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SUMMARY 
Both congenital and acquired aortic valve defects represent an 

important group of diseases in pediatric patients.  Since the defects –in form 
of stenosis, insufficiency or mixed- may finally cause a loss of ventricular 
function and mean a big load for the heart muscle, an interventional or 
surgical therapy is required.  Although there are various alternatives of 
treatment, none of these is really satisfactory.  The balloon valvuloplasty 
which is especially performed on patients with aortic stenosis does not seem 
to be a lasting solution. Also the replacement of homografts and mechanical 
valves in aortic position has not been as successful. Particularly problems 
like several re-operations, thromboembolic complications, frequent 
endocarditis, the need of anticoagulants and their risk of bleeding have 
forced us to search for new ways of therapy.  In this respect the Ross 
procedure is the best option for pediatric patients.  
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Ross Operasyonu 
ÖZET 
Gerek konjenital gerek akkiz olsun aort kapağı hastalıkları pediatrik yaş 

grubunda önemli bir yer tutar. Gerek darlık veya yetmezlik şeklinde gerekse 
de mikst tipte olsun hastalık  sol ventrikülde fonksiyon kaybına yol 
açtığından nihayetinde girişimsel veya cerrahi bir girişimi gerekli 
kılmaktadır. Tedavi de birçok yaklaşım varolmakla birlikte hiçbiri tatmin 
edici değildir. Özellikle darlığı olan hastalarda uygulanan balon 
valvuloplasti kalıcı sonuçlar sağlamamaktadır. Aynı şekilde aortik 
pozisyona homograft veya mekanik kapak yerleştirilmesi de sonuçları 
itibarıyla başarılı sayılmaz. Özellikle tekrarlayan operasyon ihtiyacı,  
tromboembolik hadiseler, sık endokardit, devamlı oral antikoagülan 
kullanımı ve buna bağlı kanama riski  tedavi için başka yollar aramaya 
zorlamaktadır.  Bu açıdan Ross prosedürü pediatrik hastalar için uygun  
uygulamadır.  

Anahtar Kelimeler: Aort Kapak Hastalığı,  Ross Operasyonu   

INTRODUCTION 
Congenital and acquired aortic valve 

diseases represent an important group in 
pediatric cardiology. Hemodynamically 
relevant lesions – both stenosis and 
insufficiency - require an intervention in order 
to prevent any loss of left ventricular function 
or to improve functional status.  

 

Interventional and surgical methods like 
balloon valvuloplasty and valvulotomy which 
are performed in patients with stenotic aortic 
disorders have not proved to be lasting 
solutions.  An ideal valve replacement should 
be practicable with a low surgical risk - 
particularly in children - and guarantee a 

 

   
   

 -
   

   
   

   
   

- 
   

   
   

   
  -

   
   

   
   

   
- 

   
   

   
   

  -
   

   
 



B. Aldudak ve Ark.                                                                                                                           Dicle Tıp Dergisi 2004 

 
 79

normal valvular function.  Besides it should 
not cause more than minimal restrictions in 
daily life and also should not require several 
reoperations. No ideal aortic valve prosthesis 
for children and young people is yet available 
(1). Nowadays, the Ross procedure is thought 
to be the best option of treatment in patients 
with aortic valve diseases.  Especially in kids 
with congenital aortic valve diseases it is the 
preferential pocedure (2 - 8).  In comparison to 
alternatives like mechanical valve replacement 
or homografts placed in the aortic position, the 
Ross procedure seems to be more beneficial in 
most patients and with a low risk of mortality.  
There are several advantages of the Ross 
operation: The neo-aortic valve probably lasts 
a life-time and does not imply any additional 
work load for the heart muscle thanks to the 
low rate of subsequent aortic stenosis and 
insufficiency (9). This method is used 
successfully in many centers with a low 
mortality and morbidity (10).  The rate of 
reoperation is lower compared to alternative 
procedures and the patients do not need any 
oral anticoagulation, because there is no 
increased risk for thromboembolic 
complications.  There is a need for exchange of 
the homograft, though, after an average of 15 
to 20 years, but the coronary arteries are 
spared.  With the capabilities of catheter 
intervention (balloon valvuloplasty and 
angioplasty) some homograft exchanges can be 
delayed.  Additionally, in pediatric patients the 
autograft has growth potential as the child or 
adolescent grows (11). Furthermore 
bioprosthetic valves develop degeneration and 
therfore the need of reoperation during the 
somatic development of the organism becomes 
very likely.                     

The first replacement of an aortic valve 
with a pulmonary autograft was performed by 
Sir Donald Ross in 1967.  In the beginning 
cardiosurgeons found this operation to be very 
complicated and technically difficult because 
of the coronary artery reimplantation 
technique. In recent years, Ross`method 
became more and more common because of 
the good results (12) due to altered surgical 
technique using total aortic root replacement.  

The basic principle of the operation is to 
use the patient’s own pulmonary valve for 
replacement of the diseased aortic valve.  A 
homograft replaces the pulmonary valve (see 
fig. 1, 2, 3).  

Figure 1.  The pulmonary valve and a segment 
of the pulmonary artery are excised. This 
pulmonary segment will later be placed in the 
aortic position replacing the diseased aortic 
valve.  
 

 
Figure 2. The diseased aortic valve and 
proximal tissue is removed, leaving the right 
and left coronary arteries with only a button of 
tissue 
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Figure 3. The pulmonary autograft is placed in 
the aortic position and the buttons of tissue on 
both the right and left coronary arteries are 
then sewn into that pulmonary segment and 
closed. A cadaveric pulmonary valve and 
artery homograft is then replaced in the 
pulmonary position to replace the excised 
pulmonary segment.  

INDICATIONS 
Today the diseased aortic valve is replaced 

by the patient’s own pulmonary valve and a 
homograft is transplanted between the right 
ventricular outflow tract and the pulmonary 
artery.  

The most important indications are: 
Aortic Stenosis:  
This disease represents about 5% of 

congenital heart defects and is generally 
tolerated well as long as pressure gradients 
between left ventricle and ascending aorta are 
low.  Between 25 and 45 mmHg the patients 
do not need any intervention but they should 
be followed up regularily because during a 
period of  25 years surgical treatment will 
become necessary in 41% of cases in this 
group (13).  For patients with severe aortic 
stenosis and a pressure gradient >80 mmHg a 
balloon dilatation or a surgical intervention is 

recommended as otherwise they have to face 
risks like arrhythmia,  left heart failure and 
sudden death.  

The discussions about the patients with a 
pressure gradient between 50 and 79 mmHg 
have not come to an end yet.  In any case a 
follow up and a limitation of physical activity 
are necessary.  Exercise test may help reveal 
ischemia and / or arrhythmia in these patients.  

In the last ten years the treatment of severe 
aortic stenosis with balloon valvuloplasty has 
largely replaced surgery. In unsuccessful 
valvuloplasty valvulotomy is the next 
treatment option.  In cases failure of 
valvuloplasty or valvulotomy or in severe 
aortic insufficiency a valve replacement, 
preferrably performed as a Ross procedure, 
becomes necessary.  Unfortunately, about one 
third of the patients with valvuloplasty and 
valvulotomy develop restenoses over time 
necessitating valve replacement.  In patients 
with subvalvular stenosis a Ross-Konno 
operation is performed which is a combination 
of the classic Ross procedure with subaortic 
outflow tract resection and plasty (4, 6, 7, 13-
16).   

Aortic Insufficiency: 
In general this is a manifestation of a 

congenital anomally of the aortic valve.  Other 
causes include subaortic obstruction, 
interference of the aortic valve with a 
perimembranous outlet, especially subarterial 
VSD, and collagen tissue disorders.  After 
some years of tolerance in most cases an aortic 
insufficiency leads to left ventricular dilatation 
and dysfunction resulting in heart failure and 
rhythm disturbances.  The timing of a valve 
replacement depends upon the patients` 
symptoms.  The intervention should be 
considered if the left ventricular dilatation is 
above two standart deviation,  if the 
enddiastolic left ventricular dilatation is 
progressive,  and if there is progressive left 
ventricular systolic dysfunction (ejection 
fraction <50%). ECG markers include 
ischemic ST - and T – wave abnormalities and 
dysrhythmia.  

Both aortic insufficiency and stenosis or 
mixed lesions can be treated by the Ross 
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method with an acceptable mortality and 
morbidity rate in all age groups.  The 
improvement of left ventricular diameter and 
function is remarkable (4, 15, 17 - 20).   

Endocarditis in native and prosthetic 
aortic valve: 

In these cases the Ross procedure is 
successfully combined with antibiotic therapy 
in the acute phase of heart failure and a lower 
mortality and morbidity rate compared to other 
valve replacement methods is described (10,  
21).  

Bicuspid aortic valve: 
With a prevalence of 2% the bicuspid 

aortic valve is the most common congenital 
heart anomaly in the general population and 
can lead to aortic stenosis,  insufficiency or a 
mixed defect.  It is shown that in these patients 
a sklerosis of the valves begins in the second 
decade of life and calcifying stenosis develops 
with a peak in the fourth decade.  The pressure 
gradient is thought to increase about 18-27 
mmHg in each decade.  Consequently we see 
the manifestation of symptoms mostly in adults 
(15, 20, 22).  Because of marked poststenotic 
dilatation of the ascending aorta in this patient 
group Ross operation should be considered 
only if there is no significant missmatch 
between the diameters of the aorta and the 
pulmonary artery.   

CONTRAINDICATIONS 
Marfan Syndrome: This is the only 

situation which represents an absolute 
contraindication for the Ross operation.  

Rheumatic valvular disorders and 
dysplastic dilated  aortic roots are relative 
contraindications because of the postoperative 
dysfunction of the autografts (21).  

ADVANTAGES 
Growth potential: For pediatric patients 

this is the biggest advantage.  The autograft 
can grow with the patient.  This guarantees an 
optimal hemodynamic situation and makes 
several reoperations unnecessary (4, 19, 23).   

Optimal haemodynamic performance: 
The pulmonary autograft produces an optimal 

haemodynamic situation so that a regression of 
reversible ventricular damage is possible and 
the patients` health can improve rapidly (4, 8, 
19, 23, 24).  

Low mortality: In many countries the 
Ross method achieves a low early and late 
mortality rate of <5% in the hands of an 
experienced surgeon in any age group 
beginning in the neonatal period (4, 6, 21).    

No need for prophylaxis with 
anticoagulants: Towards the artificial valves 
this is a huge advantage of the Ross method.  
This implies a lack of a risk of bleeding under 
oral anticoagulants – particularly for women 
who want to get pregnant  (7,  19).  

No degeneration: Immunologic reactions 
are limited by the use of autologous tissue, 
thereby reducing the rate of restenosis of the 
aortic valve.  Immunologic reactions and 
calcification reduce the lifetime of homografts 
and cause reoperations,  but studies show a 
longer reoperation-free period after Ross 
operations that after other aortic valve 
replacements.  Therefore there is no further 
manipulation of the coronary arteries (25).  

DRAWBACKS 
Dysfunction of pulmonary homografts: 

The homografts placed between right ventricle 
and pulmonary artery show degenerative 
changes after some years.  The younger the 
patient at the time of operation the more likely 
a reoperation during childhood or adolescense 
becomes.  An ideal material for this connection 
should be researched (26, 27).  

Aortic root dilatation and aortic valve 
insufficiency: If criteria like an aortic root 
diameter >4 cm or 0. 21cm/m² body surface 
ratio are considered, aortic root dilatation is a 
problem in about 34% of the patients after a 
Ross operation.  In the same study only 14% 
had a more than mild aortic valve insufficiency 
whereas this rate was much higher in patients 
with aortic root dilatation.  Young age, 
preoperative aortic aneurysm and a pulmonary 
autograft replacement without an anulus and 
sinotubular junction seemed to be further risk 
factors (28-30).  
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Technical difficulties: Although the Ross 
procedure has numerous indications, it is 
considered to be a more complicated operation 
than an isolated valve replacement or a 
homograft placement in the aortic position 
(25). A one-valve pathology is treated by a 
two-valve operation. Homografts of 
appropriate size are not always available.  
Pulmonary homografts seem to have a better 
outcome than aortic homografts for unknown 
reasons.  

CONCLUSIONS 
We do not have any ideal method in the 

treatment of aortic valve diseases. Each 
method has its own disadvantages.   

The mechanical valves cannot be used in 
all age groups. They may cause 
thromboembolic events so that patients have to 
take anticoagulants for the rest of their lives.  

Homograft replacement in the aortic 
position also has problems: The homograft 
material is not long lasting and available at any 
time or in any size, it tends to degeneration and 
lacks growth potential.  

In comparison to these methods the Ross 
procedure can be used in all ages in many 
centers of the world with a low mortality and a 
low rate of reoperation.  It  is superior because 
of the growth potential of the autografts,  ideal 
haemodynamic possibilities and rare 
thromboembolic events.  The patients are not 
dependent on anticoagulants which is an 
important aspect especially for women in the 
reproductive age. For all these reasons the 
Ross procedure is preferred in the treatment of 
aortic valve diseases especially in pediatric 
patients (2, 7, 31-35). The problem of 
necessary redos of the homografts has not been 
solved, but the advantage of only one surgery 
in a life-time on the coronary arteries 
outweighs this disadvantage. The choice of 
homograft / xenograft material and its pre-
implantation preparation (cell extraction etc.) 
are matters of reserch studies at present and 
will possibly offer an improvement in the 
future.   

Nowadays the development of 
interventional cardiology with stents including 
stent valves and their use in the treatment of 

pulmonary stenosis and insufficiency point out 
that these alternatives may replace the Ross 
procedure as the routine and primary option in 
the therapy of aortic valve disorders in the 
future.  
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