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Background: Minimally invasive aortic valve surgery (mini AVR) is a safe and effective treatment option at 
many hospital centers, but there has not been widespread adoption of the procedure. Critics of mini AVR have 
called for additional evidence with direct comparison to aortic valve replacement (AVR) via full sternotomy (FS). 
Methods: Our mini AVR approach is through a hemi-sternotomy (HS). We performed a propensity-score 
matched analysis of all patients undergoing isolated AVR via FS or HS at our institution since 2002, resulting 
in 552 matched pairs. Baseline characteristics were similar. Operative characteristics, transfusion rates, in-
hospital outcomes as well as short and long term survival were compared between groups.
Results: Median cardiopulmonary bypass and cross clamp times were shorter in the HS group: 106 minutes 
[inter-quartile ranges (IQR) 87-135] vs. 124 minutes (IQR 90-169), P≤0.001, and 76 minutes (IQR 63-97) vs. 
80 minutes (IQR 62-114), P≤0.005, respectively. HS patients had shorter ventilation times (median 5.7 hours, 
IQR 3.5-10.3 vs. 6.3 hours, IQR 3.9-11.2, P≤0.022), shorter intensive care unit stay (median 42 hours, IQR 
24-71 vs. 45 hours, IQR 24-87, P≤0.039), and shorter hospital length of stay (median 6 days, IQR 5-8 vs. 7 
days, IQR 5-10, P≤0.001) compared with the FS group. Intraoperative transfusions were more common in 
FS group: 27.9% vs. 20.0%, P≤0.003. No differences were seen in short or long term survival, or time to 
aortic valve re-intervention.
Conclusions: Our study confirms the clinical benefits of minimally invasive AVR via HS, which includes 
decreased transfusion requirements, ventilation times, intensive care unit and hospital length of stay without 
compromising short and long term survival compared to conventional AVR via FS.
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Introduction

Minimally invasive aortic valve replacement (mini AVR) was 
first described in 1993 (1), and subsequently popularized 
in 1996 and 1997 as an alternative to conventional full 
sternotomy (FS) for patients with isolated pathology of the 
aortic valve and ascending aorta without coronary artery 
disease (2-4). A variety of techniques have been described, 
including parasternal (2,3), infra-axillary (5), lower hemi-
sternotomy (HS) (6) and transverse sternotomy (7) 

approaches. Today, mini AVR is performed primarily via 
upper HS or right anterior thoracotomy incisions (8).

Favorable results have led mini AVR to become a standard 
procedure in many high volume centers (9). In addition to 
the smaller incision and improved cosmesis, numerous 
studies report a reduction in post-operative bleeding, 
transfusion requirements, rates of atrial fibrillation, length 
of mechanical ventilation, length of intensive care unit 
(ICU) and hospital stay, as well as post-operative pain 
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with no difference in mortality (3,10-17). However, these 
benefits have been inconsistent and widespread acceptance 
of the procedure has been elusive. Critics point to longer 
cardiopulmonary bypass and aortic cross-clamp times 
(8,16), which in general tend to predict worse outcomes in 
cardiac surgery, though this is not consistently seen for mini 
AVR (10,18,19). The minimally invasive approach limits 
the ability to control left ventricular distention, and some 
surgeons do not use it for severe aortic insufficiency. Finally, 
the correlation between surgical volume and outcomes is 
well established (20). Because minimally invasive surgery 
requires a new skill-set, the associated learning curve is a 
deterrent for many surgeons.

In this paper, we compare the outcomes of mini AVR via 
upper HS and conventional AVR via FS at our institution 
since 2002.

Methods

Patient selection

The Institutional Review Board at The Brigham and 
Women’s Hospital (BWH) approved this study. Since 2002, 
1,319 patients underwent isolated mini AVR via HS. Re-
operations with previous valve and coronary artery bypass 
graft interventions were included; prior aortic operations 
were excluded. Alternative approaches, including mini-
thoracotomy and paramedian sternotomy techniques 
comprised a minority of operations (<20 patients) and were 
excluded for comparison analysis. The decision to perform 
HS was at the discretion of the operating surgeon in concert 
with patient preference. During the same time frame, 
1,702 patients meeting these same criteria underwent FS. 
Propensity matching techniques (see below) were used to 
derive a control cohort from this patient pool.

Patient characteristics, laboratory and operative data, 
and in-hospital outcomes were recorded at the time of 
patient presentation and extracted from hospital electronic 
medical records. Data were coded to the Society of 
Thoracic Surgeon’s Adult Cardiac Database, version 2.52 
specifications, unless otherwise noted. Long-term mortality 
and reoperation were collected by routine patient follow-
up, query of the Social Security Death Index, and/or our 
internal long-term follow-up data repository.

Operative technique

We have previously published our preferred technique 

for mini AVR (20,21). We use an upper HS through a 
6 to 9 cm skin incision (Figure 1A) (22). The sternum is 
transected horizontally at the level of the 4th intercostal 
space, taking care to avoid injury to the right internal 
mammary artery. Thymol fat is dissected and pericardial 
sutures are placed and retracted to the dermis while the 
sternal retractor is temporarily removed, thereby exposing 
the aorta and operative field. Hemodynamic changes at 
this point may develop from distortion of the inferior vena 
cava and can be mitigated by loosening the right-sided stay 
sutures to re-establish right heart pre-load. The patient is 
fully heparinized and the ascending aorta assessed for a safe 
cannulation site with an epiaortic ultrasound.

We use a 7 mm Terumo Sarns Soft  Flow-Flow 
extended aortic cannula (Terumo, Tokyo, Japan). For 
venous drainage, a three stage Medtronic 29 Fr MC2X 
venous cannula has been used for right atrial drainage, 
but most were cannulated in the right femoral vein with 
a percutaneous Medtronic Biomedicus femoral 21 Fr 
venous cannula (Medtronic, Minneapolis, MN, USA) 
and positioned under transesophageal echocardiographic 
guidance. Cardiopulmonary bypass is initiated and the aorta 
is directly cross-clamped. Antegrade cardioplegia is given 
and, if greater than mild aortic insufficiency is present, 
supplemented by direct ostial delivery after the aortotomy. 
Though not routinely used, retrograde cardioplegia can 
be given via cannulation of the right atrium or through 
the right internal jugular vein. Figure 1B illustrates typical 
operative exposure through upper HS (22).

Reoperative mini AVR is accomplished by establishing 
peripheral cardiopulmonary bypass (axillary or femoral 
artery and femoral vein cannulation) prior to performing 
the HS. We use a minimal dissection technique to expose 
the aorta. Prior left internal mammary arterial grafts 
are left patent and the heart is arrested with systemic 
hyperkalemia; the operation proceeds under moderate to 
deep hypothermia (20-24 ℃). The safety of this approach 
has been previously reported (21).

Statistical analysis

Because the surgical approach was not random, propensity-
score matching techniques were used to create matched 
case (HS) and control (FS) cohorts in order to reduce 
selection bias. Propensity-score matching was done using a 
multivariable logistic regression model that was built in two 
steps. Potential predictors of minimally invasive surgery 
selection were identified based on univariate analyses of 
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differences between groups (Table 1), literature review, 
known confounding covariates for the outcomes of interest, 
and clinical judgment. These variables were categorized as 
patient characteristics or related to treatment decisions, and 
separate forward stepwise logistic regressions were run for 
each variable set, including evaluating interaction effects. 
Any variable significant at a P≤0.15 was entered into the 
final enter-method logistic regression model, including an 
interaction variable between the surgeon and the year of 
surgery to control for variability in case mix and surgical 
practice over time. The resulting adjusted predicted 
value for each patient was used to conduct the propensity 
matching. Our model resulted in 552 matched pairs 
between FS and HS; baseline characteristics of matched 
patients are presented in Table 2. A second, similar matching 
process was performed from the entire cohort to further 
compare re-operative full and hemi sternotomy patients, 
resulting in 116 matched pairs (Table 3). 

Short-term outcomes of interest included intensive 
care unit (ICU) and hospital length of stay, transfusion 

requirements, and operative mortality. Mid and long-term 
survival were calculated as well as freedom from aortic valve 
re-intervention due to any cause.

Univariate analyses of normally distributed continuous 
variables were conducted using a t-test with Levine’s test 
of homogeneity of variance; analyses of non-parametric 
variables were done using Mann-Whitney U tests. 
Continuous variables are presented as means ± standard 
deviation or medians (Med) and inter-quartile ranges (IQR) 
as appropriate. Survival and time to re-intervention were 
evaluated using Kaplan-Meier analyses. The criterion for 
significance was P≤0.05. Statistics were performed using 
SPSS 13.0 (Chicago, IL, USA).

Results

HS vs. FS matched cohorts

As can be seen in Table 1, at baseline there were many 
significant and clinically important differences between 
the FS and HS cohorts, prompting the decision to use 

Figure 1 (A) Skin incision for minimally invasive aortic valve replacement through an upper hemi-sternotomy; (B) operative exposure 
through upper hemi-sternotomy. These figures were published in Operative Techniques in Thoracic and Cardiovascular Surgery, doi: 10.1053/
j.optechstcvs.2010.11.001, Shekar PS. Minimal access aortic valve surgery through an upper hemisternotomy approach. Copyright Elsevier 
[2010], with permission.
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propensity matching methodology. The characteristics 
of the resulting matched cohorts of 552 HS and 552 FS  
patients are presented in Table 2.  Mean age in HS 
was 67±14.3 years compared with 68.5±14.4 years in 
FS (P≤0.221). The two groups demonstrated similar 
distributions in percent octogenarians, gender, and body 
mass index (BMI). Aortic stenosis was the most common 
indication for surgery in both groups: 85.5% in HS vs. 
82.6% in FS, P≤0.217. Baseline ejection fractions were 

similar: median 60% (IQR 55-65); distribution of percent 
New York Heart Association class III or IV was 37% in HS 
vs. 35.8% in FS, P≤1.0. A trend towards higher emergent 
operations was seen in FS, though this difference did not 
meet statistical significance: HS 0.5% (3/552) vs. FS 1.6% 
(9/552), P≤0.144.

Median cardiopulmonary bypass and cross clamp times 
were shorter in the HS group: 106 minutes (IQR 87-135) vs. 
124 minutes (IQR 90-169), P≤0.001, and 76 minutes (IQR 

Table 1 Demographics and operative characteristics of 1,702 full and 1,319 hemi-sternotomy aortic valve replacement patients

Characteristics
Group [No. of patients]

P value (≤)
Full sternotomy [1,702] Hemi-sternotomy [1,319]

Admission characteristics

Age (mean/SD) (yrs) 65.9/14.9 68.2/14.1 0.001

Age ≥80, N (%) (yrs) 323 (19.0) 339 (25.7) 0.001

Women, N (%) 685 (40.3) 550 (41.7) 0.433

BMI (mean/SD) (kg/cm2) 29.2/8.0 27.6/5.3 0.001

Diabetes, N (%) 344 (20.2) 216 (16.4) 0.008

Dyslipidemia, N (%) 1,084 (63.7) 856 (64.9) 0.516

Renal insufficiency, N (%) 70 (4.1) 51 (3.9) 0.779

Preoperative creatinine (mean/SD) 1.1/0.7 1.1/0.5 0.402

Previous cerebrovascular accident, N (%) 100 (5.9) 42 (3.2) 0.001

Cerebrovascular disease, N (%) 216 (12.7) 103 (7.8) 0.001

Peripheral vascular disease, N (%) 259 (15.2) 134 (10.2) 0.001

Previous myocardial infarction, N (%) 134 (7.9) 107 (8.1) 0.893

Atrial fibrillation, N (%) 106 (6.2) 87 (6.6) 0.708

Aortic stenosis, N (%) 1,219 (71.6) 1,150 (87.2) 0.001

Aortic regurgitation >2+, N (%) 922 (54.2) 654 (49.6) 0.013

Ejection fraction (Med/IQR) (%) 60/55-65 60/55-65 0.993

NYHA class III/IV, N (%) 625 (36.7) 443 (33.6) 0.084

Surgical history and operative outcomes

Emergent operation, N (%) 41 (2.4) 5 (0.4) 0.001

Previous CABG, N (%) 174 (10.2) 121 (9.2) 0.386

Previous valve surgery, N (%) 207 (12.2) 40 (3.0) 0.001

Preop IABP placement, N (%) 4 (0.3) 1 (0.1) 0.395

Perfusion time (Med/IQR) (min) 120/90-171 100/79-129 0.001

Cross-clamp time (Med/IQR) (min) 82/64-119 69/55-91 0.001

Bioprosthesis, N (%) 1,304 (76.6) 1,133 (85.9) 0.001

Mechanical valve, N (%) 398 (23.4) 186 (14.1) 0.001

Valve size ≤21 mm, N (%) 536 (31.5) 460 (34.9) 0.051

Intra-op IABP placement, N (%) 23 (1.4) 9 (0.7) 0.105

Yrs, years; BMI, body mass index; NYHA, New York Heart Association; CABG, coronary artery bypass graft; IABP, intra-aortic 

balloon pump; N, number; Med, median; IQR, inter-quartile range; kg, kilogram; cm2, square centimeters; mm, millimeter.
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63-97) vs. 80 minutes (IQR 62-114), P≤0.005, respectively. 
The groups were similar in respect to valve type and size of 
prostheses implanted (Table 2). Intra-operatively, patients 
undergoing FS were more likely to get packed red blood 
cell transfusion, 27.9% vs. 20.0%, P≤0.003, although there 

were no differences between groups in the amount per 
transfused patient: the median in both groups was two units 
(IQR 1-3) P≤0.584.

Additional in hospital outcomes are summarized in 
Table 4. HS patients had less time on the ventilator (median 

Table 2 Demographics and operative characteristics of full and hemi-sternotomy matched groups

Characteristics
Group [No. of patients]

P value (≤)
Full sternotomy [552] Hemi-sternotomy [552]

Admission characteristics

Age (Mean/SD) (yrs) 68.5/14.4 67.0/14.3 0.221

Age ≥80, N (%) (yrs) 133 (24.1) 130 (23.6) 0.888

Women, N (%) 235 (42.6) 221 (40.0) 0.427

BMI (mean/SD) (kg/cm2) 27.9/5.9 28.3/5.6 0.246

Diabetes, N (%) 94 (17.0) 104 (18.8) 0.480

Dyslipidemia, N (%) 360 (65.2) 370 (67.0) 0.567

Renal insufficiency, N (%) 20 (3.6) 21 (3.8) 1.000

Preoperative creatinine (mean/SD) 1.1/0.6 1.1/0.6 0.803

Previous cerebrovascular accident, N (%) 22 (4.0) 27 (4.9) 0.470

Cerebrovascular disease, N (%) 53 (9.6) 54 (9.8) 1.000

Peripheral vascular disease, N (%) 77 (13.9) 69 (12.5) 0.534

Previous myocardial infarction, N (%) 41 (7.4) 45 (8.2) 0.736

Atrial fibrillation, N (%) 44 (8.0) 31 (5.6) 0.151

Aortic stenosis, N (%) 456 (82.6) 472 (85.5) 0.217

Aortic regurgitation >2+, N (%) 285 (51.6) 292 (52.9) 0.718

Ejection fraction (Med/IQR) (%) 60/55-65 60/55-65 1.000

NYHA class III/IV, N (%) 198 (35.8) 204 (37.0) 1.000

Surgical history and operative outcomes

Emergent operation, N (%) 9 (1.6) 3 (0.5) 0.144

Previous CABG, N (%) 64 (11.6) 59 (10.7) 0.635

Previous valve surgery, N (%) 53 (9.6) 40 (7.2) 0.193

Pre-op IABP placement, N (%) 2 (0.4) 1 (0.2) 0.625

Perfusion time (Med/IQR) (min) 124/90-169 106/87-135 0.001

Cross-clamp time (Med/IQR) (min) 80/62-114 76/63-97 0.005

Bioprosthesis, N (%) 432 (78.3) 454 (82.2) 0.112

Mechanical valve, N (%) 120 (21.7) 98 (17.8) 0.112

Valve size ≤21 mm, N (%) 165 (29.9) 174 (31.6) 0.602

pRBC transfused, N (%) 154 (27.9) 110 (20.0) 0.003

Units per transfused patient (Med/IQR) 2.0/1-3 2.0/1-3 0.584

Intra-op IABP placement, N (%) 6 (1.1) 3 (0.5) 0.506

Yrs, years; BMI, body mass index; NYHA, New York Heart Association; CABG, coronary artery bypass graft; IABP, intra-aortic 

balloon pump; pRBC, packed red blood cell; N, number; Med, median; IQR, interquartile range; kg, kilogram; cm2, square 

centimeters; mm, millimeter.
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5.7 h, IQR 3.5-10.3 vs. 6.3 h, IQR 3.9-11.2, P≤0.022), 
shorter intensive care unit stay (median 42 h, IQR 24-71 vs. 
45 h, IQR 24-87, P≤0.039), and shorter hospital stay (median 
6 days, IQR 5-8 vs. 7 days, IQR 5-10, P≤0.001) compared 
with FS. Other short term clinical outcomes were similar, 

except a decreased incidence of new onset atrial fibrillation 
was observed in HS: 17.6% (97/522) vs. 25.4% (140/522), 
P≤0.002. No difference was seen in operative mortality: HS 
2.5% (14/522) vs. FS 3.4% (19/522), P≤0.385.

Long-term survival was comparable in HS and FS 

Table 3 Demographics and operative characteristics of re-operative full and hemi-sternotomy matched groups

Characteristics
Group [No. of patients]

P value (≤)
Full sternotomy [116] Hemi-sternotomy [116]

Admission characteristics

Age (mean/SD) (yrs) 74.6/10.7 74.5/10.7 0.951

Age ≥80, N (%) (yrs) 41 (35.3) 39 (33.6) 0.890

Women, N (%) 34 (29.3) 27 (23.3) 0.371

BMI (mean/SD) (kg/cm2) 27.0/5.1 27.7/5.3 0.320

Diabetes, N (%) 28 (24.1) 32 (27.6) 0.653

Dyslipidemia, N (%) 104 (89.7) 102 (87.9) 0.856

Renal insufficiency, N (%) 7 (6.0) 8 (6.9) 1.000

Preoperative creatinine (mean/SD) 1.2/0.4 1.2/0.3 0.787

Previous cerebrovascular accident, N (%) 10 (8.6) 11 (9.6) 0.823

Cerebrovascular disease, N (%) 27 (23.3) 24 (20.7) 0.751

Peripheral vascular disease, N (%) 27 (23.3) 30 (25.9) 0.761

Previous MI, N (%) 36 (31.0) 39 (33.6) 0.779

Atrial fibrillation, N (%) 14 (12.1) 12 (10.3) 0.841

Aortic stenosis, N (%) 98 (84.8) 101 (87.1) 0.708

Aortic regurgitation >2+, N (%) 52 (44.8) 55 (47.4) 0.792

Ejection fraction (Med/IQR) (%) 55/50-60 55/45-60 1.000

NYHA class III/IV, N (%) 58 (50.0) 66 (56.9) 0.357

Surgical history and operative outcomes

Emergent operation, N (%) 1 (0.9) 1 (0.9) 1.000

Previous CABG, N (%) 84 (72.4) 95 (81.9) 0.117

Previous valve surgery, N (%) 45 (38.8) 39 (33.6) 0.495

Pre-op IABP placement, N (%) 0 (0.0) 1 (0.9) 1.000

Perfusion time (Med/IQR) (min) 150/122-202 151/124-200 0.855

Cross-clamp time (Med/IQR) (min) 83/63-114 79/62-112 0.245

Bioprosthesis, N (%) 91 (78.4) 98 (84.5) 0.311

Mechanical valve, N (%) 25 (21.6) 18 (15.5) 0.311

Valve size ≤21 mm, N (%) 47 (40.5) 48 (41.4) 1.000

pRBC transfused, N (%) 43 (37.1) 38 (32.8) 0.582

Units per transfused patient (Med/IQR) 2.0/1-3 2.0/1-3 0.699

Intra-op IABP placement, N (%) 8 (6.9) 6 (5.2) 0.781

Yrs, years; BMI, body mass index; NYHA, New York Heart Association; CABG, coronary artery bypass graft; IABP, intra-aortic 

balloon pump; pRBC, packed red blood cell; N, number; Med, median; IQR, interquartile range; kg, kilogram; cm2, square 

centimeters; mm, millimeter.
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patients (Figure 2A). Figure 2B shows time to aortic valve 
re-intervention for any cause, demonstrating no difference 
between valves placed via hemi sternotomy or FS approaches.

Reoperative HS vs. FS matched cohorts

Table 3 outlines the demographics and operative characteristics 

of the 116 matched pairs of reoperative sternotomy 
patients. Reoperative FS and reoperative HS groups were 
similar in baseline characteristics. No differences were 
seen in procedure characteristics including similar median 
cardiopulmonary bypass and perfusion times for re-operative 
FS versus reoperative HS: 150 minutes, IQR 122-202 vs. 
151 minutes, IQR 124-200, P≤0.855, and 83 minutes,  

Table 4 Clinical outcomes for full and hemi-sternotomy matched cohorts

Outcomes
Group [No. of patients]

P value (≤)
Full sternotomy [552] Hemi-sternotomy [552]

Postoperative complications

Reoperation for bleeding, N (%) 10 (1.8) 9 (1.6) 1.000

Redo valve procedure, N (%) 4 (0.7) 0 (0.0) 0.124

Permanent stroke, N (%) 16 (2.9) 12 (2.2) 0.567

New onset renal insufficiency, N (%) 19 (3.4) 8 (1.4) 0.049

New dialysis requirement, N (%) 4 (0.7) 0 (0.0) 0.124

Cardiac arrest, N (%) 13 (2.4) 5 (0.9) 0.094

New onset atrial fibrillation, N (%) 140 (25.4) 97 (17.6) 0.002

In-hospital outcomes 

Ventilation time (Med/IQR) (hours) 6.3/3.9-11.2 5.7/3.5-10.3 0.022

Vent requirement >24 hours, N (%) 52 (9.4) 32 (5.8) 0.031

Total ICU stay (Med/IQR) (hours) 45/24-87 42/24-71 0.039

Postop length of stay (Med/IQR) (days) 7/5-10 6/5-8 0.001

Operative mortality, N (%) 19 (3.4) 14 (2.5) 0.385

30-day readmissions, N (%) 63 (11.5) 67 (12.2) 0.707

ICU, intensive care unit; N, number; Med, median; IQR, interquartile range.

Figure 2 (A) Kaplan-Meier survival analysis for matched cohorts in full versus hemi-sternotomy groups; (B) Kaplan-Meier analysis showing 
time to aortic valve re-operation for any cause in full versus hemi-sternotomy groups.
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IQR 63-114 vs. 79 minutes, IQR 62-112, P≤0.245, 
respectively. Valve size and prosthesis type were also 
similar, as was the intraoperative incidence of transfusions 
in both groups. In hospital outcomes were not different 
for reoperative FS and reoperative HS patients (Table 5), 
including similar median ICU and hospital lengths of 
stay: 61 minutes, IQR 30-122 vs. 70 minutes, IQR 34-
116, P≤0.902, and 8 days, IQR 6-13 vs. 8 days, IQR 6-11, 
P≤0.501, respectively. The difference in post-operative 
new onset atrial fibrillation seen in the overall matched 
cohort was not seen in the reoperative matched groups. 
Reoperative HS and FS patients also had no difference in 
survival or time to aortic valve re-intervention for any cause 
(Figure 3A,B).

Discussion

Although the benefits of mini AVR surgery have been 
widely reported, widespread adoption has not occurred and 
some skeptics are calling for additional evidence (8,16). We 
present a robust, propensity-matched comparison of aortic 
valve replacement via HS and FS approaches from our 
institution since 2002. The major findings in our study are 

that patients undergoing isolated AVR via HS had less time 
on the ventilator, shorter ICU and hospital length of stays 
with comparable short and long-term survival compared 
to the FS group. These findings corroborate other reports 
demonstrating similar in-hospital benefits of mini AVR 
(10,13,16). Numerous studies have shown that these 
improved in-hospital outcomes likely result from decreased 
post-operative pain, facilitating quicker return of pulmonary 
function and mobilization (3,14-16).

Another major advantage promoted by champions of 
minimally invasive surgery is the decreased transfusion 
requirements compared with FS. In our study, we found a 
decreased rate of transfusion in the HS group. These results 
are consistent with prior meta-analyses (16), as well as 
another recent propensity-matched study by Gilmanov and 
colleagues, which reported half as many units transfused 
per patient in the minimally invasive AVR group compared 
to FS patients (10). Interestingly, Gilmanov and colleagues 
reported no difference in reoperations for bleeding, a 
finding consistent with our own results (Table 4). Along with 
increased transfusion requirements, blood loss in the first 
24 h after surgery is higher with FS (13,16,23,24).

The simple principle that less dissection yields less 

Table 5 Clinical outcomes of reoperative full and hemi-sternotomy matched groups

Outcomes 
Group [No. of patients]

P value
Full sternotomy [116] Hemi-sternotomy [116]

Postoperative complications

Reoperation for bleeding, N (%) 5 (4.3) 3 (2.6) 0.722

Redo valve procedure, N (%) 1 (0.9) 0 (0.0) 1.000

Permanent stroke, N (%) 5 (4.3) 4 (3.4) 1.000

New onset renal insufficiency, N (%) 10 (8.6) 2 (1.7) 0.034

New dialysis requirement, N (%) 3 (2.6) 0 (0.0) 0.124

Cardiac arrest, N (%) 6 (5.2) 3 (2.6) 0.499

New onset atrial fibrillation, N (%) 29 (25.0) 21 (18.1) 0.264

Hospitalization outcomes

Ventilation time (Med/IQR) (hours) 9.8/5.9-23.9 10.5/5.9-19.5 0.948

Vent requirement >24 hours, N (%) 30 (25.9) 23 (19.8) 0.348

Total ICU stay (Med/IQR) (hours) 61/30-122 70/34-116 0.902

Postop length of stay (Med/IQR) (days) 8/6-13 8/6-11 0.501

pRBC transfused postoperatively, N (%) 42 (36.2) 31 (26.7) 0.157

Units per transfused patient (Med/IQR) 2.0/1-3 2.0/1-3 0.711

Operative mortality, N (%) 7 (6.0) 6 (5.2) 1.000

30-day readmissions, N (%) 17 (14.7) 13 (11.1) 0.544

ICU, intensive care unit; N, number; Med, median; IQR, interquartile range.
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chance for bleeding and therefore minimizes transfusion 
requirements may also extend to reoperative surgery. In a 
report of our early experience with reoperative partial upper 
HS, we showed decreased operative and post-operative 
transfusions, as well as less chest tube drainage in the first 
24 h (23). Our current investigation did not corroborate 
these initial transfusion findings, consistent with our recent 
report that octogenarians undergoing reoperative AVR have 
no difference in bleeding and transfusion requirements (25). 
Detailed data on chest tube drainage was not available.

Another important difference seen in the HS group 
was the decreased incidence of new onset atrial fibrillation 
during the post-operative period (HS: 17.6% vs. FS: 25.4%). 
While the etiology of atrial fibrillation remains complex and 
multi-factorial (26), similar findings have been reported (10,27), 
though pooled data remains inconclusive (16). Differences 
in new onset atrial fibrillation have also been observed 
with other minimally invasive approaches such as the right 
anterior minithoractomy (18,28). Recent studies comparing 
ministernotomy and right minithoracotomy for AVR also 
show possible advantages to the minithoracotomy, including 
less transfusion and hospital length of stay (18). Additional 
studies and data pooled from multiple institutions are 
needed to confirm these findings.

The HS affords the surgeon a “familiar exposure” and 
does not require special instruments. This may minimize the 
learning curve compared to a mini-thoracotomy approach 
and may ultimately facilitate faster cardiopulmonary bypass 
and aortic cross clamp times as reported in our cohort. 
Brown and colleagues performed a meta-analysis of 26 

studies and concluded that differences in operative times 
were not significant, but many of these studies reported 
data from early surgical experiences with minimally invasive 
sternotomy prior to 2002 (16). An important advantage of 
the HS is the option for conversion to conventional, FS. 
We have previously published data on the conversion rate 
from our first 10 years of mini AVR experience, reporting 
an incidence of 4%, with poor exposure being the most 
common reason for conversion (29). Pooled data now 
estimate a conversion rate of 3% (95% confidence interval 
1.8-4%) (16).

Our long term clinical outcomes confirm the safety 
and efficacy of valves placed through a HS approach. No 
differences were seen in overall survival or time to aortic 
valve re-intervention for any cause (Figures 2,3).

Study limitations

This study represents a retrospective, single center 
experience and is therefore subject to all limitations 
inherent to such a design. While the propensity matching 
technique used has been well validated, a limitation of the 
methodology is that it cannot address bias introduced by 
unmeasured variables, thus it is possible our results reflect 
the influence of unknown factors other than the effect of 
the treatment on the treated. However, this design does 
allow us to evaluate a patient sample that is representative 
of the isolated AVR population at our institution, and our 
sample size was robust. We chose to begin our study period 
in 2002 for two reasons: (I) this is approximately 5 years after 
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Figure 3 (A) Kaplan-Meier survival analysis for matched cohorts of reoperative AVR via full or hemi-sternotomy; (B) Kaplan-Meier analysis 
showing time to aortic valve reoperation for any cause in matched cohorts of reoperative AVR via full or hemi-sternotomy.
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the commencement of routine mini AVRs and, therefore, 
represents a period after the learning curve; and (II) 
completeness of data available in our electronic records. 
While this may be a limitation in the sense that we excluded 
patients undergoing mini AVR, it represents a truer 
comparison of surgical expertise in the two techniques. 

Conclusions

To our knowledge, this represents the largest propensity 
matched analysis comparing HS and FS for aortic valve 
replacement to date. In addition to the intrinsic cosmetic 
advantages, we have validated the essential clinical benefits 
of this minimally invasive technique, including decreased 
transfusion requirements, ventilation times, ICU and 
hospital length of stay without compromising short and 
long-term survival compared with conventional AVR via 
FS. The decreased incidence of atrial fibrillation seen in the 
HS group is a promising finding supported by other reports 
in the literature but requires further investigation. While 
HS should be compared with alternative minimally invasive 
techniques, it remains an excellent option with favorable 
outcomes that should be considered part of the routine 
armamentarium of cardiac surgeons in the modern era.
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