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Minimally invasive and robotic approaches to mitral valve
surgery: Transthoracic aortic crossclamping is optimal
Michael J. Bates, MD, FACS, and W. Randolph Chitwood, Jr, MD, FACS, FRCS (England)
Transthoracic aortic clamp application for mini-
mally invasive mitral valve surgery.

CENTRAL MESSAGE

Compared with the complexities
and cost of using the endobal-
loon, the transthoracic clamp is
easy to teach, simple to apply,
remains stable in position, is
reusable, and has an economic
benefit.

See Commentaries on pages 89 and 90.
“The value of an idea lies in the using of it.”

—Thomas Edison

Throughout the history of cardiac surgery, external clamping
of the ascending aorta has been essential to the conduct of both
intracardiac and epicardial operations. Endothelial, hemody-
namic, and humoral effects of external aortic clamping and
unclamping have been studied extensively.1-3 As transmural
forces on the internal aorta are more than 8 times the
systemic blood pressure when applied, clamp design and
application are important to distribute these forces to
minimize endothelial injury. Dr Michael DeBakey designed
perhaps the best clamp jaws to distribute these forces, and
they still provide adequate tissue grip stability. While some
cardiac procedures can be performed safely without aortic
occlusion, either employing circulatory arrest, ventricular
fibrillation, or beating-heart methods, these techniques gener-
ally are not applicable to the majority of cardiac operations.

In the mid-1990s, Cohn and colleagues4 and Cosgrove
and colleagues,5 among others, began to perform the first
minimally invasive aortic and mitral valve operations
through either an upper hemi-sternotomy or parasternal
incision using traditional aortic crossclamps. During this
period, it was our vision that the best approach for
minimally invasive mitral valve surgery would be through
a minithoracotomy using hypothermic cardioplegia.
Previous right thoracotomy mitral reoperations had shown
us that this approach provides excellent visualization and
instrument access.6

In 1996, a group of innovative surgeons from Stanford
developed and applied the catheter-based Heartport
endoballoon occlusion device (Edwards Lifesciences Inc,
Irvine, Calif) to replace mitral valves and perform coronary
surgery through a tiny “working port” or “port-access.”7-9

In the United States, a clinical trial using the endoballoon
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was begun at Stanford and New York Universities, and
access to this device was limited to their trial. At that
time, we considered that endoballoon occlusion method
was complex and not proven to be safe or effective, and
there was a considerable expense added to each procedure.

We then reflected on Dr DeBakey’s genius, and it became
obvious that a thin long clamp would be ideal for minimally
invasive mitral surgery to achieve optimal and stable aortic
occlusion. We consulted the Scanlan International, Inc,
group of instrument engineers, and they took this idea to
develop a long sliding-rod clamp with DeBakey-type jaws
(Figure 1). This became the Chitwood–DeBakey
Transthoracic Clamp, which has been a mainstay in our
minimally invasive approach to mitral valve repairs and
replacements since 1996.10-14 We have used this specific
clamp in nearly 3000 videoscopic and robot-assisted
operations done at our institution or during training at other
centers (Figure 4). Several flexible-arm aortic clamps also
are manufactured and are very effective for use in mini-
mally invasive mitral operations (eg, the Cygnet-Flexible
and Cosgrove-Flex clamps). No matter which clamp is
selected, we believe that transthoracic aortic clamping is
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FIGURE 1. Transthoracic aortic clamp: The posterior “arm” of the clamp

is immobile and should be passed posterior to the aorta in the transverse

sinus. During application, the sliding rod shaft mechanism activates the

anterior “arm.” Courtesy of Scanlan International, Inc.
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optimal for performing either direct vision or videoscopic
minimally invasive as well as robot-assisted mitral valve
surgery.
ENDOBALLOON AORTIC OCCLUSION
The evolving use of aortic endoballoon occlusion for

direct vision, videoscopic, and robot-assisted minimally
invasive mitral valve surgery has subtended 2 distinct
eras. There was the early investigation and adoption period
and a later one that incorporated an improved device and a
more refined approach. Most importantly, these 2 eras can
be compared by their distinct differences in clinical results.
The early experience with port-access “Heartport” mitral
valve surgery was not encouraging. One initial report
described an operative mortality of 9.8%, with a stroke
rate of 7.8%. Moreover, 3.9% of patients had an
intraoperative aortic dissection.15 At the same meeting,
we reported our first 31 videoscopic minimally invasive
mitral operations using the newly developed transthoracic
clamp with no strokes or aortic major complications.11

Despite these early concerns, over time, increased
experience and improvements in the device have made
endoballoon use comparable in both safety and outcomes
with the transthoracic clamp.

There are several major advantages of using the
endoballoon versus transthoracic clamping during
minimally invasive mitral valve operations. With the
endoballoon, the size and number of incisions can be
reduced. There is less chance of intercostal bleeding, as
no incision is needed as with insertion of the transthoracic
clamp. Also, there is a central catheter lumen for
cardioplegia delivery, obviating the need to place an aortic
root cannula and reducing intrathoracic clutter, which is
paramount for totally endoscopic procedures. In reoperative
mitral surgery, the endoballoon does not require dissection
to expose the ascending aorta, which is necessary for
external aortic clamping.

With advances in endoballoon technology and
intraoperative techniques, a number of reports have shown
comparable safety and outcomes when applied during
with videoscopic and robot-assisted operations.16,17 As an
example, in 2014 Ward and colleagues18 reported that in
105 of 108 patients (97.2%), endoballoon aortic occlusion
was used during totally endoscopic minimally invasive
mitral repairs. There were no hospital mortalities, aortic
injuries, vascular complications, or wound infections,
with 2 strokes reported as the only complications.18

Recently, this group also showed that by adding albumen
bound fluorescein dye to the saline used for balloon
expansion, surgeons now can monitor continuously
intra-aortic position to prevent device migration.19 This
has eased the burden of continuous echo monitoring.

TRANSTHORACIC AORTIC CrossClamping
For direct vision, videoscopic, or robot-assisted mitral

operations, the clamp should be inserted through the right
second or third intercostal space (Figure 2). For
robot-assisted operations, it is important to place the clamp
in the mid-to posterior axillary line to avoid conflicts with
the left instrument arm. Thereafter, it should be passed
closely in front of the superior vena cava at pericardial
junction. With left atrial retractor elevation, caval
impingement by the clamp can impair venous return to
the pump, and we avoid this risk by placing a right internal
jugular venous drainage cannula. To avert injury during
clamp transverse sinus passage, it is paramount to the
visualize the right pulmonary artery and left atrial
appendage before deployment (Figures 3 and 4). At the
same time, care must be taken to avoid crowding the
ascending aorta cardioplegia catheter.
A major advantage of the clamp is that application is easy

and reproducible. As mentioned, endoballoon migration is
possible, causing innominate artery obstruction. The clamp
technique offers stable aortic occlusion with no potential for
intraoperative migration, obviating the need for constant
monitoring. In addition, because of stable aortic occlusion,
bilateral radial artery pressure monitoring is not necessary.
Lastly, in patients with small femoral arteries, introduction
of the endoballoon through the central lumen of perfusion
cannula can prevent adequate arterial inflow. In this
circumstance, the contralateral femoral artery must be
used to introduce the endoballoon. This is not a problem
when using the clamp.

TRANSTHORACIC AORTIC CLAMP VERSUS
ENDOBALLOON OCCLUSION: WHICH IS
BETTER?
The goal for any mitral valve operation is to achieve a

successful repair or replacement with minimal morbidity
and mortality. Using either external aortic clamping or
endoluminal occlusion, minimally invasive mitral valve
surgery has been established as a safe and durable approach
at experienced centers. More patients are being operated
using minimally invasive methods. Recent American
College of Cardiology/American Heart Association
guidelines have expanded indications for mitral valve
JTCVS Techniques c Volume 10, Number C 85



FIGURE 2. Transthoracic aortic clamp application: The transthoracic aortic clamp is passed through the second or third intercostal space in the mid to

posterior axillary line just in front of the superior vena cava (SVC) and then advanced in a trajectory toward the transverse sinus. A jugular venous cannula

is placed for venous drainage to compensate for any caval obstruction with left atrial retraction. TEE, Transesophageal echo probe. �2021 Society of

Thoracic Surgeons. All rights reserved. With permission of the Society of Thoracic Surgeons.
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repairs in patients with asymptomatic severe mitral
regurgitation and have preserved left ventricular function.
This is if they have surgery at a center where there is a
>95% chance of a repair with an expected operative
mortality of<1%.20
FIGURE 3. Transverse sinus anatomy. The deployed transthoracic clamp

(TT-XCL) has been passed into the transverse sinus while visualizing both

the right (RPA) and main pulmonary arteries (MPA) as well as the left atrial

appendage. In this photograph, the clamp has been rotated

counterclockwise away from the superior vena cava (SVC) to demonstrate

the transverse sinus anatomy. CP, Cardioplegia catheter; Asc Aorta,

ascending aorta; Rt. Atrium, right atrium. Photograph by the author, W.R.C.
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As mentioned, the development of the transthoracic
clamp paralleled closely the emergence of the endoballoon
occlusion device. In the early years, there was great
skepticism regarding safety and long-term outcomes of
any type of minimally invasive mitral valve surgery.
However, over the past 2 decades, these operations have
been proven to be safe and with comparable outcomes to
sternotomy-based operations. Multiple individual center
reports and meta-analyses have shown that both
transthoracic clamp and endoballoon aortic occlusion
have similar safety records with a low incidence of major
morbidity and mortality.21-25 In addition, there appears to
be only minor differences in operative clamp and bypass
times between these devices. According to the Society of
Thoracic Surgeons (STS) Research Center, approximately
70% of minimally invasive mitral operations in the
United States, whether robot-assisted or otherwise, are
currently being done with the transthoracic crossclamp
and 28% with the endoballoon (STS Research Center).
Thus, the preponderance of evidence suggests that both
approaches are equivalent in terms of complications,
including strokes and mortality. Nevertheless, some reports
have shown a slight tendency to have more retrograde
dissections with the endoballoon technique.13,22 The
Cleveland Clinic group26 and Murphy and colleagues,17

among others, have shown definitively that preoperative
computed tomography scanning is important to reduce of



FIGURE 4. In this illustration, the transthoracic crossclamp has been deployed through the transverse sinus to occlude the ascending aorta (Asc. Aorta). To

avoid injury to either the right (Rt.) pulmonary artery or left (Lft.) atrial appendage, both must be visualized before inserting the clamp. Moreover, enough

room should be left between the clamp and the cardioplegia catheter to avoid compromising cardioplegia administration. In this view, the aorta has been

rotated ventrally away from the superior vena cava (SVC) to demonstrate the contents of the transverse sinus. In actuality, the clamp arm trajectory should

pass just in front of the SVC, near the junction with the right atrium (Rt. atrium).�2021 Society of Thoracic Surgeons. All rights reserved. With permission

of the Society of Thoracic Surgeons.
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strokes and possibly aortic dissections using either
technique.

We believe that the transthoracic clamp offers many
advantages over endoballoon aortic occlusion. External
aortic clamping has been historically inherent in nearly all
cardiac operations. Transthoracic clamp deployment is
easily taught and adopted without a steep learning
curve. When surgeons are beginning videoscopic or
robot-assisted mitral valve surgery, it seems prudent to
use the clamp. It is very difficult learn and apply 2 separate
technology platforms at the same time. Economic
considerations are important today. The price of each
transthoracic crossclamp is $2000 and can be reused
multiple times over many years compared with the
endoballoon, costing an average of $5000.00 per operation.
To put this in perspective, endoballoon costs for 100
operations would be $500,000.00.

Taking all the available evidence into consideration, the
transthoracic clamp and endoballoon offer similar safety
profiles in terms of major complications. There are advan-
tages and disadvantages to each technique; however, we
believe that the simplicity and economy of the transthoracic
clamp makes usage superior to the endoballoon in the
current era of minimally invasive mitral valve surgery.
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