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Minimally invasive cardiac surgery
techniques constitute one of the more
rapidly expanding fields for the treatment
of a variety of cardiac diseases1. In particu-
lar, mitral and tricuspid valve surgery2-7 as
well as some surgical techniques for con-
genital diseases8 can be performed through
a right thoracotomy. The size of the inci-
sion is reduced thus achieving better cos-
metic results, reducing patient trauma and
morbidity and therefore shortening the hos-
pital stay and recovery9-11.

The recent development of endovascu-
lar systems which permit a closed-chest ap-
proach to cardiopulmonary bypass, aorta
cross-clamping and cardioplegic arrest, to-
gether with the utilization of videoscopic
systems, has brought to the widespread use
of the port-access technique, originally de-
veloped at the Stanford University in 1996
and later introduced in Europe12,13. The
port-access cardiopulmonary bypass sys-
tem (Endo CPB, Heartport, Inc., Redwood
City, CA, USA) enables one to use a

closed-chest extracorporeal circulation by
cannulation of the femoral vessels; aorta
cross-clamping, cardioplegic arrest and
cardiac venting are therefore possible even
when a sternotomy is not performed. A
right thoracotomy approach provides ex-
cellent exposure of the mitral apparatus and
of the right and left atrial structures. Video-
scopic systems together with specifically
designed surgical instruments allow the
surgeon to operate through very small tho-
racotomy incisions (6-8 cm).

The aim of this work was to analyze the
results of the first 50 consecutive patients
operated upon at our Institution using the
port-access system. 

Methods

From October 1999 to October 2000, 50
patients with mitral and tricuspid disease,
atrial septal defects and cardiac tumors, un-
derwent cardiac surgery. A minimally inva-
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Background. Minimally invasive cardiac surgery constitutes an expanding field for the treatment
of many cardiac diseases. We analyze our experience with the first 50 patients operated upon using
the port-access system.

Methods. From October 1999 to October 2000, 50 patients underwent cardiac operations with the
port-access technique, for the correction of mitral and tricuspid disease, atrial septal defect closure,
and removal of cardiac tumors. The mean age was 56.5 years. In 23 patients the mitral valve was re-
paired, in 14 cases a prosthetic replacement was performed, in 2 patients a paravalvular leak was re-
sutured, 1 patient had a cardiac myxoma removed, and 1 patient had a correction of tricuspid regur-
gitation. In 9 cases an atrial septal defect closure was performed. 

Results. One redo patient, with severe tricuspid regurgitation, needed conversion to sternotomy;
in all the other cases the results of surgery were good and there were no surgical limitations. The mean
cross-clamping time and bypass time were 53 ± 19 and 77 ± 27 min respectively. The mean in-hospi-
tal stay was 6 days. Re-exploration for bleeding was required in 7 patients (14%). Three patients (6%)
presented with a postoperative neurological lesion; 2 recovered completely within 48 hours whereas
1 patient had permanent hemiplegia at discharge. There was one hospital death (an 81-year-old pa-
tient died of multiorgan failure on the thirteenth postoperative day).

Conclusions. Minimally invasive port-access surgery is a reliable alternative to conventional
surgery for the treatment of mitral and tricuspid disease, the removal of cardiac tumors, and the cor-
rection of atrial septal defects. It reduces trauma to the patient, provides a better cosmetic result and
also allows for a faster recovery. Careful patient selection is important to avoid complications. Redo
patients can be successfully treated and the risks of re-sternotomy avoided.
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sive right thoracotomy was made and the port-access
system employed. All patients were informed about the
characteristics and the potential risks associated with
this new procedure and their written consent was ob-
tained. Demographic data and the distribution of the
various diseases are summarized in table I.

Patient selection. At first, patients with ostium secun-
dum atrial septal defect were treated. Later, the proce-
dure was also employed for mitral and tricuspid disease
and for the excision of cardiac tumors.

Aortic insufficiency was assessed as this condition
constitutes one of the major exclusion criteria for this
technique. Table II summarizes the other criteria used
for patient selection. All patients were operated upon at
the Cardiac Surgery Unit of the Istituto Clinico Hu-
manitas of Rozzano (Milan, Italy) by an experienced
surgeon. 

was placed and positioned in the main pulmonary
artery (EndoVent® pulmonary catheter, Heartport,
Inc.). The pulmonary vent was connected with a Y-
shaped connector to the cardiopulmonary bypass ve-
nous return line. If the right atrium had to be opened
and excluded from the circulation, the venous drainage
from the upper district was completed with a 14F
catheter placed in the right internal jugular vein and ad-
vanced within the superior vena cava. The line was then
connected with the venous return line of the pump. A
transesophageal probe was positioned in all cases.

Surgical technique. The right femoral vein and artery
were prepared. Then a small right anterior thoracotomy
(5-7 cm long) was made over the fourth intercostal
space with the skin incision crossing the anterior axil-
lary line. Before gaining the pleural space, a 5F gauge,
connected with a CO2 source (Olympus® UHI-2, Shi-
rakawa Olympus, Japan), was inserted into the fourth
intercostal space at the level of the median axillary line.
CO2 flushing (3 l/min) was maintained since closure of
the atrial cavity. Two 10 mm ports were inserted into
the third and fifth intercostal spaces at the level of the
median axillary line. A 10 mm, 30° thoracoscope was
placed in the upper port and connected to the video sys-
tem (Olympus® OTV-SX2C). A stay suture was placed
on the diaphragm, passed through the inferior port and
secured to it. The pericardium was opened with an up-
turned “T” incision from the roof of the right atrium to
1 cm above the phrenic nerve; enhanced exposure was
obtained with four stay sutures fixed outside the chest.
After systemic heparinization, a 25F venous return can-
nula (QuickDrawTM venous cannula, Heartport, Inc.)
was inserted into the right femoral vein and advanced,
under transesophageal echo control, over a guide-wire
into the right atrium to the junction between the superi-
or vena cava and the atrial cavity. If the right atrial cav-
ity was opened, the venous cannula was stopped before
entering the right atrium. A 21F or 23F Y-shaped arter-
ial cannula (EndoReturn™ arterial cannula, Heartport,
Inc.), was placed in the right femoral artery. Arterial
cannula placement was done before a guide-wire was
advanced within the descending aorta under TEE con-
trol. The endovascular aortic clamp (EndoClamp™
aortic catheter, Heartport, Inc.) was then inserted over a
guide-wire and advanced under transesophageal con-
trol within the ascending aorta. The balloon of the en-
doclamp was positioned 1 cm above the level of the
sino-tubular junction. Cardiopulmonary bypass was
started using a conventional roller pump and a mem-
brane oxygenator. In order to enhance venous drainage,
a vacuum system was adopted (VAVD Controller, Poly-
stan, Denmark). The balloon of the endoclamp was in-
flated with saline solution and pressure continuously
monitored and maintained between 300 and 350
mmHg. A decrease in balloon pressure to values < 300
mmHg was corrected by the addition of saline solution.
The correct position of the balloon was checked at
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Table I. Preoperative patient characteristics.

Age (years) 56.5 ± 16
Sex (M/F) 19/31
Atrial septal defect* 11
Mitral regurgitation 25
Mitral stenosis 11
Tricuspid regurgitation 2
Prosthetic dysfunction 3
Cardiac myxoma 1
Low ejection fraction (< 0.40) 2 (4%)
Chronic atrial fibrillation 13 (26%)

* = in 2 patients the atrial septal defect was associated with mi-
tral disease.

Table II. Major exclusion criteria.

Mild or severe aortic regurgitation
Severe peripheral vascular disease
Previous right thoracotomy
Depressed cardiac function
Presence of a patent internal mammary artery bypass
Coronary vascular disease 
Dilation of the ascending aorta 
Chronic obstructive pulmonary disease

Anesthesia. Patients were positioned in a supine posi-
tion with the right side of the chest elevated to 30°.
Anesthesia was induced with midazolam (100-200
�g/kg) or propofol (5-10 mg/kg), fentanyl (15-20
�g/kg) and vecuronium (0.2-0.3 mg/kg). Airway intu-
bation was achieved using a left sided double lumen en-
dobronchial tube (Broncho-CathTM Mallinckrodt Med-
ical, Athlone, Ireland). Arterial pressure lines were
placed in both the right and left radial arteries. A 5F sin-
gle-lumen flow-directed pulmonary artery catheter was
inserted through a 9F venous sheath into the right jugu-
lar vein and advanced within the pulmonary artery.
Over this catheter a single-lumen 8.3F pulmonary vent



transesophageal echocardiography. Any migrations to-
wards the aortic valve or backward were corrected by
moving the balloon from the outside. If the right radial
pressure was found to be decreased or to have disap-
peared, the balloon was gently pushed forward until the
pressure line reappeared. A cardioplegic solution was
delivered in an antegrade fashion through the lumen at
the tip of the endoclamp. The pressure in the aortic root
was measured and maintained between 50 and 70
mmHg. Correct delivery of cardioplegia was checked
by means of transesophageal Doppler control. At the
end of cardioplegia infusion, the same pathway was
connected to a suction line and used for aortic venting.
Left or right atriotomy was then performed and ade-
quate exposure achieved with a variably sized atrial re-
tractor (Heartport® Atrial Assistant) that was fixed out-
side the chest. The surgical procedure was then contin-
ued according to standard technique and using specifi-
cally designed surgical instruments (Heartport, Inc.)
under direct vision or at videoscopy.

Prior to atrial closure, air removal was achieved by
placing the patient in the Trendelenburg position, in-
flating the lung and suction via the aortic vent. The en-
doclamp was deflated but the catheter left in place for
further air removal. If necessary, the patient was defib-
rillated using external pads. Temporary pacing wires
were placed on the atrial and ventricular surfaces. Hav-
ing completely removed any residual air and following
a period of reperfusion, cardiopulmonary bypass was
stopped, the cannulas removed and the femoral vessels
were sutured. The chest was closed according to stan-
dard technique and a drainage tube positioned within
the pleural cavity.

Results

Endovascular catheter placement. The anesthetic
time was longer than in conventional surgery (Table
III). Airway intubation with a double lumen cannula is
more time consuming. Moreover, in patients with a low
body weight this procedure is very demanding and
sometimes impossible. In 2 cases, endobronchial intu-
bation was not feasible and the patients were intubated
using a single-lumen endotracheal tube. For this rea-
son, the right lung was not excluded and the first phase
of surgery was more complex. This increased difficulty
lasted until cardiopulmonary bypass was achieved and
the lungs deflated. There were no problems with the
placement of the pulmonary artery vent. In the patients

in whom encircling and tapering of the two vena cavae
was necessary, a 14F transjugular catheter was placed
in order to ensure unproblematic venous return of the
upper district. Positioning of the femoral cannulas and
of the endovascular clamp was uneventful in all pa-
tients. It has to be said that the cohort of patients en-
rolled in this study was relatively young (56.5 years)
and that the exclusion of patients with coronary artery
disease probably resulted in the selection of a subgroup
with a low incidence of atherosclerotic disease. In some
cases, an additional volume of saline solution was nec-
essary to maintain the balloon pressure > 300 mmHg.
Migration of the balloon soon after its inflation or once
infusion of the cardioplegia solution has been started is
possible, but in the present study was promptly correct-
ed by driving the catheter, under transesophageal guid-
ance, from outside. It is important to check the proper
position of the balloon soon after its inflation, because
when the heart is empty and still, echo images become
unclear. In 2 patients (4%, a mitral valve repair and a
mitral valve replacement), accidental rupture of the bal-
loon occurred during suturing of the mitral annulus. In
the first case, a new balloon was quickly repositioned
without problems. In the other case, direct aortic
clamping was necessary and further cardioplegia solu-
tion was infused directly into the ascending aorta. In
this latter case, there was no need to enlarge the surgi-
cal incision. The postoperative course of the 2 patients
was uneventful.

Surgical technique. In 39 patients (78%), left atrioto-
my was performed to treat diseases of the mitral valve,
whereas in 11 (22%) the right atrium was opened to
correct atrial septal defect and for the excision of car-
diac tumors (Table IV). In 2 cases in which an atrial
septal defect was associated with mitral disease, direct
closure of the defect from the left atrium was per-
formed. In all patients, access to the mitral valve was
through a right minithoracotomy. The length of the in-
cision ranged from 5 to 7 cm and in no case was rib re-
section necessary. Thirteen patients (26%) had been
previously submitted to cardiac surgery: 7 patients
(14%) with a closed mitral commissurotomy had a left
thoracotomy. In these cases, filmy adhesions were pre-
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Table III. Mean operative times (min).

Anesthetic time 105 ± 21
Surgical time 193 ± 44
Cross-clamping time 53 ± 19
Bypass time 77 ± 27

Table IV. Surgical procedures (n = 50).

ASD closure 9
MVR 13
Mitral valve repair 19
Mitral commissurotomy 3
Myxoma excision and tricuspid repair 1
MVR and ASD closure* 1
Mitral valve repair and ASD closure* 1
Tricuspid valve repair 1
Paravalvular leak closure 2

ASD = atrial septal defect; MVR = mitral valve replacement.
* = direct closure of ASD from the left atrium.



sent within the atrium. The other 6 patients (12%) had
been submitted to sternotomy. In redo patients, a right
thoracotomy approach has proved to be optimal and is
associated with a less hazardous dissection and de-
creased bleeding. 

In 23 patients (58.9% of the mitral cases) the mitral
valve was repaired with various techniques. Fourteen
patients (35.9% of the mitral cases) underwent mitral
valve replacement whereas in 2 cases of paravalvular
leak, the valve was resutured (Table V).

In the patients who underwent prosthetic replace-
ment, the valve was sutured with single “U” Teflon re-
inforced stitches. 

in the suture of the left atrial wall; it was necessary to
return to cardiopulmonary bypass and right atriotomy
in order to remove the catheter. Two cases of endoaor-
tic balloon rupture were already cited. In 4 cases (8%),
a transient atrioventricular block was noted after defla-
tion of the balloon and temporary pacemaker stimula-
tion was necessary. In all patients, normal sinus rhythm
was restored within a few hours. 

Postoperative course and complications. The mean
ventilation time was 21.5 hours (range 3-264 hours).
Three patients (6%) needed prolonged ventilation (> 48
hours). The mean intensive care unit stay was 2 days
(range 1-19 days) and the mean in-hospital stay was 6
days (range 4-28 days). Fifty percent of the patients re-
quired blood transfusion. The mean blood loss was 658
ml. Re-exploration for bleeding was required in 7 pa-
tients (14%). The thoracotomy was reopened and ade-
quate hemostasis achieved in all but 1 patient in whom
the incision had to be enlarged. Three patients (6%) ne-
cessitated reintubation owing to respiratory failure: one
patient with a bilateral postoperative pneumothorax,
one patient who presented with a neurological lesion
and one who developed multiorgan failure. Three pa-
tients (6%) presented with a neurological lesion. Two
developed transient hemiparesis and postoperative con-
fusion respectively and recovered completely within 48
hours. A 78-year-old patient, submitted to mitral valve
replacement, developed a permanent left hemiplegia.
The patient’s history included a previous transient is-
chemic attack. 

An 81-year-old patient, submitted to mitral valve re-
pair, died of multiorgan failure on the thirteenth post-
operative day. The postoperative complications are
summarized in table VI.

At discharge, all patients were evaluated at echocar-
diography. One patient who had mitral valve repair was
found to have severe regurgitation that required pros-
thetic replacement. All of the remaining patients had
normal valve function with no or only minimal regurgi-
tation. 

Overall, in 76% of patients the procedure was suc-
cessful with no major or minor complications.

Discussion

Minimally invasive surgical procedures using the
port-access system have rapidly become widespread.
Nevertheless, this technique is not free from complica-
tions. This is partly due to the learning curve and part-
ly because the technique itself does not permit com-
plete control of the structures that are operated upon.
Advantages include a very limited invasion (small skin
incisions, no need for sternotomy), a rapid discharge
and recovery of patients, a low incidence of wound in-
fections and better cosmetic results9-11. Complications
observed are related to the peculiarity of the technique
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Table V. Mitral valve procedures (39 patients).

MVR
With mechanical prosthesis 8
With biological prosthesis 6

Mitral valve repair
Quadrangular resection of PML + ring 14
PML cleft suture + ring 4
Triangular resection of AML + ring 1
Ring 1

Mitral commissurotomy 3
Paravalvular leak closure 2

AML = anterior mitral leaflet; MVR = mitral valve replacement;
PML = posterior mitral leaflet.

Nine patients underwent isolated atrial septal defect
closure, whereas in two other cases the atrial septal de-
fect was associated with mitral valve disease. In 7 pa-
tients, the atrial septal defect was closed with direct su-
ture while in 4 a Dacron patch was used. In 1 patient,
operated upon for removal of a cardiac myxoma, tri-
cuspid valvuloplasty was also performed. Another pa-
tient was submitted to isolated tricuspid valvuloplasty.
All the patients who underwent a conservative mitral
procedure (commissurotomy or plasty), were submit-
ted to intraoperative transesophageal echocardiography
at the end of cardiopulmonary bypass. In all the cases
the results were considered optimal or satisfactory, and
no further procedures were deemed necessary. The
mean cross-clamping time and the cardiopulmonary
bypass time are summarized in table IV.

Intraoperative complications. In a 68-year-old pa-
tient with advanced tricuspid disease and a prosthetic
mitral valve, it was difficult to visualize the tricuspid
apparatus due to dense adhesions running between the
right ventricle and the chest wall. In this case a median
sternotomy was necessary to continue the operation. In
another case, bleeding following a tear in the left ap-
pendage probably caused by the pump sucker, required
a sternotomy for adequate hemostasis. In a third pa-
tient, at the end of the operation, it was not possible to
withdraw the pulmonary artery vent which was trapped



and their incidence is decreased after the learning pe-
riod. Those cases in which, due to bleeding resulting
from technical problems (accidental damage to the in-
ternal mammary artery, left appendage tear, etc.) it was
necessary to reopen the sternotomy, were observed
mostly in the first series of cases. Later on they were
very rare. The operative time is longer than in conven-
tional surgery. This is mainly due to the more complex
anesthesiologic preparation; the cross-clamping and
cardiopulmonary bypass times, although longer, are
within acceptable limits. No complications due to
femoral cannulation and aortic balloon clamping were
observed. In contrast to what reported by others2, we
found groin cannulation safe. Balloon rupture is a rare
but dangerous complication and is generally due to an
inadvertent bite while placing stitches on the mitral an-
nulus. It requires quick direct aorta cross-clamping to
avoid air migration towards the brachiocephalic
trunks. The most serious complication is related to
neurological lesions: 3 patients had neurological prob-
lems postoperatively, 2 presented with a transitory
deficit, 1 patient developed a stroke and was dis-
charged with permanent hemiplegia. In the first group
of patients we did not use CO2 inflation, but we then
systematically adopted this gas. Scrupulous de-airing
is mandatory in all patients. The use of CO2 only de-
creases the risk of neurological lesions. In our series,
12% of patients had a previous sternotomy and in these
cases, a right thoracotomy approach reduced the dis-
section area and blood loss. The visualization of the
mitral apparatus was optimal and did not necessitate
cumbersome and time-consuming dissection14. Direct
visualization of the cardiac structures was enhanced by
videoscopy. Evaluation of the cardiac anatomy, sutur-

ing and hemostasis was facilitated by videoscopic
magnification. Nevertheless, in our experience, direct
visualization has allowed the development of most op-
erative times. The main contraindications are: aortic
regurgitation and advanced left ventricular insufficien-
cy. With regard to the latter, continuous monitoring of
cardiac protection is of paramount importance. When
using the port-access technique, one cannot directly
measure the cardiac temperature, topical cooling is not
possible and cardiac arrest is detected only by electro-
cardiographic monitoring and not by direct vision.
Chronic respiratory failure is a relative contraindica-
tion. Selective bronchial intubation may not be tolerat-
ed if the oxygen saturation falls too low. Many articles
in the literature confirm that this technique results in
early discharge, in an early return to normal activity
and in less postoperative discomfort. Indeed, the
avoidance of sternotomy in a patient with chronic res-
piratory failure allows for a less severe respiratory im-
balance compared to sternotomy. Standard thoracoto-
my is more painful than sternotomy, but minithoraco-
tomy is a 6-7 cm long incision that significantly re-
duces postoperative discomfort4,7,9.

A history of a previous coronary artery bypass graft
with a patent mammary artery constitutes a contraindi-
cation because the mammary artery cannot be clamped
and it is hence impossible to arrest and protect the heart
properly. During patient evaluation, it is important to
exclude the presence of peripheral vascular disease so
as not to expose such patients to the risk of developing
significant lesions at the site of cannulation. Patient se-
lection is therefore of extreme importance but, in the
absence of contraindications, this new surgical ap-
proach constitutes a safe and less traumatic alternative
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Table VI. Postoperative complications.

Complications Cause No. and %

Cardiac 12%
Rhythm disorders Temporary AV block 4
Postoperative low output state 1
Cardiac tamponade 1

Bleeding 14%
Re-exploration IMA lesion 1

Left appendage tear 1
Chest wall 3
Epicardial fat 1
Left atriotomy 1

Pulmonary 4%
Reintubation for respiratory failure Bilateral pneumothorax 1
Pneumothorax 1

Neurological 6%
Hemiplegia at discharge Stroke 1
Transient hemiplegia (?) 1
Postoperative confusion (?) 1

Others 4%
Renal failure (CVVH) 1
Groin lymphorrea 1

AV = atrioventricular; CVVH = continuous veno-venous hemofiltration; IMA = internal mammary artery.



to conventional surgery. At our Institution it has be-
come the treatment of choice for the surgical correction
of mitral disease, for the closure of interatrial septal de-
fects, and for the excision of cardiac tumors. 

References

1. Galloway AC, Shemin RJ, Glower DD, et al. First report of
the Port Access International Registry. Ann Thorac Surg
1999; 67: 51-8.

2. Mohr FW, Falk V, Diegeler A, et al. Minimally invasive
port-access mitral valve surgery. J Thorac Cardiovasc Surg
1998; 115: 567-76.

3. Mohr FW, Onnasch JF, Falk V, et al. The evolution of min-
imally invasive mitral valve surgery - 2 year experience. Eur
J Cardiovasc Surg 1999; 15: 233-9.

4. Glower DD, Landolfo KP, Clements F, et al. Mitral valve
operation via Port Access versus median sternotomy. Eur J
Cardiovasc Surg 1998; 14 (Suppl 1): S143-S147.

5. Chitwood WR Jr, Wixon CL, Elbeery JR, et al. Video-as-
sisted minimally invasive mitral valve surgery. J Thorac
Cardiovasc Surg 1997; 114: 773-82.

6. Chitwood WR Jr. Minimally invasive valve surgery: trends

for the future. Eur J Cardiothorac Surg 1999; 16 (Suppl 1):
S64-S65.

7. Colvin SB, Galloway AC, Ribakove G, et al. Port-Access
mitral valve surgery: summary of results. J Card Surg 1998;
13: 286-9.

8. Kappert U, Wagner FM, Gulielmos V, et al. Port Access
surgery for congenital heart disease. Eur J Cardiothorac
Surg 1999; 16 (Suppl 2): S86-S88. 

9. Grossi EA, Galloway AC, Ribakove GH, et al. Impact of
minimally invasive valvular heart surgery: a case control
study. Ann Thorac Surg 2001; 71: 807-10.

10. Aklong L, Adams DH, Couper GS, et al. Technique and re-
sults of direct-access minimally invasive mitral valve
surgery: a paradigm for the future. J Thorac Cardiovasc
Surg 1998; 116: 705-15.

11. Mishra YK, Malhotra R, Metha Y, et al. Minimally invasive
mitral valve surgery through right anterolateral minithora-
cotomy. Ann Thorac Surg 1999; 68: 1520-4.

12. Pompili MF, Stevens JH, Burdon TA, et al. Port-access mi-
tral valve replacement in dogs. J Thorac Cardiovasc Surg
1996; 112: 1268-74.

13. Fann JI, Pompili MF, Stevens JH, et al. Port-access cardiac
operations with cardioplegic arrest. Ann Thorac Surg 1997;
63: S35-S39.

14. Vlessis AA, Bolling SF. Mini-reoperative mitral valve
surgery. J Card Surg 1998; 13: 468-70.

E Citterio et al - Port-access cardiac surgery

909


