
Clinical
Investigation

Improving Hemostasis
during Replacement 
of the Ascending Aorta
and Aortic Valve with a Composite Graft

The use of a composite graft is an established treatment for patients with aortic valve dis-
ease and ascending aortic aneurysms. Since bleeding from suture lines is a potential
complication of this procedure, we modified the technique and evaluated the effect on
hemostasis.

From January 1994 through December 1998, 35 patients underwent composite aortic
graft replacement for chronic aortic disease. In the first 16 patients (Group 1), we used
the standard open technique, with excision of the aortic aneurysm and anastomosis of
aortic buttons containing the coronary ostia to the vascular graft. In the next 19 patients
(Group 2), we modified the technique by placing an additional suture at the proximal graft
anastomosis and harvesting large coronary buttons that were then attached to the graft
by an “endo-button” buttress method.

There were no operative deaths; the actuarial survival rate at 36 months was 92% ±
5%. Between groups 1 and 2, a significant difference was found in postoperative bleed-
ing (1,052 ± 433 mL vs 806 ± 257 mL, respectively; p = 0.02) and in number of blood
transfusions required (2.1 ± 2.0 units vs 0.4 ± 0.7 units, respectively; p = 0.002). Multi-
variate analysis showed that the surgical technique used in Group 1 was the only inde-
pendent risk factor for postoperative bleeding of 1,000 mL or more (p = 0.01) and for
transfusion requirements of 3 or more units of blood (p = 0.004).

Composite aortic valve and root replacement can be accomplished with excellent re-
sults. Technical modifications may reduce bleeding complications and related morbidity
significantly. (Tex Heart Inst J 2000;27:246-9)

omposite graft replacement of the ascending aorta and aortic valve was in-
troduced by Bentall and De Bono in 1968.1 Since then, this operation and
its modifications have become established methods, especially for treating

patients who have annuloaortic ectasia or aortic valve disease with chronic aneurysm
of the ascending aorta.2-6 Recently, we added a few technical modifications to our
standard procedure with the aim of improving hemostasis. We compared our stan-
dard and modified techniques for possible reduction in bleeding complications and
related morbidity.

Patients and Methods

Patients

From January 1994 through December 1998, 35 patients who had chronic aortic
disease underwent composite graft replacement of the aortic valve and ascending
aorta with reimplantation of the coronary arteries; all procedures were performed by
a single surgeon (UB). Patients were categorized into 2 groups: Group 1 comprised
16 patients undergoing our standard technique from January 1994 through Sep-
tember 1996; Group 2 comprised 19 patients undergoing our modified technique
from October 1996 through December 1998. Preoperative clinical data are summa-
rized in Table I.

Surgical Technique
The technique suggested by Kouchoukos and colleagues7 was used by our surgeon as
follows. In all patients, moderate hypothermia was applied without routine intraop-
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erative administration of antifibrinolytic agents. After
aortic cross-clamping, the ascending aorta was opened
longitudinally and the heart was arrested with a single
dose of cold blood cardioplegia (500 mL) delivered
into the coronary ostia; topical cooling with iced
saline was maintained throughout the procedure. The
aortic valve was excised and the annulus size was mea-
sured. The ascending aorta was transected 2 cm below
the aortic clamp, and buttons of aortic wall including
the coronary ostia were isolated and mobilized. The
composite graft was inserted using multiple sutures of
2-0 Ethibond Excel (Ethicon Ltd.; Edinburgh, U.K.)
reinforced by subannular Teflon felt. Anastomosis of
the aortic buttons to the vascular graft was performed
with a continuous suture of 4-0 Prolene (Ethicon
Ltd.). The graft was then trimmed and sutured to the
distal aorta with a continuous suture of 3-0 Prolene.
This technique was applied in the first 16 patients
(Group 1) through September 1996.

Beginning in October 1996, the Kouchoukos pro-
cedure7 was performed with the following modifica-
tions in the next 19 patients (Group 2). First, after
the prosthesis was seated and the stitches tied, an ad-
ditional suture of 3-0 Prolene was used to join the cut
edge of the aortic wall and the prosthetic sewing ring
(Fig. 1).8,9 Second, the coronary ostia were harvested,
surrounded by a large portion of aortic wall, allowing
the coronary buttons to be sutured in a double layer,
with an “endo-button” buttress technique (Fig. 2).10

All patients underwent anticoagulation by means
of subcutaneous calcium heparin starting on the 1st
postoperative day. Oral anticoagulants were adminis-
tered upon discharge to a hospital room and were

maintained indefinitely, with a target international
normalized ratio (INR) between 3 and 4.5.

Postoperative Evaluation and Follow-Up
Patient records were reviewed, including data collect-
ed before the operation, at the end of cardiopulmon-
ary bypass, and at discharge from the hospital. Data
comprised hematologic values, such as hemoglobin,
hematocrit, platelet count, activated partial throm-
boplastin time (aPTT), prothrombin time (PT), fi-
brinogen, the volume of blood and blood products
transfused, and the need for reoperation because of
bleeding. Data from the 2 groups were then com-
pared.

Patient interviews, direct clinical examination, and
transthoracic 2-dimensional echocardiographic stud-
ies were part of the postoperative follow-up protocol
for the evaluation of functional status and the inci-
dence and type of postoperative complications.

Statistical Analysis 
Data are presented as the mean ± standard deviation.
Results from the 2 groups of patients were compared
using a χ2 test or Fisher’s exact test for discrete vari-
ables. The Student’s t-test or the Mann-Whitney test
was used for continuous variables. P values <0.5 were
considered significant. The actuarial survival curve
was determined using the Kaplan-Meier method and
included hospital mortality rates. Multivariate analy-
sis was performed in order to identify independent
risk factors for postoperative bleeding of 1,000 mL or
more and for transfusion requirements of 3 or more
units of blood, introducing in a stepwise logistic re-
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Table I. Summary of Preoperative Patient Characteristics

Preoperative Group 1 Group 2 Total
Characteristics (n = 16) (n = 19) (n = 35)

Sex (M/F) 11/5 16/3 27/8

Mean age (yr) 65 ± 10 61 ± 11 63 ± 11
Age range (yr) 42-80 33-73 33-80

Disease
Annuloaortic ectasia 14  (88%) 17 (90%) 31 (88%)
Calcific AVD + AAA 2  (12%) 1 (5%) 3   (9%)
Failed prosthesis + AAA — 1 (5%) 1   (3%)

Rhythm
Sinus 14  (88%) 16 (85%) 30 (86%)
Atrial fibrillation 2  (12%) 2 (12%) 4 (11%)
Pacemaker — 1 (5%) 1   (3%)

NYHA class
II — 2 (10%) 2   (6%)
III 10  (63%) 15 (80%) 25 (71%)
IV 6  (37%) 2 (10%) 8 (23%)

Aortic root diameter (mm) 63 ±  8 59 ± 11 61 ± 10
Left ventricular EF (%) 47 ± 12 50 ±  6 49 ± 10

AAA = ascending aortic aneurysm; AVD = aortic valve disease; EF = ejection fraction; F = female; M = male; 
NYHA = New York Heart Association



gression all variables showing p <0.10 on univariate
analysis.

Results

In 25 patients (15 of 16 from Group 1 and 10 of 19
from Group 2), a St. Jude Medical® aortic valved graft
(St. Jude Medical, Inc.; St. Paul, Minn) was placed.
The other 10 patients (1 from Group 1 and 9 from
Group 2) received a Carbo-Seal™ ascending aortic
prosthesis (CarboMedics, Inc.; Austin, Tex). Associat-

ed surgical procedures were performed in 5 patients
(14%): coronary artery bypass grafting in 4 and 
mitral valve replacement in 1. There were no signifi-
cant differences in duration of cardiopulmonary by-
pass between groups (Group 1, 111 ± 41 minutes vs
Group 2, 103 ± 17 minutes), aortic cross-clamp time
(87 ± 19 minutes vs 89 ± 18 minutes, respectively), or
activated clotting time during cardiopulmonary by-
pass (918 ± 195 seconds vs 867 ± 148 seconds, respec-
tively).

There were no operative deaths. During the follow-
up period completed in February 1999 (mean fol-
low-up, 28 ± 15 months; range, 2 to 54 months),
there were 2 late deaths. One patient in Group 1 died
of chronic renal failure after 16 months, and 1 pa-
tient in Group 2 died suddenly after 15 months. The
actuarial survival rate at 36 months was 92% ± 5%.

The total postoperative blood loss in Group 1 was
1,052 ± 433 mL (range, 500 to 2,100 mL), and in
Group 2 it was 806 ± 257 mL (range, 390 to 1,350; p
= 0.02). Nine patients in Group 1 and 3 patients in
Group 2 experienced blood losses of 1,000 mL or
more. Chest reexploration for bleeding was required
in 3 patients from Group 1 and in 2 patients from
Group 2. In Group 1, bleeding was observed at the
proximal conduit anastomosis in 1 patient and at the
site of the right coronary ostium anastomosis in an-
other. No patient in Group 2 experienced postopera-
tive bleeding related to the surgical procedure. A
significant difference was found in the number of
blood transfusions required (2.1 ± 2.0 units in Group
1 vs 0.4 ± 0.7 units in Group 2; p = 0.002); however,
the volume of blood products transfused was similar
between groups. Multivariate analysis showed the sur-
gical technique used in Group 1 to be an independent
risk factor for higher postoperative bleeding (p = 0.01)
and for the need of 3 or more units of blood (p =
0.004).

Finally, comparison of the hematologic profiles be-
fore operation, at the end of operation, and at hospi-
tal discharge revealed that the only significant
difference between Group 1 and Group 2 was in the
preoperative hemoglobin values (12.5 ± 1.4 mg/dL
vs 13.5 ± 1.3 mg/dL, respectively; p = 0.03).

Discussion

Simultaneous replacement of the ascending aorta and
the aortic valve with a composite graft is an effective
method for treating patients who require both proce-
dures.2-7 In the classical approach described by Bentall
and de Bono,1 the composite graft is sutured to the
aortic annulus, after which the aortic tissue surround-
ing the coronary ostia is sewn directly to openings cre-
ated in the graft. The remaining aneurysmal wall is
wrapped tightly around the graft at the end of the
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Fig. 1 Drawing showing the reinforcement suture joining the
incised edge of the aortic wall and the prosthetic sewing ring.

RCA = right coronary artery

Fig. 2 Detail of the “endo-button” buttress technique used for
anastomosis of the coronary ostia to the graft.

RCA = right coronary artery



procedure. This technique has been associated with
pseudoaneurysm formation at the coronary anasto-
moses and at the proximal and distal suture lines.7,11

In patients requiring simultaneous replacement of
the aortic valve and the ascending aorta, we prefer the
open modification7 of the classical Bentall operation
with total resection of the aneurysm wall, use of a
composite conduit, and reattachment of the coro-
nary ostia—adequately mobilized—to the vascular
graft. This technique has yielded acceptable operative
mortality rates and satisfactory long-term results.4,5,7

However, bleeding from the suture lines may be a
major cause of morbidity after such an operation.8,9

Therefore, some technical modifications have been
suggested to improve hemostasis in patients undergo-
ing this operation. These modifications consist of:
1) the use of an additional suture at the proximal
graft anastomosis (as 1st described by Copeland’s
group8 and later by Bayfield and Kron9); and 2) har-
vesting of the coronary ostia with a large button of
aortic wall, which enables the coronary anastomoses
to be reinforced by an “endo-button” buttress tech-
nique (described by Northrup and Kshettry10). The
use of tandem suture lines at the proximal anastomo-
sis was effective in reducing postoperative bleeding
and the need for transfusion in 4 of 5 patients in Bay-
field and Kron’s study.9 In 1998, the “endo-button”
buttress anastomosis was proposed for implanta-
tion of an aortic homograft root;10 this technique is
thought to facilitate hemostasis by providing a large
coaptation surface against the graft.

In order to evaluate the effectiveness of such com-
bined methods, we reviewed the experience of a sin-
gle surgeon using composite aortic grafts for chronic
disease. We compared the results from 2 groups of
patients who underwent surgery during a 5-year pe-
riod. In the later patients (Group 2), we observed
fewer bleeding complications than those found in
Group 1 patients. Moreover, the technique used in
Group 1 was found to be the only independent risk
factor for higher postoperative bleeding and for trans-
fusions of at least 3 units of blood. Furthermore, no
significant difference was found between the hema-
tologic profiles of the 2 groups at the end of surgery
and at discharge, thus excluding the possibility that
the reduced need for blood transfusion in Group 2
could be ascribed to a different approach to reinte-
gration of blood losses. The results of this study
demonstrate that modification of the surgical tech-
nique was responsible for better results in the Group
2 patients.

In 1997, Girardi and associates12 reported low op-
erative mortality rates and complications after using
the St. Jude Medical® conduit for aortic root re-
placement. In our study, we used both the St. Jude
Medical® and the Carbo-Seal™ grafts but did not find 

that the type of device influenced the surgical results.
Therefore, it is our impression that the performance
of the Carbo-Seal™ conduit may also be satisfactory.

This study is a retrospective evaluation, which is a
major limitation; a prospective randomized study on
a larger population of patients would certainly yield
more conclusive data. However, this limitation may
be offset by these factors: the 2 groups of patients were
matched for most preoperative characteristics, and all
the procedures were performed by a single surgeon.

In conclusion, simultaneous replacement of the
aortic valve and ascending aorta with a composite
graft can be performed with excellent operative re-
sults. Our results show that certain modifications in
the standard open technique—in particular, the re-
inforcement of the proximal graft anastomosis and
an improved method for reattaching the coronary
ostia to the graft—may improve hemostasis, thus re-
ducing bleeding complications and related morbidity
rates of this technically demanding procedure.
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