
BJR

Cite this article as:
Boccalini S, Swart LE, Bekkers JA, Nieman K, Krestin GP, Bogers AJJC,  et al. CT angiography for depiction of complications after the 
Bentall procedure. Br J Radiol 2019; 92: 20180226.

https://​doi.​org/​10.​1259/​bjr.​20180226

Pictorial Review

CT angiography for depiction of complications after the 
Bentall procedure
1Sara Boccalini, MD, 1Laurens E Swart, MD, 2Jos A Bekkers, MD, PhD, 1,3Koen Nieman, MD, PhD, 
1Gabriel P Krestin, MD, PhD, 2Ad JJC Bogers, MD, PhD and 1,3Ricardo PJ Budde, MD, PhD

1Department of Radiology, Erasmus Medical Centre, Rotterdam, The Netherlands
2Department of Cardiothoracic Surgery, Erasmus Medical Centre, Rotterdam, The Netherlands
3Departments of Cardiology, Erasmus Medical Centre, Rotterdam, The Netherlands

Address correspondence to: Dr Sara Boccalini
E-mail: ​s.​boccalini@​erasmusmc.​nl; ​sara.​boccalini@​yahoo.​com

The bentall procedure
The most common pathologies that involve the ascending 
aorta, namely large aneurysms and type A dissections, 
require surgical treatment with aortic replacement mainly 
in an elective and emergency setting, respectively. This 
procedure may also involve simultaneous replacement of 
the aortic valve whenever the aforementioned pathology is 
accompanied by aortic stenosis or insufficiency. One of the 
options, representing the procedure of choice at our insti-
tution (Erasmus Medical Centre, Rotterdam, The Nether-
lands), is the implantation of a single composite graft in a 
one-step surgery (Bentall procedure).1

Since its introduction in 1968, different methods to perform 
this intervention have been practiced.1,2 A mechanical or 
biological aortic valve prosthesis can be employed with 
the same general indications and limitations as in isolated 
aortic valve replacements. The aortic valve prosthesis 
can be sutured to the aortic graft in the operating room 
by the surgeon or, more commonly, the two components 
can be manufactured and employed as a single unit. The 
native aortic wall can be left in place and wrapped around 
the prosthesis (inclusion technique) although it is gener-
ally excised and substituted by the graft (interposition 

technique, Figure 1). One of the most crucial aspects of the 
operation is the reattachment of the coronary arteries. The 
original procedure described by Bentall involved directly 
suturing the aortic wall around the coronary ostia to the 
graft. This was complicated by bleeding and pseudoan-
eurysm formation caused by excessive wall tension and 
tearing of partial-thickness sutures. In 1981, with the intro-
duction of the Cabrol procedure, a prosthetic conduit was 
anastomosed to the coronary ostia and side-to-side to the 
aortic graft. Intrinsic complications of the Cabrol procedure 
included early postoperative death in patients with aortic 
dissection, anastomotic leak, coronary graft insufficiency 
from kinking or intimal hyperplasia, acute coronary graft 
thrombosis, and endocarditis.3 The modified Bentall proce-
dure addressed these problems by mobilizing the coronary 
ostia with a button of native aortic wall, thus reducing wall 
tension and allowing an all-thickness suture to the aortic 
prosthesis (Figure 1).

The Bentall procedure can also be combined with other 
procedures extending to the aortic arch (such as a partial 
or complete aortic arch replacement, the Elephant trunk 
technique etc.) depending on the extent of the aorta that 
is affected.4
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Abstract

Following a Bentall procedure, which comprises a composite replacement of both the aortic valve and the ascending 
aorta, the imaging modality of choice to depict known or suspected complications is CT angiography. An update and 
extension of the literature regarding complications after the Bentall procedure is provided. The wider availability of 
ECG-gating has allowed for a clearer depiction of the aortic valve and ascending aorta. This resulted not only in the 
identification of previously undetectable complications, but also in a more precise assessment of the pathophysiology 
and morphology of known ones, reducing the need for additional imaging modalities. Moreover, the possibility to 
combine positron emission tomography images with CT angiography offers new insights in case of suspected infection. 
Due to the complexity of the operation itself and concomitant or subsequent additional procedures, as well as the wide 
spectrum of underlying pathology, new scenarios with multiple complications can be expected.
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CT scan: timing and protocol
After the Bentall procedure, imaging investigations are indicated 
not only if complications are suspected, but also for routine 
follow-up in asymptomatic patients. CT is generally the modality 
of choice.5–8 However, the best timing for routine exams has not 
been ascertained and different schemes are suggested in guide-
lines.6,7,9 The underlying pathology should also be taken into 
account to decide the best schedule. Whilst at least one CT scan 
should be performed within the first 3 post-operative months in 
all patients, in case dissection was the cause of the procedure, 
adding more controls, at 1 and 6 months, is suggested.7 There-
after, a control after the first year should be planned and, if no 
signs of complications are found, a yearly follow-up can be 
foreseen.

When planning the scan, the protocol should be adapted for each 
case, and tailored to the specific clinical question. Therefore, it is 
essential that the details of the surgical technique be provided (or 
searched if not provided) to optimize the acquisition as well as to 
aid in the successive interpretation.

If the scan is performed in the setting of routine follow-up, 
an aortic protocol with thin-slice reconstructions (≤1 mm) 
can be employed. Electrocardiography (ECG)-gating or trig-
gering is always recommended. However, if no complications 
are suspected, prospective triggering and especially high-pitch 
prospectively triggered acquisitions, if available, should be 
preferred to limit the radiation dose.

Figure 1. The Bentall procedure. A–C, Schematic representations of the most commonly practiced variation of the Bentall proce-
dure. The native wall of the aneurysmatic (A) or dissected ascending aorta is excised together with the stenotic or insufficient 
aortic valve (interposition technique). The ostia of the coronary arteries are cut out with a button of the native aortic wall attached 
(button technique) (B, arrow heads). The aorta and the aortic valve are substituted by one or multiple grafts (B, AoG) and a 
prosthetic aortic valve which are sutured to the LVOT (C, arrows) and the native aorta (C, curved arrows). The buttons around 
the coronary ostia are reattached to the aortic graft (C, arrow heads). D1–D2, 3D reconstructions of CTA images of a patient 
who underwent a Bentall procedure with the implantation of a mechanical aortic valve, performed according to the technique 
described above, showing the exterior surface of the aortic prosthesis and native aorta (D1) and the prosthetic aortic valve within 
(D2), respectively. D1, Ring of the aortic valve (arrows); AoG; anastomosis of the coronary arteries (arrow heads); distal suture line 
with the native aorta (curved arrows). D2, Metallic ring of the aortic valve (arrows); leaflet of the mechanical valve (arrow heads). 
Ao, native aorta; AoG, aortic grafts; LM, left main; LV, left ventricle; LVOT, left ventricleoutflow tract; RCA, rightcoronary artery.
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Whenever complications involving the valve, either mechanical 
or infectious, are suspected, an acquisition with retrospective 
ECG-gating will allow assessment of the motility of the leaflets 
and the movement of any vegetations or thrombi. If the presence 
of hemorrhage (including intramural hematoma of the native 

aortic wall) or leakage is investigated, an unenhanced acquisi-
tion will help establishing the nature of any hyperdense areas 
and, therefore, distinguish surgical material from calcifications, 
blood and contrast. Reconstructions of both pre- and post-con-
trast injection acquisitions should be performed with the same 

Figure 2. Normal aspect of prosthetic aortic valves. A1–B4, CT aspect of the most commonly employed mechanical prosthetic 
valve (St. Jude, Abbott, Illinois, USA). The bi-leaflet valve is shown with open and closed leaflets respectively during systole (A1–
A4) and diastole (B1–B4). A1, B1, MPR on planes perpendicular to the center line of the aorta at the level of the outer ring of the 
valve. A2, B2, MPR parallel to the centerline of the aorta and parallel to the direction of the leaflets. A3, B3, MPR parallel to the 
centerline of the aorta and perpendicular to the direction of the leaflets. A4, B4, VR of the valve. C1–C4, CT aspect of a stented 
biological valve during diastole. C1, C2, MPR on planes perpendicular to the centerline of the aorta respectively at the level of the 
most caudal (C1) and most cranial (C2) part of the metallic stent. In C1 the pledgets used to reinforce the sutures on the suture 
ring are visible (arrows). The biological leaflets are attached to the frame and when closed have an appearance similar to a native 
tricuspid aortic valve (C2, arrow heads). C3, MPR parallel to the centerline of the aorta. C4, VR of the valve. D1–D4, CT aspect of a 
stentless biological valve. D1, D2, MPR on planes perpendicular to the centerline of the aorta at the level of the suture ring of the 
valve (arrows) showing the three closed (D1) and open (D2) leaflets (arrow heads). D3, More cranially, at the level of the coronary 
arteries ostia, the outer frame of the valve appears as small hypodense irregularities (curved arrows) of the aortic contour pro-
truding in the lumen. D4, An MPR parallel to the center line of the aorta shows the cusps of the leaflets (arrow heads), the outer 
frame of the valve (curved arrows) and the pledgets used to reinforce the sutures (arrows). MPR, multiplanar reconstructions; VR, 
volume rendering.
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thickness to ease comparison. In case coronary artery stenoses 
have to be ruled out, an appropriate protocol should be adopted.

Although in routine follow-up the sole thoracic aorta/thorax can 
be investigated, in specific scenarios the scan should be extended 
to include also the abdomen. This is the case for suspected exten-
sion of the dissection and/or hematoma and patients presenting 
increasing aortic diameters on preceding controls. However, 

since aortic pathology might involve any segment of the vessel, 
the entire aorta should be included in the scan range and assessed 
at least once.6

Normal findings on CT scans
The normal post-operative CT appearance of prosthetic aortic 
valves (Figure 2), aortic grafts (Figure 3), as well as other surgical 

Figure 3. Normal aspect of aortic grafts. A, The aortic graft can present a smooth outer contour and appear similar to a native 
aorta. B, Especially in case of a sharp angulation of the ascending aorta and in case a long graft has been employed, the fabric of 
the graft can present an inward fold projecting inside the aortic lumen (arrow). The small grooves of the outer surface of the graft 
can also be visible on CT scans (arrow heads). C, When two grafts are employed, a sharp angle in the contour of the ascending 
aorta may develop at the level of the connection (arrows). D, If needed for anatomical reasons, the two employed grafts can have 
different sizes (two dashed lines) and a slight inward fold is seen at the level of the suture (arrows). E1–E2,  ̶ Two consecutive scans 
of the same patient, acquired within less than 1 year, show a change in angulation and appearance of the aortic grafts. The distal 
suture of the more caudal of the grafts with the native aorta is evident as it appears as a stricture in the aortic contour (E1–E2, 
arrows).
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Figure 4. Surgical material and potential pitfalls. A1–A4, CT appearance of pledgets. After a Bentall procedure or surgical aortic 
valve replacement, hyperdense material can be seen around the aortic root on axial images (A1, arrows). These hyperdense images 
represent pledgets that are employed by surgeons to reinforce the sutures on the suture ring of the valve and should not be mis-
taken for extravasated contrast. The material can be seen surrounding the junction of the LVOT and the aortic root (A2, arrows), at 
a short distance from the valvular ring (A3, arrows), although generally not all on the same plane (A2). An unenhanced acquisition 
can be useful to assess the presence of the images also before contrast administration and confirm their nature (A4, arrows). A1, 
Axial image. A2, 3D reconstruction. A3–A4, MPR with maximum intensity projection reconstructions on planes perpendicular to 
the centerline of the aorta of enhanced and unenhanced acquisitions, respectively. B1–B2, CT appearance of the aortic graft. B1, 
On unenhanced acquisitions, the aortic graft appears as a thin rim of hyperdense material (arrows). B2, On contrast-enhanced 
acquisitions, the graft cannot be distinguished from the contrast in the aortic lumen. B1–B2, Axial images. C1–C2, At the level of 
the ascending aorta, one or two hypodense lines can be spotted in the aortic lumen (C1, arrows) of some post-Bentall scans. 
They should not be mistaken for new or residual intimal flaps as they represent an inward fold of the graft that can be more eas-
ily identified on VR (C2, arrow) or MPR reconstructions (see panel B of Figure 3). C1, Axial image. C2, 3D reconstruction. D1–D4, 
Surgical material adjacent to the aortic graft. D1–D2, Surgical material includes metallic clips with very high attenuation values (D1, 
D2, arrows) as well as other slightly hyperdense structures (D1, D2, arrowheads), usually placed at the cannulation sites, which 
are identifiable on unenhanced acquisitions (D1) but can hardly be distinguished from the adjacent periaortic tissue on enhanced 
acquisitions (D2). D3–D4, PTFE can be employed to reinforce the distal suture line of the aortic graft and appears as hyperdense 
material surrounding the aorta (D3, D4, arrows), on both unenhanced (D3) and enhanced acquisitions (D4). D1–D4, MPR. E1–E2, 
It is not uncommon in these patients to have collateral vessels in the mediastinum that might fill with contrast (E1, arrows) and 
may therefore appear very hyperdense, making them easy to be mistaken for surgical material. Contrary to surgical material, the 
vessels are not visible on corresponding unenhanced slices (E2). E1–E2, F1, G1, Axial images. F1, Calcifications can appear on aor-
tic grafts (arrows) implanted years before (in this case example, the Bentall had been performed 12 years prior to the CT scan). 
Calcifications may also be seen at the level of the pulmonary valve (arrow heads) indicating a previous Ross procedure. G1, After 
the procedure the pericardium is generally left open and without sutures. However, in some circumstances, it can be closed with 
a patch of synthetic material (arrows). LVOT, left ventricle outflow tract; MPR, multiplanar reconstructions.
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materials (Figure 4) should be known beforehand to be able to 
distinguish complications and avoid misdiagnosis.

In particular, since surgical material is generally hyperdense and 
located at the level of the sutures, it could be confused for extrav-
asated contrast media. The most reliable way to distinguish the 
two entities is by comparing enhanced and unenhanced images. 
While on enhanced images their appearance and density might 
be similar, on unenhanced images only the surgical material will 
be visible as a hyperdense structure (Figures 4 and 5).

The origin of the coronary arteries after the anastomosis 
commonly has a peculiar appearance that has been incorrectly 
referred to as a “pseudoaneurysm” (Figure 6).10 The aortic arch 

can be involved in the procedure, thus radiologists should be 
familiar also with procedures at this level (Figure 7). The native 
aorta should be assessed for the presence of residual or new 
complications (Figure  7), including dissections and intramural 
hematoma.

Multiplanar reconstructions should be employed to assess the 
valves in all their parts, on planes perpendicular and parallel to 
the long axis of the aorta. Three-dimensional reconstructions 
can also aid in the visualization of anomalies of the components 
of the valves (Figure 2).

Periaortic fluid
Postoperative changes can be expected in the tissues surrounding 
the aorta due to manipulation during the procedure and related 
healing processes, especially shortly after the operation. In 
particular, it has been shown that the presence of fluid around 
the aortic graft can be demonstrated in all patients undergoing 
a CT scan in the first three post-operative months. However, CT 
characteristics of the fluid can help establishing its aetiology and 
potential clinical consequences.11

Figure 5. Differentiation between surgical and contrast mate-
rial. A1–A2, Surgical material adjacent to the prosthetic valve 
possibly mistaken for contrast medium. On enhanced acqui-
sitions (A1), a hyperdense rounded structure situated in the 
close proximity of proximal (or distal) suture lines (arrow) 
could be interpreted as surgical material, particularly a 
pledget, or as extravasated contrast medium. However, on 
unenhanced acquisitions (A2) only surgical material is visible 
(arrow) and, therefore, hyperdense structures present in the 
same location on both acquisitions are attributed to exoge-
nous matter employed during the Bentall procedure. B1–B2, 
Small pseudoaneurysm mistaken for surgical material. On a 
first postoperative scan (B1) an axial image of an enhanced 
acquisition showed a small hyperdense structure (arrow) 
close to the aortic prosthesis that was not reported as it was 
mistaken for a pledget. In this case an unenhanced acquisi-
tion was not performed. The real etiology of this structure 
was appreciated on a second enhanced exam (B2) where, due 
to changes in aortic orientation, it was clear that the struc-
ture (arrow) was in communication with the LVOT and should 
therefore be referred to a small pseudoaneurysm. LVOT, left 
ventricle outflow tract.

Figure 6. Normal aspect of coronary artery sutures and origin. 
A1–A2, The most commonly practiced version of the Bentall 
procedure includes preservation of a “button” of native aor-
tic wall around the coronary ostia that will be sutured to the 
aortic graft. Therefore, most commonly, even coronaries that 
before the operation had an abrupt origin from the aortic wall 
(A1, arrow) after the operation will show an enlarged emer-
gence (A2, arrows) protruding from the circular profile of 
the graft (A2, dashed line) due to the additional tissue of the 
button of the native aorta. A1–A2, MPR perpendicular to the 
centerline of the aorta. B1–B4, B1 and B2, Depending on the 
extension of the resected native aortic wall, the appearance of 
the new origin of the coronary artery can be very different, as 
shown in these two case examples: almost normal (B1, arrow 
at the origin of the left coronary artery) or very enlarged (B2, 
arrows at the origin of the right coronary artery). Surgical 
material can be seen at the level of the suture lines (B1, arrow 
heads). B3 and B4, The shape of the origin can be different 
as well, and can have a “trumpet-like” (B3) or “flask-like” (B4) 
appearance. B1, B3, B4, MPR perpendicular to the centerline 
of the aorta. B2, MPR parallel to the centerline of the aorta. 
C, A graft (arrows) can be interposed between the AoG and 
the native coronary artery (arrow heads). In this case the pro-
cedure is referred to as “Cabrol procedure”. CPR. AoG, aortic 
grafts; CPR, curved planar reformation; LM, left main; MPR, 
multiplanar reconstructions; VR, volume rendering.
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For instance, the presence of periaortic fluid in the form of 
stranding (fluid mingled with adipose tissue, without clear borders 
and completely surrounding the aortic graft) in the first 3 post-op-
erative months can be considered a normal finding, even when 
extending up to 17 mm from the border of the graft (Figure 8).11

On the contrary, fluid with defined and clear borders, not neces-
sarily completely encircling the aortic graft, is referred to as a 
fluid collection and can be divided into subtypes based on the 
radiodensity (in Hounsfield Unit) of its contents (water-like 
content, hematoma, contrast, contrast and hematoma together) 
(Figure  8). Although identifiable in the first months after the 
procedure, even in patients who underwent a successful opera-
tion without complications, fluid collections are more often asso-
ciated with complicated procedures.11

When infected, fluid collections may show CT characteristics of 
abscesses: wall enhancement, air inside the collection or fistula 
with other organs (Figure 8).

Complications
After Bentall procedures with mechanical valves, a pooled rate of 
early post-operative mortality of 5.6% and an event rate of reopera-
tion of 1.01% per year have been reported.12 Data on late mortality 
and complications are still lacking.12

Valve
With an estimated cumulative incidence at 10 years of 26.6%, 
complications involving mechanical valves are among the most 
common.12 Although traditionally investigated with transtho-
racic or transesophageal echocardiography, all complications at 
the level of the valve can be depicted with CT.13

Mechanical causes of valve malfunctioning include the degen-
eration of the leaflets of biological valves and the presence of 
pannus/thrombus (Figure 9).14 Evaluation of these alterations is 
possible with ECG gated or triggered scans that reduce motion 
artifacts at the level of the valve and surrounding structures 

Figure 7. Normal aspect of the aortic arch and aortic branches. A, Hemi-arch replacement. In this patient, the aorta was replaced 
up to the mid-arch. Therefore, only the BCT and the LCA were “debranched” and reattached to the aortic graft with the interpo-
sition of surgical grafts. In some cases, the level of the suture line along the aortic branches can be easily recognized due to the 
mismatch of caliber between the native vessel and the graft (arrow). On the contrary, the LSA was left attached to the native aor-
tic arch. 3D reconstruction. B1–B2 and B3, Elephant trunk (B1–B2) and confounders (B3). In case the entire arch has to be replaced 
and the descending aorta is dilated to such an extent that further interventions are required, the “Elephant trunk” technique can 
be employed. During the first step of this procedure, the aortic arch is replaced and sutured to the native aorta, where the felt used 
to reinforce the suture can be seen on CT images (B1, B2, arrows), and the BCT, LCA and LSA are reattached to the graft (B1). The 
most characteristic feature of the procedure is that the aortic graft has some additional fabric attached to the distal edge that is 
left floating freely in the lumen of the native aorta (thus the name “elephant trunk”) and will guide and ease future interventions 
on the proximal descending aorta. The fabric appears on CT images as hypodense lines (B1–B2, arrowheads) that should not be 
mistaken for intimal flaps that might have an analogous aspect (B3, arrowheads). Although a metallic component is added to 
the distal end of the trunk to ease its visualization (B1, B2, curved arrows), intimal flaps can have similar looking calcifications 
(B3, curved arrows). B1, 3D reconstruction. B2, B3, Axial images. C, Residual dissection. Distal to the suture line (arrows) of the 
aortic graft the dissection can be left into place with its true lumen (asterisks) in continuity with the lumen of the graft. The aortic 
branches (including the independent origin of the LVA all originated from the true lumen very close to the intimal flap (arrow 
heads) and the false lumen (circles). 3D reconstruction seen from above. 3D, three-dimensional; Ao, native aorta; AoG, aortic graft; 
BCT, brachiocephalic trunk; LCA, left carotid artery; LSA, left subclavianartery; LVA, left vertebral artery

http://birpublications.org/bjr


8 of 14 birpublications.org/bjr Br J Radiol;92:20180226

BJR  Boccalini et al

Figure 8. Periaortic fluid in the form of stranding and fluid collections. A–C, Three different cases showing increasing amounts of 
periaortic fluid in the form of stranding. The scans were performed 55 (A), 69 (B) and 59 (C) days after an uncomplicated oper-
ation, respectively. In all cases, the patients had undergone an uneventful procedure and did not have any complications within 
the first year following the operation. D, A fluid collection with water-like content (asterisk) 12 days after a Bentall procedure in an 
83-year-old female. The patient was reoperated 9 months later because of progressive dilation of the descending aorta. E, The day 
after a Bentall operation for type A dissection extending to the right carotid artery, this 61-year-old male presented a reduction of 
hemoglobin levels that prompted to investigate the source of bleeding. A CT scan was performed which highlighted the presence 
of a hematoma completely surrounding the aorta (asterisks). The patient died two days later for neurological complications. F1–
H2, A 53-year-old female who had undergone a Bentall and a MAZE procedure four days before started complaining of posterior 
chest pain at the level of Th7. A CT scan (F1, F2) performed for the suspicion of spondilodiscitis or mediastinitis demonstrated 
a fluid collection (asterisks) with water-like density surrounding the aortic graft. Three days later, the patient had high fever and 
a new CT scan was performed to locate the focus of infection. Axial images (G1, G2) showed an increase in diameter of the pre-
viously reported fluid collection (asterisks) that had, at that time, clear characteristics of an abscess with air bubbles inside and 
slight compression of the prosthesis (arrow heads). Appropriate antibiotic therapy was started. The day after an unenhanced CT 
scan (H1, H2) demonstrated an increase in the air content of the collection (asterisks) albeit with an overall reduction in size and a 
restoration of the normal aortic graft appearance (arrow heads). The following day, the patient was reoperated and the collection 
drained.
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(Figure 10). Furthermore, ECG-gated acquisitions allow assess-
ment of the dynamics of the valves and, for mechanical valves, 
the opening and closing angles of the leaflets, which have to be 
compared to normal values for that specific valve type.14

Endocarditis at the level of the valve can cause the formation 
of vegetations attached to its structure (Figure  11) or mycotic 
pseudoaneurysms (Figures  11 and 12). While identification of 
voluminous pseudoaneurysms is relatively simple, millimetric 
ones could be easily missed or misinterpreted for surgical mate-
rial. As mentioned above, the safest way to distinguish contrast 
media outside of the aortic lumen from surgical material is by 
comparing enhanced and unenhanced acquisitions (Figure 5). In 
case an unenhanced acquisition was not available, researching 
a communication between the vessel or left ventricular outflow 
tract and the suspected pseudoaneurysm by means of multiplanar 
reconstructions and comparing successive scans or acquisitions 
performed at different timing after contrast administration could 
be decisive (Figure 5).

The latter can be located cranially or caudally to the plane 
of the ring or involve both levels and cause paravalvular  
regurgitation.

The diagnosis of endocarditis, fundamental to avoid lethal 
consequences, remains difficult and is based on multiple criteria 
among which CT and 18-fluorodeoxyglucose (18F-FDG) PET are 
gaining an increasingly important role.15 Images of 18F-FDG PET 
can be fused with CTA images and provide information regarding 
the presence of active inflammatory processes, although results 
have to interpreted by an experienced multidisciplinary team to 
avoid pitfalls including those related to intake of carbohydrates 
before the examination, insufficient spatial resolution, cardiac 
motion, inflammation in recently implanted valves and prior use 
of surgical adhesives.15

Figure 9. Mechanical alterations to aortic valve prosthesis 
function. A1–A2, MPR reconstructions perpendicular (A1) and 
parallel (A2) to the centerline of the aorta demonstrating cal-
cifications (arrows) and thickening (arrow heads) of the leaf-
lets of a biological valve implanted 7 years before this scan in 
a 37-year-old male. The degeneration of the leaflets caused 
a severe, although asymptomatic, stenosis (4,5 m s-1 at echo) 
and the valve was replaced a few months later. B1–B2, A fol-
low-up CT scan in an 81-year-old female revealed the presence 
of a thin rim of hypodense material (arrows) adjacent to the 
ring of this biological valve, which was implanted 4 months 
before, on both MPR reconstructions perpendicular (B1) and 
parallel (B2) to the centerline of the aorta. Although an infec-
tious origin could not be ruled out with certainty based solely 
on CT characteristics, the laminated and smooth aspect of the 
material along the contour of the metallic ring indicated that 
it should more likely be ascribed to thrombus/pannus. MPR, 
multiplanar reconstructions.

Figure 10. Small perforation of the membranous ventricular 
septum after resuscitation of a patient with a Bentall prosthe-
sis due to an acute mid-LAD occlusion approximately 1 month 
after implantation. This 70-year-old female patient without 
prior history of coronary artery disease underwent a Bentall 
procedure for a dilated ascending aorta. At the last follow-up 
scan prior to the procedure, a distinct thin membranous part 
of the septum was clearly illustrated (A1, A2, arrow heads). No 
signs of any concomitant coronary artery disease were found 
(A3). 1 month after Bentall implantation, the patient experi-
enced an acute STEMI with ventricular fibrillation, for which 
she was successfully resuscitated. An emergency CT scan 
didn’t show any signs of aortic dissection, but did give the 
impression of a small perforation (arrow heads) of the mem-
branous ventricular septum on the axial images (B1), which 
became even more evident on the multi planar reconstruc-
tions (B2), possibly due to either the Bentall implantation or 
the resuscitation itself. Coronary angiography revealed a new 
mid-LAD occlusion (C, arrow head) as the probable cause 
of the STEMI, but ensuing emergency PCI attempts failed. 
Although it is possible that a high Doppler signal over such 
a small perforation may have been overlooked, echocardiog-
raphy did not show any signs of flow over the septum during 
follow-up, and the patient was discharged later on with good 
left ventricular function. LAD, left anterior descending artery; 
PCI, percutaneous coronary intervention; STEMI, ST elevated 
myocardial infarction.
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A rare complication after aortic valve replacement is the forma-
tion of a ventricular septal defect. Generally, the perimembra-
nous portion of the septum is involved. The etiology of this 

perforation has been identified in iatrogenic disruption of the 
structure (Figure 10) and endocarditis.16,17 Treatment is required 
only for hemodynamically significant defects.

Figure 11. Endocarditis of a biological valve with a mass obstructing the aortic lumen of uncertain origin and a pseudoaneurysm 
in the LVOT. 1 year after having undergone a Bentall procedure for endocarditis, this 80-year-old male presented with fever and 
blood cultures positive for S. aureus and Candida parapsilosis. A CT scan revealed the presence of a big hypodense mass (A1, 
arrows) attached to the structure of the valve (A1, arrow heads) and partially occluding the aortic lumen. A PET/CT, the images 
of which were fused with those of the CTA, demonstrated increased uptake of FDG at the level of the structure of the valve (A2, 
arrow heads) but not of the mass itself (A2, arrows). Therefore, doubts arose regarding the aetiology of the mass and whether it 
should be considered a vegetation (PET-negative because of incarceration of pathogen agents in the midst of fibrotic tissue and 
consequent lack of inflammatory response), a thrombus or a combination of the two. However, due to the positive PET exam and 
to the additional presence of a pseudoaneurysm (A3, asterisk) just below the valve (A3, arrowheads) and the mass (A3, arrows), 
which confirmed the occurrence of a destructive infectious process, the patient was treated with antibiotics and antifungals. Two 
weeks later a new CT scan was performed (B1-C3) with ECG-gating and reconstructions in both systole (B1-B3) and diastole (C1-
C3). The new exam did not reveal any reduction in the size of the mass (B1, B3, C1-C3, arrows) which was still attached to the struc-
ture of the valve (B1, B3, C1-C3, arrowheads) and even appeared slightly bigger. The pseudoaneurysm remained was unchanged in 
size (B2-B3, C2-C3, asterisks). Assessment of the dynamics of the mass during the cardiac cycle demonstrated partial obstruction 
of the aortic lumen during systole (B1-B3) with patent valve opening (B2, arrows) that was almost completely occluded during 
diastole with protrusion of the mass below the level of the metallic ring (C2-C3). The patient died 12 days later because of uncon-
trolled candidemia. A1-A2, B1, C1, MPR on planes perpendicular to the centerline of the aorta at the level of the left coronary artery. 
B2-C2, MPR on planes perpendicular to the centerline of the aorta at the level of the metallic ring of the valve. A3-C3, MPR on 
planes parallel to the centerline of the aorta. CTA, CT angiography; ECG, electrocardiography; FDG, fluorodeoxyglucose; LVOT, left 
ventricle outflow tract; PET, positron emission tomography.
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Coronary arteries
As mentioned, the dilated aspect of the coronary ostia is a 
normal finding after the operation and are not a complication.10 
The anastomosis of the coronary arteries is prone to leakages 
with pseudoaneurysms formation (Figures  13 and 14). Other 
more rare complications include stenosis and dissection of the 
ostia (Figure 14).

Aortic graft
The graft can be involved in (or surrounded by) infec-
tious processes (Figure  8), hematomas (Figure  7), leak-
ages from the sutures (including proximal and distal sutures 

and those between grafts) or combinations of the above  
(Figure 15).

CT is very sensitive for the detection of mediastinal collec-
tions and can provide some important elements to define their 
etiology although with several limitations, especially in the 
differentiation of infectious processes. An overlap of CT char-
acteristics between normal postoperative findings and endo-
carditis has to be expected. Clear signs of infection include the 
presence of a fistulous tract and the appearance or augmenta-
tion of wall enhancement and air within the collection. If a 
preceding scan is not available the latter are impossible to assess. 
However, as mentioned above, fluid encountered in patients who 
underwent uncomplicated procedures is usually in the form of 
stranding and completely surrounds the aorta. Therefore, any 
other appearance, namely the presence of a defined wall, focal 
extension around the aorta, wall enhancement and presence of 
air in the collection, although not pathognomonic by themselves 
especially in the very early postoperative period, should always 
warrant further investigation and follow up.11 While decisive in 
guiding the diagnosis if present, symptoms are often subtle and 
non-specific or can have a late onset when morphological damage 

Figure 12. Endocarditis of a mechanical aortic valve prosthesis 
after Bentall procedure, with an aseptic perivalvular extension 
on fused 18F-FDG PET-CT angiography. A 47-year-old male 
patient who had undergone a Bentall-procedure for a dilated 
ascending aorta nine years before, was initially admitted for 
palpitations due to a new atrial flutter. Upon further ques-
tioning, it appeared he had been experiencing intermittent 
fevers over the previous weeks. Blood cultures were positive 
for a Gram-positive Streptococcus, and transesophageal echo 
revealed a small cavity close to the posterior annulus, which 
was found to be a peri-valvular extension (i.e. pseudoaneu-
rysm) on subsequent CT angiography (A1, A2, arrow heads). 
Interestingly, the 18F-FDG PET/CT scan (B1, B2, Supplemen-
tary Video 1), which is increasingly being used in patients 
suspected of prosthetic valve endocarditis and is now a new 
major diagnostic criterion according to the ESC Guidelines for 
infective endocarditis, revealed intense uptake of FDG around 
the entire annulus (after 12 days of intravenous antibiotics) 
(arrows), except for the posterior part where the pseudoaneu-
rysm was located (Supplementary Video 2). The patient was 
electively reoperated, the infected surgical material (including 
the peri-valvular extension) removed, and a new composite 
valvular and aortic prosthesis was successfully implanted. 
Swab cultures of the valve and tissue of the pseudoaneurysm 
showed no growth of any micro-organisms (after 22 days of 
intravenous antibiotics), and histopathology revealed only a 
slight chronic inflammation. Follow-up imaging (C1, C2) nicely 
showed the hyperdense felt pledgets around the new pros-
thetic valve, without any signs of endocarditis. Ao, aorta; FDG, 
fluorodeoxyglucose; LA, left atrium; LV, left ventricle; PET, 
positron emission tomography; RA, right atrium; RV, right 
ventricle.

Figure 13. Gradually changing content of a pseudoaneurysm 
after Bentall procedure due to contrast leakage from the right 
coronary anastomosis. A 30-year-old male patient who had 
undergone a Bentall procedure for acute Type-A aortic dis-
section three years before, was readmitted to the ER for acute 
chest pain. During routine yearly follow-up, a collection of 
fluid had been identified around the aortic root and ascend-
ing aorta, which, although its density had increased, had not 
changed in size (A, B, asterisks). The routine clinical work-up 
at admission did not show any signs of acute myocardial 
infarction, but additional CT angiography (C) now showed a 
significant increase in size of the fluid collection, and clearly 
demonstrated the presence of contrast material inside (C1, 
asterisk). A closer evaluation of the axial images (C2) revealed 
a “puff” of contrast emanating from the anastomosis of the 
right coronary button (arrow head), and the additional 3D 
volume rendering reconstructions highlighted this connection 
(C3, C4, Supplementary Videos 3 and 4). The pseudoaneu-
rysm was successfully removed during reoperation, as shown 
on a post-operative CT scan (D), whereafter the leakage was 
macroscopically confirmed to originate from the anastomosis 
of the right coronary artery and could successfully be sealed. 
3D, three-dimensional; ER, emergency room.
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is very advanced. Therefore, the absence of clinical complaints 
should not rule out the possibility of an ongoing infection. 
Although an 18F-FDG PET-CT scan can provide additional 
information, the surgical adhesives used around the graft during 
surgery have been reported to be PET-positive and may result in  
misdiagnosis.15

Fluid collections can dislocate and/or compress other adja-
cent structures. The risk is higher in case of collections with 
progressive increase of volume, such as hematomas, and 
multiple collections. The aortic graft and venous bypass 
grafts are particularly prone to this complication as they are 
completely encircled by the collection more frequently than 
other organs (Figure 15).

Native aorta
The native aorta and aortic branches should always be care-
fully assessed regarding the progression of the eventual residual 
dissection (Figure  16) and for the occurrence of any new 

complications such as a rupture, intramural hematoma or dissec-
tion. Aortic diameters should be measured on planes perpendic-
ular to the long axis of the aorta and at predefined locations for 
all examinations.6

Conclusions
After a Bentall procedure, CT is the imaging modality of 
choice for routine follow-up and to evaluate all complica-
tions. Whilst review of images with the surgeon is useful, it is 
fundamental for radiologists to be familiar with the surgical 
technique and materials employed to recognize the normal 
post-operative appearances and identify complications, 

Figure 14. Complications at the site of coronary arteries anas-
tomosis and ostia. A1-A4, Different complications involving 
the two coronary arteries in the same patient. On a CT scan 
performed 1 month after a Bentall procedure, this 27-year-old 
male showed signs of complications at both coronary arteries. 
At the level of the suture line of the left main, a small col-
lection of extravasated contrast material (A1 and A2, arrows) 
surrounded by a hematoma (A1, asterisk) was identified. The 
right coronary artery, that had to be reattached a second time 
to the aortic graft due to bleeding from the first suture, pre-
sented a hypodense line at the ostium (A3 and A4, arrows) 
that could be attributed to a small intimal flap or to an inward 
fold of the graft. No invasive or surgical treatment was under-
taken. A1, Axial mage. A2, VR. A3, MPR perpendicular to the 
centerline of the aorta. A4, MPR parallel to the centerline of 
the aorta. B1-B2, Stenosis of the coronary ostium. On a routine 
follow-up CT scan performed 5 months after the procedure, 
this 60-year-old male showed a stenosis of the left coronary 
artery (B1 and B2, arrows). B1, MPR parallel to the centerline 
of the aorta. B2, CPR. AoG, aortic graft; LAD, left anterior 
descending; LM, left main; RCA, right coronary artery.

Figure 15. Loss of vein graft following combined Bentall and 
coronary artery bypass procedure due to progressive com-
pression by two fluid collections. This 68-year-old male 
patient underwent a combined Bentall and coronary artery 
bypass procedure for a severely stenosed bicuspid aortic 
valve and concomitant three-vessel disease. Like most Ben-
tall procedure performed at our institution, the interposi-
tion technique was used, implying that the native ascending 
aorta was excised and replaced by a vascular prosthesis (as 
opposed to the inclusion technique by which the aneurysm 
sac is closed around the vascular graft). Routine follow-up 
CT 2 months later (A1, A2) showed two fluid collections, one 
(asterisk) denser than the other (circle), and both moderately 
compressed the aortic graft and encompassed but did not 
compress the vein graft (arrow heads). Two follow-up scans 
were acquired 4 months (B) and 10 months later (C), which 
did not show any distinguishable change in size of both fluid 
collections, but did reveal that the aortic prosthesis—and now 
also the vein graft (arrowheads)—had become compressed 
even further (B, C), resulting in occlusion of the vein graft (C). 
An additional non-enhanced scan (D) did not show any differ-
ences in density between the two fluid collections compress-
ing the aortic graft (arrow heads), indicating that the denser 
fluid collection (asterisk) had to have been partially filled with 
contrast on all previous contrast-enhanced scans. The patient 
was thereupon electively reoperated, the leaking right coro-
nary artery button was resutured and the pseudoaneurysm 
successfully removed, restoring normal aortic dimensions (E) 
and leaving only a small hematoma behind (circle). Ao, aorta; 
SCV, superior caval vein; LA, left atrium; PA, pulmonary artery; 
LAD, left anterior descending.
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thus avoiding misdiagnosis and unnecessary further  
examinations.
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Figure 16. Natural history of a growing false lumen of a residual dissection after Bentall procedure for acute Type-A aortic dissec-
tion in a patient with Marfan’s syndrome. This 63-year-old female patient with a family history of Marfan’s syndrome underwent 
a Bentall procedure for acute Type-A aortic dissection at the age of 57 years. The first post-operative follow-up scan depicted a 
residual dissection of the aortic arch and descending aorta (A) with a large false lumen (asterisk) and a compressed true lumen 
(circle). Over the ensuing 5 years, follow-up imaging showed a gradual enlargement of the persisting, partially thrombosed aneu-
rysm sac directly distal to the aortic prosthesis, shown here at the level of the distal suture (A1–C1) and approximately 15 mm 
below (A2–C2, Supplementary Video 5), at the level of a metallic surgical clip (arrow heads), clearly illustrating the anterolateral 
expansion of the outer aortic wall. After 5 years, the aneurysm sac had grown to approximately 6 cm in diameter, no longer only 
compressing the true lumen but also the pulmonary artery (A3, C3). One of the re-entry tears, through which the false lumen had 
been supplied with blood after surgical repair of the ascending aorta, was clearly depicted on the last scan (C4), which distinctly 
showed a discontinuity of the intimal flap in the left subclavian artery at the level of the vertebral artery ostium (arrow), where 
contrast was passing into the false lumen (arrow heads). In the meantime, however, the patient had been diagnosed with a con-
comitant advanced stage malignancy, and was treated conservatively. PA, pulmonary artery; RV, right ventricle; LA, left atrium; 
SCV, superior caval vein.
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