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Introduction

Abstract
Introduction: Minimally invasive approach to Aortic Valve
Replacement (AVR) is increasingly accepted as a valid alternative
to full sternotomy approach, as to reduce operative trauma with
the final aim to improve post-operative outcomes. The aim of this
work is to evaluate the feasibility of minimally invasive aortic valve
surgery through a right mini-thoracotomy, and hence to minimize the
surgical access to achieve better cosmetic results, less postoperative
discomfort and faster recovery while maintaining the same level of
safety and favorable results as with conventional surgery.

Methods: In this study a 150 patients with Aortic Valve Disease
(AVD) requiring aortic valve surgery were none randomly selected.
The study was performed at Benha University Hospital & the Armed
Forces Hospitals. Seventy five patients underwent aortic valve surgery
by traditional median sternotomy with central cannulation (group B),
the other seventy five patients by right mini-thoracotomy on 2nd or 3rd
right intercostal space with peripheral femoral cannulation (group A).
Endpoints were overall postoperative complications, major adverse
cardiac related complications, use of blood products and need for
transfusions, bypass time and cross clamp time, ventilation time and
length of hospital-stay.
Results: Minimally invasive AVR was associated with a significant
reduction in need for blood and blood products transfusions, as well as
postoperative cardiac and non-cardiac complications. Post-operative
pain was significantly reduced in the mini-invasive group, a trend to
lower mean ventilation times, ICU stay and hospital-stay in the miniinvasive group was also detected.

Conclusion: Minimally invasive aortic valve surgery has evolved
into a well tolerated, efficient surgical treatment option in experienced
centers, providing greater patient satisfaction and lower complication
rates. Potential advantages of Minimally Invasive Aortic Valve
Replacement (MIAVR) arise from the concept that patient morbidity
and potential mortality could be reduced without compromising the
excellent results of the conventional procedure and include improved
cosmetic results, safer access in the case of re-operation, less postoperative bleeding, less blood transfusions, lower intensive care unit
and in-hospital stays, as well as the absence of sternal wound infection.

Symbiosis Group

Full median sternotomy has been well established as a
standard approach for all types of open heart surgery for many
years. Although well established, the full sternotomy incision has
been frequently criticized for its length, post-operative pain and
possible complications like wound infection and instability [1].
Developments in minimally invasive aortic surgery began in
the mid-1990s with the pioneering work of Cohn, Cosgrove, Navia
and others. Technological advancements in instrumentation,
assisted vision, and CPB support have followed closely and have
expedited this evolutionary process. Within a few short years
MIAVS have gone from simple modifications of conventional
techniques to near totally endoscopic operations [2-5].
Because of the continuous trend towards less invasive
procedures, cardiac operations have become increasingly more
sophisticated and complex. Minimally invasive techniques in
cardiac operations require higher surgical abilities to accomplish
the same quality compared with the traditional procedures with
Cardio-Pulmonary Bypass (CPB) or full sternotomy [6].

Minimally invasive aortic valve surgery has evolved into a
well tolerated, efficient surgical treatment option in experienced
centers, providing greater patient satisfaction and lower
complication rates. Potential advantages of minimally invasive
aortic valve replacement arise from the concept that patient
morbidity and potential mortality could be reduced without
compromising the excellent results of the conventional procedure
and include improved cosmetic results, safer access in the
case of re-operation, less post-operative bleeding, fewer blood
transfusions, lower intensive care unit and in-hospital stays, as
well as the absence of sternal wound infection [7].

The key to successful thoracic surgical procedures is adequate
and proper exposure. A well chosen thoracic incision provides
effortless and excellent exposure for almost any procedure.
However, an ill chosen or an improperly placed or performed
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incision often leads to a difficult and frustrating procedure [8].

There is a learning curve associated with any cardiac surgical
procedure, despite what experienced surgeons now consider
routine and simple. In order to overcome the conceptual
“learning curve”, surgeons need to consider this the standard of
care in isolated AVR surgery and make it reality. Once proficiency
is acquired, the minimal access approach may be the procedure
of choice for AVR [9].
The right mini-thoracotomy approach for aortic valve
replacement was first described by Rao and Kumar and was
reproduced by Galloway and others.

All patients scheduled for right mini-thoracotomy should
undergo computed tomography scan without contrast
enhancement to evaluate the anatomic relationship among the
intercostal spaces, ascending aorta, and aortic valve. Patients are
suitable for this approach only if the following criteria are met:
(I) at the level of main pulmonary artery, the ascending aorta is
rightward (more than one half located on the right in respect to
the right sternal border); (II) the distance from the ascending
aorta to the sternum does not exceed 10 cm (III) the α angle
(angle between the angle midline and the inclination of ascending
aorta) should be > 45 (Figure 1A and 1B) [10].
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Materials and Methods
Patient Selection
In this retrospective study, a 150 patients with Aortic Valve
Disease (AVD) requiring aortic valve surgery were none randomly
selected. The study was performed in the period from January
2014 through June 2016 at Benha University Hospital &the Armed
Forces Hospitals (El Maadi, El Galaa and kobryElkobba). Seventy
five patients underwent aortic valve surgery by traditional
median sternotomy with central cannulation (group B), the
other seventy five patients by right mini-thoracotomy on 2nd or
3rd right intercostal space with peripheral femoral cannulation
(group A).
• In group “A”, age ranged from 21-71 years with a mean of
49.1 ± 16.
• While in group “B” age ranged from 24-73 years with a mean
of 47.6 ±13.

• In group “A”, there was 45 males (60%) and 30 females
(40%), while in group “B” there was 48 males (66.6%) and 27
females (33.3%).

Figure 1: CT angiography (A&B) showing the suitability of the patient for the minimally invasive approach

Surgical Technique

Anesthesia is provided according to the standard protocol
used for conventional aortic valve surgery with the only
exception for a double lumen endotracheal tube for intubation.
Transesophageal echocardiography was used in all patients
for monitoring the heart and valve functions throughout the
operation. Two defibrillator pads are placed across the chest wall
to guarantee effective electric conduction. The patient is placed in
a supine position (Figure 2).
The procedure is carried out through a 5-6 cm skin incision
beginning at the right sternal border extending to the right
antero-lateral portion of the chest wall. After that the pectoralis
muscle is opened by cautery followed by the intercostals muscle
entering into the 2nd or 3rd ICS. We use a soft tissue retractor and
rib retractor to obtain further exposure (Figure 3).
When both femoral arterial and venous cannulation are used,

a transverse 3-4 cm incision along the inguinal fold over the
pulsating femoral artery projection is made to expose the vessels.
Purse string sutures with prolene 5/0 taken over the artery and
vein. When heparin is administered, femoral artery and vein
cannulation are performed utilizing a Seldinger technique. We
perform arterial cannulation first; the cannula should never be
forced and should advance easily. The cannula is then secured
over the vessel with a tourniquet and connected to the CPB
arterial line (Figure 4).
After initiation of the CPB, venous drainage is achieved with
vacuum assistance of approximately -40 mmHg. Currently, several
options are available for aortic cross-clamping. An external
Cosgrove flexible or a Chitwood clamp can be used (Figure 5).

After cross-clamping of the aorta and cardioplegia solution
delivered through the aortic root, a transverse aortotomy is made
approximately 1.5 cm above the take off the right coronary artery,
slightly above the level of the sino-tubular ridge. The leaflets of
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Figure 2: Positioning of the surgical team in the operating room (Adopted from Minimally Invasive Thoracic and Cardiac Surgery Textbook and
Atlas, 2012).

Figure 3: The use of soft tissue retractor

the aortic valve are excised to the level of the annulus and the
annulus is thoroughly debrided of any calcium. Braided 2-0
sutures with pledgets are utilized. The annulus is encircled with
interrupted mattress sutures extending from the ventricular to
the aortic surface (inverting).

After placement, the suture bundles are divided into two equal
portions and implanted in the sewing ring and the prosthesis
seated. Once the operative procedure has been completed,
rewarming of the patient is begun. Removal of air from the heart
(de-airing) is accomplished through right superior pulmonary
vein vent. However, supplementary de-airing is also performed
through the aorta. Simultaneously, the surgeon gently massages
the left ventricle so that entrapped air evacuates through the
vent. The aortic clamp is removed. Full venous return is then
allowed to drain into the cardiopulmonary circuit, and the heart

is collapsed.

Statistical Analysis
Peri-operative data were statistically analyzed using
Statistical Package Of Social Science (SPSS), EPIcalc software
programs using the arithmetic mean, standard deviation using
hypothesis student’s “t” tests for quantitative data analysis, while
qualitative data (ordinal, categorical) were analyzed using The
chi-square test (x2) (Fisher’s Exact Test).

Predicts for prolonged hospital stay, morbidities were studies
using multivariate analysis.
For all statistical comparisons, a P value of < 0.05 was
considered significant and a P value of < 0.01 was considered
highly significant.
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Figure 4: Cannulation of both femoral artery and vein

Figure 5: Use of flexible cross clamp

Results

This retrospective none randomized study compared the
procedure and early postoperative outcome of the standard
sternotomy approach versus the minimally invasive approach
through right mini-thoracotomy by using direct vision. This
study was conducted on 150 patients. All the patients completed
the study without any mortality. The patients were classified
into two groups: Group A: minimally invasive group. This group
included 75 patients requiring aortic valve surgery and was
approached through right mini-thoracotomy technique. Group B:
Full sternotomy group. This group included 75 patients requiring
aortic valve surgery and was approached through a conventional
median sternotomy. There was highly statistical significance
between the two groups as regards the cross clamp time and the
total bypass time which is much shorter time in group B.
The length of the incision was compared in the two groups,
The mean length of incision in group “A” was 5.9 ± 0.46 cm ranged
from 5 to 8 cm, while in group “B” the mean length was 21.4 ± 1.5
cm ranged from 18 to 23cm (Table 1).
In group “A” all cases done through right mini-thoracotomy

without the need to be converted to median sternotomy.

The ventilation time for group “A” ranged from 2.5-7 hours,
with a mean 4.16 ± 0.9 hours. In group “B” the ventilation time
ranged from 4-9 hours with a mean 5.9 ± 1.5 hours (Table 2).

There is a highly statistically significant difference between
the two groups as regards the blood drainage in the first 24 hours,
In group “A”, blood drainage ranged from 150-500ml during the
first 24 hour, with a mean of 288.3 ± 86.78 ml/ first 24 hour. In
group “B”, the blood loss ranged from 200-800 ml during the first
24 hour, with a mean of 486.3 ± 177.67 ml / first 24 hour. ICU stay
in the minimally invasive group is less than the sternotomy group,
with statistically highly significant difference.
Post-operative pain was less in group (A) with highly
statistically significant difference.

Post-operative pain score using the visual analogue scale was
compared in the two groups starting on day one after extubation
till the 5th postoperative day. In group (A) the mean pain score
in the first post-operative day post extubation was 7.6 ± 0.49.
This score decreased in the second post-operative day to 5.8 ±
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Table 1: Length of skin incision in both groups
Range (cm)
Mean ± SD (cm)

Group A

Group B

5-8

18-23

5.9 ± 0.46

21.4 ± 1.1

P value

Sig.

Mean

HS

SD

Table 2: Ventilation, blood loss, blood transfusion and total ICU stay
Group A

Group B

Range

2.5-7

4-9

SD

0.9

1.5

Ventilation (hours)
Mean

Blood loss (ml)

4.16

< 0.01

5.9

150-500

200-800

SD

86.7

177.67

288.3

486.3

Blood transfusion (unit)
Range

0-3

1-4

SD

0.7

0.8

Mean

ICU stay (day)

1.4

2.5

Range

1-3

2-4

SD

0.53

0.6

Mean

Re-exploration for
bleeding

Sig.

Group A

Group B

5-8

7-11

0.9

0.8

6.6

1.56

2.4

3 (3.3%)

HS

< 0.01

HS

< 0.01

HS

< 0.01

HS

0 (0.0%)

0.69. Pain score in group (B) during the first 24 hours was 9.2 ±
0.76 which decreased to 7.7 ± 0.78 in the second post- operative
day. This data showed that pain was less in group (A) with highly
statistically significant difference as shown in results (Table 3).

The total hospital stay in the minimally invasive group was
less than sternotomy group, and this difference has a highly
statistical significance (Table 4).

Wound satisfaction was comparable in the two groups which
showed that 66 cases (90%) of group (A) were satisfied about
their wound scar after mini-thoracotomy incision which was very
small compared to wound scar after full sternotomy, while only 9
cases (10%) not satisfied about their femoral wound scar. But in
group (B) there were 63 cases (83.3%) not satisfied about their
wound scar and only 12 cases (16.6%) were satisfied about their
wound scar (Table 5).
Table 3: Pain score among the two groups (mean ± SD)
1ST Day post-operative
2ND Day post-operative
5th day post operative

Group A

Group B

P value

Sig.

7.6 ± 0.49

9.2 ± 0.76

< 0.01

HS

3.9±1.54

7.5± 1.47

< 0.01

HS

5.8 ± 0.69

7.7 ± 0.78

< 0.01

HS

8.8

P value

Sig.

< 0.01

HS

Table 5: patient’s satisfaction about their wound scar
Wound Satisfaction

Range
Mean

P value
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Table 4: Total Hospital Stay in days
Range

< 0.01

Copyright:

Discussion

GROUP A

GROUP B

P value

SIG

66 (90%)

12 (16.6%)

< 0.01

HS

Refinements in surgical techniques have reduced morbidity
and mortality related to valve operations. Innovative, less
invasive approaches for the surgical treatment of aortic valve
disease were introduced with success. Minimally invasive
aortic valve surgery has evolved into a well-tolerated, efficient
surgical treatment option in experienced centers, providing
greater patient satisfaction and lower complication rates. It
almost safe as median sternotomy for primary aortic valve
surgery and could be used as an initial approach to aortic valve
surgery [11]. In the past decade, aortic valve surgery utilizing
minimally invasive approaches has been employed in an effort to
decrease the “invasiveness” of the procedure. It has been difficult
to consistently demonstrate objective benefits to minimally
invasive techniques for aortic valve replacement (mini invasiveAVR). Reduced pain and hospital length of stay, decreased time
until return to full activity, and decreased blood product use have
been demonstrated [12,13]. The patients having aortic valve
replacement using the minimally invasive procedures, spent
a shorter time in the intensive care unit and had less need for
postoperative ventilator usage (both number of patients using a
ventilator and the mean time of use) in comparison with patients
undergoing conventional sternotomy. In our study the mean age
in group “A” was 49.1 ± 16.1 years, while in group “B”, it was 47.6
± 13.5 years so the age groups in our study are relatively younger
than the age groups in other studies. Donald D. Glower, et al.
reported a mean age of 67 ± 14 (20 - 90) years in thoracotomy
group and 63 ± 14 (22 - 92) years in sternotomy group [14,15].
The length of the incision was compared in the two groups. The
mean length of incision in group “A” was 5.9 ± 0.46cm ranged
from 5 to 8 cm. While in group “B” the mean length was 21.4 ± 1.1
cm ranged from 18 to 23cm which is statistically higher than that
of group “A” (P value < 0.01). Mauro Del Giglio, et al. reported that
Aortic valve replacement was performed through a 4 to 6 cm skin
incision at the third intercotal space. There was a highly statistical
significance difference between the two groups as regards the
cross clamp time and the total bypass time which is much shorter
in group B. One of the dis-advantages of the mini-thoracotomy
approach is that it needs a learning curve for the surgeon and the
all team to be able to perform the procedure through a smaller
incision in a faster time. Daniyar Gilmanov, et al. mentioned that
that the median of total bypass time was 108 (87 to 137) and
Cross clamp time was 75 (57 to 97). In mini-thoracotomy group
all cases done through right mini-thoracotomy without the need
to be converted to median sternotomy. Daniyar Gilmanov, et al.
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mentioned that 19 (2.2%) patients were converted to median
sternotomy. In other study as Mattiaglauber, et al. reported that
2 (1.5%) patients were converted to median sternotomy. In our
study 63 (86.6 %) patients were connected to bypass through
cannulation of both femoral artery and vein, while 12 (13.3
%) patients were connected through direct aortic cannula and
percutaneous femoral vein cannulation because of peripheral
arterial disease or small femoral artery [16,7,17]. Donald D
Glower, et al. reported that 15 patients (3.3%) have femoral artery
cannulation, 5 patients (1.1%) had axillary artery cannulation,
while 432 patients (95.5%) had central aortic cannulation. In
our study, the ventilation time was 3.5-5 hours, with a mean
4.16 ± 0.9 hours for group A. In group “B” the ventilation time
ranged from 4-9 hours with a mean 5.9 ± 1.5 hours. This shows
that there is a high statistically significant difference between
the two groups. Mattiaglauber, et al. study mentioned that postoperative mechanical ventilation is lower in patients undergoing
mini-thoracotomy procedure surgery which ranged from 5-9
hours, while it was 6-11 hours in sternotomy group [15,17]. One
of the most important advantages of the less invasive technique
is the lesser incidence of post-operative bleeding and lesser
requirement for re-exploration. In group “A”, blood drainage
ranged from 150-500 ml during the first 24 hour, with a mean
of 288.3 ± 86.78 ml/ first 24 hour. In group “B”, the blood loss
ranged from 200-800 ml during the first 24 hour, with a mean of
486.3 ± 177.67 ml/ first 24 hour, this shows that there is a highly
statistically significant difference between the two groups as
regards the blood drainage in the first 24 hours.
Daniyar Gilmanov, et al. had a different look for bleeding and
transfusion which is; did the patient have persistent bleeding or
not? did this bleeding need for 2nd look or exploration or not? And
reported that was more important than reporting the bleeding
amount, however; less bleeding may be the result of smaller
incision, which lessens the potential for bleeding. It is possible
to stop bleeding from a minimally invasive incision during entry,
whereas sternal bleeding from a standard sternotomy continues
throughout the operative procedure. 3 patients (3.3%) in group
“A” required re-exploration for bleeding through the thoracotomy
inscision with no need to conversion to sternotomy, with no one
in group “B”. Mattiaglauber, et al. reported that the incidence of
re-exploration after mini-thoracotomy group were 9 (6.5 %)
patients, while in sternotomy group were 6 (4.3%) patients
[9,17].

The total intensive care unit (ICU) stay was comparable in
both groups. In group “A”, the ICU stay ranged from 1-3 days, with
a mean of 1.56 ± 0.53 days, while in group “B” the range was 2-4
days with a mean of 2.4 ± 0.6 days, which shows that the ICU stay
in the minimally invasive group is less than the sternotomy group,
with statistically highly significant difference. Mauro Del Giglio,
et al. reported that the ICU stay ranged from (38-59.5 hours) with
a median of 44 hours. Most of the studies performed, showed
that the mean ICU stay was less in the mini-thoracotomy group.
Evaluation of post-operative pain by visual analogue pain scale
was used in the study. In group (A) the mean pain score in the
first post-operative day after extubation was 7.6 ± 0.49. This
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score decreased in the second post-operative day to 5.8 ± 0.69,
Pain score in group (B) during the first 24 hours was 9.5 ± 0.5
which decreased to 7.8 ± 0.8 in the second post- operative day.
After 3 month the pain score using the visual analogue scale was
compared in the two groups. In group (A) the mean pain score
was 1.66 ± 0.47. Pain score in group (B) was 3.46 ± 0.46 with
highly statistically significance differencev. This data showed
that pain was less in group (A) with highly statistically significant
difference [16] Other studies (Alejandro Aris et al 1999) reported
that pain levels decreased progressively during the first 7 days
post-operatively, and they found that patients suffered more
pain during the first 24 hours. From the third post-operative day
onward, patients who underwent mini-thoracotomy suffered
less pain. This is an important finding that may be explained by
the fact that mobilization of patients with a mini-thoracotomy
is rather painless as compared with full median sternotomy, in
which the patient mobility causes less bony friction [18]. In our
study, the total hospital stay was comparable in the two groups;
the range of hospital stay in group “A” was 5-8 days with a mean
of 6.6 ± 0.9 days, while in group “B” the range was 7-11 days with
a mean of 8.8 ± 0.8 days. This shows that the total hospital stay
in the minimally invasive group was less than sternotomy group,
and this difference has a highly statistical significance. All the
studies reported that hospital stay is significantly less in patients
with minimal invasive approach than those with full sternotomy.
In 2014 Donald D. Glower, et al. reported a mean hospital stay
of 6 ± 4 days in the mini-thoracotomy group, while a mean of 8 ±
8 days in sternotomy group. It’s lower in minimal invasive group.
Mattiaglauber, et al. reported that the hospital stay ranged from
4-6 with a median of 5 days in the mini-thoracotomy group, while
it was 5-7 days with a median of 6 days in sternotomy group.
It’s nearly equal in both groups [15,17]. Mauro Del Giglio, et al.
mentioned thatthe hospital stay ranged from 6-8 with a median
of 7 days. This method has definitive advantages, a reproducible,
safe, and effective procedure. This will provide a clinical benefit
to our patients, as well as advance our specialty [16,19]. Adoption
rates are low due to complacency with conventional sternotomy
techniques and the rapidly changing health care environment.
This should not deter cardiac surgeons from providing advanced
minimally invasive techniques to our patients. Whether an AVR is
performed via a full sternotomy or a mini-thoracotomy, the size of
the aortic annulus does not change. The surgeon needs to become
comfortable working in a smaller space and become proficient
with the use of long shafted instruments. Developing additional
techniques and maneuvers within ones comfort zone will provide
the necessary exposure. The devoted surgeon interested in
developing a minimally invasive program needs to experience
live case demonstrations, review videos of the procedure, read
technical manuscripts, consider being proctored and finally begin
the journey!

Conclusion and Recommendations

Right mini-thoracotomy AVR represents a shift in the
approach to aortic valve surgery. We can conclude that minimal
invasive AVR can be performed safely and effectively with very
few peri-operative complications. The early outcomes in these
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patients are acceptable with less blood loss, less ICU stay and
hospital stay, less incidences of major complications such as pain,
wound infection and mediastinitis and with better post-operative
pulmonary functions.

We recommend mandatory usage of intra-operative TEE
allowing detection of most importantly air bubbling, paravalvular leakage. Furthermore we recommend adopting
minimally invasive as safe and alternative approach in aortic
valve surgery by mini-thoracotomy in patients with aortic valve
disease requiring surgery as can as possible due to its better
surgical outcome, better patient benefit, satisfaction and lower
overall cost effectiveness.
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