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Commentary: Is the cone a
superior form?
In architecture, cone-shaped buildings are known
to be structurally sound.

CENTRAL MESSAGE

The cone procedure has been
confirmed to be superior to
other repairs for Ebstein’s
anomaly. It is a difficult operation
that is rarely done. Effect on right
ventricle function and long-term
survival remains unknown.
Emile Bacha, MD, FACS

In architecture, a triangle is considered a structurally sound
form, and a cone—a 3-dimensional infinite triangle—dis-
tributes forces most efficiently. This is relevant to creating
a durable surgical repair of an Ebstein’s tricuspid valve
(TV).

The retrospective study by Burri and colleagues1 reviews
33 years of the surgical management of Ebstein anomaly
(EA). The cone procedure was introduced in their center
during 2010, and between 2010 and 2018 they have per-
formed 39 cone repairs. They document the marked
improvement in surgical results obtained with the cone pro-
cedure compared with other types of repairs or TV replace-
ment (TVR), a finding echoed by most centers that have
made a similar transition. They could not document
improved long-term survival for cone procedure patients,
although the non-cone recipients were followed for a longer
period of time, which should have advantaged the cone pro-
cedure patients who had better repairs. However, this could
have been a case of inferior statistical powering, and there-
fore we should not spend too much time on this.

The natural history of EA is that, with the exception of
mild disease, life expectancy is shortened. The risk of sud-
den death, heart failure, and arrhythmias are substantial and
increase over time.2-4 Whether early successful valve repair
mitigates these risks remains unproven in a scientific sense,
although it is (rightly in my opinion) accepted as fact.5 In
children, there are some data showing comparable quality
of life (QoL) with healthy peers.6 Given this background,
it is imperative for surgeons to show that a successful EA
repair will result in improved QoL and, ideally, longer life
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expectancy compared with medical management. This
was done for the mitral valve.7 Of course, given the vastly
lower incidence of EA in the general population, it will be
difficult to do the same for EA surgery. Aworthy substitute
would be large scale use of preoperative and postoperative
magnetic resonance imaging (MRI), with reporting on right
ventricular function. Some centers have done this on a small
scale, and this should be standardized.8 As of 2020, every
EA patient should have a preoperative MRI and at least 1
midterm postoperative MRI study. An unanswered question
that could be resolved with MRI studies is the degree of
reduction of tricuspid regurgitation (TR) necessary to
achieve improvement in right ventricular function. Is resid-
ual mild–moderate TR sufficient, or is it the absolute
change from the degree of preoperative TR, which is most
often wide open or severe.

Another intriguing problem is the upper age limit for a
cone repair.We consider EA as a right ventricular myopathy
and how an older right ventricle will react after surgery is
completely unknown. I note that in this series, the 1 postop-
erative death after cone repair was in a 61 year-old patient
who had less-than mild TR after surgery. Unpredictability
in right ventricular function in older patients has also
been our experience. With improvements in valve-in-
valve technologies, we currently favor bioprosthetic TVR
in patients older than age 50 to 55 years. I was also surprised
that none of the re-repairs had a cone repair. In my
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experience, the cone procedure or a variation thereof is very
well suited to previously repaired TVRs because some ele-
ments (typically the detachment and clockwise rotation of
the anterior leaflet) are already taken care of, and tissues
are scarred and firmer.

For now, we are resigned to retrospective studies such as
the present one. It provides valuable data nonetheless. The
primary finding is that the cone repair is a superior tech-
nique. I suspect that before using the cone repair, surgeons
in Munich were using a variation of the Carpentier, Daniel-
son, or Sebening repair. All the pre-cone repairs were insuf-
ficient repairs in that the displaced septal leaflet was
ignored, and as a consequence, there was very often moder-
ate TR or more, and mostly emanating from the septal or an-
teroseptal commissure. da Silva and colleagues9 resolved
this by introducing the ingenious concept of 360-degree
coverage of the TVorifice with the cone construct. Having
trained in the pre-cone area, and having witnessed these re-
sults, I have no doubt that the cone procedure is a more
structurally sound procedure with superior long-term re-
sults. However, it is also a technically more difficult and
intricate procedure with a steep learning curve. In addition,
the fact that a large volume center like the Deutsches Herz-
zentrum in Munich only does an average of 5 cone proced-
ures per year raises the question of whether there should be
regionalization toward centers of excellence for the man-
agement of EA.10

Beyond the technical results, what a patient, especially
the asymptomatic one, will want to know is whether a pa-
tient’s QoL, as well as life expectancy, will be improved
The Journal of Thoracic and Car
with surgery. As discussed above, we are unlikely to arrive
at any firm data on these metrics any time soon. The best we
might hope for is a registry-type multicenter study with pro-
spective enrollment. As a community of congenital heart
surgeons, this should be our goal.
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