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Mini Bentall operation: technical considerations
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Abstract
Bentall operation via median sternotomy has been largely shown to be safe and long-term efficacious and currently represents the
Bgold standard^ intervention in patients presenting with aortic valve and root disease. However, over the last years, minimally
invasive techniques have gained wider clinical application in cardiac surgery. In particular, minimally invasive aortic valve
replacement through ministernotomy has shown excellent outcomes and becomes the first choice approach in numerous expe-
rienced centers. Based on these favorable results, ministernotomy approach has also been proposed for complex cardiac proce-
dures such as aortic root replacement and arch surgery. Herein, we present our technique for minimally invasive Bentall operation
using a ministernotomy approach.
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Since its introduction, aortic root replacement using Bentall
technique [1] has been proven to be a safe and effective tech-
nique and has been considered the Bgold standard^ in the
surgical treatment of combined aortic valve and root patholo-
gies [2–5]. As initially described by Bentall and De Bono, the
classic approach for root replacement involved a longitudinal
median sternotomy to expose the heart and the great vessels.
However, over the last years, minimally invasive techniques
have gained wider clinical application in cardiac surgery. In
particular, minimally invasive aortic valve replacement
(AVR), through ministernotomy (MS) or minithoracotomy,
has gradually been recognized as a less traumatic approach
compared to median sternotomy, becoming the first choice
approach in several experienced centers [6]. The growing ex-
pertise in mini AVR techniques, coupled with increased pa-
tient demand for less invasive therapies, has motivated aortic
surgeons to apply minimally invasive approach to more chal-
lenging procedures, such as aortic root replacement and arch
surgery [7–12].

Herein, we present our technique for minimally invasive
Bentall operation through MS approach.

Surgical technique

Preoperative planning

Preoperative screening and planning do not considerably dif-
fer from the standard Bentall procedure through conventional
median sternotomy. A careful review of contrast-enhanced
three-dimensional computed tomography imaging is required
to assess the anatomy of the aorta and the aortic valve mor-
phology to evaluate the degree and sites of either atheroma-
tous or calcific aortic wall disease, in order to plan the most
appropriate surgical incision, cannulation strategy, and cross
clamp site. Furthermore, in patients with severe chest wall
deformities, a meticulous preoperative imaging assessment is
mandatory to estimate safety and feasibility of the minimally
invasive approach.

Patient setup

Operative setup is similar to conventional surgery. In addition
to basic standard monitoring—ECG 12 leads, invasive blood
pressure, central venous pressure, core temperature, SpO2,
end-tidal CO2, urine output, intermittent arterial blood sam-
ples, and activated clotting time or hemostasis management
system for heparin monitoring—just external defibrillator
pads are required. Trans-esophageal echocardiography
(TEE) probe is set up for intraoperative evaluation of aortic
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root morphology and function and to detect any left ventricu-
lar distension during cardioplegia delivery or cardiopulmo-
nary bypass (CPB) weaning, as well as to ensure complete
deairing after aortic declamping.

Prior to skin incision, the jugular notch, the sternal midline
(from the angle of Louis to just above the 4th intercostal
space), and the xiphoid are marked (Fig. 1a) in order to facil-
itate surgical incision and accelerate conversion to full
sternotomy in case of unexpected complications.

Operation

General anesthesia is applied according to the standard proto-
col used for mini AVR. Fentanyl (5 mcg/kg) and propofol 1%
(1.5–2.5 mg/kg) are given for anesthesia induction, and a
short-acting volatile agent (Sevoflorane) is used to maintain
anesthesia before and after CPB. Cisatracurium (induction
dose 0.15 mg/kg; maintenance dose 0.1–0.4 mg/kg) or
rocuronium (induction dose 0.45–0.6 mg/kg; maintenance
dose 0.1–0.2 mg/kg) is used for neuromuscular block.

A 5–6-cm midline skin incision is made from the
sternomanubrial junction to just above the 4th intercostal
space. Subcutaneous tissues are divided with the electrocau-
tery. The right-side 4th intercostal space is identified and dis-
sected close to the sternal edge to avoid injuries of the mam-
mary pedicle. The center of the sternum and right interspace is
scored using electrocautery. An upper BJ^ ministernotomy is
performed using a conventional sternal saw from the notch to
the selected intercostal space. Just before proceeding to
sternotomy, the patient’s lungs are deflated to avoid accidental
pleura opening. Accurate sternal hemostasis is achieved using
cautery and bone wax, in the usual fashion. A minimally in-
vasive sternal retractor (Ultravision CT™ Retractor System,
TeDan Surgical Innovations, Sugar Land, USA) is placed and

opened up progressively to avoid sternal and costal fractures
and to decrease postoperative pain. The brachiocephalic vein
is identified and carefully mobilized, and the pericardium is
opened longitudinally from the innominate vein to the lowest
point visible caudally.

Six pericardial stay sutures are placed, as deep as possible,
and the retractor is then repositioned over the pericardial edges
to elevate the pericardium and anteriorize the ascending aorta.
Yet, care must be taken in opening the retractor gradually by
monitoring hemodynamics, as stretching excessively the peri-
cardium up may reduce preload and cause hypotension. This
occurrence can be easily managed by placing the operating
table in Trendelenburg position (to increase venous return)
and infusing intravenous fluid. The aortic root, the proximal
arch, the right atrium, and the right superior pulmonary vein
are adequately exposed, and systemic heparinization is
achieved according to the individual patient’s response to hep-
arin estimated by the Hepcon/HMS system (Medtronic Inc.,
Minneapolis, USA). Two 3-0 polyester purse-string sutures
for the aortic cannula are placed in the proximal arch (between
the innominate artery and the left carotid artery) by applying
downward traction via an Adson clamp placed on the aortic
adventitia to improve exposure and facilitate cannulation ma-
neuvers. This cannulation site is distal enough on the aorta to
allow the placement of the cross clamp and resection of the
whole aneurysm and proximal enough to achieve an easy and
safe control in case of unexpected complications such as
bleeding or aortic rupture/dissection. The aorta is carefully
cannulated using a low profile cannula with a longer body
(EOPA™ Arterial Cannula, Medtronic Inc., Minneapolis,
USA) that allows for an easy insertion from a distance and
provides an unencumbered operative field. A 4-0 polypropyl-
ene purse-string pledgeted suture is placed on the right atrial
appendage, and a dual stage venous cannula (Mc2® venous

Fig. 1 a Operative setup. Prior to
skin incision, the positions of the
jugular notch, the sternal midline
(from the angle of Louis to just
above the 4th intercostal space),
and the xiphoid are marked. b
Cardiopulmonary bypass is
established by means of standard
central cannulation sites
(proximal arch and right atrium)
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cannula, Medtronic Inc., Minneapolis, USA) is positioned
with the tip in the inferior vena cava. Standard central cannu-
lation represents our first-choice technique for CPB institution
because it avoids additional skin incisions and potential vas-
cular and embolic complications that may be associated with
peripheral cannulation [13]. Nevertheless, in patients with
very large aneurysms, which virtually occupy the entire peri-
cardial space and hamper a safe and well controllable access to
the central cannulation sites, a femoral or axillary approach
should be preferred.

The right superior pulmonary vein is cannulated (DLP®
vent cannula, Medtronic Inc., Minneapolis, USA), through a
4-0 polypropylene pledgeted U-stitch, for left ventricle
venting, in all cases. Normothermic CPB is started, using vac-
uum assisted drainage if necessary (Fig. 1b). With an empty
heart, a 19 Fr subxiphoid spiral drain is placed, to continuous-
ly inflate carbon dioxide (CO2) into the pericardial cavity. The
same drain is used as a pericardial drain at the end of the
procedure. Under a low-flow condition, an atraumatic mini-
mally invasive clamp (Cygnet® Flexible Clamps, Vitalitec,
Plymouth, USA) is applied across the distal ascending aorta.
Cold crystalloid cardioplegia (Custodiol, Koehler Chemie,
Alsbach-Haenlein, Germany) is delivered in antegrade fash-
ion via the aortic root or directly into the coronary arteries in
the presence of significant aortic regurgitation.

The aneurysm is opened three centimeters above the
right coronary ostium, and the ascending aorta is complete-
ly transected keeping 2 cm of aortic tissue proximal to the
cross clamp. This remnant aortic tissue will facilitate the

distal anastomosis and improve hemostasis. Importantly,
three 2-0 polyester traction sutures are placed on each com-
missure in order to optimize exposure of the aorta. The
aortic root is extensively freed from the surrounding tissue
with electrocautery, taking care to secure absolute hemo-
stasis. Both coronary ostia are carefully prepared retaining
a generous button of aortic wall and subsequently
suspended by a 5-0 polypropylene suture passed through
the top end of the coronary button flap to provide gentle
traction. Full mobilization of the left coronary button from
the surrounding tissues and from the right pulmonary ar-
tery is strongly recommended to prevent distortion and
kinking of the coronary during the reattachment and reduce
the tension of the anastomosis. The aortic sinuses are
resected up to a rim of approximately 3–5 mm of the aortic
wall. The aortic valve is removed and the annulus
debrided. An appropriate mechanical or biological [14]
valve conduit is selected by measuring the aortic annulus
with a dedicated sizer. In this setting, using a conduit with
a Dacron Valsalva graft (Vascutek Ltd., Renfrewshire,
Scotland), which mimics aortic sinuses, can optimize cor-
onary arteries perfusion and may help in performing a
tension-free coronary artery reattachment by reducing the
distance between the coronary ostia and the graft itself
[15]. The valve conduit is sutured to the ventriculo-aortic
junction using 2-0 polyester interrupted U-sutures with
Teflon pledgets on the aortic side (Fig. 2a). Suture place-
ment is started in the left coronary sinus and working
clockwise. Pledgets are used to reduce the tension of the

Fig. 2 Valve conduit
implantation. The graft is sutured
to the aortic annulus using 2-0
interrupted U-sutures with Teflon
pledgets on the aortic side (a).
The same stitches are then passed
through the sewing ring of the
composite graft (b)

Fig. 3 Right coronary artery re-
implantation. An appropriate hole
for coronary button re-attachment
is made in the Dacron graft (a),
and a parachute anastomosis is
performed with a 5/0 polypropyl-
ene running suture (b)
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suture and to ensure a definitely hemostatic proximal su-
ture line. Then, the same stitches are evenly distributed
through the sewing ring of the composite graft (Fig. 2b).
The conduit is parachuted to a subannular position, and the
sutures are tied-down one by one and subsequently cut. A
4-0 polypropylene running suture is used to approximate
the aortic remnant to the sewing ring of the composite graft
in order to improve hemostasis [16]. Bites should not be
too generous at the level of the left coronary annulus to
avoid either tearing or rupture of the left ventricular out-
flow tract that may be very arduous to fix at this site once
the cross-clamp is taken off.

A hole for left coronary button re-implantation is made in
the Valsalva graft using battery-operated cautery (Fig. 3a).
Appropriately sized opening assists in creating the anastomo-
sis. The coronary button is trimmed, keeping a 2–3-mm aortic
cuff, and a parachute anastomosis is performed with a 5/0 (or
6/0) polypropylene running suture. The right coronary artery
is then re-attached in the same manner (Fig. 3b). The proper
position (on the graft) for coronary re-attachment is marked
with the heart entirely loaded. This maneuver allows for
avoiding subsequently tension and/or rotation of the anasto-
mosis. Proximal suture line and coronary reattachments are
then verified by pressurizing the aortic root with cardioplegic
infusion. Successively, suture lines are sealed by means of
fibrin glue (Tisseel Baxter Healthcare Corp., Glendale,
USA) to enhance hemostasis and tissue adhesion. [17]. The
distal end of the Valsalva graft is shortened to approximate the
distal end of the aorta and patient rewarming is begun. The
valve conduit is sutured to the distal aorta with a continuous
4-0 polypropylene running suture, incorporating an external
4–5 mm Teflon felt strip, using parachute technique (Fig. 4a,
b). The suture is adequately pulled with a hook. While Teflon
felt strip is not essential routinely, in minimally invasive ap-
proach, it is strongly recommended to optimize hemostasis.

Before releasing the aortic clamp, two pacing wire elec-
trodes are sutured to the right ventricle, the operating table is
tilted, with the patient’s head down, and CO2 insufflation is
discontinued. The graft is vented with a 21-gauge needle and
the left ventricle meticulously de-aired by filling the heart and
gently inflating the lungs. Perfusion flow rate is temporarily
diminished as the aortic clamp is released. TEE is performed

to prevent left ventricular over-distension and assess adequate
de-airing and valve function. CPB is weaned off (Fig. 5),
protamine given, and, once the hemostasis is satisfactory, the
pericardium is closed above the graft and the innominate vein
to enhance the safety of subsequent sternal re-opening.
Finally, the sternum is closed with four single steel wires
and absorbable sutures are used for closing subcutaneous tis-
sue and the skin.

Indications and contraindications

All adult patients with combined severe aortic valve and root
pathologies that require composite aortic root replacement
[18] are eligible for mini Bentall operation. In our
Institution, contraindications are as follows: (1) urgent and
emergency surgery, (2) previous cardiac surgery, (3) severe
chest wall deformities, (4) infective endocarditis, and (5) con-
comitant procedures (mitral surgery, coronary bypass surgery,
etc.). In addition, mini Bentall procedure should be
approached cautiously in patients with giant ascending aorta
or root aneurysm.

Fig. 4 The valve conduit is
anastomosed to the distal aorta
with a continuous 4-0 polypro-
pylene running suture (a), incor-
porating an external Teflon felt
strip, using parachute technique
(b)

Fig. 5 Final result
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Comment

Minimally invasive cardiac surgery has been increasingly ac-
cepted in the surgical community as a valid alternative to
conventional full sternotomy, with benefits of decreased hos-
pitalization, faster functional recovery, less blood transfusion,
and wound/sternal complications. While MS is the most com-
mon approach for minimally invasive aortic valve replace-
ment, it is yet an established approach for root surgery only
in a few experienced centers [8, 9, 12, 19, 20]. However, MS
approach is very similar to standard sternotomy and it pro-
vides good exposure of the entire proximal aorta, requiring
no specialized techniques, equipment, and only a minimal
learning curve. Indeed, as described above, mini Bentall op-
eration is performed in the same manner as a standard
sternotomy approach. Furthermore, MS allows for easy and
safe conversion to full sternotomy in case of unexpected com-
plications or unpredicted technical problems. Nevertheless, it
must be stressed that a meticulous surgical technique to secure
impeccable hemostasis is essential in minimally invasive root
surgery.

Conclusions

Minimally invasive root replacement can be performed suc-
cessfully without compromising the proven efficacy and safe-
ty of Bentall operation. However, further clinical trials with a
large patient cohort are needed to evaluate the potential clin-
ical benefits over conventional surgery.
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