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Abstract

Background: Coronary button reimplantation can repre-
sent a technical challenge of aortic root reconstruction
that can be associated with significant morbidity and
mortality. With the goal of simplifying coronary reim-
plantation and reducing the incidence of related com-
plications, we designed a new Dacron graft with prefab-
ricated coronary branches to minimize coronary artery
mobilization and prevent the potential mechanical
complications of reattachment to the body of the graft.
Methods: Between June 2010 and May 2012, we im-
planted the graft in eight patients (six males, two
females) ranging in age from 42-68 years (mean,
54 years). Six procedures were modified Bentall
reconstructions, and two procedures were valve-
sparing root replacements using the reimplantation
technique.

Results: There were no complications and no morbidity
or mortality related to coronary reattachment. All pa-
tients were alive and doing well at a mean follow-up
of 26 months (range, 17-38 months). At an extended
mean follow-up of 42 months (range, 25-56 months),
one patient died of stroke-related complications. No
radiologic or clinical evidence of impairment of coro-
nary perfusion was identified in any patient.
Conclusions: The use of this new graft model may
simplify the technique of root reconstruction and

potentially lower the incidence of mechanical com-
plications related to coronary button reimplantation.
Copyright © 2017 Science International Corp.
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Introduction

Aortic root replacement (ARR) is a well-described
and highly effective technique for treating aortic root
pathologies with excellent long-term outcomes and
reported mortality ranging between 4-10% in spe-
cialized aortic centers [1-3]. Coronary button reim-
plantation is arguably one of the most challenging
aspects of ARR operations, requiring mobilization
and reattachment of the coronaries to the root graft.
Reimplantation can be complicated by damage to
the coronary buttons, coronary occlusion or malper-
fusion, and bleeding. The potential catastrophic com-
plications of coronary reimplantation after ARR can
occur in the immediate postoperative period [4, 5]
or in the weeks and months following the operation
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[6-9]. In the present study, we describe our experi-
ence performing ARR with an experimental polyester
graft featuring prefabricated coronary branches in an
effort to prevent complications.

Materials and Methods
Patient Profile

In a single-surgeon experience of 134 proximal
aortic replacements performed since 2008, 55 were
root replacements. Of these, 17 (30%) required a
variation of technique for coronary reimplanta-
tion (hemi-Cabrol Dacron graft or saphenous vein
“jump” graft) of one or both coronary ostia as com-
pared with the classic button Bentall reconstruction
[10]. From June 2010 to April 2012, eight patients
underwent ARR using a custom-made Dacron graft
with prefabricated coronary side branches (Fig-
ure 1). This study was approved by the Institution-
al Review Board at the University of lowa Hospitals
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and Clinics, and informed consent was obtained
from each patient. Two of the patients (25%) were
female. Median age at the time of operation was
56.5 years (range, 42-68 years). There were six mod-
ified Bentall procedures (four with mechanical and
two with bioprosthetic valves) and two valve-spar-
ing ARRs (Table 1). Seven operations were per-
formed electively for aortic root aneurysm, and one
was performed emergently for acute Type A aortic
dissection. In the elective group, three patients
had a root aneurysm associated with aortic valve
insufficiency, and two had a root aneurysm associ-
ated with aortic valve stenosis. The remaining two
patients in the elective group had undergone pri-
or sternotomies, one for aortic valve replacement
and the other for an acute Type A dissection. In the
former, there was an aortic root aneurysm with a
prosthetic valve mismatch (21 mm mechanical); in
the latter, there was a residual aortic root dissection
associated with prominent root dilation and severe
aortic valve insufficiency.

Figure 1. Panel A. Schematic diagram of modified Dacron graft with prefabricated coronary branches. Panel B. Preparation of the

valved conduit with bioprosthetic valve.
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Table 1. Patient characteristics and follow-up data.

Age Graft size Valve Valve size Follow-up

Patient (years) Sex Diagnosis (mm) type (mm) (months)

1 56 M Root aneurysm 30 Mech 25 56
Severe Al

2 42 M Root aneurysm 32 VS N/A¥* 50
Moderate Al

3 61 F Root aneurysm 28 Bio 23 48
AV endocarditis

4 46 F Root aneurysm 30 Mech 25 45
Severe Al

5 58 M Root aneurysm 28 Mech 23 42
Severe AS

6 47 M Acute Stanford Type A dissection 28 Mech 25 38

7 57 M Root aneurysm 30 Bion 25 36
Prosthetic valve mismatch

8 68 M Root aneurysm 32 VSA N/A* 25
Chronic Stanford Type A
dissection

Al = aortic insufficiency; AS = aortic stenosis; Mech = mechanical; Bio = bioprosthetic; VS = valve-sparing.

*Patients underwent valve-sparing operations.
ARedo operations.

Custom Dacron Graft with Prefabricated Coronary
Side Branches

The graft was custom-made by MAQUET Cardio-
vascular, LLC (Wayne, NJ, USA) in sizes of 28, 30, and
32 mm (Figure 1A). Two, 8-mm diameter prefabricated
branches were provided for coronary button anasto-
mosis (Figure 1B). A third prefabricated branch was
included as a side port for direct graft cannulation or
for de-airing after reconstruction. Prosthetic valves
were sewn into the graft in the operating room after
the correct graft and valve size were determined [11].

Surgical Technique

The reconstruction technique using the custom
Dacron graft has previously been reported in detail
[11]. Cardiopulmonary bypass was established in
all cases reaching mild hypothermia, except for the
case of the acute Type A dissection, for which deep
hypothermic circulatory arrest was established at a
core temperature of 18°C, maintaining selective ce-
rebral perfusion through the innominate artery at a

”

rate of 10 ml/kg/min during completion of the “open
distal anastomosis. In this case, axillary arterial can-
nulation was utilized as opposed to cannulation of
the distal ascending aorta, which was utilized in all
other cases. Venous return was achieved through
cannulation of the right atrial appendage using a
multi-stage MC2X venous cannula (Medtronic Inc.,
Minneapolis, MN, USA). The left ventricle was vent-
ed in all cases through the right superior pulmonary
vein. Myocardial protection was obtained by inter-
mittent delivery of anterograde and retrograde cold
blood cardioplegia. The aorta was transected at the
sino-tubular junction. The coronary buttons were
carefully prepared leaving a small cuff of aortic tis-
sue, and the aortic annulus was sized. The selected
valve was sewn into the graft matching the size of
the aorta using a double layer of continuous 4-0 Pro-
lene suture. The newly constructed valved conduit
was sewn to the aortic annulus achieving appropri-
ate alignment of the coronary branches to reach the
native coronary buttons. At this point, reattachment
of the left branch of the Dacron graft to the left main
coronary button was approached. The graft branch
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intended for the left coronary ostium was trimmed
to the appropriate length and sewn into place using
a 5-0 Prolene running suture. The distal anastomosis
to the native aorta was completed next, followed by
completion of the anastomosis of the right branch
graft to the right coronary button. To establish the
appropriate length of the graft branch, the heart
was distended, and the graft branch was trimmed
accordingly. The anastomosis was completed with
a running 5-0 Prolene suture. To check for adequate
hemostasis at the anastomotic sites, cardioplegia
was administered through the side-port branch of
the graft, and the native aorta was subsequently
unclamped, applying vent suction to the side port
branch for de-airing purposes.

Results

Among the eight cases, there were no immedi-
ate or delayed postoperative complications, includ-
ing myocardial infarction, respiratory insufficiency,
stroke, or death. At a mean follow-up period of 25.5
months (range, 17-38 months), all patients were
noted to be alive and doing well. Echocardiograms,
which were performed for all patients during hos-
pitalization and at 6-month and 1-year follow-ups,
showed no significant changes in left ventricular
function compared with preoperative status as well
as no new evidence of new wall-motion abnormali-
ties. Angiographic computed tomography with cor-
onary imaging, which was performed for all patients
at the first follow-up visit and 6 months after hospital
discharge, showed no defect of coronary perfusion.
One patient who underwent a redo operation with a
valve-sparing root replacement for a chronic Type A
dissection showed mild-to-moderate residual aortic
valve insufficiency. At an extended mean follow up
of 42 months (range, 25-56 months), this patient died
due to stroke-related complications 25 months after
surgery. No other patients required further surgical
reintervention or showed any clinical or radiologic
signs of impairment of coronary perfusion.

Discussion

Despite improvements in outcomes over the past
decade, ARR is still associated with considerable

morbidity and mortality. Although many modifi-
cations in surgical technique based on the original
Bentall-De Bono procedure [12] have reduced the
incidence of complications, reimplantation of the
coronary buttons still poses a significant challenge
and may be responsible for the significant rate of
associated complications. The occurrence of ventric-
ular dysfunction, perioperative myocardial infarc-
tion, or surgical bleeding depends on the technical
difficulty of coronary reimplantations [3-5, 11, 13].
Damage to the coronary buttons during mobiliza-
tion and tension or kinking after completion of the
anastomosis can cause coronary malperfusion [3,
4, 13-15]. These mechanisms are illustrated in de-
tail by Elefteriades’ group in their report describing
“rescue coronary artery bypass grafting” to treat
acute coronary insufficiency after ARR (Figure 2) [4,
16]. These challenges can be more difficult in redo
operations or for porcelain aortas in which the pres-
ence of scar tissue and aortic calcification obstructs
mobilization of the coronaries [13, 17, 18]. Similarly,
in valve-sparing reconstructions, the presence of
aortic valve leaflets re-implanted into the prosthetic
graft may require more extensive coronary mobiliza-
tion to find the appropriate re-attachment location
on the Dacron graft. Furthermore, in cases of acute
aortic dissection, mobilization and reimplantation
of the coronaries involved by the dissection can re-
sult in irreparable damage to the buttons. For these
reasons, different techniques have been proposed
to reduce the rate of complications associated with
coronary reimplantation. For instance, Westaby and
colleagues propose a technique using a “pericardial
hood” extension added to the right coronary anas-
tomosis (Figure 3A) [14] to avoid kinking or tension,
whereas others advocate the use of a coronary vein
bypass interposed between the main aortic graft and
the right coronary button [2].

The Cabrol reconstruction represents a more rad-
ical approach to the problem [19] and is meant to
obviate the challenges of coronary reimplantation
when mobilization of the coronaries is cumbersome
[2, 13, 17-19]. Nevertheless, this technique may be
associated with a higher rate of mortality and mor-
bidity compared with modified Bentall reconstruc-
tion. In particular, both early and long-term results
suggest that Cabrol reconstruction is inferior [2, 20],
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Figure 2. Proposed mechanisms of coronary blood flow compromise during coronary button mobilization and anastomosis
(reprinted with permission from Shahriari et al. [4]).

with a frequent incidence of Cabrol graft-conduit
thrombosis and formation of anastomotic pseudoan-
eurysms [2,21,22]. This could be explained by the fact
thatthe procedureis performed as a“bail-out”in place
of the modified Bentall reconstruction in more com-
plex cases or that normal flow-dynamics of the coro-
nary circulation are compromised within the Cabrol
graft conduit [2, 23]. In a long-term follow-up study
of seven patients with Cabrol reconstruction, Knight

and colleagues observed lower flow in the right side
of the Cabrol graft than in the left side, which cor-
related with a high rate of right coronary ischemia
[22]. Coronary flow hemodynamic studies show that
resting coronary blood flow is approximately 5-7%
of the entire cardiac output and that flow in the left
and right coronary systems have different character-
istics. A peak flow of 200-400 ml/min is reached in
the left main coronary artery during diastole, where-
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Figure 3. Alternative methods to minimize coronary button mobilization in aortic root replacement, including (Panel A) placement
of a pericardial hood (reprinted with permission from Westaby et al. [3]) and (Panel B) the “legs”technique for coronary button anas-

tomosis (reprinted with permission from Kourliouros et al. [2]).

as a peak flow of 40-60 ml/min is reached in the
proximal right coronary artery during systole (Figure
4).The different flow-dynamics between the left and
the right coronary arteries reflect differences in flow
resistance in the two sides of the coronary circula-
tion during various phases of the cardiac cycle and
explain the computational fluid dynamics findings
observed in the Cabrol graft. One modification of
the Cabrol technique is based on the use of separat-
ed graft conduits (i.e., “legs” technique) interposed
between the coronary buttons and the main body
of the aortic graft. Mills and colleagues described
10 cases in which this technique was successfully
used (Figure 3B) [24], but they did not conduct long-
term follow-up. This reconstruction, like the Cabrol
operation, allows completion of the anastomoses
between the side branch grafts and the coronaries
without requiring extensive mobilization of the but-
tons, but it has the major advantage of preserving
the physiology of independent left and right coro-
nary perfusion.

In our experience, the use of a custom-made Da-
cron graft with prefabricated coronary branches al-
lows successful aortic root reconstruction by applying

these same principles. In the present series, there
were no early or late complications related to compro-
mise of coronary perfusion. Only one patient died 25
months after surgery due to stroke-related complica-
tions. Serial follow-up echocardiograms obtained for
each patient showed no significant changes in overall
ventricular function or any new wall motion abnor-
malities compared with the preoperative condition.
Every patient underwent computed tomography
follow-up to obtain imaging assessment of coro-
nary flow. There was no evidence of coronary flow
obstruction or formation of anastomotic pseudoan-
eurysms (Figure 5). This latter complication is most
likely related to the use of the “inclusion” technique
that is traditionally adopted with the Cabrol recon-
struction [13, 19], but it may also be related to the fact
that these patients have been subject to postopera-
tive anticoagulation to lower the risk of Cabrol graft
thrombosis. By virtue of preserving the physiology of
coronary circulation, which prevents the unbalanced
coronary flow distribution within the Cabrol graft,
none of our patients required any perioperative an-
ticoagulation treatment, and only long-term aspirin
therapy was administered.
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Figure 4. Characteristics of flow-dynamics of the left and right coronary circulation (reprinted with permission from Koeppen and

Stenton [25]).

The use of this graft simplifies coronary reattach-
ment, minimizing the need for coronary mobiliza-
tion, and also facilitates the anastomotic technique.
This is in accordance with our experience with
total arch and thoracoabdominal aortic replace-
ment, in which the routine use of multibranched
prosthetic grafts allows direct anastomosis to the

native branch vessels as compared to completing
button and island patch anastomoses. Our series,
although limited in number, included five patients
with large aneurysms, and one acute Type A dissec-
tion complicated by damage of both coronary ostia.
In a recent report of their midterm experience with
a modified Cabrol procedure, Elefteriades and col-
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Figure 5. Three-dimensional reconstruction of computed tomographic coronary angiogram after aortic root replacement with
the experimental modified Dacron graft demonstrating graft patency and no evidence of obstruction or anastomotic pseudoan-
eurysm formation.

leagues report the use of a variation of the Cabrol re-
construction in a non-negligible 11.5% of their root
replacements, indicating that the challenge of cor-
onary button preparation and reimplantation can
be significant [13]. Accordingly, previous reports in

the literature of numerous modifications of the cor-
onary reimplantation technique aimed at prevent-
ing complications with coronary perfusion reiterate
the significance of this problem. The use of an aor-
tic root graft with prefabricated coronary branch-
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es eliminates the need for proximal anastomoses
to the main body graft, as in the “legs” technique,
and allows easier access to the coronary anastomo-
ses, providing better exposure for repair in case of
bleeding at an anastomotic site as compared to Ca-
brol and modified Bentall reconstructions [13]. The
side-port branch gives options for direct graft can-
nulation or vent suction after reconstruction is com-
pleted. The graft does not include Valsalva’s sinuses,
which would have the conceptual advantage, espe-
cially in valve-sparing procedures, of reproducing
more physiologic blood flow within the aortic root.
Although this aspect could have an impact on valve
durability by reducing hemodynamic stress on the
valve leaflets, in our experience it may represent a
challenge for the correct reimplantation of the leaf-
lets within the prosthetic graft by having a predeter-
mined height of reattachment of the commissures
to the sinotubular junction, which could ultimately
impair leaflet coaptation [11]. Also, features of the
Valsalva’s prosthesis in facilitating implantation of
the coronaries, as in redo operation or in cases of por-
celain aorta, are obviated by the presence of coronary
side branches reaching to the coronary ostia without
a need for extensive dissection and mobilization.
The main limitation of the present study is the small
number of cases. Although we are not necessarily ad-
vocating for the use of this graft in all cases of ARR,
we consider its use beneficial in cases where mobili-
zation and reimplantation of the coronary buttons is
anticipated to be challenging, such as for redo cases,
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