Minimally Invasive Repair of Atrial Septal Defects—A Case Series
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Abstract

Introduction: Repair of atrial septal defectsin adults has become so safe that emphasisis now placed on improving cosmesis without
compromising safety. Theresultsof our seriesof minimally invasiverepair of atrial septal defectsdonethrough alower partial sternotomy
arereported. Materialsand Methods: Eight adult patients underwent minimally invasive repairs of atrial septal defects over a period of 1
year (Group 1). Conventional repairsof atrial septal defectswere performedin 26 patients over the sameperiod (Group 2). Wedescribethe
techniqueand compareour resultson timetaken for surgery, bypasstime, cross clamp time, timeto extubation and total hospital stay. Early
complications and complications at 1 year are also presented. Results: No differencein the demographic data was found between the two
groups. Thetimetaken for surgerywasmore, whilecrossclamptimesand bypasstimeswereshorter in Group 1. Therewasalsonodifference
in theamount of blood loss, early postoperative complicationsand later complicationslike cardiac rhythm or wound pain. Conclusion: The
improved cosmetic appearance, both in males and females, isan important factor to recommend minimally invasive repair of atrial septal
defects in an adult population. Surgical closure of atrial septal defects can be performed through a lower partial sternotomy without

compromising access or safety with good cosmetic outcome.
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I ntroduction

Atrial septal defect (ASD) forms the commonest grown
up congenital heart diseasesseenincardiacsurgical practice.
Repair of this has become so safe that the emphasisnow is
on cosmetic outcome. The development of catheter based
techniquesand popularisation of minimally invasivecardiac
surgery has put pressure on the cardiac surgeonsfrom both
the lay public and peers for less invasive procedures.
V arious approaches are being assessed and the advantages
and disadvantages compared. The results of our series of
minimally invasive repair of ASD done through a lower
partial sternotomy are presented.

Material and Methods
Study Population

From March 1997 to March 1998, 8 adult patients (7
femalesand 1 male) underwent minimally invasiverepairs
of atrial septal defects (Group 1). In the same period, 26
adult patients underwent repair of atrial septal defects
using a full median sternotomy and conventional cardio-
pulmonary bypass(Group 2). All surgerieswereperformed
by one surgeon (CYL). There was no difference in the

demographic data between thetwo groups (Tablel). Other
parameters like cross clamp time, bypass time, time taken
for surgery, time to extubation and total hospital stay were
compared. Theearly postoperativecomplicationsand blood
transfusion requirements were also assessed. All patients
were followed up for aminimum period of 1 year and the
results compared.

Technique

A lower partial median sternotomy was used to gain
access to the heart. The initial incisions were 10 cm in
length but we soon managed to do the same procedure
through a6-cm incision (Fig. 1). Theincision was centred
over thelower sternumuptothetop end of thexiphisternum.
The skin and subcutaneous tissue were undermined
superiorly and inferiorly to gain better access. The
xiphisternum was exposed and divided. Sternotomy was
started from the lower end and extended upwards. The
manubrium was not divided in any of the casesand neither
was the sternotomy extended into the intercostal spaces.
The thymus was dissected away and the pericardium was
opened up to its reflection on the ascending aorta. Full
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TABLE I: CHARACTERISTICS OF PATIENTS

Variable Minimally Conventional P vaue
invasive (n = 8) (n=26)
Mean + SE Mean + SE
(range) (range)

Age (years) 25.04+ 2.88 3375+ 3.14 0.155
(16.49 to 36.43) (7.15 to 62.29)

Gender (M:F) 1:7 9:17 -

Height (cm) 159.53 + 2.87 156.95 + 2.89 0.745
(149 to 174.5) (122 to 178)

Weight (kg) 52.86 + 3.48 51.35+ 3.03 0.839
(40.1 to 74.2) (15.8 to 72.9)

SE: standard error

exposure of the heart was not obtained because of the
variation in spatial orientation of theincisions on the skin,
sternum and the pericardium. The following manoeuvres
were hence performed. A goligher retractor was placed at
the upper end of the sternotomy to retract upwards and
outwards. Pericardial stay sutures were placed on either
side of the aorta on to the periosteum of the inner table of
the sternum, which brought the aorta into the field of

Fig.la. Fig.1b.

Fig.1c.

Fig.1. (a) Lower sternotomy incision; (b) incision well covered with clothes worn;
(c) measurements shown.

surgery. This increased the ease of cross clamping and
cardioplegia. Cardiopulmonary bypass was instituted by
femoral arterial cannulation through a transverse incision
in the groin crease. Superior venacaval cannulation was
performed through a purse string on the right atrial
appendage and passing a straight cannula into the cava.
Inferior venacaval cannulation is made easier by dividing
the pericardium towards the right and downwardsinto the
pericardial well. A stay suturewasthen applied deepinthe
well and mild traction applied towards the surface.
Cannulation was effected by aright angle cannula so that
it stays out of the surgical field. No special cannulas,
retractors or instruments were used during the conduct of
the operation. The patient’s temperature was allowed to
drift. Applicationof crossclampandinstitution of antegrade
cold blood cardioplegia were done in the conventional
way. Closures of ASD were performed by either direct
suture or a pericardial patch when necessary. De-airing
was affected by passive filling of the left atrium and by
gentleagitation of theheart beforecompletingtheprocedure.
Thiswas supplemented by amodified val salvamanoeuvre
to remove air from the pulmonary veins and active suction
of the aortic root through the side arm of cardioplegia
cannula. Right atrial closurewas performed after removing
the aortic cross clamp on abeating heart. Patient was fully
rewarmed before being weaned off cardiopulmonary
bypass.

Satistical Analysis

The SPSS package, version 8.0, was used for statistical
analysis. Associations between qualitative variables were
performed using the chi-square method. Quantitative
variables were compared using the Mann-Whitney U test.
Results are expressed as mean with standard error and the
range given. Results were considered significant if the
P value was less than 0.05.

Results

A total of 8 patientsunderwent minimally invasiverepair
of atrial septal defects during the 12-month period (Group
1). Two (25%) had adirect suturerepair while 6 (75%) had
pericardial patch repairs. The details of these patients
including demographics, operative data, days in hospital
and follow-up are summarised in Table I1. On comparing
the two groups (Table 111), the time taken for surgery was
more for Group 1 compared to Group 2. On comparing
cross clamp times and bypass times, the time taken was
shorter in Group 1. Thedifferences, however, did not reach
statistical significance (Fig. 2).

Loss of blood was minimal and there were no blood
transfusions in either of the groups. Three patients in
Group 2 developed atria fibrillation in the postoperative
phase against none in Group 1. Comparisons were also
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TABLE II: DESCRIPTIVE STATISTICS OF PATIENTS UNDERGOING MINIMALLY INVASIVE REPAIR OF ATRIAL SEPTAL DEFECT

Patient Age Sex  Height Weight Size of Incision/ Surgical Bypass X-clamp Time to Daysin  Length of
no. ) (cm) (kg) incision height time time time extubation hospital ~ follow-up
(cm) ratio (min) (min) (min) (min) (mo)
1 17 M 174.5 74.2 9 0.05 175 56 32 155 8 20.8
2 23 F 163 56.3 10 0.06 170 45 27 200 6 16.3
3 29 F 166 50.4 9 0.05 175 50 29 260 5 145
4 37 F 159 48.1 9 0.06 215 43 23 185 5 15.5
5 23 F 155 50.1 6.5 0.04 185 54 27 0 8 13.2
6 17 F 152.7 40.1 6 0.04 150 45 16 160 5 15.4
7 36 F 149 49.8 6 0.04 155 50 29 315 5 23.7
8 32 F 157 53.9 6 0.06 145 39 20 80 6 11.0
TABLE I1l: COMPARISON OF OPERATIVE DATA TABLEIV: COMPARISON OF EARLY AND LATE COMPLICATIONS
Variable Minimally Conventional P value Variable Minimally Conventional P value
invasive Mean + SE invasive (n = 8) (n=26)
M + SE
(r::ne) (range) Atrial fibrillation 0 3 0.314
9 Respiratory infection 0 3 0.314
Surgical time 178.75+ 9.0 158.85 £ 8.0 0.070 Wound infection 0 2 0.419
(min) (145 to 215) (95 to 290) Sternal pain 0 3 0.314
Scar hypertrophy 2 4 0.533
Cross clamp time 25.63 + 1.93 27.73+1.80 0.796
(min) (16 to 32) (16 to 62)
Bypass time 47.75+ 2.03 52.85 + 2.69 0.436 cardiacsurgery (VACS) andthecatheter-based techniques.
(min) (39 to 56) (3310 93) . .
Though conceptually attractive, VACS® has its own
Timeto edubation 17688+ 3273  15673:4245  0.347 drawbacks. Not only doesit need amini thoracotomy (the
(min) (0 to 315) (0 to 840) . . L . L
manipulating incision), it also needs incisions for
Hospital stay 6.00 £ 0.46 7.04£ 031 0.084 thoracoscopic ports.** Cardiopulmonary bypassrequires
(days) (5t08) (5t011)

SE: standard error

madefor wound infectionsand atel ectasisof thelunginthe
immediate postoperative period, which too did not show
any difference. Transthoracic echocardiograms performed
before discharge showed no residual shunts in any of the
patients. At follow-up of 1 year, there was no significant
difference seen in the incidence of sterna pain or scar
hypertrophy and keloid formation. There was aso no
changein rhythm noted for patientsin Group 1. Theresults
are summarised in Table 1V.

Discussion

Surgical repair of ASD has been performed with such
low morbidity and mortality that the emphasisis now on
better cosmetic outcome. Median sternotomy has been the
conventional approach for repairs of these conditions. It
has now fallen into disrepute because of the ugly scar? it
leaves and the stigmata of cardiac disease? Various
alternativeapproacheshavebeentried withvaryingdegrees
of success. Anterior thoracotomy, bilateral submammary
incisions, theY incision, thetrans-sternal andtheparasternal
approaches have all been tried and accepted by different
groups.®8 Thelater inclusions have been the video-assisted
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femoral and usually an additional cannulation like the
jugular vein. Most seriesreported are direct suture repairs
of small ASD and no fall back measure exists for large
ASD or other associated pathologies. The ideal solution
would be the development of catheter-based techniques
likethebuttoned or thedoubleumbrelladevices. However,
they are till under development and awaiting approval.
The indications are stringent and they can be used only
when the defects are small and have a nice rim around.
Device migration has aso been described.!>%°

Ananterior thoracotomy isconsidered agood alternative
in females because it gets hidden in the submammary
crease or under the clothing.*! However, thisisobviously
not the best route for males for the above stated reasons.
The disadvantagesinherent in athoracotomy are also well
described. The exposureis slower and requires division of
muscles of the anterior chest wall and sometimes the rib.
Post-thoracotomy pain may result as a consegquence of rib
retraction, including injury to the rib articulation joints,
ligamentousstrain, ribfracturesandintercostal nerveinjury.
Breast mal devel opment and loss of sensation in the nipple
areaarealsowell known.” Modificationsarebeingtried to
overcome this, which increase the time and complexity of
exposure.®® The difficulty of improving access in an
emergency should also be borne in mind.
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Fig. 2. Graphic representation of comparison of various phases of surgery and length of stay in hospital.

The advantage of a median sternotomy is that, it is the
most common and the direct port of access for repair of
almost all the common cardiac conditions.* A vast cadre of
surgeons are trained and are comfortable doing this. The
moresignificant advantageisthat it ispossibleto deal with
any surprising findings like partial anomalous pulmonary
venous return or mitral valve abnormalities after exposure
of theheart.?? A lower partial sternotomy givesanacceptable
cosmetic appearance without compromising any of the
advantagesof afull median sternotomy. Thishasbeenwell
described in the paediatric population.’*# Modifications
of thiswith extension into theintercostal spaces have been
described to perform almost all intracardiac surgeries.t An
intact manubrium hel psinthealignment of the cut edges of
the sternum and also decreases postoperative pain.
Respiratory mechanics are not interfered with, thereby,

accel erating recovery and decreasing length of stay. Direct
aorticcannulationispossibleinmost of thepatientsthrough
alower partial sternotomy aswefoundinthelater caseswe
did. This makes it truly minimally invasive, both
cosmetically and asregardsto traumaduring surgery. The
ease of conversion into a full sternotomy in case of an
emergency gives added credence to this approach.

Cannulation of the femoral artery for cardiopulmonary
bypass is described in amost all minimaly invasive
techniquesof ASD repair. A transverseincisionispreferred,
not only because of the ease of exposure but also because
of better healing and appearance of the scar. Thelong-term
effects of these are not known and follow-up of these
patients are important to know the true worth of these
procedures.’? Myocardial protection and de-airing are the
next important hurdle. Most of the repairs through a
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thoracotomy use cardiac fibrillation for myocardial
protection and to avoid air embolism. Though animal
experiments have shown that the myocardium is well
preserved during cardiac fibrillation, the possibility of
accidental defibrillation during surgery and the inherent
risk of air embolism are well documented. Aortic cross
clamping and cardioplegia become difficult and often
require specia instruments in procedures done through
thoracotomies. In contrast, our techniqueallowsevery step
of the procedure to be done as under conventional and
controlled conditions. Control over de-airingisalsolostin
repairs through thoracotomies when the lungs are inflated
for de-airing, unlike procedures through a sternotomy.

Conclusion

A full median sternotomy isnot necessary for performing
asurgical closureof ASD. Thesameresultscanbeachieved
withnogreater surgical difficulty and better patient comfort
using a lower partial sternotomy. The improved cosmetic
appearance, both in males and females, is an added factor
to emphasize this method.
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