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Abstract

Background: The surgical outcomes of trans-right axillary aortic valve
replacement (AVR) with Stonehenge technique (SHAVR), which involves
in pulling the heart closer to the right chest wall with retraction sutures of
the pericardium to improve the surgical view, remains unknown although
the partial sternotomy (PAVR) is widely recognized as a minimally invasive
approach for AVR. We evaluated the surgical outcomes of the respective
approaches compared to the conventional approach (CAVR).

Methods: A retrospective analysis of 137 consecutive patients who
underwent isolated and initial AVR was performed at our institution between
January 2009 and December 2020. After matching propensity scores with
preoperative characteristics, surgical outcomes were compared between the
two groups (PAVR vs. CAVR: n=22 each, SHAVR vs. CAVR: n =28 each).

Results: The SHAVR group did not show any significant differences
in operative time, aortic cross-clamp time, CPB time, postoperative
complications, and hospital death compared with the CAVR group. The
length of hospital stay was likely to be shorter in the SHAVR group and
the PAVR group than in the CAVR group (P = 0.043, P = 0.047). However,
in the PAVR group, operative time, aortic cross-clamp time, and CPB time
were significantly longer than in the CAVR group (P = 0.029, P = 0.015,
P = 0.003), although there were no significant differences in postoperative
complications and hospital death. Based on Multivariate risk analysis, PAVR
(in comparison to SHAVR) was an independent risk factor for more than 2
hours of prolonged CPB time (P = 0.034).

Conclusion: These findings suggest that SHAVR can be a safe technique and
has cosmetic benefits and a faster CPB time than PAVR.

Keywords: Minimally invasive surgery; AVR; Right infra-axillary
thoracotomy

Introduction

Various techniques for minimally invasive cardiac surgery are being
developed to avoid the full median sternotomy traditionally required for
aortic valve replacement (AVR) [1-3]. AVR through partial sternotomy
approach (PAVR) is the most widely used minimally invasive AVR approach
(MIAVR) and has several advantages over conventional AVR (CAVR) with
full sternotomy [4-7]. However, PAVR does not necessarily have cosmetic
advantages over the standard median sternotomy because anterior chest
wounds can be easily recognized [8-12]. Furthermore, potential complication
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risks, such as sternal infection and internal thoracic artery
injury, still possible with the partial sternotomy [13-16].
On the other hand, AVR through a small right infra-axillary
thoracotomy has more cosmetic advantages than other
MIAVR methods, such as partial sternotomy and right anterior
mini-thoracotomy approaches [17]. Moreover, it enables
effective early social reintegration because it does not require
any sternotomy or postoperative exercise limits. However,
AVR through the right infra-axillary thoracotomy may be
considered a more complicated surgical procedure than other
MIAVR since the distance between the skin wound and the
ascending aortic root in the infra-axillary thoracotomy is much
deeper than in other procedures. It may lead to prolonged
operative time and time on cardiopulmonary bypass (CPB)
[5,18,19]. However, trans-right infra-axillary AVR with the
Stonehenge technique (SHAVR) reportedly improves the
surgical field by pulling the heart closer to the right chest
wall with retraction sutures of the pericardium [20] (Figure
1). It can reduce operative time and CPB time [18]. There are
limited reports on the differences in the surgical outcomes
among CAVR, PAVR, and SHAVR. We compared CAVR
with PAVR, and SHA VR by using propensity score matching
to reveal the objective benefits of PAVR, and SHAVR at a
single center. Furthermore, we conducted a multivariate
analysis in MIAVR (PAVR and SHAVR) to determine the
factors that may influence the length of time that a CPB is
used.

Materials and Methods
Patients

A retrospective analysis was performed on 137 consecutive
patients who underwent isolated and initial AVR at Yokosuka
General Hospital Uwamachi from January 2009 to December
2020. Full sternotomy (CAVR), partial sternotomy (PAVR),
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and trans-right axillary AVR with Stonehenge technique
(SHAVR) were performed in 67 (49%), 31 (23%), and 39
patients (28%), respectively. The choice of the approach was
leftto the surgeon’s preference. The following conditions were
excluded from SHAVR: previous pneumectomy, ascending
aorta enlargement (diameter > 50, shaggy aorta, difficulty
of differential lung ventilation, deformity of the thoracic
cage, and significant anatomical shift of aortic root to the left
side. Patients who needed an emergency AVR because of
endocarditis were excluded if they had a periannular abscess
requiring annulus implantation and reconstruction with
pericardium. With propensity score matching, the patients
were adjusted with age, gender, comorbidity, New York
Heart Association (NYHA) class, preoperative hemoglobin,
and preoperative EF. Well-matched 22 (PAVR vs. CAVR)
and 28 (SHAVR vs. CAVR) pairs were evaluated for surgical
outcomes. Our selection process and the number of selected
patients are shown in figure 2. The Institutional Review
Board approved this retrospective observational study. The
approval included a waiver of informed consent.

Data collection

Medical records and preoperative examinations were used
to collect the variables. Preoperative characteristics, such as
sex, body mass index (BMI), NYHA classification, European
System for Cardiac Operative Risk Evaluation (EuroSCORE
1) scores, and comorbidities, including hyperlipidemia,
hypertension, diabetes mellitus, chronic kidney disease
(CKD), peripheral arterial disease, ischemic heart disease,
old stroke, chronic obstructive pulmonary disease, and atrial
fibrillation, were compared between the groups [21-23].
Anemia was defined as preoperative hemoglobin (Hb) <13
g/dL and <12 g/dL in males and females. CKD was defined
as estimated glomerular filtration rate (eGFR) < 60 ml/
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Figure 1: Schema of aortic valve replacement with Stonehenge technique
In the example illustrated, the thoracotomy incision is made through the fourth intercostal space. The pericardium is pulled up using several
braided polyester sutures to put the ascending aorta and aortic root close to the chest wall. In the schema, the retraction sutures and the distance
from the ascending aorta to the fourth intercostal incision are shown by arrow and broken arrow, respectively. ASC, ascending aorta; RA, right

atrium; PA, pulmonary artery
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min/1.73m2 in preoperative blood test. Surgical variables,
including operation time, CPB time, surgical procedure,
intensive care unit (ICU) and hospital stay, and hospital death,
and postoperative complications, such as stroke, pneumonia,
mediastinitis, bleeding, postoperative aortic regurgitation
(>moderate), tracheotomy, and postoperative hemodialysis,
were also compared between the groups.

Surgical procedure

Conventional surgical aortic valve replacement was
performed in all procedures without using a suture less aortic
valve prosthesis.

Stonehenge technique

SHAVR was performed as described in previous reports
[18,20]. An 8 cm skin incision was made in the right anterior
axillary line along the edge of the pectoralis major muscle,
followed by the fourth or third intercostal thoracotomy.
CPB was established via the subclavian artery or femoral
artery for arterial cannulation and the femoral vein for
venous cannulation. A longitudinal incision was made on
the pericardium 2-3cm away from the phrenic nerve. The
pericardium was pulled up using several braided polyester
sutures to put the ascending aorta and aortic root close to the
chest wall according to the references [20], which improved
the surgical view shortening the distance from the aortic root
to the chest wall. Aortic cross-clamping was performed using
a Cygnet Flexible Clamp (Vitalitec Inc., Plymouth, MA,
USA) from within the wound. To protect myocardium, cold
blood cardioplegia was administered in an antegrade fashion
into the aortic root and the coronary ostia approximately
every 20 min (Figure 3).

Partial sternotomy

Partial upper or lower sternotomy was performed
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standardized [4,24,25]. The 8 cm midline skin incision was
made. The upper or lower sternotomy was chosen based on
each patient’s anatomical position of the aortic valve and
surgeons’ preference (upper sternotomy; n =24 [77.4%],
lower sternotomy; n = 7 [22.6%]). The sternum was incised
from the sternal notch down to the left or right fourth
intercostal space during an upper sternotomy. However, in
lower sternotomy, the sternum was incised from the left or
right second intercostal space to the xiphoid. For CPB, the
ascending aorta, subclavian artery, or femoral artery was
used for arterial cannulation. The right atria or femoral vein
was used for venous cannulation. The left ventricle was
vented through a small cannula placed in the right upper
pulmonary vein. Through the incision, the aortic cross-clamp
was applied. Cold blood cardioplegia was administered for
myocardial protection in an antegrade fashion into the aortic
root and the coronary ostia approximately every 20 min.

Conventional approach

The conventional full sternotomy was performed. CPB
was established with the ascending aorta, subclavian artery,
or femoral artery for arterial cannulation and the right atria
or femoral vein for venous cannulation. For myocardial
protection, cold blood cardioplegia was administered into
the aortic root in an antegrade fashion and the coronary ostia
approximately every 20 min.

Statistical analysis

Continuous data were expressed as the median (2575
interquartile range). The Mann—Whitney U test was used
to compare continuous data between groups in this study.
Categorical data are expressed as frequencies (%) and
evaluated by using the Chi-square test or Fisher’s exact test.
Propensity score methodology was adopted to reduce the
confounding in the statistical comparison of surgical outcomes

Isolated AVR.
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Figure 2: Patient selection flowchart
AVR, aortic valve replacement; CAVR, conventional AVR; LVEF, left ventricular ejection fraction; PAVR, AVR through partial sternotomy
approach; SHAVR, trans-right infra-axillary AVR with Stonehenge technique
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Figure 3: Representative pictures of trans-right axillary AVR with Stonehenge technique (SHAVR)
(A), (B), and (C) depict representative intraoperative and postoperative pictures from the patients in the SHAVR group. (A) After pulling the
heart closer to the right chest wall with retraction sutures of pericardium, the distance between the fourth intercostal incision and ascending
aorta was more shorten than before. The retraction sutures are shown by arrows in the picture. (B) The good surgical view of aortic valve was
shown in the intraoperative picture of the Stonehenge technique, after established cardiopulmonary bypass and incised ascending aorta. (C) The
right infra-axillary thoracotomy approach had better cosmetic results than traditional approaches through the anterior chest wall.

ASC, ascending aorta; RA, right atrium; SHAVR, trans-right infra-axillary AVR with Stonehenge technique

in two groups by accounting for differences in baseline
patient characteristics, using a 1:1 nearest-neighbor-matching
algorithm with a +0.2 caliper and no replacement. It produced
22 (PAVR vs. CAVR) and 28 (STAVR vs. CAVR) pairs of
propensity score-matched observations. The propensity score
was calculated using a multivariate logistic regression model
with an indication for the selection of patients for the two
groups, using the preoperative variables. The preoperative
patient variables considered clinically relevant were included
as explanatory covariates, namely age, comorbidities
(hypertension, hyperlipidemia, diabetes mellitus, CKD,
peripheral arterial disease, ischemic heart disease, atrial
fibrillation, chronic obstructive pulmonary disease, and
old stroke), preoperative hemoglobin, preoperative LVEF,
and NYHA class. The risk factors for prolonged CPB time
> 2 h and extended hospital stay of more than 2 weeks in
MIAVR (SHAVR and PAVR) groups were included in
the univariate analysis, and any variable with a P-value <
0.1 was incorporated in the multivariate logistic regression
model. All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan) or Prism version 8.0 (GraphPad Software, San Diego,
CA, USA). A P-value < 0.05 was considered statistically
significant.

Result
PAVR vs. CAVR

Preoperative patient characteristics in the unmatched
cohort of PAVR (n = 31) vs. CAVR (n = 67) are shown in
table 1. The hyperlipidemia and NYHA III class frequencies
in the CAVR group were more than the PAVR group

(P = 0.051, P = 0.066. respectively). NYHA I class in the
PAVR group was significantly more frequent than the CAVR
group (P = 0.047). Propensity score matching produced 22
(PAVR vs. CAVR) matched pairs. Table 1 lists comparisons
of preoperative patient backgrounds after propensity score
matching. There were no significant differences in all
covariates and the models fitted well. Surgical outcomes in
matched comparison (PAVR vs. CAVR) are shown in table
2. Intriguingly, in the PAVR group, operative time, aortic
cross-clamp time, and CPB time were longer than CAVR
group (223 [200-268] min vs. 261 [241-288] min, P = 0.029;
90 [75-101] min vs. 109 [89-131] min, P = 0.015; 112 [95-
116] min vs. 136 [119-156] min, P = 0.003; respectively),
although there were no significant differences in transfusion,
prosthetic valve size, incubation time > 48 h, postoperative
complications, and hospital death within 30 days between
CAVR and PAVR groups. The duration of hospital stay was
significantly shorter in the PAVR group than in the CAVR
group (P =0.047).

SHAVR vs. CAVR

Preoperative patient characteristics in the unmatched
cohort of SHAVR (n = 39) vs. CAVR (n = 67) are shown
in table 3. CKD, NYHA III, NYHA IV class, and Euro
Score II were more frequent in the CAVR group than in the
SHAVR group (P =0.103, P = 0.022, P = 0.046, P < 0.001,
respectively), and NYHA I and II classes in the SHA VR group
were more frequent than in the CAVR group (P = 0.035, P
= 0.07, respectively). Propensity score matching produced
28 (SHAVR vs. CAVR) matched pairs. A comparison of
patient backgrounds based on propensity scores can be
found in table 3. There were no significant differences in all
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covariates, and the models fitted well. Surgical outcomes
in matched comparison (SHAVR vs. CAVR) are shown
in table 4. Compared to the CAVR group, there were no
significant differences in operative time, aortic cross-clamp
time, CPB time, prosthetic valve size, incubation time >48
h, postoperative complications, and hospital death within
30 days in the SHAVR group. However, the duration of the
hospital stay was likely to be shorter in the SHAVR groups
than in the CAVR group (P = 0.043).

Risk factors for prolonged CPB time of more than 2
hours and an extended hospital stay of more than 2 weeks
in MIAVR (SHAVR and PAVR groups) groups Univariate
and multivariate analyses were performed to assess which
preoperative factors impact prolonged CPB time of more
than 2 hours in MIAVR groups. The prolonged CPB time
estimated by univariate analysis was negatively affected by
NYHA 1III or IV status, CKD, severe aortic stenosis, and
PAVR (vs. SHAVR) (Table 5). Multivariate risk analysis
revealed that severe aortic stenosis and PAVR (vs. SHAVR)
were independent predictors of the prolonged CPB time
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in the MIAVR groups [severe aortic stenosis: P = 0.034,
odds ratio 4.69, 95% CI: 1.13-19.5; PAVR (vs. SHAVR):
P =10.009, odds ratio 5.04, 95% CI: 1.5-17].

In the same way, to assess which preoperative factors
impact extended hospital stay of more than 2 weeks in the
MIAVR groups, univariate and multivariate analyses were
performed. The extended hospital stay estimated by the
univariate analysis was negatively impacted by anemia, age
> 75 years old, BMI < 18.5 kg/m2, NYHA 1III or IV class,
preoperative albumin < 3.5 g/dl, severe aortic stenosis,
and postoperative complications (Supplemental Table).
Multivariate risk analysis revealed that preoperative albumin
< 3.5 g/dl and postoperative complications were independent
predictors of the extended hospital stay in the MIAVR groups
(preoperative albumin < 3.5g/dl: P = 0.03, odds ratio 10.1,
95% CI: 1.22-83.6; postoperative complications: P = 0.008,
odds ratio 30.4, 95% CI: 2.46-376). PAVR (vs. SHAVR) was
not the predictor of the extended hospital stay in the MIAVR
groups.

Table 1: Preoperative clinical characteristics (CAVR vs. PAVR)

Unmatched comparison Matched comparison

Characteristics CAVR PAVR
(n=67) (n=31)
Age 79 (74.5-82) 81 (75-85)
BMI 22.4 (20.5-24.7) | 21.5(19.3-22.7)
Female 44 (65.7%) 22 (71%)
Comorbidity
Hyperlipidemia 34 (50.7%) 9 (29%)
Hypertension 48 (71.6%) 23 (74.2%)
Diabetes mellitus 14 (20.9%) 6 (19.4%)
Chronic kidney disease 43 (64.2%) 20 (64.5%)
Peripheral arterial disease 3 (4.5%) 4 (12.9%)
Ischemic heart disease 14 (20.9%) 7 (22.6%)
Old stroke 7 (10.4%) 2 (6.5%)
Shromeosione | tasw | e
Atrial fibrillation 10 (14.9%) 3(9.7%)
Emergency 3 (4.5%) 2 (6.5%)
Infective endocarditis 3 (4.5%) 0 (0%)
Severe aortic stenosis 50 (74.6%) 22 (71%)

Preoperative LVEF (%)

63 (49.5-71.5)

64 (54.5-71.5)

NYHA class
1 5 (7.5%) 7 (22.6%)
2 30 (44.8%) 13 (41.9%)
3 18 (26.9%) 3(9.7%)
4 14 (20.9%) 8 (25.8%)
EuroSCORE I 2.9 (1.7-4) 2.7 (2-4.9)

P value CAVR PAVR P value
(n=22) (n=22)
0.194 80.5 (75-85.5) 82 (74-85) 0.879
0.134 21.5(20.7-23) 22.1(20-23.3) 0.935
0.65 13 (59.1%) 15 (68.2%) 0.755
0.051 8 (36.4%) 9 (40.9%) >0.99
>0.99 16 (72.7%) 16 (72.7%) >0.99
>0.99 3 (13.6%) 4 (18.2%) >0.99
>0.99 11 (50%) 14 (63.6%) 0.543
0.203 0 (0%) 1(4.5%) >0.99
>0.99 6 (27.3%) 5 (22.7%) >0.99
0.725 2(9.1%) 2(9.1%) >0.99
0.535 1(4.5%) 0 (0%) >0.99
0.75 3 (13.6%) 3 (13.6%) >0.99
>0.99 0 (0%) 1(4.5%) >0.99
0.549 0 (0%) 0 (0%) >0.99
0.806 17 (77.3%) 16 (72.7%) >0.99
0.734 64 (49.8-71.3) 62.5 (54.8-68) 0.91
0.047 3 (13.6%) 2 (9.1%) >0.99
0.83 9 (40.9%) 11 (50%) 0.763
0.066 6 (27.3%) 3 (13.6%) 0.457
0.61 4 (18.2%) 6 (27.3%) 0.721
0.598 2.8 (1.6-8.1) 2.8(2.1-5.1) 0.824

AVR, aortic valve replacement; BMI, body mass index; CAVR, conventional AVR; LVEF, left ventricular ejection fraction; PAVR, AVR through

partial sternotomy approach
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Table 2. Surgical outcomes in the matched cohort (CAVR vs. PAVR)
Matched comparison
Surgical Outcomes CAVR PAVR b value
(n=22) (n=22)

Prosthetic valve size (mm) 20 (19-21) 19 (19-23) 0.875
CPB Time (minutes) 112 (95-116) 136 (119-156) 0.003
Aortic Cross-clamp Time (minutes) 90 (75-101) 109 (89-131) 0.015
Operation Time (minutes) 223 (200-268) 261 (241-288) 0.029
Blood transfusion (unit) 4 (5-7.5) 6 (4-8) 0.137
Complications

Stroke 0 (0%) 0 (0%) >0.99
Pneumonia 2 (9.1%) 1(4.5%) >0.99
Mediastinitis 1(4.5%) 2 (9.1%) 0.607
Postoperative hemodialysis 1(4.5%) 0 (0%) >0.99
Bleeding 0 (0%) 0 (0%) >0.99
Tracheotomy 1(4.5%) 0 (0%) >0.99
Postoperative AR (Zmoderate) 0 (0%) 1(4.5%) >0.99
Incubation time (> 48 hours) 2 (9.1%) 1(4.5%) >0.99
ICU Stay (days) 5(3.3-5.8) 4 (3-5) 0.245
Hospital Stay (days) 16 (13-22.8) 11 (8-18.8) 0.047
Hospital Death (within 30 days) 0 (0%) 0 (0%) >0.99
Postoperative LVEF (%) 61.5 (57.3-69.3) 65 (55-68) 0.681

AR, aortic regurgitation; AVR, aortic valve replacement; CAVR, conventional AVR; CPB, cardiopulmonary bypass; ICU, intensive care unit; LVEF,
left ventricular ejection fraction; PAVR, AVR through partial sternotomy approach

Table 3: Preoperative clinical characteristics (CAVR vs. SHAVR)

Unmatched comparison Matched comparison
Characteristics CAVR SHAVR CAVR SHAVR
P value P value

(n=67) (n=39) (n=28) (n=28)
Age 79 (74.5-82) 77 (71.5-84) 0.687 75.5 (70-82.3) 76 (73-82.5) 0.472
BMI 22.4(20.5-24.7) | 22.1(20.9-256) | 0.694 | 22.4(20.6-24.7) | 22.6 (21.1-26) 0.572
Female 44 (65.7%) 25 (64.1%) >0.99 19 (67.9%) 17 (60.7%) 0.781

Comorbidity

Hyperlipidemia 34 (50.7%) 16 (41%) 0.42 13 (46.4%) 12 (42.9%) >0.99
Hypertension 48 (71.6%) 26 (66.7%) 0.663 20 (71.4%) 19 (67.9%) 0.789
Diabetes mellitus 14 (20.9%) 8 (20.5%) >0.99 8 (28.6%) 7 (25%) >0.99
Chronic kidney disease 43 (64.2%) 18 (46.2%) 0.103 11 (39.3%) 14 (50%) 0.591
Peripheral arterial disease 3 (4.5%) 0 (0%) 0.296 0 (0%) 0 (0%) >0.99
Ischemic heart disease 14 (20.9%) 4 (10.3%) 0.189 3 (10.7%) 4 (14.3%) >0.99
Old stroke 7 (10.4%) 2 (5.1%) 0.49 2 (7.1%) 1(3.6%) >0.99
Chronic obstructive pulmonary disease 1(1.5%) 0 (0%) >0.99 0 (0%) 0 (0%) >0.99
Atrial fibrillation 10 (14.9%) 3(7.7%) 0.365 5 (17.9%) 3(10.7%) 0.705
Emergency 3 (4.5%) 0 (0%) 0.296 0 (0%) 0 (0%) >0.99
Infective endocarditis 3 (4.5%) 1(2.6%) >0.99 0 (0%) 0 (0%) >0.99
Severe aortic stenosis 50 (74.6%) 29 (74.4%) >0.99 24 (85.7%) 22 (78.6%) 0.729
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Preoperative LVEF (%) 63 (49.5-71.5) 68 (57-72) 0.241 65.5 (57.8-74.3) | 67.5(57.5-70.3) 0.676
NYHA class

1 5 (7.5%) 9 (23.1%) 0.035 4 (14.3%) 7 (25%) 0.503
2 30 (44.8%) 25 (64.1%) 0.07 20 (71.4%) 16 (57.1%) 0.403
3 18 (26.9%) 3(7.7%) 0.022 1(3.6%) 3 (10.7%) 0.611
4 14 (20.9%) 2 (5.1%) 0.046 3(10.7%) 2 (7.1%) >0.99
EuroSCORE Il 2.9 (1.7-4) 1.7 (1.1-2.6) <0.001 1.9 (1.4-2.7) 1.9 (1.1-2.7) 0.793

AVR, aortic valve replacement; BMI, body mass index; CAVR, conventional AVR; LVEF, left ventricular ejection fraction; SHAVR, trans-right infra-

axillary AVR with Stonehenge technique

Table 4: Surgical outcomes in the matched cohort (CAVR vs. SHAVR)

Matched comparison
Surgical Outcomes CAVR SHAVR P value
(n=28) (n=28)
Prosthetic valve size (mm) 19 (19-21) 21 (20-21) 0.161
CPB Time (minutes) 115 (103-129) 113 (103-126) 0.743
Aortic Cross-clamp Time (minutes) 94 (81-104) 94 (85-102) 0.799
Operation Time (minutes) 240 (212-260) 223 (210-260) 0.528
Blood transfusion (unit) 4 (0-6) 2 (0-6) 0.799
Complications

Stroke 0 (0%) 0 (0%) >0.99
Pneumonia 1(3.6%) 2 (7.1%) >0.99
Mediastinitis 2 (7.1%) 0 (0%) 0.491
Postoperative hemodialysis 0 (0%) 1(3.7%) >0.99
Bleeding 0 (0%) 0 (0%) >0.99
Tracheotomy 2 (6.1%) 2 (6.1%) >0.99
Postoperative AR (2 moderate) 0 (0%) 1(3.7%) 0.491
Incubation time (> 48 hours) 2(71%) 2(7.1%) >0.99
ICU Stay (days) 4 (3-5) 4 (3-8) 0.97
Hospital Stay (days) 15 (12-19.3) 12 (10.8-14.3) 0.043
Hospital Death (within 30 days) 0 (0%) 0 (0%) >0.99
Postoperative LVEF (%) 64.5 (61-69.3) 66 (61-70) 0.899

AR, aortic regurgitation; AVR, aortic valve replacement; CAVR, conventional AVR; CPB, cardiopulmonary bypass; ICU, intensive care unit; LVEF,
left ventricular ejection fraction; SHAVR, trans-right infra-axillary AVR with Stonehenge technique

Table 5: Univariate and multivariate analyses of the factors related with prolonged CPB time >2 hours in MIAVR

time >2 hours in MIAVR
Univariable Multivariable
Variables
OR (95% CI) P value OR (95% Cl) P value
Prolonged CPB time >2 hours

Age >75 1.36 (0.51-3.62) 0.534 - -
Female 0.96 (0.35-2.6) 0.936 - -
BMI <18.5 kg/m? 1.83 (0.47-7.17) 0.384 - -
BMI >28 kg/m? 3.6 (0.36-36.4) 0.278 - -

NYHA 3,4 4.71 (1.34-16.6) 0.016 2.6 (0.55-12.3) 0.229
Preoperative albumin <3.5 g/dl 0.71 (0.18-2.78) 0.626 - -
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Anemia 1.22 (0.47-3.16)

Chronic kidney disease 2.62 (0.99-6.95)

Low LVEF <50% 0.59 (0.16-2.24)

Severe aortic stenosis 3.82 (1.2-12.1)

Blood transfusion (+) during surgery 0.55 (0.19-1.6)
PAVR (vs. SHAVR) 4.72 (1.71-13)
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0.678 - -
0.052 2.81(0.88-8.98) 0.08
0.439 - -
0.023 4.69 (1.13-19.5) 0.034
0.274 - -
0.003 5.04 (1.5-17) 0.009

AVR, aortic valve replacement; BMI, body mass index; CPB, cardiopulmonary bypass; LVEF, left ventricular ejection fraction; MIAVR, minimally
invasive AVR; PAVR, AVR through partial sternotomy approach; SHAVR, trans-right infra-axillary AVR with Stonehenge technique

Discussion

This study illustrated the following: 1) The propensity
score when matched with preoperative characteristics,
showed that the PAVR group was associated with longer
aortic cross-clamp time, CPB time, and operation time as
compared to the CAVR group. However, interestingly, there
were no significantly difference between the SHAVR group
and the CAVR group; 2) In matched cohort, hospital stay was
significantly shorter in the PAVR and the SHAVR groups
as compared to the CAVR group, although the frequencies
of postoperative complications and hospital mortality
were nearly same when compared to the CAVR group; 3)
Multivariate risk analysis revealed that PAVR (vs. SHAVR)
was an independent risk factor of prolonged CPB time of more
than 2 hours in the MIAVR groups; 4) Preoperative albumin <
3.5 g/dl and postoperative complications were marked down
as independent risk factors for a prolonged hospital stay of
more than 2 weeks in the MIAVR groups. The treatment of
AVR by means of partial sternotomy, parasternal approach,
and anterior mini-thoracotomy has been identified as an
effective option to reduce blood transfusion and improve
postoperative course [7,26-28]. However, these traditional
minimally invasive approaches for AVR using anterior chest
skin incisions do not always have cosmetic superiority over
conventional median sternotomy. Because anterior chest
wounds usually lead to hypertrophic scarring and can easily
be recognized. Reportedly, AVR is done through a vertical
infra-axillary thoracotomy and limited small skin incision with
endoscopic assistance could be a cosmetically superior option
for the selected patients undergoing AVR [17,20]. However,
the distance between the incision and the ascending aorta in
the infra-axillary thoracotomy approach is much deeper than
any other MIAVR, which might restrict the surgical field and
lead to prolonged CPB time and operative time. Interestingly,
in the present study, we found no such inferiority in the
CPB time and operative time in the SHAVR group over
the CAVR group, although those in the PAVR group were
found to have prolonged CPB time and operative time as
compared to the CAVR group. It was revealed that the PAVR
(vs. SHAVR) was an independent risk factor for prolonged
CPB time in the MIAVR groups. These results suggested
that the surgical field in the SHAVR approach may be better

than the PAVR approach. Ghoreishi et al. [29] examined
the surgical outcomes among CAVR, PAVR, and AVR
with right anterior mini-thoracotomy in patients undergoing
isolated primary AVR from the Society of Thoracic Surgeons
database [29]. It was found that the aortic cross-clamp time,
CPB time, and operative time were the longest in the patients
with AVR treated via the right anterior mini-thoracotomy
and shortest in those who underwent CAVR. Verifying this
report, our findings suggested that SHAVR might be superior
in terms of CPB time and operative time as compared to the
anterior right mini-thoracotomy approach. The infra-axillary
thoracotomy, which is incised more from the outside of the
sternum than the right anterior mini-thoracotomy, validates
the intercostal through the incision that is more widely open
with the rib retractor. Furthermore, in SHAVR, pulling the
heart closer to the right chest wall with retraction sutures
improves the depth of the surgical view between the incision
and the ascending aorta. Therefore, SHAVR can improve
the depth and width of the surgical field and may shorten the
CPB time and the operative time when compared with other
MIAVR. The most common limitations of this study were
its retrospective nature, a few number of participants, and
single-center design, which are considered as the potential
sources of bias. Furthermore, the difficulty in differential
lung ventilation, previous pneumectomy, shaggy aorta,
ascending aorta enlargement (diameter > 50 mm), deformity
of the thoracic cage, and significant shift of aortic root to
the left side were excluded for SHAVR group, which might
cause selection bias. Further studies must focus on a larger
number of patients and a greater emphasis on hemodynamic
and biomechanical parameters. Our findings illustrated new
significant insights into the differences in surgical outcomes
among SHAVR, PAVR, and CAVR groups, and could
potentially help the selection of appropriate approaches in the
MIAVR groups.

Conclusion

After matching propensity scores with the preoperative
characteristics, there was no significantly difference in CPB
time between the SHAVR group and the CAVR group,
although the PAVR group was associated with longer
CPB time as compared to the CAVR group. Furthermore,
hospital stay was likely to be shorter in the PAVR and the
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SHAVR groups as compared to the CAVR group, although
the frequencies of postoperative complications and hospital
mortality were nearly same. Multivariate risk analysis
revealed that PAVR (vs. SHAVR) was an independent risk
factor of prolonged CPB time of more than 2 hours in the
MIAVR groups. Our findings in the present study suggested
that SHAVR can be safely performed with not only a superior
cosmetic advantage but also a shorter CPB time compared to
PAVR.
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SUPPLEMENTARY FILES

Supplemental Table: Univariate and multivariate analyses of the factors related with extended hospital stay >2 weeks in MIAVR

Variables Univariable Multivariable
OR (95% CI) P value OR (95% Cl) P value
Extended hospital stay >2 weeks
Age >75 4.39 (1.47-13) 0.008 3.68 (0.81-16.7) 0.09
Female 2.39 (0.83-6.86) 0.107 - -
BMI <18.5 kg/m? 6.43 (1.26-33) 0.026 1.29 (0.14-12.4) 0.823
BMI >28 kg/m? 1.28 (0.17-9.61) 0.813 - -
NYHA 3,4 3.74 (1.13-12.3) 0.03 1.25 (0.24-6.42) 0.79
Preoperative albumin <3.5 g/d| 6.43 (1.26-33) 0.026 10.1 (1.22-83.6) 0.03
Anemia 2.43 (0.92-6.42) 0.073 0.77 (0.19-3.05) 0.708
Chronic kidney disease 1.04 (0.4-2.68) 0.934 - -
Low LVEF <50% 1.63 (0.45-5.95) 0.458 - -
Severe aortic stenosis 4.7 (1.37-16) 0.014 3.26 (0.59-18) 0.175
Blood transfusion (+) during surgery 1.52 (0.51-4.5) 0.446 - -
Postoperative complications (+) 27.4 (3.33-226) 0.002 30.4 (2.46-376) 0.008
PAVR (vs. SHAVR) 2.17 (0.83-5.68) 0.115 - -

AVR, aortic valve replacement; BMI, body mass index; CPB, cardiopulmonary bypass; LVEF, left ventricular ejection fraction; MIAVR, minimally
invasive AVR; PAVR, AVR through partial sternotomy approach; SHAVR, trans-right infra-axillary AVR with Stonehenge technique
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