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Central Message
Port-access mitral valve surgery has been around since 1995; and many var-
iations upon the technique have been developed. Since 1996, we have per-
formed more than 2500 port-access mitral valve surgeries, and thus gained
a substantial experience. The purpose of this document is to describe the
current status of port-access mitral surgery at 1 institution, and to share
the “know how” and life lessons behind the patient selection and conduct of
the operation to accomplish results similar to those achieved from sternot-
omy mitral valve surgery. While port access started in larger institutions, it
can be performed in small centers with the proper guidance of the pearls
and pitfalls of this operation, given to young surgeons regarding the right
way to start a program.
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Minimally invasive mitral surgery can be per-

formed in small centers with the proper guid-

ance of the pearls and pitfalls of this operation.
Perspective Statement

Minimally invasive mitral surgery is by no

means a risk-free operation. It brings many

advantages for the patient, but it carries with it

several specific risks. Some of these complica-

tions can be mitigated by choosing the right

patient, using a meticulous surgical technique

and being assisted by both anesthesiologists

and perfusionists that are comfortable with

minimal invasive cardiac surgery.
INTRODUCTION
Cardiac surgery including mitral valve surgery was often per-

formed via thoracotomy in the 1950s and early 60s. Mitral
valve surgery evolved tremendously since first performed in
the late 60s. Mitral valve repair became technically feasible,
and the common sternotomy approach was challenged. Mitral
valve surgery is performed for either valve stenosis or regurgita-
tion, and repair vs replacement is decided upon the specific
pathology of the disease. Numerous publications have exam-
ined the advantages of valve repair if achievable, the timing of
surgery, the instrumentation used, and the durability of the
operation.1

The minimally invasive approach for mitral valve surgery has
evolved in the last 25 years as modified cardiopulmonary
bypass (CPB) approach became available; it was first utilized in
several centers around the world, results improved over
time,2�5 and technical modifications like the Chitwood clamp
contributed to dissemination of the method.6�9

The right mini-thoracotomy or port-access approach can be
supplemented by robotic instrumentation using the da Vinci
Surgical System (Intuitive Surgical, Sunnyvale, CA). The sup-
porters of the minimal invasive and robotic mitral surgery
claim that they achieve the same results as sternotomy while
making the patient recovery faster, easier, shortening the
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hospitalization time, and with a more cosmetic result.10 In the
1970s and 80s, many investigators showed advantages to a
thoracotomy approach in reoperations on the mitral valve.11

In the 1990s, several investigators began pursuing small non-
sternotomy incisions to approach the mitral valve. Dr Cosgrove
published results from the right parasternal incision and partial
superior sternotomy.12 Dr Stevens and the Stanford group
focused on the right mini-thoracotomy (termed port-access)
initially for coronary bypass grafting, then ultimately for valve
procedures.2,3 Dr Chitwood soon applied robotics to mini-
thoracotomy mitral surgery.13

In this review, we will focus on port-access right mini-thora-
cotomy approach as it has evolved at this institution using a
special set of surgical tools and a port-access thoracoscopic
camera (Table 1). This approach has been preferred in some
centers as it was shown to have less atrial fibrillation, less post-
operative bleeding, and reduced incidence of wound infec-
tion.10 To achieve acceptable results from port-access mitral
surgery, many reports have suggested that a surgical team
829
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Table 1. Examples of Instruments Needed for Minimally Invasive Mitral New Program. Alternatives Are Available for Most Devices

Instrument Function Manufacturer

Chest wall retractor CT-0100, Tedan Surgical, Sugar Land, TX
Soft tissue retractor WPXSM24 Surgisleeve Extra Small Wound Protector, Covidien, Augusta, GA
Venous cannula 96880-025 Bio-Medicus Multi-Stage Venous Cannula, Medtronic, Minneapolis, MN
Arterial cannula 96570-017, 96570-019 Bio-Medicus Arterial Cannula, Medtronic, Minneapolis, MN
External aortic clamp CV1161 V. Mueller Flexible Aortic Clamp, Becton Dickinson, Durham, NC

FC295R Chitwood Aortic Clamp, Aesculap, Center Valley, PA
Endoclamp ICF100, IntraClude Intra-aortic Occlusion Device, Edwards Lifesciences, Irvine, CA
Grasper FC285R, FC289R Valve XS DeBakey Forceps, Aesculap, Center Valley, PA
Driver FC276R Curved Valve XS needleholder, Aesculap, Center Valley, PA
Scissors FC268R, 70 Degree Curved Dissecting Scissors Valve XS, Aesculap, Center Valley, PA
Hook FC352R Valve XS Nerve Hook, Aesculap, Center Valley, PA
Knot pusher 174510 Endo Slide Knot Pusher, Covidien, Augusta, GA
Knot Fastener Cor-Knot MIS Device, LSI Solutions, Victor, NY
Endobronchial blocker C-AEBS-9.0-78-SPH-AS Arndt Endobronchial Blocker Set, Cook Medical, Bloomington, IN
Percutaneous coronary
sinus catheter

PR9, ProPlege Peripheral Retrograde Cardioplegia Device, Edwards Lifesciences, Irvine, CA

Left atrial retractor ERGAR1000, Ergonic Atrial Retractor with Articulating Blades, Edwards Lifesciences, Irvine, CA
Thoracoscope 49003 AA Hopkins Straight Forward Telescope 0o, Karl Storz SE & Co, Tubingen, Germany
Instrument holder 99055-DLR Twin Arm Retractor, Mediflex, Islandia, NY

ADULT � PORT-ACCESS MITRAL SURGERY
needs experience in mitral valve repair and that the center has a
sufficient patient volume of patients to perform at least 20 cases
a year.14

The current paper will try to guide the centers that are build-
ing a program and focus on the “do,” “do not do,” pearls and
pitfalls. Several excellent papers have reviewed the port-access
literature in greater detail.1,14�16 While the techniques
described herein are not the least invasive, they are proven and
potentially applicable to institutions with less experience and
lower volume than leading institutions.
Figure 1. Patient positioning for minimal invasive mitral surgery.
The patient is supine with the right arm fully supported by the
table and slightly flexed, a small pillow is placed inferior to the
scapula.
METHODS

Our Technique and Possible Alternatives
As this operation requires a different set of qualifications

from the surgeon, it requires the same from the anesthesiolo-
gist. Moreover, one cannot stress enough the importance of
planning each step of the surgery as those are different from
the well-known sternotomy cardiac surgery. Many alternatives
are established at each step of the operation, and each institu-
tion should choose a pathway that is safe, reproducible, and
likely to be repeated with frequency at their institution.

In terms of specific anesthesia and monitoring preparations
for minimally invasive surgery, we use a radial monitoring for
cannulation of either the aorta or the right axillary artery, along
with an endobronchial blocker for right lung inflation and
deflation, for de-airing as well as locating a source of bleeding
(Table 1). Transesophageal echocardiography (TEE) is needed
for preop verification of the cardiac and valve function as well
as placing a retrograde cardioplegia cannula either directly or
through the internal jugular by the anesthesiologist.14�16 TEE
is also valuable in placement of femoral venous catheters,
830 Seminars in T
pulmonary artery drainage catheters, and intra-aortic balloon
catheters.

Patient positioning is supine with the right arm fully sup-
ported by the table and slightly flexed with the right forearm
below the level of the table. A small pillow is placed inferior to
the scapula. As access to the ventricles is limited, we routinely
place defibrillator pads across the chest wall (Fig. 1).

We perform two 4�7 cm incisions; one under the nipple in
the fourth intercostal space starting at the midclavicular line
and extending laterally to the anterior axillary line, which will
be used to address the mitral valve (the surgical exposure will
probably be better than sternotomy), and another incision in
the second intercostal space that will be used to approach the
aorta (Fig. 2). While femoral arterial cannulation is most com-
mon elsewhere and has outcomes improved from original
reports, we have chosen central aortic cannulation as our first
choice to allow safe cannulation using a single platform in
most patients of a population with relative contraindications to
retrograde femoral perfusion in about 30% of patients.17 For
horacic and Cardiovascular Surgery � Volume 32, Number 4



Figure 2. Approaching the aorta—the second intercostal space
view from the outside (A) and from the inside (B).

Figure 3. Port-access surgical field.
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aortic cannulation, a 4-cm right anterolateral thoracotomy
incision is made over the second intercostal space. The right
mammary artery and vein are divided between surgical clips.
A small Henly retractor (V. Muller, Becton Dickinson, Durham,
NC) is used to spread the interspace. If needed, the second or
third rib may be detached from the sternum for better exposure
and reattached at the end using a single #4 figure-of-8 sternal
wire. After debriding fat and thymus overlying the pericar-
dium, the pericardium is opened vertically from the base of the
innominate artery to the right atrial appendage. Pericardial
retraction sutures are placed to the skin edge. Two concentric
purse-strings of pledgeted 3-0 polyester are placed at the aortic
cannulation site as far cephalad as can be visualized through
the incision.

Once the feasibility of the operation is validated, for exam-
ple, the aorta can be directly cannulated and the heart can be
approached with no apparent lung adhesions, we will initiate
the efforts to put the patient on CPB. CPB is achieved by either
using direct aortic cannulation18 through a second incision in
the second intercostal space, or right axillary artery cannula-
tion. Venous drainage is achieved by using a femoral multistage
25 Fr cannula (Table 1). If the weight is above 100 kg, we may
use 2 femoral venous cannulas, 1 of which may be 29 Fr. We
will place one at the superior vena cava and the other below
the diaphragm and the inferior vena cava right atrial junction.
As this cannula is of high caliber, we tend to verify the vein
location using needle localization. Once the femoral artery is
palpated, a needle is used to localize the femoral vein starting
1 cm medial to the arterial pulse. The needle is initially pointed
medially and progressively fanned from medial to lateral until
the vein is encountered. A wire is then passed up into the
superior vena cava using either echocardiography or direct
Seminars in Thoracic and Cardiovascular Surgery � Volume 32
palpation through the second interspace incision. One cannot
overestimate the importance of venous drainage in minimally
invasive surgery, as poor drainage will impede the surgical
exposure and may induce poor cardiac preservation as well as
organ malperfusion.

Central aortic cannulation is done with a small 17�19 Fr
arterial cannula (Table 1). We use anterograde (placed through
the second intercostal space) and retrograde cardioplegia
(placed through the fourth intercostal space directly by the sur-
geon), and a specific aortic cross clamp (Table 1) which is
placed through the second intercostal space (Fig. 2). Alterna-
tively, a percutaneous coronary sinus catheter can be placed by
the anesthesiologist from the right internal jugular vein at the
start of the case (Table 1). One can use ventricular fibrillation
with no cross clamp when avoiding an aortic occlusion is
needed (this is not the strategy of choice). Prior to opening any
cardiac chamber, we take care to flood the field with carbon
dioxide (CO2) at 2 L/min to assist in heart deairing at the end
of surgery.

The work environment is comfortable and enables the sur-
geon to safely and efficiently operate (Fig. 3). Valve visualiza-
tion is achieved by initially opening the pericardium and
, Number 4 831



Figure 4. Surgeon view—The right atrium and aorta (A) the
mitral valve (B).

Figure 5. Port-access incision and drainage at the end of the
procedure.
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retracting the diaphragm with sutures, if needed. Following the
administration of cardioplegia and applying the cross clamp,
the left atrium may be opened and retracted using a retractor
that is placed through a third hole just above the mid of the
left atrium through the chest wall usually in the third intercos-
tal space just lateral to the right mammary artery for port access
(Fig. 4). Given that atrial retractors are available from several
manufacturers (Table 1), the atrial retractor blade is chosen so
that the blade tip is just anterior to the anterior mitral annulus
and so that the blade is as wide as feasible to allow a round
opening in the left atrium.

Next, the valve, tumor (myxoma), or atrial fibrillation may
be addressed upon the surgeon decision. Once the procedure
is completed, cardiac chambers will be closed and routine CPB
weaning and verification of operation success will be per-
formed, followed by closing the incisions.

If needed, one should make sure to put ventricular pacing
wires prior to weaning from bypass on the inferior ventricular
wall, as the ability to place them post weaning from CPB is lim-
ited. Temporary atrial pacing wires can be secured to the right
atrium as needed while on pump. The chest portals are closed
tightly to minimize lung herniation. At the end of the proce-
dure, the right second interspace thoracotomy is closed in
layers after securing the second intercostal space with a single
#1 Maxon (Medtronic, Minneapolis, MN) figure-of-8 pericostal
suture.

The pericardial and pleural spaces are drained aggressively
to minimize postoperative hemothorax, hemopericardium, and
late pericarditis, late pleurisy, and delayed tamponade. Large
832 Seminars in T
bore chest tubes are usually removed in 12 hours. A small
14 Fr Silastic drain is left in the pericardial and pleural spaces
until day 4 or just before discharge to minimize late effusions
(Fig. 5). In order to maximize the advantages of this minimally
invasive approach, one should expedite the extubation and
ambulation of the patient postop.

The Perfect Candidate Patient—Indications and
Contraindications

It seems that to every operation/approach there is a secret
ingredient, for minimally invasive mitral surgery, it is patient
selection. Primarily, in a new program that is operating less
than 20 patients a year only, isolated MV disease patients
should be operated on; and these patients should have a rela-
tively straight forward disease (either mitral valve replacement
or simple P2 prolapse repair). Patient selection should start by
a thorough analysis to explore comorbidities, physical exami-
nation to expose body habitus, echo to evaluate cardiac and
valve function (3D TEE might assist in operation planning),
coronary angiography, chest CTA, and pulmonary function, if
needed.

Table 2 summarizes relative contraindications to a port-
access approach. Patient habitus and chest deformities, previ-
ous operation as well as radiation therapy will jeopardize the
feasibility of the procedure, while lung, kidney, and liver dys-
function may make the recovery from surgery difficult. Thin,
normal sized, first time patients make the ideal candidates for a
fast and safe procedure. However, patients with prior sternot-
omy can potentially derive more benefit than more routine and
low-risk patients from the mini-thoracotomy approach.

CT imaging is used to assess the vessels for atheroma, dissec-
tion, or aneurysm; and the information gathered regarding the
size and location of the heart will enable preop estimation
whether this approach will enable the successful completion of
the operation.

Finally, echo will be used first and foremost for biventricular
function assessment, as this procedure is longer than sternot-
omy and thus a preop-reduced function may endanger the
ability of the patient to wean from CPB. Furthermore, as atrial-
ventricular dissociation is one of the potential risks of
this procedure, the existence of mitral annular calcification
increases this risk substantially. Thus, echo evaluation of the
horacic and Cardiovascular Surgery � Volume 32, Number 4



Table 2. Relative Contraindications to Minimally Invasive
Mitral Surgery

Patient Characteristic Considerations

Body habitus Body mass index >40 kg/M2

Extremely muscular
Kyphoscoliosis or pectus excavatum
Breast implants
Chest wall radiation therapy
Prior right thoracotomy

Valvular disease Mitral annular calcification
Moderate aortic regurgitation

Vascular Concern for dissection/presence of
aortic aneurysm

Severe peripheral arterial disease
Aortic/femoral/iliac (Not relevant in
central cannulation)

Ascending aorta diameter >4.2 cm
Inferior vena caval filter

Cardiac function Ejection fraction function <30%
Pulmonary artery mean pressure
> 45 mm Hg

Severe RV dysfunction
Comorbidity Creatinine >2

Liver cirrhosis
Significant cerebrovascular disease
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mitral valve is of extreme importance. While there is a range of
optimal candidates (Table 2), we find that extreme patients are
best operated using sternotomy, thus minimizing the range of
possible solutions that might be needed during surgery in the
“bad” candidate.

RESULTS

Pearls and Pitfalls

Pleural Adhesions
Pleural adhesions could potentially preclude a right mini-

thoracotomy approach. Caution should be taken to avoid
unnecessary injury to the right lung and complications such as
prolonged air leak, pulmonary contusion, and pneumonia.
Mild or moderate adhesions can generally be lysed to allow
right mini-thoracotomy after prior median sternotomy and
occasionally even after one prior right thoracotomy.

Alternatives for Cannulation, Adequate Venous
Drainage

Several alternatives exist for both arterial cannulation and
venous cannulation. Arterial cannulation can be performed
through the femoral artery via cut down approach or percuta-
neously while using per-close type devices for arterial repair.
The right axillary artery or the left axillary artery can be cannu-
lated with an end to the side graft to allow arterial access with-
out opening the chest, nevertheless a potential for brachial
plexus injury exists. Axillary artery cannulation can have some
Seminars in Thoracic and Cardiovascular Surgery � Volume 32
bleeding from the graft, but can avoid the limb ischemia and
retrograde perfusion associated with femoral arterial cannula-
tion. Finally, central aortic cannulation has been performed
either through the fourth ICS thoracotomy, through an adjunc-
tive second ICS thoracotomy, or previously through special
EndoDirect cannulas introduced into the first intercostal space
into the aorta.17

Venous drainage similarly can be obtained from either cut
down or percutaneous femoral venous drainage with a long
catheter passed through the right atrium into the superior vena
cava. The right internal jugular vein can be used to obtain
upper body drainage and has occasionally been used to place a
large enough cannula to allow total venous return by passing
the cannula to the right atrium. Finally, catheters can be placed
directly into the right atrium either through the fourth ICS tho-
racotomy or through an adjunctive port.

Alternatives to Clamping
The aorta can be clamped externally using a Chitwood

clamp passed from the right third ICS.8 Alternatively, an exter-
nal clamp can be placed on the aorta through the fourth
ICS thoracotomy or through an accessory second ICS
thoracotomy.18

Internal endoclamping of the ascending aorta is generally
performed via endoclamp passed from the femoral artery into
the ascending aorta using TEE and/or fluoroscopy for guid-
ance. The endoclamp has also been passed into the ascending
aorta via the right axillary artery, although the tortuosity of the
right axillary artery can make this a less reliable technique. The
endoclamp can be passed through the arterial perfusion can-
nula via Y in the arterial line, or the endoclamp can be passed
into the arterial system through a different artery than the one
being perfused.2,3

Finally, mitral valve procedures can be performed without
aortic clamping at all, either with the left ventricle fibrillating
or with the left ventricle beating. The beating heart without
aortic occlusion does carry potential risk of air embolism and
is not recommended. Ventricular fibrillation also carries poten-
tial risk of unplanned beating and ejection resulting in air
embolism.

With either technique, precautions such as flooding the field
with carbon dioxide, Trendelenburg positioning throughout
the procedure, keeping the left ventricle empty and the arterial
pressure relatively high, and electrical fibrillation leads are all
important.

Myocardial Protection
Cardioplegia can be administered into the aortic root

directly from the aortic root cannula with an external clamp or
via endoclamp without external clamping. Retrograde cardio-
plegia can be administered via percutaneous cannulation of the
right internal jugular vein.2,3 Alternatively, retrograde cardio-
plegia could be administered via conventional retrograde
cannula passed into the right atrium via the fourth ICS thora-
cotomy.
, Number 4 833
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Choice of cardioplegia solution is similar to that for sternot-
omy. The differences in protection between sternotomy and
mini-thoracotomy are that thoracotomy makes topical cooling
much more difficult. There could therefore be relative advan-
tage to use of systemic hypothermia in mini-thoracotomy set-
tings. The mini-thoracotomy could derive advantage from
longer acting cardioplegic solutions such as Del Nido or
Bretschneider, with the caveat that less frequent cardioplegia
dosing could result in cardiac rewarming with the mini-thora-
cotomy. Even more than sternotomy, the mini-thoracotomy is
highly dependent upon good venous drainage and use of vac-
uum assist. Adequate emptying of the right atrium should be
monitored throughout the case to avoid unexpected poor myo-
cardial protection with the mini-thoracotomy technique.

Lung Injury
Right lung injury certainly can occur from direct mechanical

trauma, or thermal injury, or electrocautery when working in
the right pleural space. There is also the phenomenon known
as unilateral pulmonary edema usually involving the right
lung. The etiology of unilateral pulmonary edema is not clear
but thought to be an ischemic injury of the upside lung during
conditions of reduced pulmonary flow and heating from the
intrathoracic camera and light source. Some combination of
systemic hypothermia and good perfusion pressure has mini-
mized this phenomenon.19

Pacing Wires
Placement of temporary epicardial pacing wires in a mini-

thoracotomy can be more difficult than during sternotomy and
can involve more risk of bleeding and more difficulty repairing
bleeding than with median sternotomy. Therefore, in low-risk
patients, one might consider omitting temporary epicardial
pacing wires in selected patients. Placing epicardial temporary
wires on the right atrium either from the right fourth ICS tho-
racotomy or another adjunctive thoracotomy in the second
ICS is generally not difficult. Ventricular wires can safely be
placed on the diaphragmatic surface of the heart where there is
less fat and fewer vessels. The anterior surface of the right ven-
tricle could also be used to place temporary epicardial ventricu-
lar wires if an area can be found free of fat and blood vessels. In
most reoperations, access can be obtained to both the right
atrium and either ventricle from the right side. However, in
some situations, other alternatives might need to be used, such
as transvenous placement of the ventricular wire or left anterior
thoracotomy for placement of wires on the left ventricle or sub-
xiphoid incision for placement of wires on the diaphragmatic
surface of the heart.

Stroke Prevention
The incidence of stroke during right mini-thoracotomy

mitral surgery has declined in the last 2 decades. Major means
of decreasing embolic strokes include axillary artery or central
aortic arterial cannulation and careful preoperative screening
using CT angiography in those patients where the femoral
834 Seminars in T
arteries may be cannulated. Air embolism can be prevented by
flooding the field with carbon dioxide, aggressive use of TEE
to be sure that the heart is deaired before ejecting, and the use
of Trendelenburg positioning to minimize air ejection to the
brain.

Postoperative Pleural/Pericardial Disease
Adequate drainage of the pericardial space has been shown

to minimize the likelihood of acute tamponade, delayed tam-
ponade, and delayed pericarditis via either sternotomy or tho-
racotomy. Leaving a small 19 Fr Silastic Blake drain in the
pleural and pericardial spaces up to 4 days can almost elimi-
nate serous pleural and pericardial effusions and nearly elimi-
nate delayed tamponade from late pericarditis. Similarly,
adequate drainage of the right pleural space in the early post-
operative period can minimize hemothorax and late complex
pleural disease that can otherwise require decortication.
A good means of obtaining all these goals would be to leave
the large pleural drains in the pericardium, the posterior pleu-
ral space and the anterior pleural space for 12�24 hours along
with a 19 Fr Blake in both the plural and pericardial space for
4 days.

Role of Robotics
Although robotics can be used for any procedure, robotics

has been primarily utilized in mini-thoracotomy platforms to
minimize the size of the incision and to minimize rib spread-
ing. As with any procedure, robotic mitral surgery has a learn-
ing curve beyond the mini-thoracotomy platform itself. There
is probably a minimal ongoing volume in order to maintain
proficiency and to potentially improve proficiency with robotic
mitral surgery.

Early in the experience, the ideal robotic mitral patient
would be a low-risk patient requiring a simple mitral repair.
Young patients and patients who are neither large nor small
would be ideal.

Data comparing the outcomes of robotic mitral surgery to
the mini-thoracotomy mitral surgery are generally limited.5

Data to date suggest that in addition to decreasing incision size
and limiting rib spreading, robotic procedures may further
decrease patient morbidity, narcotic use, time in intensive care
unit, and time in the hospital. Early in the learning experience,
robotic procedures could take longer than comparable mini-
thoracotomy procedures. The robotic three-dimensional vision
and the ability to drive the camera into the left ventricular cav-
ity are advantageous for intraventricular procedures such as
artificial cord placement. The lack of tactile feedback with
robotics can be a disadvantage for more delicate procedures.

Concurrent Tricuspid or Right Atrial Procedures
Typically, the mitral valve procedure would be completed,

the heart deaired, the left atrium closed, and the aorta
unclamped prior to beginning the tricuspid procedure with the
heart beating. Because of the potential for air embolism
through a patent foramen ovale, air embolism precautions
horacic and Cardiovascular Surgery � Volume 32, Number 4
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including Trendelenburg positioning, transesophageal echo
monitoring, insufflation of the field with carbon dioxide, and
maintaining a layer of blood on the interatrial septum could be
used. Alternatively, the tricuspid procedure could be done at
the end of the cardioplegic arrest to minimize blood in the field
and the possibility of air embolism while working on the tri-
cuspid valve.

Bicaval cannulation is needed. The femoral venous cannula
can be pulled back below the diaphragm and a 26 Fr plastic-
angled venous cannula placed through a purse-string into the
superior vena cava. Alternatively, a 15 or 17 Fr Biomedicus
cannula could be placed in the right internal jugular vein at the
beginning of the case and used for drainage of the superior
vena cava. Circumferential tapes are placed around the supe-
rior and inferior vena cave to minimize entrainment of air into
the venous line and minimize blood in the right atrial operative
field. In a redo procedure where the dissection to place tapes
around the vena cavae is risky or not practical, the vacuum
assist could be adjusted to minimize entrainment of air or
flooding the field with blood. Finally, either cava could be
clamped proximal to the caval cannula, or Fogarty balloon
catheters could be placed distally and then advanced to the
caval junction for either the superior or inferior vena cava for
vena caval control. A balloon catheter could also be placed
through the right atrium directly into the orifice of either vena
cava. A sump catheter can be placed in the coronary sinus. The
tricuspid procedure can then proceed. At the conclusion of the
tricuspid procedure, the right atrium is closed, and the supe-
rior vena cava cannula removed. The inferior femoral venous
cannula can be then repassed into the SVC or could be left
below the diaphragm prior to weaning from bypass.

Concurrent Maze
If the patient has a history of atrial fibrillation, a maze proce-

dure can be performed. Once the left atrium is open, using a
left atriotomy through the interatrial groove, the box lesion set
is completed using 2 or more freezes going from the superior
edge of the atriotomy down onto the Coumadin ridge and then
back up from the inferior edge of the atriotomy onto the Cou-
madin ridge. The mitral cryo lesion is placed extending from
the inferior incision across the P3 mitral annulus. A freeze is
placed on the coronary sinus from outside the heart under-
neath the IVC at the same level as the previous mitral freeze.
The left atrial appendage can then be over-sewn in 2 layers of
running 4-0 Prolene. The mitral procedure is then completed.

If right atrial maze is to be done, and if a tricuspid procedure
is planned, the Cox maze IV procedure would make a vertical
right atriotomy extending from near the right coronary artery
anteriorly to the interatrial groove posteriorly between the right
inferior and superior pulmonary veins. Cryo lesions are then
placed from the atriotomy across the tricuspid annulus at
12 o’clock, from the atriotomy to the medial portion of the
inferior vena cava, from the atriotomy to the anterior por-
tion of the SVC, and then from the atriotomy into the right
atrial appendage.
Seminars in Thoracic and Cardiovascular Surgery � Volume 32
The right atrial maze could alternately be done through a
purse string placed in the middle of the right atrial-free wall
and the above lesions completed from the inside out with the
right atrium emptied by vacuum assist without ever actually
opening the right atrium.

Atrial Septal Procedures
If a concurrent mitral procedure is being done, the easiest

approach to the interatrial septum would be through the left
atrium itself. There is minimal trabeculation in the left atrium,
and the atrial septal defect is generally quite easily visible from
the left atrium. For a stand-alone atrial septal procedure, the
atrial septal defect should be approached from the right
atrium.

More conventionally, the interatrial septal defect would be
approached through a right atriotomy in an identical fashion
to approaching the tricuspid valve. A word of caution to the
young heart port surgeon making his first steps: addressing the
atrial septal defect from the right side is the preferred and safer
way.

Atrial septal procedures should be done with the heart
arrested or with the ventricle fibrillating. Caution is needed to
be sure that the left ventricle is free of air prior to resuming
ventricular ejection.

Postoperative Pain Control
Many means to minimize postoperative pain are available,

each with limitations. Minimizing chest wall trauma, limiting
the size and duration of plural chest tubes, and minimizing rib
spreading can be helpful. Cryoablation of the intercostal nerve
has been associated with late neuropathy in some patients.
Local injection of topical anesthetics along the intercostal nerve
roots or into the pectoralis fascia has also had benefit. Some
groups have infused topical anesthetics into the pleural space
with some success. Patient-controlled analgesia along with
pharmacologic pain control will generally be needed in most
patients. Minimizing the number and the duration of chest
tubes needs to be balanced against the risk of bleeding, hemo-
thorax, and tamponade.

Atrial Fibrillation Prevention
Mitral valve surgery is associated with a 70% incidence of

new onset atrial fibrillation without preventive means. Mini-
thoracotomy may have a slightly lower incidence of new post-
operative atrial fibrillation relative to median sternotomy. Con-
current performance of a pulmonary vein ablation and/or maze
procedure in patients with preoperative atrial fibrillation can
decrease the incidence of postoperative atrial fibrillation to
about 40% along with adjunctive antiarrhythmics such as
amiodarone. Amiodarone itself can reduce the incidence of
new postoperative atrial fibrillation to about 40%. Patients
with preoperative or postoperative atrial fibrillation undergoing
mitral valve surgery would generally be discharged on
3 months or more of anticoagulation. Patients without preop-
erative or postoperative atrial fibrillation who tolerate 30 days
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Table 3. Duke Medical Center Experience and Learning Curve

Variable 1st & 2nd Year 3rd Year 4th Year 5th Year
Yearly Average in the
Years to Follow

No. of cases 112 126 158 230 211
Clamp time (min) 117 § 44 123 § 57 109 § 47 118 § 46 111.54 § 38
Bypass time (min) 195 § 53 197 § 69 194 § 73 180 § 49 179.15 § 54
Reoperation for bleeding (%) 5 8 7 3 2
RBC units 2.0 2.8 3.0 1.8 2.1
AF (%) 16 9 2 14 14
Permanent pacemaker (%) 2 0 3 6 3
Renal failure (%) 0 4 1 2 2
Stroke (%) 8 2 0 1 1
Resp. failure (%) 0 4 1 1 1
Mortality (%) 0.9 0.0 0.0 0.9 1.0
Length of stay (d) 7 § 5 10 § 14 7 § 3 6 § 4 7 § 4

ADULT � PORT-ACCESS MITRAL SURGERY
of amiodarone can do very well with aspirin alone. For those
patients who do not tolerate the AV node blocking or the bra-
dycardic effects of amiodarone, other class II antiarrhythmics
could be used with their own relative contraindications and
side effects.

When to Convert to Sternotomy
While there can be advantages to mini-thoracotomy vs ster-

notomy mitral surgery, the advantages are never great enough
to warrant mortality or major complications. Therefore, if at
any point during a mini-thoracotomy procedure a situation
develops where the patient would potentially do better with
sternotomy than mini-thoracotomy, then the operator should
strongly consider conversion to sternotomy.

Conversion to sternotomy is not for free. Those patients who
are converted from thoracotomy to sternotomy do tend to have
more blood loss and more wound complications than either
approach alone. However, these advantages certainly are far
outweighed by avoidance of mortality or other major complica-
tion. Particularly early in experience, the conversion rate to
sternotomy should be greater than it would be after more expe-
rience. Patient selection can be very important in minimizing
the need for conversion to sternotomy.

Comment
We started performing heart port surgery in 1996. In the

first 2 years, we were using femoral arterial and venous cannu-
lation, and then we switched to central bypass. Table 3 shows
our experience and learning curve (first for heart port and then
to central bypass through a thoracotomy). As the number of
cases grew through the years from 112 surgeries to 211 surger-
ies per year, so did the complexity of the procedures. Neverthe-
less, it can be seen that both the bypass time and the clamp
time became shorter, and the fifth year numbers (third year of
central bypass) are very similar to the average numbers seen in
all the years that follow, not only in the bypass and clamp time
times but also in the postop complication ratios.
836 Seminars in T
Minimally invasive mitral surgery is by no means a risk-free
operation. It brings many advantages for the patient, but it car-
ries with it several specific risks. Although the promise for a
similar result, a faster recovery with a nicer scar is appealing,
some risks are increased in comparison to sternotomy, for
example, groin complications, possibly increased risk of stroke,
phrenic nerve palsy, or aortic dissection. Some of these compli-
cations can be mitigated by choosing the right patient using the
different available tools mentioned above, using a meticulous
surgical technique and being assisted by both anesthesiologists
and perfusionists that are comfortable with minimal invasive
cardiac surgery.
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