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Commentary: The laws of robotics
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CENTRAL MESSAGE

A successful robotic AVR team
requires preprocedure training, a
dedicated and consistent team,
and transparent reporting of
results.
Moritz C. Wyler von Ballmoos, MD, and
Michael J. Reardon, MD

First Law:
A robot may not injure a human being or, through

inaction, allow a human being to come to harm.
Second Law:
A robot must obey the orders given it by human be-

ings except where such orders would conflict with the
First Law.
Third Law:
A robot must protect its own existence as long as

such protection does not conflict with the First or
Second Law

—Isaac Asimov

The surgical treatment of symptomatic severe aortic steno-
sis (AS) with surgical aortic valve replacement (SAVR) can
be easily designated as one of the great medical triumphs of
the 20th century. The 21st century has brought us an
increasing variety of less-invasive ways to treat cardiovas-
cular diseases, and AS is no exception. Transcatheter aortic
valve replacement (TAVR), which was initially seen as an
option for those who were either not or at least very poor
candidates for SAVR, was first successfully accomplished
by Cribier and colleagues1 in 2002. In less than 2 decades,
TAVR volume has exploded and transformed the treatment
paradigm for severe AS. There are nowmore cases of TAVR
for severe AS than all surgical cases combined. This growth
was built largely on the data from 2 families of randomized
trials comparing TAVRwith SAVR. Both high-risk random-
ized trials used all-cause mortality as their primary end
point and found TAVR to be either noninferior2 or superior3

to SAVR at 1 year. Both intermediate-risk trials used all-
cause mortality or disabling stroke as their primary end
points and found TAVR to be noninferior to SAVR at
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2 years.4,5 The low-risk trials deviated in their primary
end points. One used all-cause mortality, stroke, or rehospi-
talization at 1 year and showed TAVR to be superior to
SAVR.6 The other used the more conservative all-cause
mortality or disabling stoke at 2 years and found TAVR to
be noninferior to SAVR.7 These outstanding results pose a
challenge to cardiac surgeons to explain why SAVR might
be a preferred option.

In this issue of the Journal, Badhwar and colleagues8

beautifully detail their institutional experience developing
and implementing a robotic surgical aortic valve replace-
ment (rAVR) program. They developed the technical as-
pects in the cadaver laboratory over a 24-month period
under the guidance of 2 dedicated surgeons. Once they
were comfortable with the procedure in the laboratory,
they took their knowledge to the operating room and per-
formed 20 consecutive fully robotic rAVRs between
January 2020 and July 2020, done by the same team. The
article meticulously details the technical approach and is
accompanied by an outstanding video that should be seen
by any surgeon considering this approach. The authors are
completely transparent about what type of cases were
done as well as the procedural and postprocedural out-
comes. All valves were conventional stented valves with
no sutureless valves. It should be noted that 5 of 20
(25%) were mechanical valves and preference for a me-
chanical valve was an exclusion from the randomized trials.
Also, 5 of 20 (25%) had primary aortic insufficiency and 10
of 20 (50%) were bicuspid valves, which were both exclu-
sions in the randomized trials. We cannot tell from the paper
where or how these numbers might overlap, but the majority
gery c May 2021
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of cases were likely have been excluded from the random-
ized trials.

With these caveats noted, how did the authors do with
rAVR? The results in this small group were outstanding.
At 30 days, there was no mortality, stroke, renal failure,
or paravalvular leak. Only 1 patient had a blood transfusion,
and 18 of 20 (90%) were extubated in the operating room.
One patient (5%) required a pacemaker, and median length
of stay was 4.5 days with almost all patients discharged
directly to home. The advantage of TAVR in the low-risk
randomized trials occurs mainly as a safety signal and rapid
recovery in the first 30 days and these results seem to narrow
or eliminate that early gap in safety and early recovery.
Areas in which surgery has usually done better and are
more likely to effect longer-term outcomes, such as
paravalvular leak and pacemakers, are similar in this trial
to standard surgery outcomes.

It is important for both the surgical and the cardiology
communities to understand that these randomized trial out-
comes apply only to the populations tested. Badhwar and
colleagues have nicely highlighted several of the areas not
tested that remain knowledge gaps at the current time for
TAVR. Our program runs both active SAVR and TAVR pro-
grams and believe in both when used properly. The mean
age in the low-risk trials was about 74 years of age, with
only about 7% younger than 65 years of age. Bicuspid
valves were excluded, and there are observation bicuspid
studies but no randomized trials from which we can draw
information. Planned concomitant (other than coronary ar-
tery bypass) procedures were excluded from the trial. One
low-risk trial accepted only patients with access acceptable
for transfemoral TAVR.6 Although the protocol exclusion
for coronary artery disease was a Syntax <326 or <22,7

the actual level seen in the trials was much lower than
this. All cases were initially screened by local experienced
heart teams and deemed anatomically and physiologically
to meet all inclusion and exclusion protocol criteria and to
be good candidates to randomize in the trial. Despite this,
34% in one trial6 and 14.8% in the other7 were eliminated
at the national screening committee level, showing the
The Journal of Thoracic and Car
patient cohorts used to be highly selected. None of these
other than concomitant procedures are likely to be exclu-
sions to rAVR.
If all of this is true, then why are there not more rAVRs

currently being done? The simple answer is that it is new
and takes a very dedicated team willing to put in the time
and effort seen by Badhwar and colleagues. We believe
cardiac surgeons have the knowledge and skill to
replicate this experience if done properly. For rAVR teams
to be successful, they must fulfill the Badhwar Laws of
Robotics:

First Law: rAVR must be learned and practiced outside
of the operating room before clinical cases.

Second Law: rAVR takes a dedicated and consistent
team.

Third Law: rAVR teams must be transparent and show
safety and efficacy outcomes at least equal to standard
AVR while approaching the faster recovery of TAVR.

Badhwar and his team have met all of these requirements,
and we salute them on this outstanding achievement.
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