective endocarditis: the task force
for the management of infective endocarditis of the European Society of
Cardiology (ESC) endorsed by: European Association for Cardio-Thoracic
Surgery (EACTS), the European Association of Nuclear Medicine (EANM). Eur
Heart J 2015;36:3075–3128.

14. Onorati F, Perrotti A, Reichart D, Mariscalco G, Della Ratta E, Santarpino G
et al. Surgical factors and complications affecting hospital outcome in redo mitral
surgery: insights from a multicentre experience. Eur J Cardiothorac Surg 2016;49:
e127–e133.

6 F. Larti et al.




