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Objective - To analyze our experience with percuta-
neous aortic balloon valvuloplasty in newborn infants wi-
th aortic stenosis, emphasizing the extraordinary impor-
tance of myocardial perfusion.

Methods - Over a 10-year-period, 21 neonates under-
went percutaneous aortic balloon valvuloplasty. Age
ranged from 2 to 27 days, weight ranged from 2.2 to 4.1 kg
and 19 were males. All patients presented with congestive
heart failure that could not be treated clinically. The onset of
symptoms in the first week of life occurred in 9 patients con-
sidered as having critical aortic stenosis. Severe aortic ste-
nosis occurred in 12 patients with the onset of symptoms in
the second week of life.

Results - Mortality reached 100% in the patients wi-
th critical aortic stenosis. The procedure was considered
effective in the 12 patients with severe aortic stenosis. Vas-
cular complications included the loss of pulse in 12 pati-
ents and rupture of the femoral artery in 2 patients. Car-
diac complications included acute aortic regurgitation in
2 patients and myocardial perforation in one. In an
8.2+1.3-year follow-up, 5 of the 12 patients died (2 pati-
ents due to septicemia and 3 patients due to congestive he-
art failure). Five of the other 7 patients underwent a new
procedure and 2 required surgery.

Conclusion - Percutaneous aortic valvuloplasty in
neonates is not an effective procedure in the 1st week of life,
because at this age the common presentation is cardiogenic
shock. It is possible that, in those patients with critical aor-
tic stenosis, dilation of the aortic valve during fetal life may
change the prognosis of its clinical outcome.

Keywords: endocardia fibroelastosis, myocardial ische-
mia, valvuloplasty through balloon catheter,
aortic stenosis.

Instituto Nacional de Cardiologia Laranjeiras
Mailing address: Marco Aurélio Santos - Rua Bulhdes de Carvalho, 245/301
21081-000 - Rio de Janeiro, RJ - E-mail: masantos@cardiol.br

Neonate aortic stenosisisafatal diseasethat, dueto
theobstruction of left ventricular outflow, hasalready pre-
sented during fetal life and is associated with myocardia
dysfunction dueto subendocardial ischemiaor endocardial
fibroelastosis .

Theprognosisof heonate aortic stenosishaschanged
over thelast few years, dueto the possibility of aternative
therapeutics, therapeuticsthat vary from percutaneousval-
vuloplasty to cardiac transpl atation or the Norwood proce-
dure?. Inthislast possibility, theright ventriclereplacesthe
left ventricleinthecontrol of systemiccirculation. Thisisa
situation that requiresadifficult decisionthat must bemade
inthefirst hoursof life.

Percutaneous balloon valvuloplasty has proved to be
an effectivemethod for abolishing the gradient between the
left ventricleandtheaortain children with congenital aortic
stenosis*¢, withasmall midterm frequency of restenosis™.
Although studies concerning this pathology are increa-
sing, the experience regarding its performance in the
neonate period is still limited >4, Because surgical treat-
ment of aortic stenosisin neonatesisassociated with signi-
ficant morbidity and mortality **°, even thoughit hasbeco-
memorepromisinginthislast decade® %, thetreatmentwith
percutaneous ball oon valvul oplasty may play animportant
therapeutical roleinthisspecial group of patients.

Theobjectiveof thisarticleistoreport our experience
with percutaneousball oon valvul oplasty in neonate aortic
stenosisemphasi zing theextraordinary importance of myo-
cardial perfusion (subendocardia coronary flow), whichis
aready abnormal duringfeta life.

These datawill enable usto understand the delete-
rious repercussions that aortic stenosis produces on the
left ventricular muscle of these patients and that seemsto
usasfundamental toitsprognosisand therapeutics.

Methods

From January 1990 to December 1999, 25 neonate
patients, 19 males, wereadmitted to the I nstituto Nacional
deCardiologiaL aranjeiras(National Ingtitute of Cardiology
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Laranjeiras), Riode Janeiro, withthediagnosisof congenital
aortic stenosis.

All patients presented with heart failure that could not
betreated clinically, but with different clinical presentations.
The 1stgroup (group I) comprised 9 patientswith the onset
of clinical manifestationsinthe 1st week of life, presenting
with hypoxemia, requiring mechanical ventilation, of va-
soactiveamineand prostaglandin E1 (PGEL), duetoaclini-
cal pictureof shock, and weredesignated ashaving critical
aortic stenosis. The 2nd group (group 1) presented with
symptomsduringthe2ndweek of life, withaclinica pictureof
severeheart failure, without hypoxemia, not requiring mecha:
nical ventilation, and weredesi ghated ashaving severeaortic
stenosis. Regarding echocardiography and hemodynamic
features, thegroupshadtotally different characteristics.

Of the 25 neonates, 21 underwent percutaneous bal-
loon valvul oplasty. Four patientsdid not undergo the pro-
cedure: 2weighed lessthan 2 kg, and 2 had an aortic annu-
lussmaller than 5 mm. Theageof these21 neonatesranged
from 2to 27 days, and 9 underwent the procedure at less
than 8 days of age. Theweight of these 21 patientsranged
from2.2to4.1kg, withanaverageof 2.9kg.

Associated malformationswerepresentin 17 patients,
ductusarteriosusin 13, coarctation of theaortain4, and mitral
regurgitationin 9 patients. Theaortic valvewas considered
unicommissural in 10 patientsand bicommissura in11. The
ratio between the balloon diameter and the diameter of the
aorticannulusindl thecaseswaslessthan 1(0.84+0.06).

All patientsunderwent the procedurewhileunder ge-
neral anesthesiaand endotracheal intubation and received
local anesthesiaand xylocaineat 1% to cannulatethefemo-
ral veins. Arterieswerecannulated withapigtail catheter 4F
or 5F. Insomesituations, 1/3 of thepigtail catheter loopwas
cut to enable proper positioning of theguidewireintheas-
cending aorta and, consequently, reach the left ventricle
throughtheaortic valve. Heparin wasadministered through
thevein (100UI/kg of weight). Left cardiac catheterization
included peak systolic gradient through the aortic valve,
and theangiographic study included an aortography before
and after the procedure, to assess aortic regurgitation and
associated defects. Furthermore, 1to 2 | eft ventriculogra-
phieswere performed to study function.

For dilation, theaortic valvewasinitially passed over
with anextremely flexibletipped guidewire0.015t0 0.021
inch. Over theguidewire, thepigtail catheter waspositioned
near the aortic arch. Through maneuvers, the guidewire
passed theaortic valveandfinally reached theleft ventricle.
Usingtheguidewireasatrack, thepigtail catheter wasposi-
tioned in the left ventricle. At this moment, theinitial
guidewirewasexchanged for a0.021-0.028inch guidewire
withapreset curveinitsdistal end, makingitspositioning at
A thetip of theleft ventricleeasier. Afterwards, thepigtail
catheter wasexchanged for aballoon catheter (Cook Inc. or
Tyshak Numed) positioned over the aortic valve and
inflated by hand 2 or 3-times, until the balloon waists,
caused by the valves, had disappeared. It isimportant to
stressthat small increasesinthe diameter of theballoon (1
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mm) can be obtained by theincreasein the pressure of in-
sufflation, thusavoiding unnecessary exchangesfor abal-
loon of greater diameter. Another important observationis
that, in neonates, waists produced by the valve over the
balloon do not occur. Theinflation-deflation cyclewasne-
ver greater than 15s.

After dilation, the gradient between theleft ventricle
and the aorta was assessed and then an aortography was
performed. The patientswere sent to the neonatesintensi-
vecareunit.

Dataareexpressed asmean + standard deviation (SD)
andvauenet andwereanayzedwiththeKruskal-Wallistest
for 2 groups. Statistical tests were performed with the
computer program EPI Info, 6.04 of the CDC (Centersfor
Disease Control & Prevention). Weusedanafavaueof 0.05.

Results

Of the 21 percutaneous balloon valvul oplasties per-
formed, only 12 proceduresweresuccessful. Thus, thegra-
dient betweentheleft ventricleand theaortadecreased, on
average37%, thatis72mmHgto45.5 mmHg.

All 9patientswithcritical aorticstenoss, thosewhowere
sverdyillinthelstweek of life, did not survivesfter theval vu-
loplasty. Among these, 8 had areduced ventricular cavity (fi-
brodlastosis), andinonly 1 wasthe cavity enlarged. Of the 12
survivorswith savereaorticstenods, after the2ndweek of life,
11 had an enlarged ventricular cavity dueto myocardia dys-
function (subendocardid ischemia) (tab. 1). Itisdifficulttodis
tinguishthecomplicationsduetotheprocedure, inthisparticu-
lar group of patientsfromthosewhosecritica conditioncontri-
butedtoit. Thus, vascular complicationswerelossof pulsein
12 patientsand femoral artery rupturein 2. Cardiac complica
tionswereacuteaorticregurgitationin 2 patientsand myocar-
did perforationin 1 patient.

Thisdivisioninto 2 groupscan bemaintained withre-
gardsto echocardiography and hemodynamicsin addition
tothedifferent formof clinical presentation and ageat the
onset of symptoms(tabs. 11 and I11). Thus, systolic pressure
developedintheleft ventriclewas97.4+26.6 mmHginthose
(n=9) sudiedinthe1stweek of lifeand 138.6+21.7 mmHgfor
those (n=12) studied after thisperiod (p=0.005). Thesame
thing occurred regarding the pressuregradient between the
left ventricle and the aorta. That is, in those patients who
werelessthan 1week old (n=9), thegradient was46.1+23.6
mmHg, andinthosestudied after the 1st week of life(n=12),
thegradient was 72+25.2 mmHg (p=0.04). Consequently,
systolic pressureobservedintheaortawas51.3+7.5mmHg

Table I — Neonate aortic stenosis — immediate results

BV FDV decreased  FDV enlarged Group Tota
Non survivors 8 1 | 9
Survivors 1 11 1l 12

BV- balloon valvuloplasty; FDV- left ventricle fina diastolic volume.
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ingroupl (n=9) and 66.6:11mmHgingroupl| (p=0.005). Re-
garding gjection fraction, the differenceswere also signi-
ficant. Patientslessthan aweek old (n=8) had gjection frac-
tionsof 23.7+5.2%, thosewhowereol der (n=10) had ejecti-
onfractionsof 41.1+11.4% (p=0.003). Thefina diastolicvo-
lumeingroup| (n=7) was38.4+2.5mL/m2andingroup |
(n=10) was51.5+25.1 mL/n?(p=0.28). Thefinad left ventricu-
lar diagtolic pressureobserved was 16.3+5.5 mmHgin group
| and 18.2+7.4mmHgingroupll (p=0.50).

Of the9 patientsfrom group |, theaorticvalvewasuni-
commissural in’5 patientsand bicommissural in4 patients.
Ingroupl, the aortic valvewasunicommissural in 5 pati-
entsand bicommissural in7 patients.

Of the 13 patientswho had associated ductusarterio-
sus, 9werefromgroup | and4werefromgroupll. Ingroupl,
all patientsreceived PGEL. Coarctation of theaortawasob-
servedinonly 1 patient fromgroup | andin 3 patientsfrom
groupll. Itispossiblethat theuse of PGEL, maintaining the
ductus arteriosus patent, masked the diagnosis of aortic
coarctation. Mitral regurgitationwasidentifiedin 3 patients
fromgroup| andin 6 patientsfromgroup1.

Themorphology of the aortic valveand theassociated

Table II - Neonate aortic stenosis — individual hemodynamic and
echocardiographic findings by group of patients

Group I: critical aortic stenosis

Pt LVSP Pd2 PAo LV-AoGr FE(%) FDV
(mmHg) (mmHg) (mmHg)  (mmHQ) (ml/imd
5 75 13 50 25 22 38
6 76 13 50 26 26 39
7 75 20 45 30 14 40
10 100 10 48 52 - -
13 75 16 45 30 29 33
14 140 15 60 80 29 40
16 110 28 42 68 21 40
18 88 20 62 26 21 -
21 138 12 60 78 28 39
Mean 97.4 16.3 51.3 46.1 23.7 38.4

Group II: severe aortic stenosis

pt LVSP Pd2 PAo LVAo Gr FE(%) FDV
(mmHg) (mmHg) (mmHg)  (mmHg) (ml/imd
1 125 6 82 43 35 97
2 120 26 50 70 34 76
3 120 14 80 40 35 73
4 148 24 62 86 43 75
8 130 11 55 75 60 49
9 140 25 70 70 46 43
11 170 33 75 95 20 44
12 130 15 55 75 55 38
15 140 17 60 80 38 30
17 190 18 60 130 45 22
19 130 15 80 50 - 20
20 120 15 70 50 - -
Mean 138.6 18.3 66.6 720 411 51.5

Pt - patient number; LV SP - left ventricle systolic pressure; Pd2 - final left
ventricle diastolic pressure; PAO - systolic pressure in the aorta; LV-Ao
Gr - |eft ventricle/aorta gradient; EF - left ventricle ejection fraction; FDV
left ventricle final diastolic volume; mmHg - millimeters mercury; % -
percentage.
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Table III - Neonate aortic stenosis - hemodynamic and echocardio-
graphic findings, comparison between groups and describing level

Gl Gll Describing
level #
LVSP(mmHg) 97.4 £ 266 (n=9) 1386 + 21.7 (n=12)  p = 0.005
Pd2 (mmHg) 163+ 55(n=9) 182+ 74(n=12) p=050
PAo (mmHg) 513+ 75(n=9) 66.6+11.0(n=12) p=0.005

LV-A0Gr (mmHg) 46.1 + 236 (n=9) 72.0+252 (n=12) p=004
FE (%) 237+ 52(n=8) 411+114 (n=10) p=0003
FDV (mi/m?) 384+ 25(n=7) 515+251(n=11) p=028

# Kruskal-Wallis test for 2 groups; Gl - critical aortic stenosis; Gl - severe
aortic stenosis; LVSP - |eft ventricle systolic pressure; Pd2 - final left ven-
tricle diastolic pressure; PA0 - systolic pressure in the aorta; LV-Ao Gr - left
ventricle/aorta gradient; EF - left ventricle gjection fraction; FDV - left
ventriclefinal diastolic volume; mmHg - millimeters mercury; % - percentage.

abnormalitiesare not related to the severity of theclinica
picture, althoughthey can act as predictiveand cumul ative
factorsfor poor evolvement.

Inan8.2+1.3-year-follow-up, 5of the 12 patientsdied:
2 dueto septicemiaand 3dueto heart failure. Of the 7 survi-
ving patients, 5 underwent anew procedureand 2 werere-
ferredfor surgery.

Discussion

| schemic aterations, many times represented by the
inversion of the T waveon the el ectrocardiogram of aneo-
nate with aortic stenosis have been interpreted asaconse-
guenceof thetension ontheleft ventricular walls. Estima-
tion of thisparameter had been tried, using the pressures of
theleft ventricleand of the aorta. Asalready described, the
supply of oxygentothemyocardiumisdetermined not only
by the coronary flow but also by the arterial oxygen con-
tent. Theforcesof intramyocardial compression have been
interpreted asgreater in the subendocardia muscleportion
of theleft ventriclein asituationinwhichthey arethesame
or even higher than theintracavitary pressure®-?, There-
fore, blood flow for the subendocardial musculature of the
left ventricleispredominantly diastolicinnormal hearts?;
however, it should betotally diastolic in aortic stenosis
where €elevations of the systolic pressures of the left ven-
triclearepresent.

Theincreaseintheneed of themyocardiumfor oxygen
at rest or with exercise may bereached from the beginning
through coronary vasodilation. When maximum vasodila-
tionisachieved, blood flow for subendocardial musculature
isdependent onthelow and fixed coronary vascular resis-
tanceand onthedifference between coronary diastolic arte-
rial pressure and the opponent pressure of the left ventri-
cular subendocardial musculatureor the pressureof theco-
ronary sinus. Intheabsence of coronary obstruction, these
determinants of the left ventricular subendocardial flow
may be represented by the area between the curves of | eft
ventricular pressureand theaortaindiastole. Thisareamul-
tiplied by theheart rateisreferredto asthediastolic pressure
time index 222, Thisindex isthe measure of the coronary
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blood flow for theleft ventricul ar subendocardial muscula-
ture, becauseitsvasesarefully dilated.

To assess the consumption of oxygen of the myocar-
dium, theareaof the pressure curveof theleft ventricleand
of theaortaduring systole have been assessed and referred
to by Sarnoff et a. asthetensiontimeindex. Thisareaper
minutemay becalled thesystolic pressuretimeindex. With
these 2 indexes, it is possibleto relate the supply and the
consumption of theleft ventricular myocardium, asthedias-
tolic pressuretimeindex /systolic pressuretimeindex ratio.
However, thediastolic pressuretimeindex isthemeasure of
coronary flow and not the oxygen rel ease measure. If the
arterial oxygen contentisdecreased, thentherel ease of oxy-
genfor aflow bandwill bereduced.

For thissupply/consumptionindex of coronary blood
flow to be converted into a supply/consumption index of
coronary oxygen, thediastolic pressuretimeindex ismulti-
plied by the arterial oxygen content (C), that is, diastolic
pressuretimeindex x C/systolic pressuretimeindex. Theva:
luesof thisratiolower than 10woul d experimental ly beasso-
ciatedwithareductioninthesupply of subendocardia oxy-
gen %, In some situations, thisratio cannot be determined
because some patients with severe aortic stenosis have a
suitable supply/consumption oxygen ratio, whereasin
other patientsthisratio suggestssubendocardial ischemia.
The explanation seemsto bein the cardiac frequency be-
cause the release of subendocardial oxygen isinversely
proportional to the cardiac rate. Infantswith cardiac fre-
guency above 100 bpmwould all beintheischemic group.
The shortening of diastole by the tachycardia produces a
largedecreasein thediastolic pressuretimeindex and, the-
refore, inthe supply/consumption of the oxygenratio.

Thisinformation enables usto understand that sub-
endocardial ischemiaisapresent manifestationinall neona
tal patientswith aortic stenosis, which isresponsible for
heart failurethat cannot betreated and for the high mortality
rateinthesepatients.

Analysisof thisgroup of patients seemsto represent
an intermediate situation between patients with aortic
atresia and hypoplasia syndrome of the left heart on the
one hand and those patients with a bicommissural aortic
valve, whoseclinical manifestationsoccur late, ontheother
hand. Different from that in patientswith hypoplastic | eft
heart syndrome, the ascending aortain all patientswho un-
derwent aortic balloon valvuloplasty had normal dimen-
sionsor wasdilated. In 8 of the21 patients, theleft ventricu-
lar cavity was smaller than normal, but in none of the pa-
tientswasit rudimentary.

Becausethesepatientswerecriticalyill,immediately
after birth, it wasfundamental to know their fetal and post-
natal hemodynamic history. Experimental studiesof sheep
fetuses showed that in normal fetusestheright ventricle
gjectsaround 66.6% (300 mL/kg/min) of the combined | eft
and right cardiac output and thevolume of 265 mL/kg/min
crosses the ductus arteriosus for the descending aorta®.
Theplacenta flow was200 mL/kg/min (44.0% of thecom-
bined ventricular output), most of it derived fromtheright
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ventricular output. Theleft ventriclegectsaround 33.3% of
the combined ventricular output (150 mL/kg/min) of which
most (around 26% of the combined ventricular output) is
deviated from theinferior venacavathat crossesthefora-
men ovaleto theleft atrium and reachestheleft ventricle®.
Without thiscontribution of theleft-sideflow, the stimulus
of thevolumefor thenorma devel opment of theatrial cavities
and left ventricle may fail, possibly, resulting in aleft heart
hypoplasia® *. Therefore, thelower theobstructionlevel of
the foramen ovale, the greater the devel opment of the | eft
heart, with alarge spectrum of ventricular dimensions. The
primary involvement of theaorticvalveduring fetal lifemay
explainthesemorphological findings.

The severity of aortic valve obstruction and the ges-
tational periodinwhichit developsmay influencethe deve-
lopment of theleft ventricle. Experimentally, during fetd life,
in sheep of 90 to 115 days of gestation, the mildly severe
supravalvar obstruction, produced by the constriction of
theaorta, resultedin agreat decreaseinleft ventricul ar out-
put . Furthermore, meanventricular volumesarelessthan
half of those used ascontrols. Theincreasein musclemass
developed asaresponseto the obstruction would resultin
adecreaseinleft ventricular compliance, interferingwith left
ventricular filling. Left atrial pressureand final left ventri-
cular diastolic pressureincrease; however, left atrial flow
through the foramen oval e decreases.

Based on these observations, the severe aortic obs-
truction produced early infetal lifemay result inleft ventri-
cular wall thickeningwith areductioninventricular cavity
size, leading to endocardial fibroelastosisand, in extreme
cases, inareal left heart hypoplasia. Inthisstudy left heart
hypoplasiawasnot observed, althoughin 9 patients(1with
an enlarged cavity) the form and the age of the onset, cli-
nical behavior, hemodynamics and prognosiswere com-
pletely different from the other 12 patients. If aortic valve
obstructionislesssevereand occursin alate phase of ges-
tation, theleft ventricular wall will al so bethicker; however,
the size of the cavity may be normal or may be enlarged.
The anatomicopathological substrate will be subendo-
cardial ischemia, with abetter prognosis, andwiththedeve-
lopment and | ater age of onset with acompletely different
clinical and hemodynamic picture.

After birth, survival of the patientswith critical aortic
stenosiswill depend on the capacity of theleft ventricleto
maintain systemic output. If theleft ventricleisnot ableto
maintain it, the ductus arteriosus may play an important
roleinthe maintenance of systemic output.

Short-termresultsinthissampl earediscouraging. Good
surgical resultsarea sorare. Certainly, myocardial dysfunc-
tion dueto abnormal myocardial perfusion disablestheleft
ventricle preventing it from maintaining normal cardiac
output.

Asweobserved, myocardia dysfunctionisoneof the
mainvariablesintheprognosisof patientswith aortic ste-
nosisin theneonate period. It isnot anisolated factor; ho-
wever, itisthefinal product of acomplex processthat started
duringfetal lifeand that, depending onthegestationd phasein
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which the disturbance occurred, and on the severity of the
obstructive phenomena, will have areal morpho-functional
spectrumthat goesfromleft heart hypoplasiatoacongenital ly
malformedvalveinanasymptometic adolescent.

Another important finding in these patients was the
ageof onset of symptoms. Noneof the patientswho presen-
tedwithitinthe 1st week of lifesurvivedtoreceivethebal -
loon catheter treatment. On the other hand, those whose
presentation occurred during the 2nd week of life, had a
better prognosis. Associated abnormalities and the mor-
phologic characteristicsof theleft ventriclemay bepredic-
tivefactorsand cumulative dataof apoor evolution.

Then, how can the natural history of neonate critical
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aortic stenosisbealtered? Certainly thefirst step would be
dilation of theaortic valveasearly aspossible, during fetal
lifel. Withthis, theleft ventriclewould be spared fromirre-
versible and fatal lesionsfrom the obstructive phenome-
non. To that end, greater use of fetal echocardiography is
necessary asisan improvement in the techniques used to
perform proceduresduringintrauterinelife.

Finally, wemust bear in mind that the successof valvu-
loplasty may help the survival of those patients, even with
unfavorableanatomical characteristics. Inthissense, wemay
identify patientswhosesurviva isgreater using, for example,
the Norwood procedure rather than valvuloplasty, even
whentheventricular volumehasval uesclosetonormal.
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