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Objective - To analyze late clinical evolution after
surgical treatment of children, with reparative and
reconstructive techniques without annular support.

Methods - We evaluated 21 patients operated upon
between 1975 and 1998. Age4.67+3.44 years; 47.6% girls;
mitral insufficiency 57.1% (12 cases), stenosis 28.6% (6 ca-
ses), and double lesion 14.3% (3 cases). The perfusion
43.10+9.50min, and ischemia time were 29.40+10.50min.
The average clinical follow-up in mitral insufficiency was
41.52453.61 months. In the stenosis group (4 patients) was
46.39+32.02 months, and in the double lesion group (3 pa-
tients), 39.41+37.5 months. The echocardiographic follow-
up was in mitral insufficiency 37.17+39.5 1 months, stenosis
42.61+30.59 months, and in the double lesion 39.41£37.51
months.

Results - Operative mortality was 9.5% (2 cases). No
late deaths occurred. In the group with mitral insufficiency,
10 (83.3%) patients were asymptomatic (p=0.04). The
majority with mild reflux (p=0.002). In the follow-up of the
stenosis group, all were in functional class I (NYHA),; and
the mean transvalve gradient varied between 8 and
12mmHg, average of 10.7mmHg. In the double lesion
group, 1 patient was reoperated at 43 months. No endo-
carditis or thromboembolism were reported.

Conclusion - Mitral stenosis repair has worse late re-
sults, related to the valve abnormalities and associated le-
sions. The correction of mitral insufficiency without annu-
lar support showed good long-term results.
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Congenital malformationsof themitral valvearecom-
plex lesionsresulting from several morphol ogical abnorma:
litiesthat, generally, involvemorethan 1 valve component
13 and take place in a population with high prevalence of
associated cardiac anomalies*®.

| solated congenital |esions, such asstenosisor mitral
insufficiency, arerare’®, representing 1% of the popul ation
of congenital cardiopathy patients®.

Congenita mitra insufficiency isextremey uncommoné,
being found in childhood associated with other cardiacde
fects, disordersof conjunctivetissue, andinacquiredinflam-
matory conditions, such asmyocarditis, endocarditis, rheu-
maticfever, Kawasaki’ sdisease, and other colagenosiswith
vascular impairment®. In congenital mitral stenosis, obs-
tructiontotheflow resultsfrommorphol ogical anomaliesat
different levelst25andismorefrequent thanin cardiac in-
sufficiency 2.

The purpose of the present study was analysis of late
clinical evolution after thesurgical treatment of congenital
mitral anomalies, with or without associated malformations
inchildrenupto 12 yearsof agetreated with reparativeand
reconstructivetechniqueswithout annular support, andto
carry out aliteraturereview.

Methods

In the period between 1975 and 1998, 21 children with
congenital lesion of the mitral valve were operated on at the
Ingtitute of Cardiology of the RS/FUC. The mean age was
4.67+3.44years, 47.6%weregirlsand 52.4%wereboys Mitral
vaveinsufficiency waspresentin 57.1% (12 cases); senosis
waspresentin 28.6% (6 cases); and thedoublelesionwaspre-
Fntin14.3%(3cas=s) (Fig. 1). Themost frequently found mor-
phologicd lesionsintheinsufficiency groupwereannular dila
tionin75%, cleft of thepogterior leafletin33.3%and anterior
leaflet cleftin 16.6%. Inthestenosisgroup, parachutevalvein
50% and commissurafusionin 33.3%werethemost common
lesions. Inthedoublelesiongroup, themost commonfinding
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Period 1975 - 1998 Population

Insufficiency n=21

N=12(57.1%) Meanage=6.09+3.42
Stenosis

N=6(28.6%) Meanage=2.95+2.22

N=3(14.3%) Meanage=7.67+3.21

Fig. 1 - Patients’ distribution by groups with congenital mitral valve malforma-
tions. Patients with complete defects of the atrioventricular septum were excluded
fromthesample.
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wasreduction of leaflet mobility in 100%of patients(Tablel).
Asociatedintracardiac maformationswerefoundin61.9% of
thepatients, inthestenosi sgroup; 83.3%; intheinsufficiency
group41.6%; andinthedoublelesiongroup, al patients;, the
individual description of thedifferent associated intracardiac
mal formationsarepresentedin Tablel. Moreseverema forma:
tionswerefoundin 28.6% of thepatients, dl withvalvular ste-
nosis. Parachutevalvewasfoundin 3 cases, al withstenosis,
2 of themwere associated with Shonesyndrome. | solated an-
nular dilationwithout other malfor mationswaspresentin2 ca-
ses(Tablel).

Table I - Valvular morphology, surgical technique, and long-term results of the population under study
Patient Morphology Associated Surgical Surgical Surgica Reope- Functional ECO
malformations Technique morbidity mortality ration class
n/ age Hospital Late Hospital Late Pre-OP Post-OP* PRE POST**
MITRAL INSUFFICIENCY
1-6y AC PAVSD Anterior cleft suture No No No No No | | severe R. moderate R.
2-4y AD TI Wooler + De Vega DP No No No No | | “ light R.
3-7y AD + PC PAVSD Wooler + cleft No No No No No 1l | “ light R. at
suture release
4-2y ADea of reflux HLL Wooler Atelectasis No No No No 1l | “ Absenc
5-9y PC PAVSD Posterior cleft No No No No No 1 | “ light R.
suture
6-6y AD + PAL No Wooler + chord No No No No 4yeasPS IV | “ “
shortening (new valvu-
loplasty)
7-6y AC No Anterior cleft suture No No No No No | | “ “
8-5y AD + AC PAVSD Wooler + anterior No No No No No | | “ light/mo-
cleft suture derate R.
9-1y AD + PAL + AIPM No Wooler + chord No No No No No v | “ moderate R.
shortening
10-13y AD No Wooler + chord  Atelectasis No No No No 1 | “ light R.
shortening
11-8y AD + PAL No Wooler + chord No No No No No | | “ “
shortening
12-2y AD + AC No Wooler + anterior No No No No No | | “ light R.
cleft suture at release
MITRAL STENOSIS
1-3y P PAC + IVC + Papillotomy No No No No No 11 | severe stenosis light
SUB. Ao STE double lesion
2-16y CF No Comissurotomy No No No No 8yeasPS | | “ Light stenosis
+ Papillotomy (valvuloplasty)
3-12d HMV Ao STE + FE Comissurotomy No No Death - - 1l - “ -
4 —18 mo. CF Ao. STE Comissurotomy No No No No No 11 | “ Light double
lesion
5-3y P Ao STE + Papillotomy RRI No No No No I | “ “
SUB.Ao STE
6- 7 mo. P FE Comissurotomy No No Death No 9daysPS IV - “ -
DOUBLE LESION
1-6a DLM + CF No Comissurotomy No No No No NO 1 | “ Moderate
double lesion
2-10a DLM + AC Ao STE Papillotomy No No No No NO 1l | “ light
+ FEPM + S. Noonam (at release)
3-4a DLM + FEPM Light TI Papillotomy SWi No No No 4 year PS 1l I “ No gradient
(prosthesis)
AC: anterior cleft; PAVSD: partial atrioventricular septum defect; ASYMPT: asymptomatic; AD: annular dilation; PH: pleural hemorrhage; PC: posterior cleft; HLL:
hypoplasic left lung; PAL: prolapse of the anterior leaf; PS: postsurgery; AIPM: anomalous implant of the papillary muscle; P: parachute; PAC: patent arterial canal;
IVC: interventricular communication; SUB.Ao STE: subaortic stenosis;, CF: commissural fusion; HMV: hypoplasic mitral valve; Ao STE: aortic stenosis; FE: fibroelastosis;
RRI: repetitive respiratory infection; DLM: decreased leaf mobility; FEPM: fibroelastosis in papillary muscles; IT: tricuspid insufficiency; SWI: surgical wound
infection. No episodes of endocarditis or lung thromboembolism occurred. None of the patients presented had previous mitral valve corrective surgery. (*) In the
insufficiency group p=0.004. (**) In the insufficiency group p=0.002.
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All patientswereoperated onwith median sternotomy
and with conventional extracorporeal circulation, usinga
disposabl e bubble or membrane oxygenator and moderate
hypothermia between 28° and 30°C. Hyperka emic crys-
talloid cardioplegia, with cooling of the pericardial cavity
with saline solution at 4°C was used for myocardial pro-
tection. Theapproachtothemitral valvewasperformed by
left longitudinal atriotomy. In 2 patients (33.3%), isolated
mitral commissurotomy wascarried out. Intheinsufficiency
group, annuloplasty wasperformedwiththeWooler’ stech-
niquein 9 (75%) patients, and the associated proceduresin
75% of the cases were 4 chord shortenings, 3 closings of
the anterior leaflet cleft, and 2 closings of the posterior
leaflet cleft (Tablel). Theassociated cardiaclesionswereal |
corrected after themitral valvul oplasty.

Themean extracorporeal circulation and aortic clam-
pingtimeswere43.1+9.5minand 29.4+10.5min.

The postsurgical follow-up was performed by perio-
dicclinical, radiol ogical, and echocardiographic eval uation.
Thefollow-up period varied from 7 daysto 15.7 years(mean
of 3.8+4.1years).

Results

Theoperativemortality in mitral stenosiswas8.9%
(2 deaths). One patient, 12 days of age, had hypoplastic
mitral valveassociated with left ventricular fibroel astosis
(Tablel).

Overall morbidity was28.5% (of thetotal popul ation of
patients), being higher in the mitral insufficiency group.
Two patients had atelectasis after chest tube withdrawal
and pleural effusiondueto cardiacfailure. Onepatientinthe
stenosisgroup had repetitiverespiratory infection. Onepa-
tientinthedoublelesiongroup hadinfection of thesurgical
wound.

No episodes of endocarditis or thromboembolism
duringthefollow-upwerereported (Tablel). Theincidence
of reoperation was 13% (3 cases). The associated anoma-
lies, aswell asthesurgical techniquesemployed, areshown
inTablel.

In the insufficiency group, the mean follow-up was
41.52+53.61 months. Inthelast clinical evauation, 10 (83%)
patients were asymptomatic without medication. One
patientwasinNY HA functional classl, and 1 patient wasin
functional classl|, both receiving medication (Tablel). One
patient was operated on again 48 months after surgery,
when a new valvuloplasty was performed. The mean
echocardiographicfollow-upwasof 37.17+39.51 months,
most of thepatientshad alight level of valvular regurgitation
p=0.002(Tablel).

Inthestenosisgroup (6 cases), 2 deathsand 1 reopera-
tion that evolved to death occurred. Four patientswerein
functional class| (2 were receiving medication). The
echocardiographic follow-up was performedin 4 of these
patients (42.61+30.59 months) and showed an average
transval ve gradient between 8 and 12mmHg; themeanwas
10.7mmHg.
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Inthedoublelesiongroup (3 cases), 1 patient wasout-
of-control, inwhom adlight reflux occurred on the echocar-
diogram at the time of release from the hospital, andin 1
case, the valve was replaced by abioprosthesis 43 months
after thefirst surgery. Thethird patient of thegroupwasin
functional class |1, and the echocardiography showed
stenosisand light insufficiency at 75 monthsof thesurgery.

At the echocardiographic evaluation of the whole
sample, with amean follow-up of 39.89 months, most
patients had light lesions (p=0.002) (Tablel). Inthe
insufficiency group, 83.3% had absenceor light reflux.

Theactuarial survival curveintheinsufficiency group
a5, 10, and 15yearswasof 90% (Fig. 2). Theactuarid survi-
va probability freeof reoperationinthewholesample(n=21)
was72%at fiveyearsand of 46%at 10and 15years(Fig. 3).In
theinsufficiency group, theactuarial survival probability free
of reoperationwas86%at 5, 10and 15years(Fig. 4).

Discussion

The clinical presentation, as well as the surgical
indication, of stenosis or insufficiency depends on the
severity of the mitral lesion and the association with
intracardiac defects 1°. The surgery in our series was
indicated for refractory cardiacfailureor important pulmo-
nary hypertension, or both. Preferably, the surgery should
not be performed before 6 months of life, according to
Carpentier 3. During childhood, before 3 monthsof age, with
inadequately matured collagen, the valvular tissueis
particularly friable, making the manipulation difficult ®. In
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Fig. 2- Actuarial survival probability curvein the group of with congenital mitral
insufficiency.

100

"%
T2%
80

70

6o 46%
50

Survival

40
30
20
10

00 1 2 3 4 5 6 7 8 % 10 11 12 13 14 15 16

Years

Fig. 3- Actuarial survival probability curve free of reoperation of the whole
popul ation studied.
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Fig. 4 - Actuarial survival probability free of reoperation in the group of congenital
mitral insufficiency.

our sample, themean age of thepatientswas5.7 £ 3.3 years
in the congenital mitral insufficiency group and 4.0+5.9
yearsin the congenital mitral stenosis group, without
statistical significance(Fig. 1). In Carpentier’ sseries?, the
ageof thecongenital mitral insufficiency groupwas6.1+3.2
years and in the congenital mitral stenosisgroup 5.1+3.2
years. In the report by Uvaand colleagues®?, from Marie-
Lannelongue Hospital, the congenital mitral insufficiency
group was 7.4+2.7 months old, and the congenital mitral
stenosis group was 5.8+3.9 months old. The factors that
explain the lower age of the congenital mitral stenosis
patients at the time of surgery are 1) the stenctic lesionis
lesstolerated than theinsufficiency; 2) theassociationwith
higher and more severe intracardiac anomalies; 3) the
abnormalities of the subvalvular apparatus are more
frequent in these patients.

Congenital mitral stenosisoccursin 0.6% of theauto-
psiesandin 0.2% and 0.4% of theclinical series'*2. Inthe
Ruckman and Van Praagh’ s *® series of 49 autopsies with
congenital mitral stenosis, typical mitral stenosiswasfound
in49% of the cases, with coarctation of theaortaasthemost
common associated lesion. Thesize of theleft ventriclewas
normal in 96% of these patients. Congenital hypoplasiaof
themitral valvewasthe second cause of congenital mitral
stenosis(41%), and it wasawaysassociated with | eft ven-
tricular hypoplasia. Suprava vular ring wasfoundin 12% of
the casesand the parachutemitral valvein 8%.

Traditionally, thelesionsthat make the effectiveand
long-lasting repair more difficult are those that have al-
terationsinthesubvalvular systemwith abnormal papillary
muscles, including the parachute valve, the hammock
valve, and agenesisof the papillary muscles. Theselesions
determine stenosiswith greater frequency *° and are asso-
ciated with the high frequency of complex malformations.
Barbero-Marcial and co-workers* achieved good short-
and long-term resultsin 7 patients with mitral parachute
valvewith stenosis. Accordingtothereview presentedin
Tablell, the different publications during the last decade
show important progressregarding theresults, whereit was
possibleto perform theval vul oplasty in 91.4% of thecases
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Table II - Results of valvuloplasty in stenosis with abnormal
papillary muscles
Hammock valve Parachute
Repair Replace Repair  Replace
Uva (Planché)** 1 1 2 2
Barbero-Marcial ** 9
Mc Carthy* 5
Stellin® 4 1
Fuzellier's 7 7 9
Kalil (this series) 3

of mitral stenosiswith parachute and hammock valvein
50% of the cases.

IntheMooreet a. ?series, thetypica mitral hypopla-
siawith symmetric papillary muscleswasthefirst cause of
congenital mitral stenosis (52% of the cases), followed by
thesupravalvular ring (in 20%), doubleorifice (in 11%), mi-
tral hypoplasiawith asymmetry of thepapillary muscles(in
8%), and parachute-shaped mitral valve (in8%). Contrary to
this series, Embrey and Behrendt® state that theringisra-
rely sosmall that stenosisresults, unlessleft ventricular hy-
poplasiais present. According to these authors, chordal
malformation isthe most common cause of stenosis®.

In aseries of 50 patients, Fuzzelier et a. *° reported
commissurafusion asthemaost common cause of congenital
mitral stenosiswith normal papillary muscles (in 17 pa-
tients). With abnormal papillary muscles, themaost common
wasthehammaock mitral valvein 11 patients. In our series,
50% of the casesof congenital mitral stenosishad abnormal
papillary muscles; as the most prevailing cause, the
parachute mitral valvein 3 patients, 2 of them associated
with Shonesyndrome, with possiblerecovery (Tablel); 38%
typical mitral stenosisand 12.5% hypoplasic mitral valve
(Tablel). Left ventricular hypoplasiawas present in 50% of
the cases of congenital mitral stenosis, associated in 50%
withleft ventricular fibroelastosis.

According to McGiffin?, congenital mitral insuffi-
ciency islessfrequent than congenital mitral stenosis. In
our series, weobserved 12 cases of insufficiency and 6 ca-
ses of stenosis. The most frequent cause in congenital
mitral stenosisisannular dilation 2; thisfinding was
confirmed in our sample. Seventy-five percent of the
patientsinthe congenital mitral insufficiency group hadthis
malformation, andin 25%thiswastheonly malformation.

Congenital or acquired abnormalities of the mitral
valvein children canbesurgically managed with mechanical
or biological prosthesis or valvuloplasty . Valvular
replacement isaccompanied by ahigh mortality rateand by
anticoagulation problemsand theimpossibility of annular
growth, leadinginevitably tore-operation 241722,

Theuseof arigid or flexiblering asaprerequisitefor
efficacy and durability of annular remodeling®iscurrently
being questioned in the adult?*% and atendency to reduce
its use has been observed 2627,

In children and adol escents, the prosthetic ringsmust
beavoidedfor they do not allow anormal annular growth®,
inadditionto being arisk factor for distortionsof theventri-
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cular cavity and for contributing to the obstruction of theleft
ventricular outlet 2, Without adding thefact that theannular
segment of mitral-aortic continuity iscapable of contracting
and relaxing during the cardiac cyclein theleft ventricular
outlet 5228 hecauseitistheonly annular portion that does
not dilate, which leadsto the conclusionthat at the descri-
bed level no prosthetic structure should exist.

Thelong-term stability of mitral valverepair withinthe
concept of remodeling annuloplasty doesnotimply theuse
of arigidor flexiblering to decreasetheantero-posterior ring
diameter. Since 1975, wehavebelieved that the stability in
Wooler’ s technique ° of unsupported annuloplasty iscon-
tainedintheanchorage of theright and | eft fibroustrigones
(Fig. 5), keepingthenormal variableanatomical relationshi-
pswiththeaorticvalveandtheleft ventricular outlet, and the
annular ssgment of mitral-aortic continuity withthecapacity
of contractionandrelaxationduringthecardiaccycle®.

At thetimeof performing Wooler’ stechnique, itisof
essential importance to long-term repair stability and to
avoid failure, that the points undergo through the fibrous
trigones, reminding their position related withtheanterior

Fig. 5 - Representation of the Wooler’ stype placement of annuloplasty points. A)
Stitches of braided polyester string anchored in Teflon felt are crossed through the
mitral leavesinsertion ring; B) stitchesaiming at reducing the mural leaf, without
compromising the width (S) of the septal leaf. The projection of the aortic valveis
represented by the dotted line.
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cuspid #. Thistechnique has alate result comparable to
more complex support techngiues®*, but withalower inci-
denceof technical repair failure. Thereportedincidenceof
repair failuredueto technical problemswiththe prosthetic
ringintheadultisvaried (Aharon - 2.9%; Cosgrove -
3.2%; Deloche™ - 4.3%; Cosgrove? - 3.3%).

Regarding intraoperative deaths, patients with con-
genital mitral stenosiswhowereinNY HA functiona class
IV hadinour series 100% mortality and in Kirklin' sseries
50% mortality *7; both patientshad endocardial fibroel as-
tosis. The 12-day-old patient had | eft ventricular hypo-
plasia, and the 7-month-old had Shone syndrome. Recent
studies carried out by Ni and colleagues®* suggest avira
infection asthe cause of endocardial fibroelastosis, sup-
porting the hypothesisthat thisdiseaseisasequelaof viral
myocarditis, particularly duetothemumpsvirus.

Themitra correctionswereperformed by longitudinal
atriotomy of theleft atrium’ sright wall, without using other
approaches 14,39-43_

The comparative results among the studiesfound in
theliteratureabout congenital mitral insufficiency, presen-
tedinchart |, corroboratethegood long-term results of the
unsupported annuloplasty in this population of patients,
alsofoundinour series. However, the popul ation of patients
with congenital mitral stenosishasavariety of mitral valve
malformations, frequent associationswith cardiac malfor-
mations, and variable age, making it difficult to obtain
generalized conclusions, accordingto chart 1.

Inconclusion, mitral valvuloplasty inisolated conge-
nital lesions or in association with other cardiac malfor-
mations has good long-term results. Failure to repair
stenosis and double lesions is due to the complexity of
malformations detected.

In the case of congenital mitral insufficiency, the
unsupported mitral valvuloplasty with Wooler’ stechnique
had alow surgical risk and good | ong-termresults. Theuseof
prosthetic ringsin these patientsis cons dered unnecessary.

Chart I - Congenital mitral insufficiency (CMI). Surgical Results in Different Publications
Mean age N Hospital Late Actuarial Freeof re- Typeof
(years) mortdlity (%) mortdlity (%) survival (%) operation (%) annuloplasty
Okita, 1988 *° 5.5 66 15 6.0 93.1-7a 89-10a Key-Reed
Kirklin, 1993 37 - 18 18 - - - Reed
Kalil, 1996 2° 12.4 13 7.7 0 89-5a 91-5a Wooler
Uva, 1991 * 1 10 0 0 100-7a 61.2-7a Wooler
Carpentie, 1994 2 6.1 105 5 4 62-15a 62-15a Rigid ring 50%
This series 6.09 12 0 0 100-15a 86-15a Wooler
Chart II - Congenital mitral st is (CMS). Surgical Results in Different Publications
Mean age N Hospital Late Actuaria Freeof
(years) mortality (%) mortality (%) survival (%) reoperation (%)
Kirklin, 1993 37 4.5 19 21 - - -
Uva, 1991 * 0.5 10 0 10 94.1-7y 54.8-7y
Carpentier, 1994 3 5.1 50 26 3 47-10y 47.10y
Fuzillier, 1997 15 4.5 58 25.8 5 67-15y -
Barbero-Marcial, 1991 ** 1.6 9 0 11 89 100
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