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Percutaneous Closure of Atrial Septal Defects.
The Role of Transesophageal Echocardiography
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Purpose —Evaluation of the role of transesophageal
echocardiography in percutaneous closure of atrial
septal defects (ASD) with the Amplatzer septal occluder.

Methods — Patients were selected for percutaneous
closure of ASD by transesophageal echocardiography
(TEE), which was also used to monitor the procedure, hel-
ping to select the appropriate size of the Amplatzer device,
to verify its position, and to access the immediate results of
the procedure. During the follow-up, TEE was used to eva-
luate the presence and magnitude of residual shunt (RS),
device position, and right cardiac chamber diameters.

Results — Twenty-two (40%) of a total of 55 studied
patients were selected. Thirteen underwent Amplatzer
device implantation, eight are still waiting for it, and one
preferred the conventional surgical treatment. All
procedures were successful, which was mainly due to
proper patient selection. Six (23%) patients acutely
developed RS, which spontaneously disapeared at the
three-month follow-up examination in three patients.
There was a significant reduction in the right ventricle
diastolic diameter, from 27mm (average) to 24mm and
20mm, one and three months after the procedure, respec-
tively (p<0.0076).

Conclusion — With the aid of TEE, percutaneous
closure of ASD can be successfully, safely, and effectively
performed.
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In recent years, several congenital cardiac defects
have been successfully treated with therapeutic catheteriza-
tion*%°.1n 1974, Kingand Mills** madethefirst attemptsat
percutaneous closure of atrial septal defects(ASD). Since
then, several prostheses have been examined for possible
usein thisprocedure. Currently, five are under investiga-
tionwithvaryingresults°. Our experiencewasdevel oped
withthe Amplatzer septal occluder %, whichwasexperimen-
tally introducedin September 19952,

Thesuccess of percutaneous closureof ASD isdirec-
tly related to the proper sel ection of the patientsfor implan-
tation. Defects of theostium secundum type, locatedinthe
central portion of theatrial septum, with thick bordersand
dimensionslargeenoughto sustainthedevice, areideal for
percutaneousclosure. Thedetailed study of thedefect with
measurement of itsdimensions, in at |east two planes, can
be performed in a precise way through transesophageal
echocardiography (TEE). In addition to patient selection,
echocardiography hasbeen usedinthe hemodynamic room
for the continuous monitoring of the procedure, providing
additional safety and significantly reducing radiation-
exposure. Using TEE clinicians not only can verify the
position of the Amplatzer septal occluder inrelationtothe
ASD but canasoevauateresidual shunt (RS) immediately
after canimplantation and duringthelatefollow-up. TEEis
thereforeimportant in conjunctionwiththisprocedure.

Inthisstudy our initial experiencewith percutaneous
closureof ASD by meansof the Amplatzer septal occluder
ispresented, stressingtheroleof TEE.

Methods

Since August 1997, patients with clinical signs of
ASD, diagnosed with transthoracic echocardiography
(TTE) asthe ostium secundum type, underwent TEE to
evaluate the possibility of using percutaneous treatment.
Agesof patientsranged from threeyearsand two monthsto
65years. TEE wasperformed after consent of the patient or
the patient’ s guardian. Because only adult esophageal
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probeswereavailable, for the examination to besafely per-
formed it wasrequired that the patient’ sminimumweight
was 16kg. Patients under 15 years of age underwent TEE
with general anesthesia; therefore, an anesthesiol ogist and
anursewererequiredto be present in theechocardiography
laboratory. Under continuousel ectrocardiographic monito-
ring and pulse oximetry, patients were anesthetized with
propofol and hal othane after receiving midazolam asapre-
anesthetic. Then, theesophaguswaseasily lubricated with
lidocaine gel and aprobe wasinserted. At the end of the
procedure, the anesthetic effect of midazolamwasreversed
with flumazenil. Some adults al so needed sedation with
propofol because they could not tolerate the examination
withlocal anesthesiaa one. Ultramark 9 equipment (Advan-
ced Technol ogiesL aboratoriesInc., Bothell, Washington,
US) was used with an adult biplanar esophageal probe
(12mm) and color pulsed Doppler. Thedefect Site, position,
and number were analyzed, aswerethe connectionsof pul-
monary veins and cardiac chamber sizes. Hemodynamic
impact of thelesion and shunt direction were also noted.
Other defects and signs of pulmonary hypertension were
also described. The selected patients had defectswith bor -
dersthat hadaminimumdiameter of 4to5mmthat allowedthe
satisfactory placement of the occluder’ sdiscsinthe atrial
septum without invading or harming the adjacent cardiac
structures. These borderswere classified accordingto their
positionsas: if in thetransversal plane, the one closetothe
tricuspidvalveistheanteroinferior, andtheonecloseto aorta
isthe anterosuperior; if in thelongitudinal plane, the one
related to the superior venacavaisthe posterosuperior, and
theonereatedtotheinferior venacavaistheposteroinferior.
Right ventricle(RV) sizeprior toimplantationwasal so
objectively analyzed, through the measurement of itsfinal
diastolic diameter intheM modeand thiswascompared to
other measurementsduring follow-up.
Thecriteriarequired for implantation were: 1) ostium
secundum type of ASD; 2) maximum defect diameter =
21mm; 3) RV dilatation dueto volumetric overload; 4) | eft-
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right shunt; 5) minimum distance of 4 to 5mm betweenthe
defect bordersand the coronary sinus, theatrioventricular
valves, theright superior pulmonary vein, and the superior
andinferior venacava.

For the sel ected patients, the percutaneoustreatment
wasoffered and performed after they or their guardianshad
read all theinformation about the procedureand had signed
theconsent form.

In the catheterization laboratory, the use of TEE was
characterized by: Demonstration of the defect totheinter-
ventional team; monitoring and measuring the stretched
diameter, monitoring the opening and placement of the
discsand waist of thedeviceintheatrial septum; checking
the position of the implanted prosthesis prior to the with-
drawal of theddlivery catheter; andfinally, evaluation of RS
(location and classification), whenever present.

The stretched diameter was measured with aballoon
catheter inflated inside theleft atrium and moved towards
the atrial septum. After color Doppler showed total
occlusion of thedefect, theballoonwass owly deflated. At
theexact moment it passed through theatrial septum plane,
its diameter was obtained by echocardiography. Thisdia-
meter was compared to that obtai ned with balloon inflation
outsidethebody, with the same amount of contrast medium
used at themoment of passagetotheright atrium and esti-
mated usingagrid.

RS was characterized by aleft-right flow between the
defect’ sbordersandtheprosthesis, and classified according
to the proposal of Boutin and co-workers?: trivial <1lmm;
mild=1<2mm; moderate=2<4mm; andsevere=4mm.

After implantation, the patients stayed in the Intensi-
ve Care Unit for observation until the following morning,
being discharged after chest radiography, el ectrocardiogra-
phy (ECG), and TEE were performed. Salicylic acid was
prescribed at adose of 5to 10mg/kg/day for six months, and
prophylaxisfor infectiousendocarditiswasindicated for six
monthsor inthepresenceof RSfor life. The proposed pro-
tocol for late follow-up consisted of clinical evaluation,

Fig. 1- Transesophageal echocardiogram of anindividua with an ostium secundum
type atrial septal defect, presenting favorable characteristics to percutaneous
closure with the Amplatzer prosthesis (longitudinal plane).
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Fig. 2 - Transesophageal echocardiogram (long axis), showing the balloon
positioned in the atrial septum during the measurement of the stretched
diameter.
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chest radiography, ECG, and echocardiography scheduled
for onemonth, threemonths(alsoincluded anew TEE), and
12 monthsafter implantation.

The non-parametrical test of Friedman was used to
compare the average of thefinal RV diastolic diameters
before, one day after, one month after, and three months
after implantation. Thecorrel ation between the diameter of
the ASD andthe stretched diameter waseval uated by linear
regression.

Results

Twenty-two of 55 patients studied with TEE were
selected for implantation according to thecriteriaof inclu-
sion. Thereasonsfor excluding the otherswere: absence of
atrial shunt, defectswith no hemodynamicimpact, defects
of the sinus venosus type, with or without partial anoma-
lous pulmonary drainage, multiple defectsor defectswith
dimensionsabove21mm, eccentric ASD, or ASD withvery
thin borders.

There were no complications during selection, and
tracheal intubation was not necessary. The patients were
discharged on the same day after a short period of post-
anesthetic observation.

Thirteen of the22 selected patientswerereferredtothe
catheterizationlaboratory. Onepreferred theconventional
surgical treatment but eight arestill waiting for the procedu-
re. Theclinical featureaswell astheanatomical and hemo-
dynamicfindingsof thethirteen patientsarelistedintablel.
Implantation was successfully performedinall patients.

Thestretched diameter cal culated by TEE was15%to
68% (averageof 34%) larger thanthelargest diameter of the
ASD determined prior toimplantation, alsoby TEE (Table
I). Therewasastrong linear correlation between them
(r=0.8646—p<0.0001). Thechoiceof prosthesiswasbased

Table I - Clinical, anatomical and hemodynamic characteristics
of patients who underwent percutaneous closure of atrial
septal defects

Number Age Weight ASDD QP/QS Str.D Prost. N Obs.
(years) (kg)  (Mm) (mm)

1 5 24 135 3.4 17 19
2 13 58 9.4 1.6 14 16
3 10 27 8.7 15 12.3 13
4 7 20 10.3 2.4 12.4 13
5 50 69 20 2.6 23 24
6 9 21 13and5 57 2land922and8 PCA
7 12 27 16 1.6 27 24
8 11 31 14.8 2.8 21 22
9 29 58 21 2,1 26 26
10 6 22 16.3 2.3 20 20
11 21 68 21 2.4 253 26
12 7 215 15.5 21 18.7 19
13 3 20 135 1.6 20.6 20

Where: ASDD - atrial septal defect diameter; Str.D - stretched diameter;
Prost.N - prosthesis number; PDA - persistence of ductus arteriosus;
Obs. - Observation.
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onthediameter of itscentral point (waist), whichwasequal
toor Immlarger thanthestretched diameter obtained.
Patient number 2 presented avery thin posteroinferior
border, which impaired its visualization between the two
discsof theprosthesis, makingit difficult to determineif the
occluder’ sposition wascorrect. Patient number 7 also had
very thinborders, with astretched diameter almost twicethe
real diameter of the ASD. Inthiscase, thesize 24 prosthesis
wasarbitrarily chosen after confirming that thetotal exten-
sion of the septumwoul d bear thedevice. Thisprosthesisfit
the septum perfectly and, by the following day the defect
wastotally occluded. Patient number 6 had two ASD witha
border of 8mm between the orifices and a short ductus
arteriosus. In this case, two prostheseswere used. They
werearranged likeasandwich (the superior embracing the
inferior) in the atrial septum and a Gianturco coil was
implanted through theaortafor the occlusion of theductus
arteriosus 2. During thefirst prosthesisimplantation, the
patient experienced asupraventricular tachycardia, imme-
diately reversed with adenosine. At the end of the proce-
dure, the ductus arteriosus was totally occluded and the
two prostheses seemed well positioned with no RS. The
other procedureswere uneventfully performed.
Immediately after theimplantation, five patientsexpe-
rienced mild RS. In one of them, RSwasonly observed by
TEE on the following day, probably dueto the different
incidence of the ultrasound beam of thetransthoracicviain
relationtothetransesophageal one. Similarly, apatient had
acute RSthat seemed to close on thefollowing day, but the
TEE performed threemonths| ater again revealed ashunt.
Inthe patient receiving two prostheses, TEE also showed a
mild RS (1.9mm) three months after implantation. Inthis
case, theleft-right flow wasat ahigh speed, and wasnot no-
ticed immediately after the procedure. Dueto thesevaria-
tions, the prevalence of RSwascal culated at thethird month
after implantation. It was23% (3 patientsout of 13). There
were three spontaneous closures, one occurring 24 hours
after the procedure, and the other two by the third month
follow-up. In regard to the evaluation of RV dimensions,
therewasareduction of somemillimetersinthefinal diasto-

Fig. 3- Transversa plane showing the perfect position of the devicein the atrial septum.
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Fig. 4 - Longitudinal axis showing the prosthesis adequately positioned in the
atrial septum.

Fig. 5- Study with color Doppler revealing no residual shunt. LV- left ventricle; RV-
right ventricle; RA- right atrium; LA- left atrium; SV C- superior venacava

licdiameter in al cases. The statistical analysisshowed a
very significant difference (p<0.0076) betweentheaverages
of thediametersbeforetheimplantation, after oneand three
months. It ishecessary, however, to evaluatethisresult cri-
tically, dueto the presence of three adultsin the sample,
which makesthe group very heterogeneous.

In our experience, there was neither embolization of
the prostheses nor thromboembolic phenomena

Discussion

Thetreatment of ASD by meansof therapeutic cathe-
terization can beconsidered very attractive. Thepossibility
of therapy with no surgical scar, no pain - common in the
postoperative period - no transfusion, short hospital stay,
and significant reduction in the costs are unequivocal ad-
vantages. The devices available for percutaneous closure
of ASD have becomemoretechnologically refined withtti-
me. They aresafer, moreefficient, havelessrisk of emboliza:
tion and of polefracture, and present alower incidence of
RS. It has also been possible to reduce the profile of the
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sheaths necessary to deliver the prosthesis (6 Fr for the
smallest Amplatzer prostheses), increasing thetherapeutic
possibility for symptomaticinfants.

The Amplatzer occluder’ sbasic principle of approa-
chingthe ASD istheinsertion of itscentral pointinthede-
fect, providing stability to the device and eliminating the
needfor metal armsor frameworks. Thiswaist centralizesthe
prosthesi sautomatically inrel ationto the septum, indepen-
dent of theimplantation angle, facilitatingitspositioning. As
thediscsdo not need large dimensions for the device' s sta-
bilization, their implantation can bepotentially extended to
defects not having extensive bordersthat would keep them
apart from other intracardiac structures. Thesediscsaswell
asthewholemetdlic structureof nitinol areextremely flexible
and do not contain any sharp elementsor hooks, which mi-
nimizestherisk of perforation duringand after theprocedure.

Aspreviously reported, the successof implantationis
directly related to the proper selection of patients, which
wasvery well demonstratedin our series—all patientsrefer-
red to percutaneous closure of ASD had a successful out-
come. TEE alows perfect visualization posterior structures
of theheart, particularly the detailed study of theatrial sep-
tum and its defects?. For thisreason, atransthoracic eva-
luation suggesting A SD susceptibleto percutaneoustreat-
ment should be complemented with aTEE. Thefact that
only 40% of the 55 patients studied by TEE presented
favorable characteristicsfor thistreatment stresses even
moretheneed for selection of patientsusing thistechnique.
Despitethenecessity of genera anesthesiafor pediatric pa-
tients, the procedure can be safely performed on an outpa-
tient basi's, aslong asequipment for cardiorespiratory moni-
toring and appropriate anesthetic drugs are readily avai-
[able. In our experience, patient sel ection wasuneventful.

The possibility of monitoring the implantation with
TEE makesthe procedureeas er because ASD cannot beas
well analyzed by angiography. Besides, the technique
allowspatient and staff to be spared from exposuretoradia-
tion 24, Fifteen minutesof fluoroscopy are necessary for the
implantation. With TEE, the use of contrast mediumis
limitedtotheinitial diagnostic angiography. The Amplatzer
septal occluder causes no reverberation of the ultrasound
beam; thereforeit canbevery well eval uated by echocardio-
graphy. The verification of the borders between the two
discsof the deviceinthelongitudinal and transversal pla-
nes provides accurate confirmation that the deviceis pro-
perly positioned. Thisisakey roleof TEE becausethe pros-
thesiscan only bereleased whenitsappropriate positionis
confirmed.

RS isbest evaluated by color Doppler. Angiography
immediately after theimplantation can reveal aleft-right
shunt through the prosthesismesh, sincetheepithelization
process has not yet begun. Through the use of TEE itis
possibleto evaluatethereal presence of RSandto determi-
netheshunt’ smagnitude by measuringitswidth 2. RSrates
vary according to the different techniques and prostheses
used for evaluation. In amulticenter study of the Sideris
prosthesis, RS preval ence in one month was 80.5%,
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droppingto45%insix months, andto 19%inoneyear 2. In
another study carried out in Toronto with the Clamshell
prosthesis(Bard USCI Division, C.R. Bard, Billerica, MA,
USA), anincidenceof acute RS of 91% wasreported, with
regressionto 71% 24 hourslater. In an averagefollow-up of
10 months, therate dropped to 47%%. Intheinitial global
experiencewith 230 casesof Amplatzer prosthesisimplanta-
tion, the occlusion rate was higher than 95% after thefirst
month of follow-up 2. In our initial experience, therewere
three patients out of 13 (23%) with mild RSthree months
after implantation confirmed by TEE. Maybeour results, in
regard to RS, are not so good dueto thefact that oursisa
small series, and also to the unusual case where two pros-
thesesweresimultaneously implantedinthe samepatient.
Sometimes, RScould not beseenby TTE, whichisnot sur-
prising considering the greater sensitivity of TEE for the
visualization of theatrial septum. However, it surprised usto
observe RShy TTE, on thefollowing morning, becauseit
had not been visualized by TEE immediately after the
implantation in the catheterization laboratory. Maybethe
differenceinthedirection of theultrasound beaminthetwo
procedures could explainthisphenomenon, allowing usto
suggest that, after theend of theimplantation, RSinvesti-
gation shouldalsobecarried out using TTE.

Trivial and discrete RSs do not cause any volume
overload totheright chambersand, many times, do not have
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murmurs. The disappearance of the fixed splitting of the
second cardiac sound can also be observed. Therefore, the
ASD can beconsidered treated from the clinical-functional

point of view, eveninthe presence of these small shunts. It
isworth stressing that thereal incidence of RSintheposto-

perativeperiod of ASD correctionisnot completely known,
because there are no consistent studiesin thisarea. The
major problem of RS restsin the unknown incidence of
infectiousendocarditis, especialy after theintroduction of
aforeign body into the septum. Thisisthereasonwhy pro-

phylaxisisrecommended. In our protocol, those patients
withapersistent RSafter thethird month follow-up should
have TEE repeated oneyear after theimplantation to deter-
minethe necessity of continued prophylaxis.

In conclusion, percutaneous closure of ASD today is
areality. The Amplatzer septal occluder hasproduced very
favorableresultswithlow risks. TEE isfundamental inthe
selection of candidatesfor implantation, procedure moni-
toring, and follow-up of these patients.
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