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ABSTRACT

Background: Valve-sparing aortic root replacement (VSARR) with reimplantation technique is indicated in patients with aortic root 
aneurysm. 
Objective: To evaluate the mid-term outcomes of this surgical technique in children and adolescents in our institution.
Methods: Retrospective study. Twenty-one patients who underwent VSARR surgery were included between July 2006 and July 
2022. The relationship between baseline variables and progression of aortic regurgitation (AR) was assessed.
Results: The median age was 13 years. Seventeen patients had connective tissue disorders (3 with bicuspid aortic valve), 2 operated 
congenital heart disease, 1 isolated bicuspid aortic valve and 1 Turner syndrome. Thirteen patients had mild AR and 5 had moderate 
AR preoperatively.
Three patients underwent early aortic replacement, 2 due to endocarditis and 1 due to severe acute AR. The median follow-up was 
4.1 years. Of 17 patients at follow-up, 2 developed mild-moderate AR, 2 moderate AR and 3 severe AR. One of them underwent 
Bentall surgery. No association was found between the degree of preoperative AR or the presence of bicuspid aortic valve and the 
progression of postoperative AR. There was no association between the type of postoperative valve coaptation and the development 
of AR greater than mild at follow-up.
Conclusions: VSARR with reimplantation is a feasible surgical technique with favorable mid-term outcomes and low reoperation 
rate in pediatric patients. 
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RESUMEN

Introducción: La cirugía de reemplazo de la raíz aórtica con preservación valvar tipo reimplante (RRAoPV) está indicada en pacien-
tes con aneurisma de la raíz aórtica. 
Objetivo: Evaluar los resultados a mediano plazo de esta técnica quirúrgica en niños y adolescentes de nuestra institución.
Material y métodos: Estudio retrospectivo. Se incluyó a 21 pacientes a quienes se realizó cirugía de RRAoPV entre julio de 2006 y 
julio de 2022. Se evaluó la relación entre las variables basales y la progresión de insuficiencia aórtica (IAo).
Resultados: La mediana de edad fue de 13 años. Diecisiete pacientes tenían enfermedad del tejido conectivo, (3 de ellos además con 
aorta bicúspide), 2 cardiopatías congénitas operadas aisladas, 1 válvula aórtica bicúspide aislada y 1 síndrome de Turner. Trece pa-
cientes tenían IAo leve y 5 moderada en el preoperatorio.
Tres pacientes requirieron reemplazo aórtico precoz, 2 por endocarditis y uno por IAo aguda grave. La mediana de seguimiento fue 
de 4,1 años. De 17 pacientes en seguimiento, 2 evolucionaron con IAo leve-moderada, 2 moderada y 3 grave.  Uno de ellos requirió 
cirugía de Bentall. No se encontró asociación del grado de IAo preoperatoria, ni de la presencia de aorta bicúspide, con la progresión 
de la IAo postoperatoria. No hubo asociación entre el tipo de coaptación valvular postoperatorio y el desarrollo de la IAo mayor que 
leve en el seguimiento.
Conclusiones: El RRAoPV tipo reimplante es una técnica quirúrgica viable en pacientes pediátricos con buenos resultados a mediano 
plazo y baja tasa de reoperación. 
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INTRODUCTION
Aortic root aneurysms are rare in children and are 
generally associated with connective tissue disorders, 
(1,2) such as Marfan or Loeys-Dietz syndromes, or 
with the progression of conotruncal heart diseases. (2) 
These aneurysms may result in aortic rupture, aortic 
dissection or severe aortic regurgitation (AR). (2,3) 
Aortic root replacement is indicated to avoid the risk 
of these complications. Clinical guidelines and surgi-
cal indication are based on aortic root size, progres-
sion of dilatation (mm/year) and genetic syndrome.

The purpose of Tirone David surgery is to replace 
the pathological segment of the aortic (Ao) root com-
plex while preserving the anatomical and functional 
integrity of the valve leaflets. (4) The advantage over 
Bentall surgery (aortic root replacement with a me-
chanically valved conduit) is that it avoids lifelong 
anticoagulation and its inherent risks. However, the 
main limitation of valve-sparing aortic root replace-
ment (VSARR) in pediatric population is the potential 
need for reoperation, as during growth, the recon-
structed aortic root and the aortic valve may become 
small for the future body surface area. (4)

This study evaluates our experience and the out-
comes of VSARR with the Tirone David technique at 
the Hospital Nacional de Pediatría J.P. Garrahan.

METHODS
A retrospective study was performed. The medical records 
and echocardiographic recordings of 21 patients who under-
went VSARR with the Tirone David technique between July 
2006 and July 2022 were reviewed. The degree of AR, the 
valve morphology, the aortic root measurement and the Z-
scores were assessed by transthoracic echocardiography and 
intraoperative transesophageal echocardiography (iTEE). 
Another imaging studies (cardiac tomography or resonance) 
were performed in 60% of patients. 

Statistical data were analyzed with the STATA software. 
Continuous variables are expressed as median and inter-
quartile range (IQR). Categorical variables are expressed as 
frequencies and percentages. The relationship between the 
basal variables and the progression of AR was evaluated.

RESULTS
Preoperative characteristics 
The median age at surgery was 13.1 (10.5-14.4) years; 
the median weight was 40 (13-99) kg. The youngest 
patient was 2.9 years old and weighed 13 kg. Five 
patients were younger than 8 years. Eleven patients 
were female. All surgeries were scheduled and indi-
cated based on the aortic root size and progression of 
aortic root dilatation (according to clinical guidelines). 
Seventeen patients had a diagnosis of connective tis-
sue disease: 13 Marfan (2 associated with bicuspid 
aortic valve disease), 3 Loeys-Dietz (one associated 
with conotruncal heart defect) and 1 uncharacterized; 
1 patient had Turner syndrome with bicuspid aortic 
valve disease; 2 isolated operated congenital heart dis-
eases (1 conotruncal heart defect and 1 multiple ven-
tricular septal defect cerclage), and 1 patient isolated 
bicuspid aortic valve disease.

The median diameter of the aortic annulus was 25 
mm with a Z-score of +3.5 (+2.85-+5.7), and that of 
the Valsalva sinuses was 42.5 (36.5-51.5) mm with a 
Z-score of +6.2 (+4.6-+7.5). Regarding preoperative 
AR, 2 patients had no AR, 13 patients had mild AR, 1 
mild-moderate AR and 5 patients had moderate AR.

Surgical data
The Tirone David technique was used in all patients. 
The smallest conduit size was 22 mm and the larg-
est was 30 mm. All patients had a straight conduit. 
The median time of extracorporeal circulation (ECC) 
was 179 min and that of clamping 156 min. The long-
est ECC times were a consequence of associated pro-
cedures (pulmonary homograft replacement, mitral 
plastic surgery, transverse arch and descending aorta 
replacement). Only one patient (with Marfan syn-
drome and bicuspid aortic valve) was reoperated dur-
ing the same procedure to resuspend the valve. 

The iTEE performed in all patients showed trivial 
AR in fifteen patients and no AR in the remainder. Of 
14 patients who had coaptation height assessed in re-
lation to the conduit, 9 patients had type B coaptation 
and 5 had type C coaptation. (5)

Outcomes
The median stay in the intensive care unit was 7 days. 
Three patients underwent early aortic valve replace-
ment. One patient with Marfan syndrome and bicus-
pid aortic valve, who required intraoperative aortic 
valve resuspension, suffered from severe acute AR 2 
days after operation and underwent Bentall surgery. 
Two patients died in the immediate postoperative pe-
riod from infectious complications (one case of medi-
astinitis at 28 days and one case of endocarditis at 47 
days). Three patients required a pacemaker implanta-
tion because of atrioventricular block. Two patients 
suffered from endocarditis: one of them had endo-
carditis by Klebsiella that affected the mitral valve, 
which was complicated by a pseudoaneurysm of the 
mitral-aortic intervalvular fibrosa 61 days after op-
eration, for which an aortic homograft was placed; the 
other one had endocarditis by methicillin-resistant 
Staphylococcus aureus that affected the aortic and mi-
tral valves 47 days after operation, for which an aortic 
homograft was placed.

The median follow-up of 17 patients who under-
went Tirone David technique was 4.1 (1.35-12) years, 
including one patient lost to follow-up. Of the followed-
up patients, 43% developed aortic dilatation distal to 
the implanted conduit. One of them, who had unchar-
acterized genetic syndrome, underwent replacement 
of the ascending aorta 4 years after operation and died 
from dissection of the descending aorta one year after 
the second surgery.

Coronary button aneurysms were observed in 5 
patients. 

Two patients had mild-moderate AR, 3 had moder-
ate AR and 2 had severe AR, of whom 1 underwent 



219

value ≥10 implies greater risk of aortic dissection, (7) 
but this is not validated in children or adults with 
operated congenital heart disease. (8) Indications for 
surgery based on aneurysm growth rate >2-3 mm/year 
may be difficult in children because of the natural 
growth of the aorta. Davies et al. established the Aor-
tic Size Index (ASI), which is defined as aortic diam-
eter divided by body surface area, to assess the risk of 
adverse events. An ASI of 2.75-4.25 cm/m2 is associat-
ed with a moderate risk of rupture (8%/year), whereas 
an ASI >4.25 cm/m2 implies a high risk of rupture  
(20-25%/year). (6,8,9) 

During the last two decades, various surgical tech-
niques have been developed to manage these patients. 
Aortic root replacement with a mechanical valved con-
duit (Bentall procedure) was originally proposed, but 
this procedure involved lifelong anticoagulation, risk 
of thromboembolism and bleeding. These risks have 
led to the development of the VSARR procedures, 
which aim to preserve the aortic valve function and 
hemodynamics. (4) These procedures include the re-
modeling or Yacoub technique, and the reimplanta-
tion or Tirone David technique. (2) There are many 
published reports of these techniques in adults, but 
very few in children. (1) The largest series in this age 
group which included 100 consecutive cases in 20 
years has been reported by Fraser et al. at John Hop-
kins Hospital. (2) In patients with operated conotrun-
cal heart defects (truncus arteriosus, tetralogy of Fal-
lot, transposition of the great arteries) and in patients 
who underwent the Ross procedure, who have a very 
low risk of dissection, aortic root replacement surgery 
is recommended even in the absence of AR if the diam-
eter is greater than 50 mm and/or the Svensson index 
is >10 cm/m2. (9) In patients with Turner syndrome 
with an ASI ≥2.5cm/m2 and risk factors it is reason-
able to perform Tirone David surgery.

Several series have shown that the remodeling 
technique is not recommended in children because of 
the high risk of mid-term failure due to the develop-

Ao: aortic; Diam: diameter; RF: risk factors
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Bentall procedure 9 years after VSARR. The rest had 
mild AR. The higher degrees of regurgitation were 
caused by leaflet prolapse. The median postoperative 
Ao annulus size was 21 mm with a Z-score of +2.4 
(+1.65 to +2.8). At follow-up, one patient with bicus-
pid aortic valve disease developed moderate AR.

At present, 81.2% of patients under follow-up are 
free from reoperation.

DISCUSSION
Aortic root aneurysms are rare in children and ado-
lescents and are mostly associated with connective 
tissue disorders, (1-4) especially Marfan and Loeys-
Dietz syndromes, and bicuspid aortic valve disease. 
(2,4) Aneurysms have also been described following 
surgery for conotruncal heart defects. (2) The risk of 
aortic dissection or rupture is related to the diameter 
of the aortic root and the ascending aorta. (2-4) Clini-
cal guidelines and surgical indications are based on 
the progression of dilatation (mm/year), (1) the size 
of the aortic root and the association with a genetic 
syndrome. 

No guidelines have been established regarding 
surgical timing in children, so indications are extrap-
olated from adult recommendations. (5) The risk of 
these events is very low in this population, and they 
generally occur in late adolescence. (5,6) In children 
below the age of 12, the indications for surgery are 
even less clear, so, in addition to the above, the expres-
sion of the genetic syndrome and the degree of AR are 
considered. (1,4,6) Different groups define criteria for 
aortic root replacement in children according to their 
experience (Table 1). In the case of Loeys-Dietz syn-
drome, Lange et al. consider that Tirone David tech-
nique should be postponed until the annulus diameter 
reaches a value of at least 18 mm so that a prosthetic 
conduit ≥22 mm may be used and a subsequent reop-
eration may be avoided. (4) 

In adults, the Svensson index is used, which consid-
ers the aortic cross-sectional area indexed to height; a 

Loeys-DietzMarfan Bicuspid aortic valve

Fraser et al. (2) 

Lange et al. (4)

Kluin et al. (6)

AHA/ACC 2022 

Ao Disease Guidelines. (7)

Type I and II: 

>3.5-4 cm or Z-score >3

Type III: Diam. > 4-4.5cm

Z-score >3 

Z-score >3 

Diam. >3.5cm

Diam. ≥ 4.5cm

In at-risk patients, Diam. ≥ 4 cm

Diam. >5 cm 

Increase >0.5 cm/year

>4.5 cm with family history of rupture

>4-5 cm mitral valve surgery

Diam. <5 cm if Z-score >5

Z-score >4-4.5

Diam. ≥ 5cm

With RF, Diam. ≥ 4.5cm

Increase ≥0.3 cm/year

Ao root area/height ratio ≥10

Diam. >5.5 cm

Diam. ≥5.5cm

Ao root area/height 

ratio ≥10

With RF, Diam. >5cm

Tabla 1. Indications for surgery for aortic root replacement
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ment of AR following progressive annular dilatation. 
(2,3,5,6) In contrast, the reimplantation technique is 
low risk and provides better outcomes, since it offers 
efficient annular stabilization because of the conduit 
implantation in the ventriculoarterial junction. The 
main concern is the stress produced in the leaflets due 
to the lack of cortex formation, which physiologically 
occurs in the sinuses. (1) To reduce this stress, con-
duits with sinuses, such as Valsalva grafts, have been 
developed, but the smallest size is 24 mm, so they are 
not appropriate for small children. (4) The long-term 
performance of the leaflets inside the rigid conduit 
is still uncertain. Myers et al. have also shown bet-
ter outcomes in terms of the need for reoperation in 
patients with operated congenital heart defects using 
the replacement technique. Besides, they have warned 
that underestimating the conduit size could result in 
early valve deterioration. (9)

Regarding the choice of the diameter of the pros-
thesis, some groups, if possible, postpone surgery 
until the aortic root size allows the implantation of 
a conduit for adults. (10) At our institution, we use a 
conduit diameter that is 3-4 mm larger than the opti-
mal sinotubular junction (STJ) size, as recommended 
by Cameron and Vricella, to ensure the best apposi-
tion of the leaflets. (11) They use conduits that are 
2-3 mm larger than the optimal STJ size in patients 
with Loeys-Dietz syndrome. (12) New techniques for 
children below the age of 3 have been described using 
a subannular ring and a superior ring at the STJ to 
minimize the late onset of AR. (13) 

Contraindications for VSARR include marked 
valve asymmetry, large fenestrations of the leaflets, 
acute dissection, severe prolapse, valve calcification 
and ventricularization of the sinuses. (2) According 
to Baltimore’s experience, bicuspid aortic valve is not 
a contraindication to valve preservation, but special 
care should be taken to maintain the geometry when 
resuspending the commissures to ensure postopera-
tive valve competence. (2)

Forty-three percent of patients in our series devel-
oped aneurysms in other segments of the aorta distal 
to the conduit. One patient underwent ascending aor-
ta replacement 4 years after operation, and another 
underwent arch replacement at the time of the Tirone 
David surgery. Lange and Fraser suggest reconsider-

ing the management of the distal ascending aorta as 
well as the aortic arch in patients with severe connec-
tive tissue disorders. (2,4) Other groups discourage it 
because of the high risk of neurological damage (6) 
and to avoid additional suture lines that may increase 
the risk of bleeding and pseudoaneurysms. 

The iTEE showed trivial residual AR in most pa-
tients. During this procedure, we evaluated the pres-
ence or absence of AR, the degree of severity, the jet 
direction and the coaptation height related to the con-
duit. (14) A patient with Marfan syndrome, bicuspid 
aortic valve, significant residual AR and eccentric jet 
underwent reoperation with ECC. Commissural re-
suspension was performed and his AR remained mild. 
Two days later, he presented with severe acute AR 
and underwent Bentall surgery. It has been described 
that the AR progression could be a consequence of the 
structural degeneration of the leaflets due to abnor-
mal flow distribution during diastolic closure, or to a 
functional failure secondary to inadequate coaptation 
height (less than 11 mm/type C coaptation). (14-17) 
Five of our patients had moderate or greater AR in the 
remote postoperative period, and all of them had con-
nective tissue disorders (Table 2). We found no asso-
ciation between the degree of preoperative AR or the 
presence of bicuspid aortic valve and the development 
of AR, in contrast with the risk factors described by 
Tirone David in adult population. (18) 

There was no association between the type of post-
operative valve coaptation and the development of 
AR greater than mild at follow-up, in contrast to the 
study by Hall et al., possibly due to the small sample 
size. Because of the short follow-up, we are not able 
to hypothesize whether the cause of AR progression 
in our patients was due to the degree of leaflet coap-
tation with respect to the conduit, the impact of the 
connective tissue disorders, or the valve degeneration. 
Longer follow-up would be necessary to determine the 
causes of progression.

In our series, 5 patients developed coronary but-
ton aneurysms, as described in the progression of the 
most severe forms of connective tissue disorders. (9)

At the follow-up of these patients, the recommenda-
tion is to include clinical checks and echocardiography 
every six months during the first postoperative year 
and then annually, with the addition of tomography 

Table 2. Preoperative and 
postoperative aortic regurgi-
tation.

No

Mild

Mild-moderate

Moderate

Severe

5

16

0

0

2

13

1

5

Immediate 
postoperative 
period (n=21)

Preoperative 
period
(n=21)

Degree of AR (n=21)

1

8

2

2

3

Remote 
postoperative 
period (n=16)

In the immediate postoperative period, 1 patient died and 3 underwent valve replacement. One patient was 
lost to follow-up. 
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or cardiac resonance at least every 2 years. (2,4,10) 
In the case of Marfan and Loeys-Dietz syndromes, a 
stricter follow-up is recommended during the first 
postoperative year with echocardiography every 3 to 
6 months. Prescription of beta-blockers and/or angio-
tensin receptor antagonists should be continued. 

The limitations of our study include its retrospec-
tive design and the small sample size.

CONCLUSIONS
Children and adolescents with connective tissue disor-
ders or operated congenital heart disease may under-
gone Tirone David surgery with good outcomes and 
low mid-term reoperation rate. Neither bicuspid aor-
tic valve nor preoperative aortic regurgitation seems 
to be associated with greater aortic valve dysfunction 
at follow-up.
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