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Background Aortic valve replacement by way of a right anterior mini-thoracotomy (RAMT) has shown excellent results
in terms of mortality and morbidity. The aim of the present study was to compare RAMT aortic valve
replacement (AVR) with conventional full sternotomy in regards to early perioperative outcomes and
mortality.

Methods This was a retrospective, observational, cohort study of prospectively collected data from patients who
underwent isolated, first time AVR between January 2013 and October 2016. Fifty-three RAMT patients
were matched to a control group (conventional full sternotomy) using propensity score analysis.

Results The characteristics of the two cohorts were similar. The in-hospital mortality was 1.9% utilising the RAMT
approach versus 5.7% using the sternotomy approach (p = 0.34). Ventilation times were similar in both
groups (7 [5-2] vs 8 [5-13] hrs; p = 0.61). However, ICU length of stay was significantly longer in the RAMT
group (median, 46.5 [23-59.5] vs 20 [14-23] hrs; p < 0.001), which translated into a significantly longer
postoperative hospital length of stay for the RAMT group (median, 8 [6-12] vs 6 [5.5-9.5] days; p = 0.04)
compared to the sternotomy group. RAMT was associated with a trend towards a higher incidence of
postoperative AF in comparison to the sternotomy group, although this was not statistically significant
(41.5% vs 28.3%; p=0.17). Patients in the RAMT group had lower 4-hour chest drain output (102.5 vs
1141 ml; p = 0.0.07). There was no statistically significant difference in rates of non-red cell transfusions
between the two groups, (17%vs28.3%; p = 0.10). The occurrence of stroke, re-exploration for bleeding, red-
cell transfusion and wound infection was similar in both groups.

Conclusions Right anterior mini-thoracotomy in patients undergoing isolated aortic valve surgery is a safe approach in
select patients, although associated with longer cardiopulmonary bypass times and ICU length of stay.
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Background

The number of patients presenting with degenerative aortic
valve disease is still rising, primarily due to an ageing popu-
lation, such that in patients over the age of 65 years, 2 to 7%
have aortic valve stenosis requiring intervention [1-6]. Sur-
gical aortic valve replacement (AVR) remains the gold stan-
dard and the only solution that can remove the underlying
pathology.

Despite ongoing technical refinements, a traditional median
sternotomy carries considerable iatrogenic burden [4,7-9].

Many reports, including prospective randomised-con-
trolled trials and meta-analyses have demonstrated advan-
tages of minimally invasive aortic valve replacements [6,10—
18]. The available data is, however, mainly focussed on hemi
sternotomy approaches, and only a few studies have evalu-
ated the right anterior mini-thoracotomy (RAMT) approach.
The advantages of a RAMT approach include favourable
results in terms of mortality and postoperative complica-
tions, such as a lower incidence of atrial fibrillation (AF),
fewer blood transfusions, shorter mechanical ventilation
times, and a shorter postoperative length of stay [6,10-18].
However, the RAMT approach has been shown to have
longer cardiopulmonary bypass and cross clamp times,
implying that surgical exposure and the implantation of
the prosthetic valves is more challenging using the RAMT
approach in comparison to the conventional approach
[14,19]. This is of particular concern in elderly and high risk
patients, as both cardiopulmonary bypass and cross clamp
times are well known independent risk factors for adverse
outcomes [20].

Despite the described advantages of minimally invasive
approaches, the real world uptake has been slow. In the USA
and Europe, only 5 to 10% of isolated AVR operations are
performed using a minimally invasive approach [11,21,22].
Of those, the number of hemi sternotomies far outweighs the
RAMT approach. The reasons for this surgical reluctance are
multifactorial. They include a lack of established training
programs, the perception that success with the technique
is limited to more proficient surgeons and a fear of deleteri-
ous patient outcomes, especially during the learning curve,
as well as early studies showing difficulties in air removal,
inadequate mediastinal and pleural drainage, increased risk
of paravalvular leak and higher reoperation rates [23,24].

There are no guidelines with regard to which patients
would benefit from RAMT AVR. The objective of this study
was to compare the experience of several Victorian centres’
early outcomes for RAMT versus a propensity-matched
cohort of conventional sternotomy AVRs within the same
institutions.

To our knowledge, this is the first Australian paper that has
been written about the RAMT approach to AVR.

Methods

This was a retrospective, observational, cohort study of pro-
spectively collected data from patients who underwent

isolated, first time AVR either by conventional sternotomy
or RAMT between January 2013 and October 2016 by six
different surgeons. The surgeons work at three different
institutions in Victoria, specifically the Royal Melbourne
Hospital, the Alfred and Geelong Hospitals. To reduce the
effect of treatment selection bias and potential confounding
in the present observational study, we performed a propen-
sity score-matched analysis. Thus, 53 patients undergoing
AVR by a RAMT were matched to 53 patients undergoing
AVR by a sternotomy (control).

Data Collection

All data was prospectively collected as part of The Australian
& New Zealand Society of Cardiac & Thoracic Surgeons
(ANZSCTS) database project. This is an Australia-wide data
collection project of cardiac surgery procedures with man-
datory participation of all government-funded adult cardiac
surgical institutions. The participating institutions in this
study were the Royal Melbourne Hospital, the Alfred Hos-
pital and Geelong Hospital. The ANZSCTS database contains
detailed information on patient demographics, preoperative
risk factors, operative details, postoperative inpatient course,
and morbidity and mortality outcomes. The institutional
review board of each participating hospital had previously
approved the use of these databases for research and hence,
the need for individual patient consent was waived for this
study.

Outcome Measures

The primary outcome for this study was 30-day mortality.
Secondary outcomes were cardiopulmonary bypass, cross-
clamp, and mechanical ventilation times, as well as postop-
erative intensive care unit ICU) and hospital length of stay,
red cell and non-red cell transfusions, and wound infection
rates.

Patient Selection

Patient’s suitability for RAMT was based on individual
surgeon’s preferences and discussion with the patient, as
this is still considered a novel procedure. Essentially, all
surgeons considered a patient suitable who had no history
of sternotomy or thoracotomy and if a CT scan showed more
than half of the ascending aorta to be on the right in respect to
the right sternal border at the level of the main pulmonary
artery, and the distance from the ascending aorta to the
sternum less than 10 cm.

The exclusion criteria were active infective endocarditis,
other minimally invasive procedures, including transcath-
eter aortic valve implantation (TAVI) and hemi sternotomy,
patients who required concomitant procedures, previous
cardiac or thoracic surgery, aortic root dilation, or those
who were planned to have aortic valve repair.

Surgical Techniques

Various techniques were used for the RAMT AVR by the six
participating surgeons. In brief, a mini thoracotomy was
performed through a 5 to 7 cm skin incision placed at the
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level of the second or third intercostal space without rib
resection or dislocation of the joint. The aorta and the right
atrial appendage were either directly cannulated or cardio-
pulmonary bypass was established peripherally using
Seldinger technique under transoesophageal echocardio-
graphic guidance (details described in results section). After
vacuum-assisted cardiopulmonary bypass was established,
a left ventricular vent was placed through the right superior
pulmonary vein. The ascending aorta was either cross-
clamped directly through the thoracotomy with a flexible
angulated or Cosgrove cross-clamp or alternatively a Chit-
wood clamp was used via a separate stab incision. Myocar-
dial protection was achieved with combined root, direct
coronary anterograde and/or retrograde -cardioplegia
(details described in results section). In all RAMT cases,
the surgical field was flooded with carbon dioxide at a flow
of 0.5 L/min. Once the heart arrested, the aortic valve was
exposed through an oblique or transverse aortotomy,
the native valve removed and the annulus decalcified.
The valve implantation was then performed in the supra-
annular position.

In the control group, conventional AVR was performed
using a median sternotomy, and cardiopulmonary bypass
was instituted with the use of ascending aortic cannulation
and two-stage venous cannulation of the right atrium. The
left side of the heart was vented through the right superior
pulmonary vein. Myocardial protection was obtained with
combined anterograde and retrograde warm blood cardio-
plegia solution.

Postoperatively, no fast track methods or techniques were
in place for either group. Conventional ICU and surgical
judgment and patient threshold for discharge determined
the time of discharge.

Statistical Analysis

All analyses were performed using the Stata software ver-
sion 14 (StataCorp, College Station, Texas, USA) or SPSS
version 15.0 (SPSS Inc., Chicago, IL, USA). Continuous var-
iables were summarised using mean =+ standard deviation
or medians and inter-quartile ranges depending on the
underlying distribution of the data. Categorical variables
were reported as counts and percentages. The probability of
receiving RAMT procedure was determined by a logistic
regression model using age, body mass index (BMI), New
York Heart Association (NYHA) and diabetes mellitus as
the predictive variables. This predicted probability was
used as the propensity score, and one-to-one nearest neigh-
bouring matching was performed to select sternotomy
patients, in order to reduce the effect of selection bias
and potential confounding.

Baseline characteristics, intraoperative and postoperative
outcomes were compared between groups (RAMT versus
sternotomy AVR groups) using conditional logistic regres-
sion analyses taking into account the matched design of the
study. Exact logistic regression was used when some of the
cells formed by the outcome and categorical predictor var-
iables had no observations.

All reported p-values are two-sided, and p-values of 0.05
were considered to indicate statistical significance.

Results

This was a retrospective, observational, cohort study of
prospectively collected data of 434 patients with aortic valve
disease who underwent primary, isolated AVR. Aortic
valve replacement was performed through either RAMT
(58) or full sternotomy (376) by six different surgeons, each
of whom had completed less than 10 RAMT approach AVR
cases. The surgeons work at three different institutions in
Victoria. After performing propensity score matching, 53
patients undergoing AVR by way of RAMT were matched
to 53 patients undergoing AVR by way of conventional
sternotomy.

The baseline characteristics of the two cohorts are listed in
Table 1. There were no significant differences between the
RAMT and control groups with the exception of left ventric-
ular ejection fraction (LVEF)3-4.

The mean age of the RAMT patient population was
73.0 £ 8.8 years, of whom 25 (47.17%) were older than
75 years, and 26 (49.06%) were female. Fifteen (28.30%) of
these patients were obese with body mass indexes of over
30 kg/m?. The mean age of the sternotomy patient popula-
tion was 72 4 11.4 years, of whom 23 (43.39%) were older
than 75 years, and 28 (52.83%) were female. Fourteen
(26.42%) of these patients were obese with body mass
indexes of over 30kg/m” Sixteen (30.19%) and 15
(28.30%) of the patients in the RAMT and sternotomy
groups respectively had New York Heart Association
(NYHA) class symptoms of III-IV.

Table 1 Baseline Preoperative Data for Propensity
Matched Patients.

RAMT (n = 53) Sternotomy (n = 53) p value

Age 73.0 + 8.8 72.0+11.6 0.50
Female Gender 26 (49.1%) 28 (52.8%) 0.73
BMI 28.0 +£5.6 274 +4.7 0.43
BMI > 30 15 (28.3%) 14 (26.4%) 0.80
Ex-Smoker 27 (50.9%) 28 (52.8%) 0.85
Current Smoker 5 (9.4%) 6 (11.3%) 0.71
Hypertension 35 (66.0%) 27 (50.9%) 0.11
NYHA III-IV 16 (30.2%) 15 (28.3%) 0.78
LVEF 3-4 4 (7.5%) 2 (3.8%) 0.42
Diabetes 10 (18.9%) 9 (17.0%) 0.76

Data are presented as mean = standard deviation or number (%) wher-
ever appropriate. P values are from conditional logistic regression
analyses.

Abbreviations: BMI: body mass index; NYHA: New York Heart Asso-
ciation; LVEF: left ventricular ejection fraction; RAMT: right anterior

mini-thoracotomy.
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Table 2 Intraoperative Outcomes for Propensity
Matched Patients.

RAMT (n = 53)Sternotomy (n = 53)p value

CPB (min) 112 (89-133) 98 (86-111) 0.08
XC (min) 76 (62-97) 76 (70-87) 0.52
Conversion 3 (5.7%) - -
Valve Size (mm) 22.6 +2.3 21.9+23 0.44
Mechanical 3 (5.7%) 12 (22.6%) 0.028
Bioprosthesis 50 (94.3%) 41 (77.4%) 0.028
Central Arterial 9 (17.0%) 53 (100%) <0.0001
Cannulation

Data are presented as mean =+ standard deviation, median and interquar-
tile range (p25-p75) or number (%) wherever appropriate. P values are
from conditional logistic regression analyses.

Abbreviations: RAMT: right anterior mini-thoracotomy; CPB: cardiopulmonary
bypass; XC: cross-clamp.

Left ventricular ejection fraction (LVEF) was categorised as
1 (normal >60%), 2 (mild impairment 46 to 60%), 3 (moderate
impairment 35 to 45%) and 4 (severe <30%). In the RAMT
and sternotomy groups, four and two patients respectively
had a moderately or severely impaired left ventricular func-
tion (p = 0.42).

Twenty-seven (50.94%) and 28 (52.83%) were ex-smokers,
and five (7.94%) and six (11.32%) were current smokers in the
RAMT and sternotomy groups, respectively. Thirty-five
(66.04%) and 27 (50.94%) patients had diagnosed hypertension
in the RAMT and sternotomy groups, respectively (Table 2).

In the RAMT group, 49 (92.45%) patients had aortic steno-
sis, one of which was rheumatic, 11 were bicuspid and 37
idiopathic calcific in nature. Of these, 27 (50.94%) had mixed
stenosis and regurgitation. Four patients had isolated aortic
regurgitation. In the sternotomy group, 51 (96.23%) patients
had aortic stenosis, of which one was rheumatic, nine were
bicuspid, and 41 idiopathic calcific in nature. Of these, 43
(81.13%) had mixed stenosis and regurgitation. Two patients
had isolated aortic regurgitation.

Examination of intraoperative variables revealed that
patients in the RAMT group had slightly longer cardiopul-
monary bypass times (112 vs 98 min, p = 0.08), but equivalent
cross-clamp time (76 vs 76 min; p = 0.52), as shown in Table 2.

In the RAMT group, three mechanical and 50 biological
aortic prostheses were implanted, whereas 12 mechanical
and 41 biological aortic prostheses were implanted in the
sternotomy group. Mean diameter of the aortic valve pros-
thesis was 22.61 £223 mm in the RAMT group, and
21.92 £2.23 mm in the sternotomy group (p = 0.44). In the
RAMT group, 16 sutureless valves were deployed of which
two were size XL, nine were L, two were M and one was S. No
sutureless valves were used in the sternotomy group.

Three of 53 patients required intraoperative conversion
from RAMT to full sternotomy (5.66%): one due to severe
pleural adhesions, one due to difficult exposure and one due
to uncontrollable bleeding.

Nine (16.98%) of the RAMT approach patients had central
aortic cannulation, the remaining 44 (83.02%) had peripheral
femoral cannulation. All sternotomy patients had central
cannulation.

Examination of postoperative variables revealed that
there was no significant difference in the primary outcome,
30-day mortality, between the two groups. Thirty-day mor-
tality was 1.89% (1/53) utilising the RAMT approach versus
5.66% (3/53) using the sternotomy approach (p = 0.34).

There was no statistically significant difference in mechan-
ical ventilation times between the two groups (median, 7 [5-
12] vs 8 [5.5-13.5]; p = 61).

Unexpectedly, patients in the RAMT group had a signifi-
cantly longer ICU length of stay than the patients in the
sternotomy group (median, 46.5 hours [23-59.5] vs 20 hours
[15-23]; p < 0.0001). This translated into a significantly longer
postoperative hospital length of stay for the RAMT group
(median, 8 days [6-12] vs 6 days [5.5-9.5]; p=0.042) com-
pared to the sternotomy group. This unexpected result
was verified, by comparing all unmatched sternotomy
patients against RAMT patients, and the difference in hospi-
tal length of stay remained, however it did not reach statisti-
cal significance (median, 8 days [6-12] vs 7 days [6-10];
p=0.11).

Right anterior mini-thoracotomy was associated with a
trend towards a higher incidence of postoperative AF in
comparison to the sternotomy group, although this was
not statistically significant (22 [41.51%] vs 15 [28.30%];
p=0.074).

Patients in the RAMT group had lower 4-hour chest drain
output (130.66 millilitres 4= 121.63 vs 183.77 millilitres +
128.33; p = 0.205). This was not associated with a statistically
significant difference in the incidence of non-red cell trans-
fusions between the two groups (9 units [16.98%] and 15
units [28.30%]; p = 0.10). The incidence of red cell transfusion
was equal in both groups (14 packs [26.4%] and 14 packs
[26.4%]; p=1.0), with a mean use of red blood cells of
1.72 £ 2.57 packs in the RAMT group vs 1.89 & 1.09 packs
in the sternotomy group.

The incidence of re-exploration for bleeding was 5.66% (3)
in the RAMT group and 7.55% (4) in the sternotomy group;
p = 0.322 In the RAMT group, the bleeding was in two cases
related to subcostal bleeding and one case from the suture
line of the aortotomy.

One patient in the sternotomy group had stroke in com-
parison to no strokes in the RAMT group.

The occurrence of re-intubation, pneumonia and wound
infection was low and similar in both groups, as shown in
Table 3.

Discussion

This retrospective, propensity-matched study shows that
minimally invasive AVR using a RAMT approach is a safe
and reproducible procedure associated with a low postoper-
ative 30-day mortality and morbidity, comparable to that of
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Table 3 Postoperative Outcomes for Propensity Matched Patients.

RAMT (p = 53)

30-Day Mortality
4hr ICC Output (ml)

1 (1.9%)

Mechanical Ventilation (hrs) 7 (5-12)
Red Cell Transfusion 14 (26.4%)
Non-Red Cell Transfusion 9 (17.0%)
ICU LOS (hrs) 46.5 (23-59.5)
Hospital LOS (days) 8 (6-12)
New Onset AF 22 (41.5%)
CVA 0 (0%)
Re-Intubation 2 (3.8%)
Pneumonia 1(1.9%)
Return to Theatre for Bleeding 3 (5.7%)
Wound Infection 0 (0%)

102.5 (52.5-161)

Sternotomy (p = 53) p value
3(5.7%) 0.34
141 (100-220.5) 0.072
8 (5-13) 0.61
14 (26.4%) 1.0
15 (28.3%) 0.10
20 (14-23) <0.001
6 (5.5-9.5) 0.04
15 (28.3%) 0.17
1 (1.9%) 1.0
1 (1.9%) 1.0
2 (3.8%) 1.0
4 (7.6%) 0.66
0 (0%) 1.0

Data are presented as median and interquartile range (p25-p75) or number (%) wherever appropriate. P values are from conditional logistic regression analyses.

Abbreviations: RAMT: right anterior mini-thoracotomy; ICC: intensive cardiac care; ICU: intensive care unit; LOS: length of stay; AF: atrial fibrillation; CVA:

cerebrovascular accident.

an AVR via a sternotomy. This represents the early experi-
ence of several surgeons with this new technique.

The Society of Thoracic Surgeon (STS) database has
quoted a mortality for sternotomy AVR of 2.6% [6,25].
The primary outcome of this study, 30-day mortality,
showed a trend favouring the RAMT approach (1.89%),
although this difference was not significant. This is in line
with many of the large studies, which showed hospital
mortality rates of 1.2-1.9%, which were not different to
the sternotomy mortality rates [19,23,26,27]. More recently
however, a meta-analysis has shown a reduction in hospital
mortality for isolated AVR utilising the RAMT approach
[28].

Our study demonstrated longer cardiopulmonary bypass
times, but equivalent cross-clamp times for the RAMT group,
a finding consistent with most of the literature [14,19,24,27].
Aortic valve replacement via RAMT is undoubtedly more
complex and technically challenging. It entails a distinct
learning curve because of the deeper operative field, limited
working space for the exposure and implantation of the
prosthetic valve, as well as the use of new equipment and
methods. A study by Murzi et al. has evaluated the learning
curve of a single surgeon for this procedure and demon-
strated that patients undergoing RAMT AVR are not exposed
to an increased operative risk during the surgeon’s initial
experience [24]. Our data set is in line with the study by
Murzi et al., as our data is collected from surgeons who had
done less than 10 cases each and are therefore at the very
beginning of their learning curve. Despite this, our data
demonstrates safety of the procedure. This should encourage
further adaptation and use of the RAMT approach. In the
elderly and high risk population however, a longer cardio-
pulmonary bypass and cross-clamp time is of particular
concern as they are well-known independent risk factors
for adverse outcomes [20]. This should be taken into

consideration in the patient selection in the initial phase of
RAMT approach AVRs.

We found that patients undergoing AVR by way of RAMT
had similar mechanical ventilation times, but a longer ICU
length of stay, the latter being statistically significant, which
is not consistent with other publications. One explanation for
this is that patients undergoing a new and unfamiliar pro-
cedure are treated differently to the accustomed protocol and
there is reluctance to discharge these patients to the ward
early on. Publications elsewhere by groups who have been
using the RAMT approach for many years, clearly show
shorter ventilation times as well as shorter ICU length of
stay [6,10-18]. One paper described that shorter ICU length
of stay translated into earlier discharges with a higher pro-
portion of patients going directly home, which significantly
lowered health care costs [29].

Limited heart manipulation and trauma is associated with
areduction in the incidence of postoperative atrial fibrillation
[30]. Previous studies have reported mixed results on the
incidence of AF following RAMT AVR. Some report that the
incidence of postoperative AF is unchanged, while others
report reduced incidences of AF following RAMT AVR
[14,18,19,28,31,32]. Our study demonstrated a trend to higher
rates of AF after RAMT AVR.

Since the introduction of RAMT AVR, a reduction in bleed-
ing, blood transfusions and re-explorations was expected.
However, both observational and randomised studies have
demonstrated conflicting results. Most demonstrated less
bleeding using a RAMT approach, with a reduction in red cell
unit transfusion [14,19,28,31]. In our study, the 4-hour chest
drain output was lower in the RAMT group, with no difference
in the rate of non-red cell transfusions or red cell transfusions.
Other groups reported no differences either in the percentage
of patient transfusions or in the amount of red cell and non-red
cell transfusions. The incidence of re-exploration for bleeding
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was 5.66% in the RAMT group, which is within the in the range
cited in the literature of 1 to 7% [31,32].

The cerebrovascular event rate during isolated sternotomy
AVR is approximately 1.4% [25]. Early studies had suggested
that RAMT AVRs are associated with a higher incidence of
postoperative cerebrovascular events [33]. Subsequent stud-
ies however, have shown equivalent low rates of cerebrovas-
cular events (1.6%), which was confirmed by a meta-analysis
[26,28,33]. One incidence of stroke was recorded in the ster-
notomy group and no neurologic events were encountered in
the RAMT group. In our study the vast majority of patients
underwent peripheral femoral arterial cannulation, similar
to what is described by most papers. Peripheral arterial
cannulation itself is associated with wound infections, pseu-
doaneurysms and neurological events [18]. When using ret-
rograde perfusion, the atherosclerotic burden in the aortic
arch and descending aorta seem to play a crucial role in the
incidence of postoperative cerebrovascular accident (CVA),
especially in elderly patients. Retrograde perfusion was iden-
tified to be the only independent risk factor for stroke [22,34].
In order to avoid these complications, cannulation of the
ascending aorta should be the preferential approach, which
allows a more direct and physiological flow, and retrograde
perfusion may be a viable option for younger patients with-
out vascular disease.

Wound infections are another topic of great importance
evaluated by the literature, in view of its serious consequen-
ces, including death by mediastinitis associated with deep
sternal wound infections. Neither group in our series had a
wound infection, but our sample size is too small to demon-
strate a meaningful difference in a low incidence event,
such as wound infection. A recent meta-analysis however,
has demonstrated a significant benefit from RAMT AVR
approach over sternotomy approach in terms of wound
infection [28,32].

This study has several limitations. Firstly, this is a retro-
spective analysis, with all the limitations that may entail.
Secondly, selecting a patient for RAMT approach was depen-
dent on the anatomical position of the ascending aorta but,
ultimately, on surgeon preferences. That results in a selection
bias, which we tried to account for by propensity matching.
The surgical set-up for the RAMT approach is different for
every surgeon, specifically with respect to cannulation and
cardioplegia strategies. Thirdly, the number of patients
undergoing RAMT approach AVR was limited because it
was the initial experience with this surgical approach, so the
number of patients in this study is too low to draw mean-
ingful conclusions, but rather it is meant to demonstrate
safety during the early phase of experience. Lastly, as the
control cases for propensity-matching were drawn from a
larger cohort (ANZSCTS database), this represents a poten-
tial weakness of the comparison as cases were not specifically
matched to controls from the same hospital.

Unfortunately, echocardiographic data was not available
for this population, which will require further analysis in the
future. This data is especially important when comparing
RAMT AVR to TAVI, which is still associated with a

significant incidence of paravalvular leak and no long-term
durability data.

Conclusion

Minimally invasive surgical techniques represent a signifi-
cant paradigm shift in the treatment of aortic valve disease.
A number of publications have demonstrated that the short-
term results of the RAMT technique are at least as good as, if
not better than conventional aortic valve replacement per-
formed through the standard median sternotomy [13,18,24].

Exposure and implantation of a valve using the RAMT
approach is clearly more challenging, as shown by longer
cardiopulmonary bypass and cross-clamp times. This is an
important finding, as the introduction of a rapid deployment
and sutureless valves may facilitate the reduction in cardio-
pulmonary bypass and cross-clamp times. However, the
adoption of such technologies remains limited to a few
centres as long-term results are not yet known for these
devices [14,17].

Currently, up to 40% of patients over the age of 70 are
denied aortic valve surgery, based on their age and risk
profile [35]. Advances in TAVI have provided an alternative
for these patients, however surgical AVR via a RAMT is a
very competitive alternative in high risk, elderly, frail and
obese patients. Cardiac surgeons must pursue and perform
minimally invasive aortic surgery as a true alternative for
minimal invasive approaches.

Although RAMT still represents a small proportion of the
total caseload in Australia, it represents a shift in the
approach to aortic valve surgery. According to our study
and others, RAMT AVR can be safely implemented in select
patients as a routine cardiac surgery procedure, although the
operative times are significantly longer. The early postoper-
ative outcome was equal to that of the sternotomy approach.
Once proficiency is acquired, this minimal access approach
may be the procedure of choice for AVR and a genuine
alternative to transaortic valve replacement (TAVR) in high
risk patients. However, a randomised trial is required to
confirm this hypothesis.
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