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Minimally invasive cardiac surgical techniques recently have been applied in the
management ofa variety ofintra cardiac lesions. Whether this approach has traditional
advantages over the conventional techniques is not well established. This retrospective
study was designed to evaluate the effects of lower ministernotomy (manubrium-
sparing) in the repair of atrial septal defects. Methods: Forty patients (26 boys and 14
girls; aged 2 months to 14 years; body weight, 30.0 ± 14 kg) who underwent repair of
atrial septal defect were divided into two groups: ministernotomy with manubrium-
sparing group (N = 20) and a full sternotomy group (N = 20) were operated on. Results:
Closure of the defect was performed successfully in all patients. The duration of
cardiopulmonary bypass was 50.5 ± 13 minutes and the total operative time was 2.5 ±
0.4 hours. All the patients recovered rapidly from their operation and had an uneventful
postoperative course. Follow-up (mean, 3 months; range, 1 to 6 months) was complete
in all patients. There were no late deaths. Transthoracic echocardiographic examination
showed no residual shuntoConclusions: Our experience demonstrates that man ubri um-
sparing is technically feasible and an alternative option for the repair of atrial septal
defect.
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Minimally invasive surgical approaches used
in cardiac operations have been reported widely in
the literature both in adult and pediatric
populations. Advantages include a reduction of
perioperative complications and an improved
postoperative recovery. The shortened
postoperative in-hospital stay and resultant lower
cost of patient care, as well as a reduction of pain

_with an improved cosmetic results, have led to a
widespread acceptance of these techniques in adults.

Experiences with cardiac surgery for infants
and newborns are, however, limited. The reported
approaches include a right anterior thoracotomy, a

transverse inframammary skin incision with either
a vertical sternotomy or bilateral transverse
anterior thoractomy and video-assisted techniques.

Median sternotomy is the standard approach
for surgical intervention in intracardiac defects
(VSD and ASD). However, the use of minimally
invasive cardiac surgical techniques might be an
alternative approach in the surgical treatment.

Objective

The objective of this study was to report our
experience with the use of ministernotomy
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(manubrium-sparing) in the repair of congenital
heart defect in 20 pediatric patients.

MATERIALS AND METHODS

Patients

Forty consecutive pediatric patients were
electively operated on for ASD from 2003-2005
and were categorized into two groups with 20
patients in each group. The patients were
categorized to a ministernotomy group versus a
full sternotomy group. There were 26 boys and 14
girls (age range, 2 months to 14 years old). Their
man body weight was 30 ± 14 kg (range, 13.1 to
59.0 kg). Transthoracic echocardiography and
cardiac catheterization confirmed the diagnosis
of ASD. These 40 patients have ASD of secundum
type. The mean pulmonary artery pressure was
18 ± 3 mm Hg (range, 14 to 26 mm). The
pulmonary-to-systemic flow ratio was 2.5 ± 0.5
(range, 1.5 - 3.0 mm Hg), In accordance with the
surgeon's preference, surgical access was made
with a partial sternotomy sparing the manubrium
with limited skin incision. Written consent was
obtained from the family members before
operation.

All operations were performed using the same
anesthesia protocol, moderate hypothermic
cardiopulmonary bypass (30°C to 32°C) and blood
cardioplegia. All patients were operated on the
same surgeon. There was no medical reason why
patients were assigned to one special surgical
treatment group.

In the full sternotomy group, the procedures
were performed in the conventional manner.
Morbidity, mortality, duration of procedure,
ischemic time, bypass time, postoperative chest
tube drainage for 24 hours, blood transfusion,
time of ventilation, length of intensive care unit
stay and length of hospital stay were recorded.
The degree of the incisional pain was also
evaluated. Echocardiography was used to assess
the effect of procedures prior to discharge while
the remaining 1 month after operation in all
patients. Minimum length of follow up was 3
months.

The data were reported as a mean +/-
standard deviation. Differences of variables
between both groups were analyzed with the
student's t test. Values of p less than 0.05 were
considered significant.

Surgical Techniques

After the induction of general anesthesia,
the patient was placed in a supine position and a
shoulder roll was used to aid exposure. A limited
midline vertical incision was performed starting
at the nipple level and extending inferiorly across
two to three interspaces (4 to 6 em depending on
the body size). The soft tissues over the sternum
were undermined to expose the suprasternal notch
and the xiphoid appendage. A sternal saw was
then used to perform a partial sternotomy, which
spared the manubrium and completely preserved
both the soft tissue and the bony geometry of the
upper sternum and sternal notch. The sternotomy
was started at the xiphoid and continued to the
sterno manubrial junction. A standard chest
retractor was used to spread the sternum. A
small amount of bleeding from the crotch of the
manubrium was controlled with bone wax. The
anterior ligamentous attachments of the
pericardium to the sternum and the thymus were
mobilized so that the superior aspect of the
pericardium over the aorta could .be pulled
inferiorly and anteriorly toward the skin incision.
The diaphragmatic attachments were also
mobilized laterally, particularly on the right side
to facilitate cannulation of the inferior vena cava.
The pericardium previously mobilized was then
opened to the right of the midline based over the
right ventricular atrioventricular groove and
continued superiorly over the aorta. The superior
portion was sutured to the posterior table of the
sternum to both elevate the aorta and pull it
inferiorly to facilitate cannulation. The
diaphragmatic reflection was mobilized toward
the right pleural space. The pericardial edges
were then suspended along the right margin
only to the sternum.

Cardiopulmonary bypass was established
through cannulation ofthe ascending aorta with an
aortic cannula (Argyle) and the venacavae (Pacifico-
curve). Snares were placed around the both cavae.
A purse string suture was placed in the proximal
aorta for a vent needle. A membranous oxygenator
was used. The patient's temperature was allowed
to drift with no active cooling.

The atrial septal defect was exposed via a
right atrial incision. A vein retractor was used to
provide good exposure. A cardiotomy suction
catheter was placed in the coronary sinus. The
defect was closed primarily.
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Standard deairing meanuevers were
conducted, including filling ofthe left atrium and
ventilation before the final suture was placed in
the defect. A vent needle was placed in the aorta
and the patient was placed in steep Trendelenberg
position. Cardiopulmonary bypass was
discontinued in the standard fashion. A
mediastinal closed suction drain and a single
ventricular pacing wire was placed. No
intracardiac lines were placed. The sternum was
rewired and the chest was closed in the standard
fashion.

RESULTS

Tables 1 to 3 show the perioperative data.
There were no significant differences with respect
to age, sex and type of septal defects between the
two groups. There was no morbidity in either
group and all patients recovered without event.
There was no readmission and no residual shunt
by echocardiography. No patients required
conversion to full sternotomy in the
ministernotomy group. The atrial septal defect
was closed successfully in all patients, by direct
means in all ofthese patients and with the use of
prolene 5-0 sutures. The duration ofthe procedure
in the ministernotomy group was longer than
that in the full sternotomy group (p < 0.002),but
there were no significant differences between the
two groups with respect to the bypass time, aortic
cross-clamping time, ventilation duration and
intensive care unit stay. The drainage for 24
hours in the ministernotomy group was less than
in the full sternotomy group (p = 0.03), but the
number of patients requiring blood transfusion
and the mean volume of blood transfusion in both
groups were similar. There was a shorter hospital
stay in the ministernotomy than in the full
sternotomy group (p = 0.04). Although the number
of patients complaining about incision pain after
operation in the ministernotomy group was
decreased, this did not reach significant difference
compared with the full sternotomy group
(p = 0.20). All the patients regained consciousness
promptly after operation. The endotracheal tube
was removed either immediately after the
procedure or on the first operative night. The
patients were brought out of the intensive care
unit on the first operative day. The postoperative
course was uneventful. There was complete follow
up on all patients with a mean of 6.2 months

(range, 3 to 9 months). There was no wound,
neurologic or lower limb vascular complications.
There was no limitation in the activity of the
patients. Follow-up transthoracic echo-
cardiographic examination did not show any
residual shunt or ventricular dysfunction. All the
patients were doing well.

Table 1. Preoperative demographic data.

Variable Ministernotomy
Group (n = 20)

Full Sternotomy p value
Group (n = 20)

Age (year)
Sex (f/m)
ASD

4.4+/-2.7
8/12

20

5.7+/-3.9 0.71
6/14 0.68

20 0.52

Table 2. Intraoperative data.

Variable Ministernotomy Full Sternotomy p value
Group Group

Time of
procedure (h) 3.5+/-0.6 3.1+/-0.5 <0.002
CPB duration

(min) 45.1+/-15.0 46.9+/-14 0.20
Ischemic time

(min) 31.0+/-13.7 30.0+/-12.0 0.52·
Antegrade CP 20 20 0.001

Table 3. Postoperative data.

Variable Ministernotomy Full Sternotomy p value
Group Group

Ventilation
(h) 3.3+/-1.3 3.2+/-1.6 0.8

ICU stay (h) 24.1+/-2.0 23.8+/-2.0 0.05
Drainage (ml) 50.0+/-30 75+/-55 0.04
Transfusion 22 23 0.55
VolofRBC

(units) 0.51+/-0.60 0.49+/-0.70 0.58
Pain 6/20 (30%) 11/20 (53%) 0.20
Hospital stay
(days) 5.5+/-1.2 7.5+/-2.0 0.04

DISCUSSION

In this study, 20 patients were operated on
to close an ASD with the use ofminimally invasive
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cardiac surgical techniques. All patients
recovered rapidly from the operation.

Median sternotomy is the standard surgical
approach in the repair ofASD. For better cosmetic
healing, minimal skin incisions with the sternum
incised vertically sparing the manubrium may be'
used. In the present study, we found three
advantages of lower sternotomy versus
conventional full sternotomy. First, less
postoperative chest tube drainage occurred.
Second, there was a shorter stay in the hospital.
Third, the procedure provides a better cosmetic
effect. The disadvantage of a full midline
sternotomy is primarily cosmetic, due to the
length of the scar and possibly chest wall
deformities, an important consideration for
children as they grow and develop. Among the
present significant findings, the cosmetic effects
of the ministernotomy maybe the major
advantages over the full sternotomy. Although
the present study showed there was statistically
decreased drainage in the ministernotomy group,
this did not correlate with decreased requirements
for transfusion in this group. Postoperative
bleeding is multifactorial and a small incision
was only one of the factors contributing to
decreased bleeding postoperatively. Furthermore,
there was no prominent clinical significance in
reducing transfusion postoperatively with respect
to reduction of drainage in the ministernotomy
group.

Another goal of minimally invasive cardiac
procedures is to decrease the hospital stay. The
length of hospital stay in the ministernotomy
group was shorter when compared with that in
the full sternotomy group.

The term minimally invasive is a poorly
defined but commonly used buzzword that is
applied to a wide array of techniques ranging
from catheter-based procedures to general
surgical procedures that are still fairly invasive.
Compared with other approaches.ministernotomy
has at least three advantages. First, no peripheral
artery cannulation. is needed. Second, it is easy
to convert to full sternotomy if necessary. Third,
the distance between the incision and the cardiac
septum is the shortest, which makes it much
easier to repair heart defects. Because of the
small space ofthe operative field, the difficulty of
manipulation is increased and the pace of the
procedure is slowed. The duration ofthe procedure
is increased and extra time is mainly spent on

aortic cannulation. Aortic cross-clamping time
and cardiopulmonary bypass duration are not
delayed.

The major advantage of minimally invasive
cardiac surgical techniques is the avoidance of
full sternotomy. The minimally invasive nature
of this approach might reduce the incidence of
postoperative complications to a minimum. There
were no wound infections or cases of mediastinitis
among our patients. The cosmetic healing was
excellent. The amount of drainage during the
first 24 hours after operation was maintained to
a minimum, illustrating the advantage of
minimally invasive cardiac surgical techniques.
The postoperative hospital stay was significantly
shorter in this series. However, the number of
patients in this series was too small to allow for
meaningful statistical comparison. Before the
general application of minimally invasive cardiac
surgical techniques is recommended, further long-
term analysis of a larger series with comparative
data from conventional approaches is necessary.

CONCLUSION

Our limited-exposure approach to the repair
of atrial septal defect uses standard
instrumentation and cannulation techniques
without any peripheral incisions and
simultaneously provides a cosmetically superior
result for the patient while ensuring maximal
surgical security. Security is provided by the
ability to perform a full sternotomy expeditiously
and to have a complete access to the entire
mediastinum if necessary. Since then, we have
repaired secundum atrial septal defects through
a limited midline incision with partial sternotomy
in 20 patients, none of the procedures had to be
converted to a full sternotomy. There has been no
mortality and no significant morbidity.

Our experience showed that minimally
invasive cardiac surgical techniques are
technically feasible in the closure of ASD and can
be carried out safely and effectively. The
minimally invasive nature of this approach
decreased the amount of postoperative bleeding
and produced excellent cosmetic healing. It also
shortened the postoperative hospital stay and
therefore, might reduce medical costs. Our
experience demonstrates that manubrium
sparing can be used as an alternative approach
for the repair of ASD.
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