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“But he has nothing on at all,” said a little child at last. “Good heavens!
listen to the voice of an innocent child,” said the father, and one whispered
to the other what the child had said. “But he has nothing on at all,” cried at
last the whole people. That made a deep impression upon the emperor, for it
seemed to him that they were right; but he thought to himself, “Now I must
bear up to the end.” And the chamberlains walked with still greater dignity,
as if they carried the train which did not exist.

The Emperor’s New Clothes

Hans Christian Andersen, 1837

obotic cardiac surgery was introduced clinically almost 10 years ago. In

1998, the first mitral and coronary artery bypass procedures were performed

in Europe.'” The first robotic coronary artery bypass grafting in North
America was performed later the same year.* Although this has been an exciting
technologyi, it is time to look back after almost a decade of clinical experience and
objectively examine whether it has lived up to its potential. In many ways, robotics
has been a promise unfulfilled. The article in this issue of the Journal by De
Canniere and coauthors® illustrates some of the difficulties in applying robotic
instrumentation to cardiac microsurgery.

Robotic instrumentation was introduced in the hope that it would enhance
surgical ability and enable endoscopic microsurgery. Cardiac surgery was believed
to be an ideal application for this advanced technology, because standard handheld
endoscopic instruments, although adequate for excisional and resectional therapy,
did not possess the requisite dexterity for reconstructive microsurgery. There was
great hope that it would enable minimally invasive, completely endoscopic coronary
bypass grafting.

Early work in the field demonstrated that the technology enabled endoscopic
coronary bypass grafting through standard incisions on the stopped heart on car-
diopulmonary bypass.*® A number of groups, principally in Germany, began to
experiment with totally endoscopic coronary bypass grafting on the arrested heart.
All of these cases used the Heartport System and the DaVinci robot by Intuitive
Surgical (Sunnyvale, Calif). The first case was performed by Loulmet and col-
leagues in 1999.* One of the pioneering groups in Leipzig reported that 22 patients
underwent single-vessel left internal thoracic artery to the left anterior descending
artery bypass grafting with the DaVinci system.” The conversion rate was 18%. The
average crossclamp time was 68 minutes, with an average cardiopulmonary bypass
time of more than 2 hours. The 3-month patency was excellent. In a larger
experience from Frankfurt, 45 cases were reported using similar technology, 8 of
which had double-vessel coronary bypass grafting.® Crossclamp times were similar:
61 *£ 16 minutes for single-vessel bypass grafting and 99 * 55 minutes for
double-vessel bypass grafting. Mean cardiopulmonary bypass times were 136 and
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197 minutes, respectively, for single- and double-coronary
bypass grafting. Although the conversion rate was 22%, the
patency was excellent. There were no apparent advantages
of this approach over traditional coronary surgery, and
complication rates were relatively high, with a 2% incidence
of myocardial infarction and a 2% rate of stroke and aortic
dissection. The average length of stay for patients undergo-
ing a single-vessel coronary bypass grafting was 8.6 * 2.7
days. Unfortunately, single- and double-vessel coronary by-
pass graft procedures with 2- to 4-hour bypass times were
not comparable to off-pump or even traditional on-pump
surgery. Because this operation put patients at risk of long
bypass and crossclamp times for purely cosmetic benefit, it
has not been performed with any frequency in the United
States.

The only reasonable application left for robotic systems
has been endoscopic coronary bypass grafting on the beat-
ing heart. The advent of off-pump coronary bypass grafting
techniques made this the approach of choice for limited
coronary artery disease in many centers. The early experi-
ence with the DaVinci system on the beating heart was not
positive. As of August 2002, it was reported that 100
closed-chest beating heart procedures were performed with
a conversion rate of 25% to 50%. There was no objective
angiographic control available at the time of this early
report by Falk and colleagues.’ This led Dogan and col-
leagues,® in a report in the same year, to state “Despite
attempts to perform totally endoscopic with the DaVinci™
system on the beating heart, the success rates of such
procedures remains low.” It was thought that direct com-
parison with the minimally invasive direct coronary artery
bypass technique would be possible only when this became
a reproducible and safe operation.

In the present report, the authors present the largest series
of endoscopic coronary bypass procedures performed off
cardiopulmonary bypass. A total of 111 patients underwent
this procedure between September 1998 and November
2002, with a 33% conversion rate. This was most commonly
because of the inability to locate or dissect the left anterior
descending coronary artery or the anastomotic site bleeding.
There were also a number of patients with inadequate sta-
bilization. Unfortunately, only 38 of these patients had
postoperative angiography, with a patency rate of 92%. The
mortality in this group was 2.7%, and target vessel reinter-
vention at 6-month follow-up was 4%. No attempt was
made to compare these results with either open coronary
bypass grafting or minimally invasive direct coronary artery
bypass procedures. Another weakness of this report was that
only 6-month follow-up was presented, except for a ran-
domly selected cohort of 100 patients in whom longer
follow-up was available.

Despite the authors’ claims, this report does not dem-
onstrate in any way that endoscopic coronary artery by-

pass grafting is safe or effective. For this to be demon-
strated, they would have to show that it gave outcomes
comparable to those of traditional open or other mini-
mally invasive off-pump techniques. In fact, this has not
been documented in any of the innumerable publications
on robotics. Instead, this report demonstrates the limited
applicability of this technology for coronary bypass
grafting, even in experienced centers. These 228 patients
represented a small fraction (<1%) of the total coronary
bypass grafting experience at these large university cen-
ters. Despite this highly selected cohort of patients with
principally single-vessel coronary disease, there was still
a 2.7% mortality and a high conversion rate. Previously
reported hospital lengths of stays after robotic surgery
from these institutions also have been long.

The relatively unimpressive results seen with robotics
may partly be explained by the limitations of the technol-
ogy, particularly on the beating heart. In 2003, Jacobs and
colleagues'® reported the results of using an endoscopic
trainer developed to simulate beating heart conditions.
Twenty subjects were asked to touch objects manually or
robotically with the DaVinci system. The object was at rest
or allowed to move slightly at a frequency of 35 to 90 Hz
simulating off-pump coronary bypass grafting. Robotic as-
sistance slowed task completion by 2.9 times. In prior
studies, robotics also have been uniformly shown to slow
the completion of gross motor skills.'""'> More worrisome is
that the error rate with robotics was approximately 6 times
higher than the manual group when there was any
movement. '’

The true conclusion to be taken from this publication and
the numerous others in the literature is that after approxi-
mately a decade of use in the operating room, there has been
no demonstration of any clinical value of robotic assistance
for coronary bypass grafting. There has not been one report
in the literature that has demonstrated any statistically sig-
nificant improvement in outcomes, length of stay, or mor-
tality with these expensive systems. At the present time, the
only plausible procedure for which robotics is essential
(totally endoscopic coronary artery bypass grafting on the
beating heart) has proven to be so difficult that it has not
achieved any widespread applicability. It is time to recog-
nize that robotics are no longer a promising new technology
but instead a technology that has been tried and has failed to
demonstrate any clinical value, outside of its questionable
use for marketing. If endoscopic robotically assisted coro-
nary bypass grafting is ever to be truly useful, it will likely
require a major reengineering of these systems, markedly
decreased costs, and the development of other parallel tech-
nology, such as anastomotic devices, better endoscopic sta-
bilizers, and perhaps image guidance systems. However, at
the present time, this emperor truly has no clothes.
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