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INTRODUCTION:  Since  its  introduction  in 1968,  the  Bentall  procedure  has  been  the  primary  surgical
solution  for aneurysms  of the  aortic  root.  However,  many  surgeons  have  reported  serious  procedural
complications  such  as  detachment  of coronary  ostia  and  pseudoaneurysm  formation  at anastomosis  sites.
Therefore,  the  Bentall  procedure  has  undergone  several  modifications  to eliminate  those  complications.
Partial  or total  detachment  of  the  proximal  anastomosis  is rarely reported.
PRESENTATION  OF CASE:  We  report  a  total  detachment  of  the  proximal  anastomosis  after  a  Bentall  oper-
ation with  emphasis  on  the possible  practical  mechanisms,  which  might  have led to the development
of  this  very  rare complication.  The  diagnosis  was  confirmed  at a  routine  follow  up  examination  and
urgent  surgery  was  performed.  We  also  report our  operative  solution  and  review  other  possible  surgical
solutions  that  might  be considered  in  this  setting.
DISCUSSION:  The  Bentall  procedure  and its  modifications  continue  to  be considered  the  gold  standard
for  treating  aneurysms  involving  the  aortic  root.  Various  modifications  can  serve  as  optimal  solutions  for

procedure-related  complications.
CONCLUSION:  Surgeons  performing  the Bentall  procedure  must  be familiar  with  all  existing  modifications
because  they  are  complementary  to the  original  surgical  procedure.  In  the  absence  of  endocarditis  left
ventricle  outflow  tract  elongation  may  be  an  acceptable  surgical  solution  to deal  with  total  detachment
of  the  proximal  anastomosis.

©  2017  The  Author(s).  Published  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
he  CC
access  article  under  t

. Introduction

Since its introduction in 1968, the Bentall procedure has been
he primary surgical solution for aneurysms of the aortic root [1].
ue to procedural complications such as bleeding, detachment
f coronary ostia and pseudoaneurysm formation at anastomosis
ites, the Bentall procedure has undergone several modifications
2–4]. Today surgeons typically perform modified Bentall opera-
ions instead of the classic Bentall operation, which involves direct
oronary anastomosis and wrapping the aneurysmal aortic wall
round the valved conduit. Detachment of the proximal suture line
fter the Bentall procedure is a rarely reported [9,10]. Here, we
eport a total detachment of the proximal anastomosis after a Ben-
all operation induced stress on the possible mechanisms, which

ight have led to development of this very rare complication. We
lso report our surgical solution in dealing with this frightening sit-

ation. This work has been reported in line with the SCARE criteria
5].
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2. Presentation of the case

A 42-year-old man  with Marfan syndrome underwent a Bentall
procedure due to a 6 cm aortic root aneurysm and severe bicuspid
aortic valve regurgitation. In his past history aortic coarctation and
hypertension were highlighted. Due to aortic coarctation he under-
went a left thoracotomy with excision of the coarctic segment and
end- to- end anastomosis when he was 7 months old. At the age
of 17, a bypass with prosthetic graft was  anastomosed between
the left subclavian artery and the ascending aorta due to recoarcta-
tion. During routine follow up, echocardiography revealed a dilated
aortic root and significant aortic valve regurgitation. Computer
tomography (CT) images showed a root aneurysm 6 cm in diam-
eter and minimal hypoplasia of the aortic arch. Coronarography
revealed a normal coronarogram. Surgery was  performed via mid-
line sternotomy and extracorporeal circulation with cannulation
of the proximal aortic arch and right atrium. The Bentall proce-
dure was  performed using a home-made mechanical valve-graft
conduit (a 27-mm Sorin bileaflet mechanical valve sutured to the

end of a 34-mm Polythese ICT vascular prosthesis using continuous
2/0 prolene suture), which was  sewn to the aortic ring using supra
annular interrupted 2-0 mattressed pledgeted sutures. The coro-
nary ostia were reimplanted applying the button technique, and

Group Ltd. This is an open access article under the CC BY-NC-ND license (http://

dx.doi.org/10.1016/j.ijscr.2017.06.019
http://www.sciencedirect.com/science/journal/22102612
http://www.casereports.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijscr.2017.06.019&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aref.rashed.szv@zmkorhaz.hu
dx.doi.org/10.1016/j.ijscr.2017.06.019
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


CASE  REPORT  –  OPEN  ACCESS
174 A. Rashed et al. / International Journal of Surgery Case Reports 37 (2017) 173–176

F : interventricular septum, LA: left atrium, MV:  mechanical valve, VP: vascular prosthesis,
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ig. 1. Totally detached valved conduit with empty aortic ring; LV: left ventricle, IVS
S:  pseudoaneurysm.

he aneurysmal wall was wrapped over the vascular prosthesis.
he postoperative period was uneventful except for early exces-
ive bleeding (1st h: 250 ml,  2nd h: 180 ml  and 1050 ml  over 24 h),
hich was treated successfully using a conservative correction of

he coagulation parameters.
As a follow-up measure, transthoracic echocardiography (TTE)

as performed every 6 months by his cardiologist; according to
he available documents, no abnormalities were detected. At the
atient’s last follow up, 26 months after the operation, he visited his
ardiologist and complained of exertional dyspnea. Transthoracic,
ransesophageal echocardiography and CT scan revealed a pseu-
oaneurysm around the graft and the mechanical valve was totally
etached from the aortic annulus. The distance between the origi-
al aortic annulus and the detached mechanical valved composite
as approximately 20 mm (Fig. 1).

In an urgent operation, cardiopulmonary bypass was initiated
rior to resternotomy with cannulation of the femoral vessels. After
esternotomy and careful adhaesiolysis, the ascending aorta was
lamped directly below the origin of the innominate artery and
he wall of the pseudoaneurysmal sac was opened. The heart was
rrested by direct administration of cold crystalloid cardioplegia
nto the valved conduit. The valved conduit was found to be hang-
ng above the aortic ring, fully detached and suspended in place by
he main coronary arteries. No tension or traction was observed on
he coronary arteries. The aortic annulus was empty (Fig. 2). As no
igns of endocarditis were observed, we decided to elongate the left
entricle outflow tract (LVOT) using a vascular prosthesis between
he original aortic ring and the sewing ring of the valved conduit.

 vascular graft with 30-mm in diameter and 2.5- cm in length
as selected. The proximal anastomosis, at the level of the origi-
al aortic annulus, was prepared using running 3-0 polypropylene
utures with external reinforcement incorporating a strip of Teflon.

fter removing all the disrupted pledgeted sutures from the ring of

he mechanical valve, the other end of the vascular graft was  sewn
o the ring of the mechanical valve using running 3-0 polypropy-

Fig. 3. LVOT elongation with a new short vascular prosthesis; AR: ao
Fig. 2. Operative seen; AR: empty aortic ring, MV:  mechanical valve, VP: vascular
prosthesis, PSW: pseudoaneurysmal wall.

lene sutures. The aneurysmal sac was left opened, unwrapped and
a small drain was placed at its lowest point.

The postoperative period was uneventful. Echocardiographic
studies revealed no significant pressure gradient at the level of the
supra annular mechanical valve and no kinking of the vascular graft
sewed to the aortic ring (Fig. 3). Eight months after the reoperative
procedure, the patient was  completely asymptomatic.

3. Discussion

The Bentall procedure and its modifications have continued to
be considered the gold standard for treating aneurysms involving
the aortic root [1]. Various modifications can serve as opti-

mal  solutions for procedure-related complications. Complications
of the Bentall procedure can be divided into two subgroups:
endocarditis or thromboembolic events and procedure-related
complications. The former is valve-related complications occur-

rtic ring, MV:  mechanical valve, nVP: new vascular prosthesis.
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ing early or later after surgery [6,7], and thrombotic events can be
educed if a biological Bentall procedure is adopted [8]. Procedure-
elated complications include bleeding, anastomosis dehiscence,
nd pseudoaneurysm formation at the anastomotic sites. Although
seudoaneurysm formation is rare after a Bentall procedure, it is
ypically reported at the coronary ostial sites, particularly prior to
he introduction of the button technique [2].

Total detachment of the proximal anastomosis after the Bentall
rocedure is a rarely reported complication. Without the forma-
ion of a pseudoaneurysma, this complication can be fetal due to

assive bleeding. Among 37 cases at Chulalongkorn University,
nly one case with sternal infection developed proximal suture
ine dehiscence with consequent massive bleeding into the medi-
stinum within 3 months [9]. In our case, a pseudoaneurysm was
bserved after complete detachment of the proximal anastomosis
rom the original aortic ring, and a lifesaving huge pseudoaneurysm
eveloped.

Endocarditis has been reported as a cause of paravalvular dehis-
ence when perivalvular extension occurs [10,11]. In our case, an
ndocarditis diagnosis was rejected based on clinical symptoms,
chocardiographic images and intraoperative findings. Hemocul-
ures were negative. Traumatic injury could be considered in this
ituation, particularly considering the existing connective tissue
isorder. However, our patient had no history of trauma.

Postoperative bleeding from the anastomosis sites and suture
ension has reportedly played causative roles in pseudoaneurysm
ormation. This complication is typically reported at coronary ostial
nastomosis sites [12,13]. In our patient, intraoperative findings
howed completely competent and tension-free coronary ostial
nastomosis with normal anatomical morphology. The wrapping
echnique originally described by Bentall can lead to increased
ressure around the valved composite conduit, particularly at anas-
omotic sites. Some surgeons still use the wrapping technique
espite the zero-porosity collagen and gel-impregnated grafts [14].

In some instances where coagulopathy coexists, it can be dif-
cult to distinguish between surgical and nonsurgical sources
f postoperative bleeding after aortic surgery [15–17]. With our
ome-made graft, the annular sutures were passed through the ring
f the valve and the edge of the vascular prosthesis. The thickness
f the sewing ring engaged with the annular sutures can vary, ren-
ering some sutures more secure than others. With commercially
vailable conduits, the ring of the prosthetic valve is prominent, and
utures are typically passed only through the ring of the valve in
he same manner as in traditional valve implantation. We  hypoth-
sized that total or partial tearing of one or more of the interrupted
utures used to secure the home-made valved graft might have led
o postoperative bleeding, which was controlled by the wrapped
ortic tissue and therapeutic corrective measures of the coagula-
ive state. In our Marfan patient, we assume that both postoperative
leeding and the wrapping technique led to increased pressure in
he aneurysmal sac, which resulted in increased tension on the
roximal suture line with subsequent gradual dehiscence of the

nterrupted sutures of the proximal anastomosis.
Repeating a Bentall procedure can necessitate excessive adhe-

iolysis around the conduit and the coronary ostia as well as use
f a new composite valved-graft conduit [18]. This solution could
e time-consuming. A Cabrol modification of the Bentall procedure
ight be necessary to solve this issue [3]. At the time of surgery,

longation of the LVOT seemed to be the less time-consuming
rocedure because no excessive adhaesiolysis around the vascular
raft or the intact coronary ostia anastomosis was necessary. This
olution was copied after our experience in the Urbansky modifica-

ion of the Bentall operation, where the valve was implanted within
he vascular prosthesis leaving a 3–5-mm skirt proximally [4]. This
kirt was sewn to the aortic ring.
PEN  ACCESS
gery Case Reports 37 (2017) 173–176 175

4. Conclusion

Surgeons performing the Bentall procedure must be familiar
with all existing modifications because they are complementary to
the original surgical procedure. Where home-made valved grafts
are used, we believe suturing the valve inside the vascular prosthe-
sis is more beneficial than doing so at the end of the vascular tube.
Elongation of the LVOT with a vascular graft can serve as an accept-
able solution for dehiscence of the proximal anastomosis after a
Bentall operation.
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