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Why and how you should learn to do the Ross Procedure in 2020
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Editorial

The Ross procedure is as close to a perfect aortic valve 
substitute in selected patients as is currently possible, and 
when correctly performed, the long-term outcomes are 
second to no other type of aortic valve replacement (AVR) 
(1-3). This operation was first described more than one-half 
century ago, but most cardiac surgeons have never used it, 
likely due to its complexity compared to AVR with man-
made heart valves. As with any complex operation there is 
a learning curve, the steepness of which is dependent on 
the surgeon’s technical skills, knowledge of semilunar valve 
functional anatomy and procedural frequency. Additionally, 
an experienced surgeon is required as a mentor through the 
first five to ten Ross procedures. 

The Ross procedure involves transferring the pulmonary 
valve into the aortic position. This is technically demanding 
and the surgeon must also correct the differences in 
geometry of the aortic root to match the geometry of the 
pulmonary valve during surgery (4-6). In healthy children 
and young adults, the pulmonary valve sinotubular junction 
(STJ) is 2 to 3 mm larger than the aortic valve STJ, but this 
relationship is often altered in patients with aortic valve 
disease. The annulus of the semilunar valves is slightly 
larger than its STJ. The geometry of the pulmonary valve 
must be maintained when transferred to the aortic position, 
regardless of the technique used for implantation. Thus, 
not only must the transverse diameters of the pulmonary 
annulus and STJ be maintained but also the crescent 
shape of each cusp insertion. This may be difficult to do 
because most candidates have bicuspid aortic valve (BAV) 
disease which frequently have an abnormal aortic annulus 
and STJ. In addition, the surgeon must ensure that the 
level of the pulmonary annulus coincides with that of the 
aortic annulus, which is not always possible because of the 
abnormal anatomy of the aortic annulus. 

Whenever possible, the pulmonary annulus should be 
placed lower in relation to the aortic annulus in most of the 
circumference of the left ventricular outflow tract (LVOT). 
The right ventricular muscle in the sub-commissural 
triangles of the pulmonary root should be resected because 
it will die and be replaced by fibrous tissue. Thus, it is 
extremely important that the sub-commissural areas 
be externally supported by the native aorto-ventricular 
junction or aortic root tissue to prevent dilatation of the 
pulmonary annulus during healing. The technique of 
sub-coronary implantation is the best approach for this 
operation if the geometries of both roots are similar. In 
my experience, this is the exception, not the rule. The 
aortic root inclusion technique is probably the second 
best, and can be performed in practically all patients if 
the surgeon can detach and mobilize the right coronary 
artery, which often does not align correctly with a normal 
pulmonary root. Finally, the free-standing root is an 
acceptable approach as long as sub-commissural triangles 
of the pulmonary valve are externally supported by 
LVOT or aortic root tissues. I do not believe the proximal 
anastomosis should be buttressed with a strip of Teflon 
felt. This is unnecessary if the pulmonary annulus is at the 
same level or below the aortic annulus and may adversely 
affect long-term durability of the pulmonary autograft. 
The STJ of the pulmonary root must be maintained 
upon completion, regardless of the technique used for 
implantation in the aortic position. This may require 
reduction in the ascending aorta diameter, particularly 
when the aortic root replacement technique is used. 

Some surgeons mount the pulmonary autograft inside a 
Dacron graft with sinuses of Valsalva before implantation 
in the aortic position. I remain skeptical of this approach 
and doubt the pulmonary autograft will function as well as 
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the above described techniques. We will have to wait for 
this approach to pass the test of time before abandoning the 
classical approaches of implanting the pulmonary valve in 
the aortic position.

Patients with BAV may have an aortic annulus larger 
than the pulmonary annulus, hence a reduction annuloplasty 
is necessary before transferring the pulmonary autograft 
to the aortic position. Patients with an incompetent BAV 
may have a very large aortic annulus (i.e., >30 mm) and are 
questionable candidates even if the aortic root inclusion 
technique is used, as annular dilatation may be a marker 
of more serious connective tissue disease. Some patients 
with incompetent BAV have large dilated pulmonary roots. 
The significance of this finding is unclear, but I have been 
reluctant to perform the Ross procedure in patients with 
a pulmonary STJ greater than 30 mm, regardless of their 
body surface area (BSA). Although the diameters of the 
aortic and pulmonary annuluses relate to the patients’ BSA, 
this relationship flattens in individuals with BSAs larger 
than 2 m2. The normal aortic annulus is relatively small and 
seldom exceeds 25 mm, even in large individuals (7).  

The normal pulmonary valve has adaptive properties to 
tolerate systemic pressure which is why patients with severe 
pulmonary hypertension often have a normally functioning 
pulmonary valve. This adaptive property is probably 
maintained when the pulmonary valve is transferred to the 
aortic position but the long-term effect of severing all its 
connections with the right ventricle remains unclear. The 
loss of native blood supply and innervation may adversely 
affect its adaptive properties. From my experience with the 
Ross procedure and other operations that rely on adaptive 
properties of tissues and organs, I believe these adaptive 
properties diminish in older humans. If correct, children 
and young adults are likely to do better than older patients 
after the Ross procedure. 

Carefully selecting patients for the Ross procedure 
during the first three decades of my practice has yielded 
gratifying results, with over 80% of patients free from 
any Ross-related reintervention or hemodynamically 
important aortic insufficiency at twenty years. I have 
become more liberal in the use of this operation and have 
included patients with ascending aorta or aortic root 
aneurysm associated with BAV, and aortic insufficiency 
with grossly dilated aortic annulus. My reasoning is that 
most young patients do not want to be on lifelong warfarin, 
a requirement for a mechanical aortic valve. Time and 

continued surveillance of these patients will show if this 
was the correct move. Large series of the Ross procedure 
with echocardiographic surveillance of valve function are 
needed to better define the benefits and shortcomings of 
this operation. I doubt a prospective randomized clinical 
trial on the Ross procedure versus a mechanical aortic valve 
will ever be conducted because of the duration of follow-up 
needed to demonstrate differences in survival and clinical 
outcomes. 
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