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Background: Minimally invasive cardiac surgery has increasingly been used for patients with valvular

pathology. Two techniques of aortic occlusion are utilized with this technique: transthoracic aortic clamp
(TTC) and endoaortic balloon occlusion (EAO). Both possibilities present peculiar advantages and
limitations whose current evidence is based on few observational studies. We performed an analysis with the
primary objective to evaluate outcomes and the incidence of major complications of these two techniques.
Methods: The data of 258 patients who underwent minimally invasive mitral valve surgery through right

mini-thoracotomy from January 2013 to July 2018 were reviewed. One hundred sixty-five patients were
operated on with TTC and in 93 cases EAO was used. Univariate and multivariate analyses were performed
to identify predictors of adverse outcome.
Results: The mean age of the cohort was 60.4±13.9 years, patients with TTC were significantly older and

had higher EuroSCORE II and reoperations were carried out mostly with EAO. Isolated mitral valve surgery
was mostly performed (74%) and in 26% of the cases, other procedures were combined. No differences were
detected in terms of types of operation, cardiopulmonary bypass (CPB) and cross-clamp times between the
two techniques. Similar postoperative troponin I and CK-Mb values were recorded. Twenty-four patients
(11%) suffered at least one complication. Of note, a new neurologic deficit occurred in six patients; in four
cases a cerebral stroke, with all patients in the EAO group (P=0.06). There was no case of aortic dissection,
no patient suffered peripheral ischemia nor femoral vessels complications. Thirty-day mortality was 1.9%
(TTC 1.2% vs. EAO 3.2%; P=0.51), 30-day mortality excluding reoperations was 1.2% (TTC 1.2% vs. EAO
1.1%; P=0.61).
Conclusions: Both techniques proved to be safe. Although non-statistically significant, there was a higher

rate of cerebral stroke in the EAO group. However, EAO system shows technical advantages in avoiding
tissue dissection and remains our choice in redo operations.
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Introduction
Minimally invasive cardiac surgery through the right minithoracotomy approach has established itself as standard of
care for the treatment of pathologies affecting the atrioventricular valves (1). Experienced and specifically trained
surgeons can achieve excellent operative results via the
standard sternotomy approach, with many studies reporting
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better pain control, a faster recovery and a shorter hospital
stay as compared to conventional surgery (2). Rather
than a single approach, minimally invasive surgery refers
to a collection of different techniques involving specific
technologies, modified vascular access for cardiopulmonary
bypass (CPB) perfusion and visualization. Two techniques
of aortic occlusion and cardiac protection have been used:
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the transthoracic aortic clamp (TTC) and the endoaortic
balloon occlusion (EAO). Both approaches present peculiar
advantages and potential technical pitfalls. Few papers
underlined the safety and reproducibility of these two
techniques with personal experience and institutional
preferences that probably played a major role in results. Two
recent meta-analyses (3,4) revealed similar risk of mortality
for the two approaches and no difference in the occurrence
of perioperative stroke. However, a higher risk of aortic
dissection was reported in patients who had the endoaortic
conclusion compared to cross-clamping populations. We
have reviewed our experience in mini-thoracotomy cardiac
surgery in patients who received an external aortic clamp
and patients who underwent operation with EAO.
Methods
Patients
We analyzed prospectively collected data of patients
who received minimally invasive mitral surgery during
the period January 2013 and July 2018. All patients who
underwent cardiac operations for mitral valve dysfunction
and other associated pathologies were included in the study.
Reoperations and combined procedures were included as
well. Ultimately, we retrieved information from 258 patients.
All patients underwent preoperative coronary angiography,
chest X-ray and full transthoracic echocardiography. Transesophageal echo (TEE) study was performed before the
operation in case of difficult interpretation of transthoracic
images and always soon after intubation in theatre. In the
cases with a documented history or clinical suspicion of
peripheral vascular disease or thoraco-abdominal aortic
disease, we performed a preoperative CT scan of the whole
aorta. Severe vessels pathology, right chest disease or
previous right lung/pleura surgery led us to a sternotomy
approach. These cases account for about 4% of atrioventricular valves surgical activity.
Preoperative patient characteristics align with the
definition of the EuroSCORE II model. Atrial fibrillation
includes patients with history of paroxysmal, persistent and
permanent arrhythmia. Cardiac enzymes were routinely
evaluated after 12–18 hours since the end of the operation
in postoperative day 1 (the results from this sample were
included in the analysis) and every day until postoperative
day 3. Complications were recorded within 30 days since
the operation.
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Interventions
A double-lumen endobronchial tube was used to allow single
lung ventilation. A 19-Fr venous cannula was placed in the
superior caval vein through the right jugular vein under
TOE guidance for CPB venous return. Femoral vessels
were exposed over the groin skin line with a 3-cm incision.
The femoral arteries (19–21 Fr cannula) and femoral veins
(23/25 Fr two-staged cannula) were cannulated using
the Seldinger technique under TOE guidance. When
an endoaortic balloon was used, a specific cannula with
a side arm was inserted in the femoral artery (21–23 Fr).
Afterwards, a guidewire was introduced and advanced into
the ascending aorta under TOE guidance. The endoaortic
balloon was finally placed over this guidewire before
initiation of cardiopulmonary bypass (CPB). A 5–6 cm
incision was then made at the inframammary fold in female
patients and over the nipple in male patients; more recently,
a periareolar incision was performed in male patients
and women with small breasts. The mini-thoracotomy
was performed at the level of the 4 th intercostal space.
A rib spreader was used in some cases to allow a better
visualization of the aorta in patients receiving external
aortic cross-clamping. Two ports were placed in the 4th and
6th intercostal space for intracardiac suction line and carbon
dioxide delivery. The pericardium was opened 2 cm above
the phrenic nerve and in most of the cases, two retraction
stitches were passed. The field was flooded by carbon dioxide
delivered at 3–4 L/min. CPB was started and the patient
cooled down 30–32 ℃. Vacuum-assisted venous drainage
was utilized (maximum negative pressure −40 mmHg).
In case of external cross-clamping, a flexible clamp was
inserted through the mini-thoracotomy. Cold blood
cardioplegia was used in 199 patients and the dose repeated
every 20 minutes; in 59 cases, intracellular crystalloid
cardioplegic solution ensured the cardiac arrest. Most of
these cases were endoaortic balloon aortic occlusions. EAO
was carefully monitored with TOE during positioning of
the balloon in the ascending aorta, during inflation and
during cardioplegia delivery. The left atrium was opened at
the level of the interatrial groove; an atrial retractor with a
side arm was placed laterally to the mammary artery in the
same intercostal space as the mini-thoracotomy. Several
techniques were used for mitral valve repair, usually a
combination of annuloplasty, leaflet resection and sliding,
placement of neochordae and repair of the commissures.
In cases of tricuspid valve surgery, we did not snare/
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clamp the cavae. Before performing the right atriotomy,
the inferior venous cannula was pulled back to avoid a full
blood drainage and, consequently, air suction. De-airing
was performed with a ventricular vent and through the
cardioplegia needle in case of external clamping or through
the endoaortic balloon lumen.
Study design
Retrospective evaluation of prospectively collected data
of a series of 258 consecutive patients who had minimally
invasive cardiac surgery.
Statistical analysis
Continuous variables were presented as mean ± SD and
analyzed using Student’s t-test. Categorical variables
were expressed as absolute numbers and percentages
and analyzed using chi-square test or, when appropriate,
Fisher’s exact test. EAO group and external cross-clamping
group were compared by means of preoperative patients’
characteristics, operative data and postoperative outcomes.
Univariate analysis included 17 perioperative risk factors
to determine whether any single variable influenced the
occurrence of a new postoperative neurologic deficit,
new postoperative cerebral stroke and hospital mortality.
These variables were age, gender, redo operation, left
ventricular ejection fraction (LVEF) <50%, hypertension,
diabetes mellitus, hypercholesterolemia, renal dysfunction
[estimated glomerular filtration rate (eGFR) <85 mL/min],
hemodialysis, atrial fibrillation history, pulmonary
hypertension [pulmonary artery pressure (PAPs) >30 mmHg),
EAO technique, mitral valve replacement (against mitral
valve repair), conversion to sternotomy, CPB time,
cardioplegic arrest time, first procedures for each technique
of cardioplegic arrest (first 50 cases considered as initial
learning curve). Each variable with a value of P<0.05 was
entered in a multiple logistic regression analysis model to
study its independent predictability.
Results
Demographic data
Two-hundred fifty-eight patients were included in the study.
Since the beginning of our experience, there was a liberal
use of EAO and TTC according to surgeon’s preference.
More recently, patients were operated predominantly on
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aortic cross-clamping; endoaortic balloon was reserved to
redo operations. TTC was used in 165 patients (group TTC;
mean age 62.8±13.1 years, male 53%); EAO was used in
ninety-three patients (group EAO; mean age 56.1±14.5 years,
male 50%). Apart from age, TTC patients were significantly
older compared to EAO patients and the only difference
between the two groups was the prevalence of redo procedures
that were mostly accomplished by EAO (TTC =2% vs. EAO
=12%, P=0.0018). All the patients but two (1 = redo case with
refractory pulmonary edema due to mitral valve prosthesis
dysfunction, 2 = acute massive mitral regurgitation with
refractory pulmonary edema) were operated in an elective
setting, including patients transferred by cardiology units
after a recent episode of heart failure. Table 1 includes details
about preoperative patient characteristics of the overall
population of 258 patients and the two groups.
Operations performed
Mitral valve operations were associated with other procedures
in 26% of the patients (n=68), particularly in 50 cases
where tricuspid annuloplasty was also performed
(19%). No difference between the two groups was
found according to the types of operation. There was a
significantly higher rate of mitral valve repair in TTC
(TTC 70% vs. EAO 58%, P=0.04). However, when redo
operations were excluded from analysis, this data retained
no significance (TTC 68% vs. EAO 60%, P=0.19). CPB
time and cardioplegic arrest time were similar in both
groups. Table 2 summarizes all the operative data of the
global population and the two groups.
Perioperative outcomes
We found no difference in cardiac enzyme release with
similar troponin I and CK-Mb at postoperative day 1.
There were no cases of aortic dissection and femoral vessel
complications. Patients who underwent EAO experienced
a significantly higher rate of new postoperative cerebral
stroke (TTC 0% vs. EAO 4.3%; P=0.03). Overall mortality
was 1.9% (n=5) and mortality for primary operations was
1.2% (n=3). There was no difference in 30-day mortality
between the two groups. Table 3 reports details of all
perioperative outcomes.
Univariate and multivariate analysis
Univariate analysis found significant risk factors for new
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Table 1 Demographics data
Variables

Overall population (n=258)

Cross-clamp (n=165)

Endo-aortic clamp (n=93)

P value

Age, mean ± SD (years)

60.4±13.9

62.8±13.1

56.1±14.5

0.0002

Male/female

133/125

87/78

46/47

0.61

LVEF, mean ± SD (%)

55±8

55±7

55±9

0.76

LVEF [31–50], n [%]

56 [22]

31 [19]

25 [27]

0.13

LVEF <30%, n [%]

5 [2]

3 [2]

2 [2]

0.77

eGFR <85 mL/min, n [%]

23 [9]

14 [8]

9 [10]

0.74

HD, n [%]

4 [2]

3 [2]

1 [1]

0.95

AF, n [%]

88 [34]

61 [37]

27 [29]

0.19

ESII, mean ± SD (%)

1.92±2.07

2.01±2.09

1.79±2.03

0.38

PAPs >30 mmHg, n [%]

102 [40]

70 [42]

32 [34]

0.20

Reoperation, n [%]

14 [5]

3 [2]

11 [12]

0.0018

SD, standard deviation; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; HD, hemodialysis; AF, atrial
fibrillation; PAP, pulmonary artery pressure.

Table 2 Operative data
Variables

Overall population (n=258)

Cross-clamp (n=165)

Endo-aortic clamp (n=93)

P value

Mitral surgery, n [%]

258 [100]

165 [64]

93 [36]

0.65

MV replacement

89 [34]

50 [30]

39 [42]

0.06

MV repair

169 [66]

115 [70]

54 [58]

0.04

Mitral surgery + other(s)

68 [26]

45 [27]

23 [25]

0.66

Mitral surgery + TVr

50 [19]

33 [20]

17 [18]

0.73

AF ablation, n [%]

17 [7]

13 [8]

4 [4]

0.39

CPB time, mean ± SD (min)

137±43

133±37

143±52

0.09

Cardioplegic arrest time, mean ± SD (min)

99±31

99±31

99±30

0.87

CPB time, mean ± SD (min)*

132±42

130±37

138±50

0.26

Cardioplegic arrest time, mean ± SD (min)*

95±28

94±29

97±27

0.69

Conversion to median sternotomy, n [%]

2 [1]

0

2 [2]

0.30

*, isolated mitral valve surgery. SD, standard deviation; MV, mitral valve; CPB, cardiopulmonary bypass; TVr, tricuspid valve repair; AF, atrial
fibrillation.

neurologic deficit: mitral valve replacement (against mitral

stroke at univariate analysis. No significance was found at

valve repair), P=0.0035; CPB times, P=0.00008; cardioplegic

multivariate analysis.

arrest time, P=0.004. None of these variables retained
significance after multivariate analysis.
Use of EAO (P=0.03) and CPB times (P=0.02) were
significantly associated with new postoperative cerebral
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Reoperation (P=0.01), pulmonary hypertension/
PAPs >30 mmHg (P=0.02) and CPB time (P=0.02) were
associated at univariate analysis with 30-day mortality. After
multivariate analysis, no significance was found.
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Table 3 Postoperative data
Variables

Overall population (n=258)

Cross-clamp (n=165)

Endo-aortic clamp (n=93)

P value

Trop I POD1, mean ± SD ng/mL*

13.2±33.3

13.0±28.7

13.6±39.2

0.95

CK-Mb POD1, mean ± SD ng/mL*

42.9±43.9

42.9±43.4

42.8±45.0

0.99

Complicated course, n (%)

29 (11.2)

19 (11.5)

10 (10.8)

0.85

Aortic dissection

0

0

0

–

Peripheral ischemia

0

0

0

–

New neurologic deficit

6 (2.3)

2 (1.2)

4 (4.3)

0.25

Cerebral stroke

4 (1.6)

0

4 (4.3)

0.03

TIA

1 (0.4)

1 (0.6)

0

0.77

Paraparesis

1 (0.4)

1 (0.6)

0

0.77

Re-exploration

6 (2.3)

3 (1.8)

3 (3.2)

0.77

LCOS

6 (2.3)

4 (2.4)

2 (2.2)

0.77

CVVHD

2 (0.8)

1 (0.6)

1 (1.1)

0.74

Tracheostomy

4 (1.6)

1 (0.6)

3 (3.2)

0.27

Thoracotomy infection

2 (0.8)

2 (1.2)

0

0.74

Inguinal complications

8 (3.1)

7 (4.2)

1 (1.1)

0.30

Hospital length of stay, mean ± SD (days)

8.3±6.0

8.3±5.5

8.3±6.8

0.99

Hospital mortality, n (%)

5 (1.9)

2 (1.2)

3 (3.2)

0.51

3 (1.2)

2 (1.2)

1 (1.1)

0.61

st

Hospital mortality 1 operation, n (%)

*, isolated mitral valve surgery. POD, postoperative day; SD, standard deviation; TIA, transient ischemic attack; LCOS, low cardiac output
syndrome; CVVHD, continuous veno-venous hemodialysis.

Discussion
Minimally invasive mitral valve surgery is gaining full
credit after a couple of decades of skepticism received from
the vast majority of cardiac surgeons. While reduction of
surgical incision through a small thoracotomy is a common
element for all minimally invasive approaches, perfusion,
cardioplegia strategy and aortic occlusion techniques may
vary according to surgeon preference and specific training.
In this report, we describe our experience on aortic
occlusion strategy comparing EAO with external transthoracic clamp. This comparison is relatively uncommon, as
surgeons and centers usually adopt only one technique and
do not master both aortic occlusion strategies. Although
the proportion of external cross-clamping was higher in
our cohort, the number of cases performed with endoaortic
balloon is relatively high, documenting good and consistent
experience.
We did not observe any difference in clinical outcomes
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with one technique over the other. Endoaortic balloon
use was associated with increased risk of stroke, although
after multivariable adjustment, endoaortic balloon was
not predictive of stroke occurrence. There is, however,
a rationale for increased stroke risk with the endoaortic
technique because distal dislodgement of the balloon
may lead to occlusion of the innominate artery; this
complication is generally avoided by bilateral radial artery
pressure monitoring and cerebral oximetry based on nearinfrared spectroscopy (NIRS) evaluation. In contrast to
other reports (3-5), endoaortic balloon utilization in our
study was not associated with longer CPB and cross-clamp
time, indicating that with adequate training this technique
does not increase the complexity and the duration of the
operations (6). While with the endoaortic balloon time is
required to position the tip of the catheter in the ascending
aorta under TOE guidance, with the external clamp, a
cardioplegia cannula must be placed in the ascending aorta
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and sometimes repair of the needle-hole is cumbersome and
time-consuming.
We did not observe any iatrogenic aortic dissection.
This was a feared complication in the early era of
minimally invasive mitral valve surgery, particularly with
the endoaortic balloon (7). Two recent meta-analyses
detected an increased incidence of acute iatrogenic aortic
dissection when endoaortic balloon is used in minimally
invasive cardiac surgery (3,4). In our cohort, both groups
used retrograde perfusion through the femoral artery and
perfusion pressure were constantly monitored throughout
the operation, with particular emphasis at the beginning
of CPB, before cross-clamping of the aorta. With the
endoaortic balloon catheter occupying part of the cannula
lumen, there is a substantial risk of having high jet pressures
at the exit of the cannula. When perfusion pressure within
the femoral artery line exceeded 200 mmHg, simple
adjustments were initially made (i.e., repositioning of
the arterial cannula, use of vasodilators); if adjustments
did not produce a significant reduction of perfusion
pressures, then the other femoral artery was isolated and
cannulated splitting arterial perfusion in both arteries and
thus obtaining a remarkable pressure reduction. Avoiding
extremely high jet pressures from the femoral cannula
is essential in preventing retrograde aortic dissection,
particularly in patients with atherosclerotic disease and
explains why this is not an observed complication nowadays.
Some concerns exist regarding satisfactory myocardial
protection with the two settings of aortic occlusion and
cardioplegia delivery (8,9). In our experience, myocardial
damage expressed as cardiac enzymes release was not
influenced by aortic occlusion technique. Monodose
crystalloid cardioplegia was preferably utilized with the
endoaortic technique because balloon positioning in the
ascending aorta can only be visualized by TOE when
the left atrium is closed, therefore subsequent doses
of intermittent cardioplegia may lead to dislodgment
of the endoaortic balloon and inadequate myocardial
protection. In the external transthoracic clamp cases,
intermittent cold blood cardioplegia has been preferred
to avoid further hemodilution. We have previously
demonstrated that both crystalloid and cold blood
cardioplegia solutions provide adequate protection in
minimally invasive cardiac surgery (10).
Exposure of the mitral valve is generally well accomplished
with both aortic occlusion strategies. Mitral repair rate
was significantly higher in the external cross-clamping
group, but this was probably just a casual finding. The
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use of thoracoscopy and video assistance has become a
fundamental part of the technique, particularly since the
implementation of 3D endoscopy; it remarkably improves
the mitral valve visualization and repair possibilities.
The absence of transthoracic clamping and cardioplegia
cannulation may facilitate thoracoscopy positioning and
visualization.
Apart from the common contraindication for EAO, in
case of an ascending aorta diameter greater than 40 mm,
the choice between the two techniques of aortic occlusion
was based mainly on operator preference and naturally
affected patient selection. This is clearly underlined by
the significant difference in age and in the rate of redo
operations between the two groups. Elderly patients may
exhibit atherosclerotic disease of the peripheral arteries
and the thoraco-abdominal aorta, thus justifying the use
of transthoracic cross-clamp. On the other hand, the
use of EAO allows an even smaller surgical access, being
more appealing in the young for aesthetic reasons and less
traumatic in frail patients. Furthermore, the EAO system
provides fundamental technical advantages in avoiding
tissue dissection and is our first choice in redo operations.
Our results showed that EAO and aortic cross-clamping
proved to be safe and effective. There was a higher rate
of perioperative stroke in the EAO group, but it was
statistically non-significant. Rather than looking for the
superiority of one of these two techniques, we reported
the advantage given by the possibility of handling both
endoaortic occlusion and transthoracic clamping and the
availability of tailoring the surgical strategy according to
individual patient characteristics.
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