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Per cutaneous Closure of Ductus Arteriosus with the
Amplatzer Prosthesis. The Brazilian Experience
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Objective - To report the results of percutaneous oc-
clusion of persistent ductus arteriosuswith the Amplatzer
prosthesisin 2 Brazlian cardiological centers.

Methods- FromMay 1998 to July 2000, 33 patientswi-
thclinical andlaboratory diagnosi sof persi stent ductusarte-
riosus underwent attempts at per cutaneousimplantation of
the Amplatzer prosthesis. The median agewas 36 months
(from6 monthsto 38 years), and themedian wei ght was 14kg
(from61t092kg). Sxteen patients(48.5%) wereunder 2 years
of ageat thetime of the procedure. All patientswerefollowed
up with periodical clinical and echocardiographic evalua-
tionsto assessthe presenceand degree of residual shunt and
possible complications, such as pseudocoar ctation of the
aortaand left pulmonary artery stenosis.

Results- Theminimumdiameter of thearterial ductsran-
gedfrom2.5to 7.0mm(meanof 4.0+ 1.0, medianof 3.9). Therate
of successfor implantation of the prosthesi swas 100%. Femo-
ral pulsewaslostin 1 patient. The echocardiogramrevealed
total closureprior to hospital dischargein 30 patients, andin
thefollow-up visit 3monthslater inthe 3 remaining patients.
Themean follow-up durationwas6.4+ 3.4 months. Al patients
weredlinicallywell, asymptomatic, and did not need medicati-
on. No patient had narrowing of thel eft pulmonary artery or of
theaorta. Noearly or lateembolic eventsoccurred, nor didin-
fectiousendarteritis. Anew hospital admissionwasnot requi-
redfor any patient.

Conclusion - The Amplatzer prosthesisfor persistent
ductusarteriosusissafeand highly effectivefor occlusion
of ductus arteriosus of varied diameters, including large
onesin small symptomatic infants.
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A number of deviceshave beenusedinthe percutane-
oustreatment of ductusarteriosussincetheintroduction of
thetechnique by Porstman et al in 1967 2. Because of the
simplicity of the procedure, itslow cost, good efficacy, and
low rate of complications, the Gianturco coil became the
most used device with an undeniable application for short
ductusarteriosus*®°. However, theapproach of aductusar-
teriosuslarger than 3-3.5mmwiththismethod, inadditionto
theassociationwith agreater rateof embolism, requiresadap-
tationsin theimplantation technique, multiple devices, and
theuseof coilsfor controlleddelivery or largerinsize®°. The
Rashkind umbrella, better indicated for these situations 3,
wasrecently withdrawn from the market because of itssig-
nificant degree of residual shunt *. After the publication of
theresults of convincing experimental studies?, the Am-
platzer prosthesis for percutaneous occlusion of ductus
arteriosuswasintroduced for clinical application with en-
couraging results***4, Our study reportsthe experiencewi-
ththe Amplatzer prosthesisin 2important Brazilian pedia-
triccardiology centers.

Methods

FromMay 1998to July 2000, 33 patients(13malesand
20fema es) underwent percutaneousimpl antation of theAm-
platzer prosthesis. All patientsor their guardians provided
formal written consent after adetail ed explanation of therisks
and benefits of the procedure was provided. Ageranged
from 6 monthsto 38 years (median 36 months) and weight
rangedfrom 6t092kg (median 14kg). Sixteen (48.5%) patients
wereunder 2 yearsof ageat thetimeof theprocedure. Inall
patients, acontinuousmurmur could beheardintheleftin-
fraclavicular region, and two-dimensional transthoracic
echocardiography with color flow Doppler wasusedto ma-
keadiagnosis. Signsof volumetric hypertrophy of theleft
atrium and ventricle were documented on echocardiogra-
phy or angiography in all patients. In regard to associated
lesions, a14-month-old patient had a minimum muscul ar
ventricular septal defect with no clinical or hemodynamic
repercussions.
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TheAmplatzer prosthesis(AGA Medica Corporétion,
GoldenValey MN, USA) for occlusion of ductusarteriosus
isaself-expanding device, in the shape of amushroom or
bullet, consisting of a0.004-inch-thick metallic net of nitinol
withanintrinscmemory (fig. 1) 23 A distal retentiondiscor
sKkirt exists, 4mm larger than the diameter of thedevice, to
provideanchorageof theduct intheaorticampulla. Flapsof
polyester fibersaresewnto the metallic netintheinner por-
tion of the device, accounting for the induction of local
thrombosis with consequent interruption of flow through
theductusarteriosus. A stainlesssteel femalepiniswelded
withalaserintheproximal extremity of thedevice. Thestain-
lesssteel delivery cableconnectstothefemal epinthrough
ascrew mechanism. A sheath of theMullinstype (manufac-
tured by AGA), aplastic charger, and adevicetorotatethe
delivery cable completetheimplantation system.

Theprosthesisisavailablein5sizes, correspondingto
the2 diametersof theinner cone, onemoreproximal andthe
other closetotheretentiondisc(fig. 1). The6-4and 8-6 pros-
thesesare 7mmlongandtheremainingare8mm. Theprofileof
the sheathsrequired for implantationrangesfrom5to 7 Fr,
accordingtothediameter of thedevicesalected (tab. I).

A routinediagnostic | eft-to-right catheterization was
performedinall patientsbeforetheimplantation. A 4 or 5Fr
introducer wasusedfor thefemoral artery anda6 or 7 Frfor

i0mm

Dimensions of the prosthesis
10mm - 8 mm

Fig. 1 - Design of the profile of the prosthesis, showing its proximal and distal
dimensions close to the retention disc.

Table I - Dimensions of the prostheses and profile of the sheaths
required for implantation

Prosthesis Sheath Extension
6-4 56 Fr 7mm
8-6 5-6 Fr mm
10-8 6-7 Fr am
12-10 6-7 Fr am
14-12 6-7 Fr am
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thevein. General anesthesiawith orotracheal intubation or
alaryngeal mask was used for infantsand children accor-
dingtothelocal practiceineach center %*. Heparinwasused
accordingtotheoperator’ spreference(initial doseranging
from75t0 150 U/kg). Aortography of the descending aorta
intheleft lateral view wasperformedto characterizetheduc-
tus arteriosus, according to Krishenko’s classification ¢,
andto measureitssmallest diameter throughthedigital me-
thod with correction of themagnification. A guidewirewith
astraight tip was used to cross the ductus arteriosus, mo-
ving fromthe pulmonary artery totheaorta, and acatheter
withaterminal orifice (Judkinstypefor right coronary artery,
or Lehman, or multi purpose) was positioned inthe descen-
ding aorta. Thiscatheter wasreplaced by thelong sheath of
theMullinstype (AGA) ontop of a0.035” replacement gui-
dewire. Theguideandthedilator werewithdrawn, and the
sheath wasleft in the descending aorta. According to pre-
viousexperimental studiesand clinical experience, thedevi-
cechosen for implantation should be 1to 2mm larger than
theminimum diameter of theductusarteriosus, takinginto
account themost proximal diameter of the coneof the pros-
thesis, which actually liesinside the ductus arteriosus
trgjectory. For example, for aductusarteriosusof 4mm, the8-
6 prosthesis was selected. This chosen prosthesis was
then screwed into the distal extremity of thedelivery cable
and, under awater seal, was pulledinto the plastic charger,
introduced intothe Mullinssheath. The cablewasthen ca
refully pushed without being rotated, and the prosthesis
wasadvanced asfar asthedistal extremity of thesheathin
thedescending aorta. Thedistal disc of the prosthesiswas
opened in the descending aorta, and the sheathwas pulled
dlightly on top of the cable. The entire system (sheath and
lead) wasthen pulled asaunit until thedistal discor skirt re-
mainedwell coupledintheaorticampullaof theductusarte-
riosus. Thisposition was confirmed by small injections of
contrast mediumwiththeaid of an arterial catheter. Main-
taining mild tension in the delivery cable, the sheath was
then pulled over the latter, releasing the body of the pros-
thesisinsidethetrgjectory of the ductusarteriosus. A new
aortography was performed to confirm the position of the
prosthesiswhenthelatter wasstill connectedtothedelive-
ry cable. In case of unsatisfactory positioning, theprosthe-
siswasreplaced inside the sheath and repositioned after
being moved forward through the ductus arteriosus. If an
adequate position was confirmed, the prosthesiswasrel ea-
sed by turning thedelivery cablein acounterclockwisedi-
rection with the aid of the plastic device connected to the
proximal extremity of thelead. A final aortography wasper-
formed 5to 15 minutesafter impl antation to assessthepre-
sence and the degree of theresidual shunt (figs. 2A to 2E).
Thepatientswereawakened and extubated whiletill in
thecatheterization laboratory after hemostasiswasobtained
throughloca manual compression. They werethentransfer-
redto apostanesthesiaunit for clinical observation.
Onthefollowing morning, achest X-ray wastakento
verify the position of the prosthesi s, and two-dimensional
color flow Doppler echocardiography wasperformedto as-
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Fig. 2 - Sequence of implantation of the Amplatzer devicein ductusarteriosus. A)
aortography in descending aorta showing ductus arteriosus of the conical type (A
of Krishenko), measuring 3.8mminitsnarrower point; B) after anterogradecrossing
of theduct, along Mullinssheathiisleft in the descending aorta; C) the prosthesisis
advanced inside the sheath and delivered in the aorta. The entire systemis pulled
towardsthe duct, with anchorage of the distal disc in the aortic ampulla.

sessthepresenceand degree of residual shunt, andalsothe
existenceof possiblenarrowingintheleft pulmonary artery
and descending aorta. Serial clinical evaluationsaccompa-
nied by anew echocardiography test were performed accor-
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Fig. 2- D) Themost proximal portionisexteriorized after retraction of the sheathon
top of the delivery cable. An aortography confirms the appropriate position of the
device, with no protrusion to the aorta or pulmonary artery, with the device still
connected to thedelivery cable. At thispoint, recapture of the prosthesisto theinte-
rior of the sheath and itsrepositioning are still possible; E) aortography performed
10 minutes after delivery of the prosthesis showing total closure of the ductus
arteriosus while still in the catheterization laboratory.

ding to the cardiologist in charge, usually 1, 3, 6, and 12
months after the procedure. In cases of isolated persistent
ductusarteriosus, prophylaxisof infectiousendarteritiswas
recommended for 6 monthsuntil endothelialization of the
prosthesisoccurred. |n caseswith associated lesions, pro-
phylaxiswasrecommended according to the current guide-
linesof the American Heart Association.

Thevauesareexpressedin mean and standard devia-
tion or median and variance asindicated.

Results

Clinical dataandresultsof al patientsarelistedintable
I1. The minimum diameter of the ductus arteriosus ranged
from2.5t07.0mm(mean of 4.01+1.0and medianof 3.90). Qp/
Qs, measured according to Fick’stechniquein 12 patients,
ranged from 1.8to 3.2 withamean of 2.2+0.5. Six patients
wereunder 1 year of age, weresymptomatic, and used anti-
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Tablell - Characteristics of the patients under going the procedure
Patient Age months ~ Weight kg Sex MDDA Type Prosthesis Fluoro IRS Follow-up  LRS
1 27 11.9 F 4.8 A 8-6 10.1 N 6 N
2 17 10.0 F 3.8 E 8-6 12.7 D 3 N
3 24 12.9 F 4.1 A 8-6 13.0 N 6 N
4 9 8.7 F 3.9 A 8-6 9.6 N 6 N
5 21 9.9 F 3.8 E 8-6 16.4 N 6 N
6 51 17.0 F 35 C 6-4 8.9 N 3 N
7 18 13.0 M 3.9 A 8-6 9.4 N 6 N
8 36 15.6 M 5.6 A 10-8 11.8 N 6 N
9 88 24.0 F 33 A 6-4 10.3 N 6 N
10 34 14.1 M 4.4 A 8-6 11.2 N 6 N
11 144 29.0 F 3.4 A 8-6 7.6 N 6 N
12 48 21.2 F 34 A 6-4 10.7 N 6 N
13 192 72.0 M 33 A 6-4 114 N 6 N
14 408 68.0 F 4.4 E 8-6 10.9 N 6 N
15 456 74.0 F 45 A 8-6 14.2 N 6 N
16 38 14.6 M 33 A 6-4 7.9 N 6 N
17 8 6.5 M 4.6 A 8-6 12.9 D 3 N
18 64 18.7 F 5.6 C 10-8 133 N 6 N
19 17 9.0 F 31 E 6-4 8.2 N 6 N
20 24 10.0 F 25 A 6-4 8.7 N <3 -
21 24 10.0 F 25 A 8-6 117 N <3 -
22 9 6.0 F 5.6 C 8-6 6.3 N 12 N
23 14 7.2 M 25 A 6-4 6.6 N 12 N
24 54 16.4 M 3.0 A 6-4 6.6 N 12 N
25 288 70.0 F 3.0 Cc 8-6 6.0 N 12 N
26 48 15.0 F 2.8 A 6-4 8.0 N 12 N
27 6 6.5 M 4.0 A 8-6 25.3 N 12 N
28 408 92.0 M 34 A 8-6 12.0 N 12 N
29 168 54.0 F 4.0 A 8-6 ND N 6 N
30 23 14.0 M 7.0 A 12-10 ND N 6 N
31 16 9.8 F 4.0 A 8-6 ND N <3
32 10 6.0 M 4.0 A 8-6 ND N <3
33 10 7.0 M 45 E 8-6 ND N <3
M- male; F- female; MDDA - minimum diameter of ductus arteriosusin mm; Type- anatomical type of ductus arteriosus according to Krishenko *; Fluoro- duration
of fluoroscopy in minutes; IRS- immediate residual shunt; LRS- late residual shunt; N- absent; D- discrete; NA- not available.

congestive medication. In these patients, the mean weight
was6.8+1.0kg (6t08.7kg), and theminimum diameter of the
ductusarteriosuswas4.4+0.6mm (3.9t0 5.6mm). According
to Krishenko’s classification, 24 patients had ductus arte-
riosusof the A type, 5 patientsof the E type, and 4 patients
of theCtype. Inal patients, the prosthesiswassuccessfully
implanted. The prostheses used were 6/4 (10 patients), 8/6
(20 patients), 10/8 (2 patients), and 12/10 (1 patient). The
mean of thesmallest diameter of the prosthesiswas5.6+1.4
mm. Theduration of fluoroscopy was10.8+3.7 minutes, and
theduration of the procedurewas80.6+15.5minutes. Inall
patients, the continuous murmur disappeared immediately
after implantation of the prosthesis. No patient required a
blood transfusion. In regard to complications, an arterial
pigtail catheter brokewhenitwasbeing removed. Theintra:
vascular fragment wasrescued with somedifficulty witha
snare catheter introduced through the contral ateral artery.
Thispatient evolved withlossof thefemoral pulseshilate-
rally and did not respond to the use of thrombolytic thera-
py. Except for thispatient, all theothersweredischarged on
theday followingtheprocedure. Echocardiography prior to
dischargerevealedtotal closurein 30 patients. The3remai-
ning patients had amild residual shunt, whichisin accor-
dancewithresultsin previously published protocol s®. Nar-

rowing of theleft pulmonary artery or aortawasnot seenin
any patient.

Duringfollow-up, the patient who evolved with loss of
femoral pulsesunderwent anew catheterization 10 months
after theinitial procedure. Bothfemoral arterieswereocclu-
ded, anextensivelocal net of collateral circulation existed,
and no narrowing in the aorta caused by the prosthesis
could be seen. Twenty-eight patients completed at least 3
monthsof follow-up, al of them had total closureof thede-
fect documented on echocardiography, and no stenosisin
theleft pulmonary artery and descending aortawaseviden-
ced. Inthe 5 remaining patients with afollow-up shorter
than 3 months, the 24-hour echocardiogram al ready showed
total closure of the ductus arteriosus. The mean follow-up
durationwas 6.4+3.4 months. No late embolic event, need
for readmission, or infectiousendarteritisoccurred. All pa-
tientswereclinically well, asymptomatic, and did not require
medication.

Discussion
Our study reportstheinitial experienceof 2important

Brazilian centersintheclosureof ductusarteriosuswithin-
terventional catheterization, using a new prosthesis.
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Because of the previous solid experience of both institu-
tionsin the percutaneous handling of this defect 12, in
addition to the excellent intrinsic properties of the pros-
thesis, we practically had no learning curve. Theresults
foundwerevery good, witha100% successratefor implan-
tation and total closure. The system proved to be simple,
safe, easy to handleand learn, and had avery low probability
of embolization duetototally controlled delivery. Thearte-
rial complication observed did not result from the closure
procedureitself, and it may even happen in diagnostic ca
theterizations.

Thesystem providesconsiderabl eadvantages, almost
reachingtheideal characteristicsfor thistypeof procedure.
Implantation is performed by an anterograde route, using
introducersand sheathsof low profile, minimizingtherisk of
vascular damage, and enabling theapproachinlow-weight
patients. Therefore, thearterial routeisused only for perfor-
ming angiographieswith low-profilecatheters, which also
allows complete monitoring of the position of the prosthe-
sisat any stageof the procedure. If the positionisnot satis-
factory, the device may be replaced inthe sheath and repo-
sitioned until theideal placefor final delivery isachieved.
Duetothememory of nitinol thermal memory stent, thisma-
neuver may be repeated as many times as necessary, wi-
thout deformation of themetallic net of thedevice. For the
10-8, 12-10, and 14-12 devices, even though the manufac-
turer claimsthat theimplantationisfeasiblewhen 6 Fr shea-
thsareused, werecommend, whenever possible, the use of
7 Fr sheathsto avoid any difficulty inrescuing the prosthe-
sisif repositioningisrequired.

According to previous publications®, symptomatic
infantsunder 1 year of agewith large ductus arteriosusbe-
nefit the most from this new technique. Thiswasshownin
our initial experience, inwhich 6 infantswith wide ductus
arteriosus (mean of 5.6mm) had their defectsoccludedina
simple, safe, and effectiveway. Thiswould havebeen diffi-
cult or evenimpossiblewith other prostheses. Thistechni-
queisstill not suitablefor usein neonatesand infantsweig-
hing lessthan 4kg.

Even though wehave not approached the B and D an-
giographictypesinour initial experience, thesystem hasa
potential application for all types of ductus arteriosus. We
specul atethat the Amplatzer prosthesismay resultindisor-
dersinflow or even stenosesin the descending aortaor in
thepulmonary artery when performedin small infantswith
typeB ductusarteriosus(window type). Thissituationisnot
difficulttoimagine, consideringthesmall sizeof thevascu-
lar structuresin thisagebracket, the 7- or 8-mmlength of the
prosthesis, and the reduced space in the trajectory of this
type of defect to itsanchorage. Significant aortic obstruc-
tionwasreportedina2-year-old patient, caused by mal po-
sitioning of the prosthesis, and required surgical removal *'.
Thisislesscrucid inolder children, whosevessel shavelar-
ger diameters.

Theworld experiencewiththisprosthesisgrowsexpo-
nentially 2. Inthelast meeting of the participantsin multi-
center studiesof the Amplatzer prostheses (for ductusarte-
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riosus, atrial septal defect, ventricular septal defect, and
persistenceof theoval foramen) heldin Strasbourg, France,
in June 2000, the number of cases of closure of the ductus
arteriosus was close to 1,000. The successrate of implan-
tationishigher than 97%, and no case of residual shunt has
been reported (efficacy of 100%). Embolismisarareoccurr-
ence, asarecomplications, whichareusually minor, inclu-
ding self-limited hemolysis? and reductioninfemoral pul-
ses. Only 1 death has been reported asadirect result of the
procedure (David Nykanen, TheHospital for Sick Children,
Toronto, ON, Canada, personal communication). The pa-
tient was 2.5-years-old, had Down’ssyndrome and severe
pulmonary hypertension. The prosthesis used (6-4) was
too small for theminimum diameter of theduct (4mm). Early
embolism (<1h) inthe descending aortaand i mpairment of
blood flow to the mesenteric bed occurred. Even though
rescuewasperformed 4 hoursafter embolismwithaCook 3
Fr bioptomefor endomyaocardial biopsy by ananterograde
route, irreversible vascular distress occurred, being follo-
wed by bacterial intestinal trand ocationwithinstallation of
sepsis of an abdominal origin, multisystem organ failure,
and death. The postmortem examination revealed gradelV
pulmonary hypertension according to the Heath-Edwards
criteria. Becauseof thisepisode, theuse of Amplatzer pros-
thesesfor closureof ventricular septal defects(with double
retention disc) isspecul ated to be more appropriatefor ap-
proaching large ducts with severe reactive pulmonary hy-
pertension. Another lesson learned from thisepisodeis
that, duetoitshigh thrombogenic potential, the prosthesis
may rapidly interrupt theflow to distal structures, requiring
immediaterescueif it affectsvital structures. Duetothepre-
senceof nickel inthemetallicaloy that formsnitinol, some
authors have drawn attention to the possibility of itstoxi-
city. But this has not found support in clinical practice,
where implantations have been reported, including in pa-
tientswithacutaneousallergy tothemetal, and noreaction
has been found (111 Symposium on Amplatzer prostheses,
Strasbourg, France). The absence of toxic side effectshas
al sobeen confirmed with thewi despread use of the Ampl at-
zer prosthesisfor atrial septal defect (morethan 4,000 cases)
(Dr. Ziyad Hijazi, personal communication). A long-term
careful clinical follow-upwill el ucidatethisquestion.
Recognizingitscost asonelimitationinour environ-
ment, we believe that the Amplatzer prosthesis should be
reservedfor larger ducts(>4mm). Smaller ducts(2.5-3.0mm),
mainly the conical ones, can and should be occluded with
coilsbecause of their low cost, simplicity and the efficacy
of the technique. Ducts between 3 and 4mm, also of the
conical type, may be approached with multiple coils (the
Gianturco coil or that of controlled delivery), depending on
the operator’ spersonal experienceand skill. However, the
use of the Amplatzer prosthesisin these cases makesthe
procedure simpler and more effective ?. Dueto the versa-
tility of theimplantation system and to the already cited
characteristicsof the Amplatzer prosthesis, it hasal so been
usedfor closing other vascul ar defectsand malformations,
such as coronary and arteriovenous pulmonary fistulas,



Arq Bras Cardiol
2001; 77: 526-31.

systemic-pulmonary shunts (Blalock-Taussig), systemic-
pulmonary collaterals, and veno-venous collateral s after
Glenn surgery, thefenestrated Fontan operation, and other
procedures 2426,

In conclusion, the Amplatzer prosthesis hasfeatures
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that make it the best prosthesis ever designed for percuta-
neoustreatment of ductusarteriosus. It hasalmost all cha-
racteristics considered ideal for treating asimple disease
with excellent prognosi sthat may and should betreatedina
nonsurgical way, whenever possible.
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