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Objective: Manipulation of the aorta has been shown to be associated with p
erative neurologic events after surgical myocardial revascularization when th
is diseased. The Heartstring proximal anastomotic system (Guidant, Indian
Ind) is a device designed to assist in the performance of proximal anastomos
minimal aortic manipulation. We describe our initial experience with this pro

Methods: Twelve patients with a diseased aorta who underwent off-pump my
dial revascularization and had their proximal anastomoses performed wi
Heartstring device were studied for operative and postoperative outcome
surgical technique.

Results: The mean age of the patients was 76� 7 years. The estimated EuroSCO
perioperative mortality was 12%� 8%. The median number of distal anastomo
was 3. In all patients, a saphenous vein graft was anastomosed to the aorta u
Heartstring device. In 5 patients, the radial artery was used as a condu
connected proximally to a left internal thoracic artery as a Y graft, to a sapheno
vein graft as a “horseshoe,” or on the hood of a saphenous vein graft. The op
and postoperative courses were uneventful. Three seals developed cracks a
not used. One seal developed an unravel in its periphery but was used succe

Conclusions: The Heartstring proximal anastomotic system is a device that a
the surgeon to perform standard proximal clampless anastomoses. Elderly
with a diseased aorta may benefit from this device.

N
eurologic events after surgical myocardial revascularization
devastating complications to the patient, family, and care
vider. Performing the operation without the use of cardiopu
nary bypass (off-pump coronary artery bypass [OPCAB])
been suggested by some to reduce postoperative neur
events in elderly patients.1,2 Moreover, manipulation of the ao

has been suggested to be associated with higher postoperative neurologic e
well.3-5 As a result, several devices were designed to reduce aortic manip
during surgical myocardial revascularization.6-8 The Heartstring proximal anas
motic system (Guidant, Indianapolis, Ind) is such a device.

This article summarizes our initial experience with the Heartstring system
emphasizes some tips and tricks for its use.

Materials and Methods
Twelve consecutive patients, who underwent OPCAB and were found to have a d
aorta, had their proximal anastomoses performed with the assistance of the Hea
device. Patients’ preoperative characteristics were collected according to the Euro
predictive model definitions9 and were used to calculate both the perioperative standa9,10

11,12
and logistic expected mortalities.
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Surgical Technique
After mid-sternotomy, the left internal thoracic artery (LITA)
simultaneously with the left radial artery or the greater saphenous
vein graft (SVG) were harvested. A full heparin dose was admin-
istered. The ascending aorta was assessed by gentle palpation
according to the technique described by Mills and Everson13 or
with the aid of transesophageal or epiaortic ultrasound grading the
aortic disease on a scale of I to V.14,15 In all patients, the aorta was
found to be at least grade IV and judged to be diseased to such an
extent that would endanger the likelihood of embolization if a
partial clamp were to be used. The distal anastomoses were per-
formed first, with the aid of a suction-assisted stabilizer and an
apical suction device. The LITA was anastomosed to the left
anterior descending artery in all cases and was performed first.
After the distal anastomoses were completed, the proximal anas-
tomoses were performed with the assistance of the Heartstring
device.

Proximal Anastomosis Technique
For the placement of the proximal anastomosis, the aorta was
assessed for an anterior circular segment of normal aorta with a
diameter of approximately 1 cm. This assessment can be per-
formed by gentle palpation, transesophageal echocardiography,
epicardial echocardiography, or a combination of all of these.

The device is generally used according to the manufacturer
instructions with some modifications. We found that immersing
the seal in a bucket filled with normal saline at a temperature of
approximately 50°C for 5 minutes before loading reduces the
likelihood of cracks or unravels in the seal. The warm seal en-
hances and secures the manipulation and loading of the device. A
6-0 Prolene with a half-circle needle (W8815, Ethicon, Somerville,
NJ) is our preferred suture. Because the distance between the edge
of the seal and the outer part of the aortic hole is approximately 0.5
cm, the half-circle needle is easier to manipulate and reduces the
likelihood of suturing the seal. A blower/mister is used to clear the

Figure 1. “Horseshoe” side-to-side anastomosis (A) an
part of the anastomosed conduit to another conduit (B
field of oozing blood during the suturing.
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Proximal Anastomosis Options
The technique suggested by the manufacturer is standard end-to-
side anastomoses between a conduit and the aorta, using a new
Heartstring device for each anastomosis. To perform proximal
arterial anastomoses or to use only 1 hole on the aorta, we used 3
different modified techniques: (1) a standard end-to-side anasto-
mosis between a conduit and the aorta, and then an end-to-side
anastomosis between a second conduit to the first conduit (T graft);
(2) a “horseshoe,” side-to-side anastomosis, between a conduit and
the aorta (Figure 1, A), and then a beveled end-to-end anastomosis
between the proximal part of the anastomosed conduit to another
conduit as long as the proximal part of the anastomosed conduit is
valveless (Figure 1, B); and (3) a standard end-to-side anastomosis
between a conduit and the aorta, but at the end of the anastomosis,
the seal is left in place and the last suture is left untied (Figure 2,
A). An incision is made on the hood of the anastomosed conduit,
and a second conduit is anastomosed to the hood of the first one
(Figure 2, B). After the completion of the second anastomosis, the
seal is removed and the suture of the first proximal anastomosis is
tied.

After completion of the proximal anastomoses, the heparin is
reversed, hemostasis is performed, and the chest is closed in a
normal fashion.

Data on the operative and postoperative courses were collected
until the patient was discharged from the hospital.

Results
The preoperative characteristics of the patients are pre-
sented in Table 1. No preoperative neurologic history was
present. There were no postoperative neurologic events or
perioperative mortality in this group of patients despite high
expected mortality according to the EuroSCORE predictive
model, both the additive (8% � 3%) and logistic models
(12% � 8%). The number of distal anastomoses performed
per patient ranged between 2 and 3 with a median of 3. All

eveled end-to-end anastomosis between the proximal
d a b
patients received the LITA to the left anterior descending
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artery. In 5 patients the radial artery was used as a conduit
and connected proximally to the LITA as a Y graft, to an
SVG as a “horseshoe,” or on the hood of an SVG. The SVG
was used for all other targets and connected proximally to
the aorta with the Heartstring device. When more than 1
proximal SVG anastomosis was required, it was connected
to the first SVG in one of the modified techniques described
earlier. The operative and postoperative courses of all pa-
tients were uneventful with no major sequelae, except 1
patient required a pacemaker implantation for sick sinus
syndrome. The length of stay ranged from 5 to 13 days with
a median of 7 days. The patient who stayed 13 days required
the pacemaker implantation. During the performance of the
anastomosis with the Heartstring, there is a continuous
oozing of blood that may increase the amount of blood
transfusions. The preoperative and immediately postopera-
tive hemoglobin levels were 12.5 � 1.3 g/100 mL and 10.7
� 1.3 g/100, respectively. The patients were transfused with
a median of 1 unit of packed red blood cells during the
operation (range: 1-2). In contrast, we reviewed 12 patients
who underwent OPCAB without the use of the Heartstring
device in the same period of time and found that most of
them were not transfused during the operation (median: 0,
range: 0-1) (Mann-Whitney U test: P � .02).

Device Failure
Three seals developed cracks during the loading procedure
in the first 2 cases and were not used. One seal developed an
unravel in its periphery; nevertheless, it was used success-
fully, but with higher than usual bleeding.

Discussion
This article describes our initial experience with the Heart-

Figure 2. A complete untied standard end-to-side ana
anastomosed to the hood of the first one (B).
string proximal anastomotic system. Despite the fact that

The Journal of Thoraci
the patients described here were high-risk patients (expected
perioperative mortality of 12% � 8% according to the
EuroSCORE logistic predictive model), their operative and
postoperative courses were uneventful. In fact, an 84-year-
old woman with moderate left ventricular function who had
a recent myocardial infarction and who underwent an emer-
gency operation had expected additive and logistic mortal-
ities of 11% and 25%, respectively. All of these patients had
severely diseased aortas. In such situations, if the decision is
to avoid manipulation of the aorta, few alternative options
are available. One alternative is to partially revascularize the
heart in such a way that will avoid manipulation of the aorta
altogether. Another option is to perform a complete arterial

TABLE 1. Patients’ preoperative characteristics

Characteristic
Patients
(N � 12)

Age (y) 76 � 7
Female gender 42%
Hypertension 67%
COPD 42%
LVEF % 37 � 9

Poor LV 25%
Recent MI 33%
Unstable angina 50%
Emergency 8%
Predicted EuroSCORE mortality Standard % 8 � 3

Logistic % 12 � 8

Data are presented as mean � SD for continuous variables and as
percentage for noncontinuous variables.
COPD, Chronic obstructive pulmonary disease; LVEF, left ventricular ejec-
tion fraction; Poor LV, poor left ventricular function (ejection fraction �
30%); Recent MI, recent myocardial infarction (� 90 d).

osis with the seal in place (A) and a second conduit
stom
revascularization using multiple in situ arterial conduits
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without manipulation of the aorta. A third option is to attach
free arterial conduits to the LITA as Y or T grafts, or a vein
graft to another artery but not the aorta (eg, innominate
artery). Except for partial revascularization, the other op-
tions are more complex and depend on extensive use of
arterial grafts. In high-risk patients with multiple comor-
bidities, the surgeon sometimes prefers to perform a simpler
and faster operation. In such cases, placing the proximal
anastomoses on the aorta is advantageous. Several devices
have been designed to facilitate the performance of the
proximal anastomosis to the aorta with minimal aortic ma-
nipulation.6-8 They all deploy some kind of metal connector
mounted within the vascular conduit into the aortic wall.
The advantage of these technologies is in the ability to
produce precise, reproducible, and fast proximal anastomo-
ses. However, it is unclear how these devices perform in a
diseased aorta with irregular thickness of the aortic wall.
The patency rate is an important issue with these devices.
The anastomosed conduit must come off of the aorta in a
right angle, and it may kink. In addition, the metal connec-
tors may increase neointimal formation and, as a result,
stenosis or occlusion. Indeed, Traverse and colleagues16 and
Carrel and colleagues17 observed significant rates of steno-
sis in the vein grafts close to the connector site shortly after
the operation when using the Symmetry proximal anasto-
motic device (St Jude Medical, Inc, St Paul, Minn).The
proximal anastomoses with these devices must be per-
formed before distal anastomoses, which makes the proper
length measurement of the conduit more difficult. It seems
that refinements of these technologies and longer follow-up
times are necessary before those devices will gain increas-
ing popularity.

The Heartstring proximal anastomotic device uses a dif-
ferent approach. It allows the surgeon to perform the anas-
tomosis using standard techniques in a clampless environ-
ment. As a result, each bite can be placed appropriately
whether the aorta is normal, thick, or irregular. In addition,
the patency rate theoretically should not be different from
standard anastomoses performed without the device. The
surgeon can decide the proper sequence of anastomoses,
proximal or distal first, according to his or her preference.

However, several limitations exist with the Heartstring
system as well.

Bleeding
The seal does not give a complete bloodless field. A con-
tinuous oozing of blood was present in all cases and seemed
to be blood-pressure dependent. Tozzi and colleagues18

used the Heartstring device for performing proximal anas-
tomoses in 3 sheep that underwent OPCAB. They found the
leakage to be 3 � 0.5 mL/min with a blood pressure of

120/65 mm Hg and 9 � 1.5 mL/min with a blood pressure
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of 200/95 mm Hg.18 We found it difficult to assess directly
the amount of bleeding during the performance of the prox-
imal anastomosis with the Heartstring device because of
interference caused by an unknown amount of oozing from
the sternum, mediastinal fat, and additional saline intro-
duced to the surgical field by the blower/mister device. We
attempted to indirectly estimate blood loss during the pro-
cedure by measuring blood-transfused, preoperative, and
postoperative hemoglobin in patients who had their proxi-
mal anastomosis performed with and without the Heart-
string device. Although the cause of intraoperative bleeding
depends on many factors (eg, number of distal and proximal
anastomoses), it is our impression that a significant amount
of blood is lost during the use of the Heartstring device. The
addition of a cell saver to the operation seems to be man-
datory to reduce the amount of allogenic blood transfused.
In addition, systemic blood pressure should be kept as low
as possible during the performance of the proximal anasto-
moses to reduce blood loss and increase visibility. There
may be rare cases of increased bleeding that obscures the
operative field and that cannot be sufficiently cleared by the
blower/mister or of device failure that prevents the anasto-
mosis from being performed safely. In these cases, if the
surgeon believes that partially clamping the aorta is too
hazardous, the anastomosis can be closed with a pledgeted
U stitch, the Heartstring can be removed, and an alternative
site for placement of the proximal anastomosis can be
considered. In our experience thus far, no such situation has
occurred.

Technical Failures
Because of the relative inflexibility of the seal in the first 2
cases, cracks appeared in the seal during the process of
loading, which prevented us from using it. The process of
seal loading seemed to be unpredictable. Subsequently, after
immersing the seal in warm water, the loading procedure
became easier and more predictable, and no cracks appeared
thereafter. Nevertheless, in 1 case, despite warm water
immersion, a minor unravel in the periphery of the seal was
identified. The seal was used successfully, although the field
was bloodier.

Anastomotic Size
The aortic hole currently is relatively large (4.5 mm) and not
suitable for most arterial grafts. An alternative approach has
been suggested in this article that can overcome this limi-
tation. Although theoretically, smaller Heartstring devices
can be manufactured to allow the placement of arterial
conduits directly on the aorta, the relatively inflexible seal
does not seem to easily fit smaller delivery systems unless
the seal is decreased significantly in size, a situation that

will increase the difficulty of the anastomosis.
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Cost
The Heartstring proximal anastomotic device is a relatively
expensive device. Its cost is approximately equivalent to the
cost of 1 hospitalization day. It certainly increases the cost
of the procedure. However, if the use of this device in
selected high-risk patients decreases postoperative neuro-
logic complications, which definitely increase the length of
hospitalization and complexity of treatment, it will probably
prove to be markedly cost-effective.

Conclusion
The Heartstring proximal anastomosis system is a device
that allows the surgeon to safely perform proximal, clamp-
less anastomoses especially in elderly patients with a dis-
eased aorta. Further prospective studies with long-term fol-
low-up are required.
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