
Introduction 

Aortic regurgitation (AR) and moderate-to-severe AR occur in ap-
proximately 4.9% and 0.5% of the population, respectively. AR typ-
ically peaks in the fourth to sixth decades of life [1]. Chronic AR is 
characterized by left ventricular (LV) volume overload that leads to 
LV compensatory dilatation and hypertrophy [2]. Current guide-
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lines recommend aortic valve replacement (AVR) or aortic valve 
repair in patients with symptomatic severe AR or asymptomatic 
severe AR with the following: (1) a LV ejection fraction (LVEF) 
≤ 55%, (2) an LVEF > 55% and a LV end systolic diameter 
(LVESD) > 50 mm (LVESD index > 25 mm/m2), and (3) a pro-
gressive decrease in LVEF to 55% to 60% or an increase in LV end 
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diastolic diameter (LVEDD) to > 65 mm on at least three serial 
measurements [3]. Although this is the era of transcatheter AVR 
(TAVR) for patients with aortic stenosis (AS), surgery is still con-
sidered the gold standard for AR. Full sternotomy was the conven-
tional approach for surgical AVR. However, AVR has recently been 
performed in many cases using a minimally invasive approach to 
reduce postoperative mortality, morbidity, and pain. This ap-
proach also facilitates faster recovery, shorter hospital stays, and 
better cosmetic results than conventional AVR [4]. Most previous 
reports on minimally invasive AVR (MiAVR) have mainly focused 
on AS, with only a limited number of papers exclusively addressing 
AR. Thus, this study aimed to investigate early surgical outcomes 
and review our experience with patients with chronic severe AR 
who underwent AVR via right anterior mini-thoracotomy (RAT). 

Methods 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: 2024-03-014). The requirement for informed con-
sent was waived due to the retrospective nature of the study.

1. Patient selection 
Our indications for RAT AVR in patients with severe chronic AR 
were as follows: (1) patients with the abovementioned surgical in-
dications [2,3,5]; (2) suitability for RAT surgery, indicated by an 
ascending aorta located ≥ 50% rightward of the right sternal bor-
der at the level of the pulmonary artery bifurcation and an alpha 
angle of ≥ 45° [6]; and (3) absence of acute lung disease. 

The following cases were excluded from this study: (1) those 
unsuitable for MiAVR [6]; (2) those with surgically repairable AR 
[7-9]; (3) those requiring root replacement or ascending aorta re-
placement; (4) those accompanied by other valvular diseases that 
needed surgical interventions; (5) those who previously under-
went AVR (redo surgery); and (6) those with acute AR, including 
infective endocarditis. 

Between January 2020 and January 2024, 102 consecutive pa-
tients with aortic insufficiency underwent surgery at our hospital. 
Of these patients, 45 had severe AR, 16 of whom underwent RAT 
AVR. After excluding those who underwent reoperation and those 
who had endocarditis or other concomitant valvular diseases, eight 
patients were included in this study. All the surgical procedures 
were performed by a single surgeon. 

2. Data collection 
Data were retrospectively collected from patients with chronic se-

vere AR who underwent AVR using the RAT approach at our in-
stitution between January 2020 and January 2024. Data were ob-
tained from an institutional database that included detailed infor-
mation on patient demographics, baseline clinical characteristics, 
severity of symptoms according to the New York Heart Associa-
tion (NYHA) classification, and laboratory and hemodynamic pa-
rameters. Coronary angiography, echocardiography, and chest 
computed tomography were routinely performed as part of the 
preoperative workup. This was performed to determine the site of 
arterial cannulation (axillary or femoral artery cannulation for 
MiAVR), assess the adequacy of direct cardioplegia delivery for 
myocardial protection, and ascertain the patient’s eligibility for 
MiAVR via RAT.  

3. Surgical procedure  
The surgical procedures are described in detail in our previous re-
port [10]. Briefly, cardiopulmonary bypass (CPB) was performed 
in all patients using peripheral arterial cannulation and bicaval ve-
nous cannulation without central cannulation. Femoral arterial 
cannulation was our preferred choice. However, if preoperative 
workup, chest, or abdominal computed tomography suggested pe-
ripheral vascular disease in the lower extremities, or severe athero-
sclerotic aortic disease was evident on transesophageal echocardi-
ography (TEE), we opted for right axillary artery cannulation via a 
right infraclavicular approach using a 5-cm transverse incision. 
This approach allowed for antegrade arterial perfusion and re-
duced the risk of embolic events. Femoral artery cannulation was 
performed in three patients, while right axillary artery cannulation 
was performed in five patients. In all patients, cardioplegia was de-
livered directly to the coronary ostia immediately after aortotomy 
to ensure myocardial protection. None of the patients required a 
sternotomy. Prior to wound closure, drains were placed in the peri-
cardium and pleura. All the surgeries were performed uneventfully. 

All patients received a single dose of 20 mL/kg of histidine-tryp-
tophan-ketoglutarate cardioplegia solution at a temperature of 4°C 
to 5°C for 6 to 8 minutes. If the aortic cross-clamp (ACC) time ex-
ceeded 120 minutes or electrical activity was detected early, the 
histidine-tryptophan-ketoglutarate cardioplegia solution was read-
ministered at a dose of 10 mL/kg. One patient underwent addi-
tional patch repair using bovine pericardium due to an aneurysmal 
change protruding from the subannulus of the right coronary cusp 
toward the interventricular septum. 

4. Statistical analysis 
IBM SPSS ver. 27.0 (IBM Corp., Armonk, NY, USA) was used for 
data storage and analysis, with p < 0.05 as the criterion for signifi-
cance. Because normality was not satisfied, nonparametric ap-
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proaches were used in all the analyses. The Wilcoxon signed-rank 
test was used to compare the outcomes before and after the inter-
vention. The Mann-Whitney U test was performed to compare 
outcomes by group. Continuous variables are expressed as median 
(interquartile range) or mean ± standard deviation. Categorical 
variables are expressed as number (percentage). 

Results 

1. Baseline characteristics 
The median age of the patients was 65 years (range, 54–82 years) 
(Table 1). The median Society of Thoracic Surgeons risk score 
was 1.24% (range, 0.81%–2.04%). Of the eight patients, five 
(62.5%) had hypertension, one (12.5%) had diabetes mellitus, and 
three (37.5%) had hyperlipidemia. Three patients (37.5%) had a 
bicuspid aortic valve. None of the patients had previous atrial fibril-
lation (AF). The median LVEF was 56% (range, 42%–72%). The 
median LVESD was 42 mm (range, 39–51 mm) and the median 
LVEDD was 63 mm (range, 55–66 mm). Three patients (37.5%) 
were asymptomatic with severe AR (NYHA class I), while five 
(62.5%) were symptomatic (NYHA class II or greater). Among 
the patients designated NYHA class I, two had progressive AR, 
leading to the decision for surgical treatment, and the other exhib-
ited progressive LV dilatation (LVEDD > 65 mm), which warrant-

ed surgical intervention [2,3,5,6]. The preoperative characteristics 
are summarized in Table 1. 

2. Intraoperative characteristics 
All the patients underwent elective surgery. Among them, biopros-
thetic valves were used in six patients (75.0%), including three rap-
id-deployment (RD) valves (Edwards INTUITY Elite valve, Ed-
wards Lifesciences, Irvine, CA, USA). A mechanical valve was 
used in two patients (25.0%) aged < 60 years. A 23-mm valve was 
used in three patients (37.5%), while a 25-mm valve was used in 
five (62.5%). In the RD-AVR group, the median operating, ACC, 
and CPB times were 285 minutes (range, 275–290 minutes), 102 
minutes (range, 90–104 minutes), and 133 minutes (range, 121–
140 minutes), respectively. Conversely, in the non-RD-AVR group, 
the procedure took relatively longer, with median operating, ACC, 
and CPB times of 340 minutes (range, 250–390 minutes), 127 
minutes (range, 98–188 minutes), and 195 minutes (range, 135–
235 minutes), respectively (Table 2). The median ACC and CPB 
times for patients who underwent isolated AVR were 104 minutes 
and 140 minutes, respectively, excluding patient number three 
who underwent concurrent procedures (Table 3). 

3. Clinical outcomes 
No operative or in-hospital mortalities were observed. Postopera-
tive AF temporally occurred in three patients (37.5%), one in the 

Table 1. Baseline characteristics of patients 

Characteristics Data
No. of patients 8
Age (yr)a) 65
Female sex 2 (25.0)
Hypertension 5 (62.5)
Diabetes mellitus 1 (12.5)
Hyperlipidemia 3 (37.5)
Coronary arterial disease 0 (0)
Chronic kidney disease 0 (0)
COPD 0 (0)
Atrial fibrillation 0 (0)
Ejection fraction (%)a) 56
Bicuspid aortic valve 3 (37.5)
LVESD (mm)a) 42
LVEDD (mm)a) 63
NYHA class
 I 3 (37.5)
 II 4 (50.0)
 III 1 (12.5)
STS scorea) 1.24

Values are presented as number only, median valuea), or number (%).
COPD, chronic obstructive pulmonary disease; LVESD, left ventricular end 
systolic diameter; LVEDD, left ventricular end diastolic diameter; NYHA, 
New York Heart Association; STS, Society of Thoracic Surgeons.

Table 2. Intraoperative data 

Variable Data
No. of patients (RAT AVR) 8
Concomitant cardiac surgery 1 (12.5)
Type of prosthesis
 Bioprosthetic 6 (75.0)
 Rapid deployment 3 (37.5)
 Mechanical 2 (25.0)
Valve size (mm)
 23 3 (37.5)
 25 5 (62.5)
Arterial cannulation
 Axillary 5 (62.5)
 Femoral 3 (37.5)
Surgical time (min), RD:NRD
 CPB time 133:195
 ACC time 102:127
 Operation time 285:340

Values are presented as number only or number (%) unless otherwise 
specified.
RAT AVR, right anterior mini-thoracotomy aortic valve replacement; RD, 
rapid-deployment aortic valve replacement group; NRD, non-rapid-de-
ployment aortic valve replacement group; CPB, cardiopulmonary bypass; 
ACC, aortic cross-clamp.
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RD-AVR group and two in the non-RD-AVR group. These pa-
tients achieved sinus conversion before discharge with medication 
alone, and none of them required permanent pacemaker implanta-
tion. We did not observe any wound problems or cases of stroke or 
postoperative acute renal failure requiring continuous renal re-
placement therapy. In the RD-AVR and non-RD-AVR groups, the 
median ventilation times were 16 hours (range, 8–17 hours) and 
17 hours (range, 15–22 hours), respectively. The length of inten-
sive care unit (ICU) stay was 25 hours (range, 25–45 hours) in the 
RD group and 44 hours (range, 24–48 hours) in the non-RD 
group. The length of hospital stay was 9 days (range, 8–18 days) in 
the RD group and 9 days (range, 7–13 days) in the non-RD group. 
After surgery, the median total drainage volume in the first 24 
hours was 250 mL. Revision surgery was not required because of 
bleeding. Drainage catheters were removed within 2 to 3 days after 
surgery in both groups (Table 3). 

A follow-up echocardiography was performed before discharge. 
Perioperative echocardiographic variables are shown in Table 4. 
No patient presented with paravalvular leakage. The median post-
operative mean systolic pressure gradient was 10.55 mmHg. There 
was no substantial difference in LVEF between the preoperative 
and postoperative results, with a slight reduction from 56% to 53% 
(p = 0.889). Both LVESD and LVEDD decreased significantly af-
ter surgery. The LVESD decreased from 42 mm to 35.5 mm 
(p = 0.018) and the LVEDD decreased from 63 mm to 51 mm 
(p = 0.012). Detailed data for each patient are presented in Table 5. 

4. Comparative data 
Comparative data between patients who underwent isolated AVR 
via sternotomy at our hospital during the same period (between 
January 2020 and January 2024), encompassing both AS and AR 
(n = 5), and a group of patients who underwent isolated AVR via 
the RAT approach were compared (Table 6). Isolated AVR via 

sternotomy was performed primarily in patients with preexisting 
lung disease or those deemed unsuitable for the RAT approach. As 
shown in Table 6, no significant differences were observed in the 
parameters between the two groups, except for the length of hospi-
tal stay. The mean length of hospital stay in the RAT AVR group 
was 9.7 days, which was significantly lower than that in the group 
undergoing sternotomy, which was 16.7 days (p = 0.03). 

Table 3. Patient data 

Patient No. Age (yr) Sex
LVEF (n) LVESD (n) LVEDD (n)

ACC (n) CPB (n)
Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative

1 82 Female 50 52 39 36 55 51 90 121
2 81 Male 59 68 45 33 66 46 104 133
3 64 Male 53 54 43 34 62 49 188 235
4 64 Male 72 65 37 35 64 55 102 140
5 66 Female 49 57 47 31 66 45 127 156
6 54 Male 60 48 41 39 61 55 149 195
7 54 Male 62 48 40 36 61 51 98 135
8 67 Male 42 45 51 51 64 63 127 206
Mean±SD 66.5 55.9±8.7 54.6±7.7 42.9±4.3 36.9±5.8 62.4±3.4 51.9±5.4 123.1±30.5 165.1±38.8
Median 65.0 56.0 53.0 42.0 35.5 63.0 51.0 115.5 148.0

LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter; LVEDD, left ventricular end diastolic diameter; ACC, aortic cross-
clamp time; CPB, cardiopulmonary bypass time; SD, standard deviation.

Table 4. Clinical outcomes 

Variable RD (n=3) NRD (n=5)
Ventilator time (hr)a) 16 17
Length of ICU stay (hr)a) 25 44
Length of hospital stay (day)a) 9 9
In-hospital mortality (%)a) 0 0
Postoperative arterial fibrillation 1 (33.3) 2 (40.0)
Device technical success 3 (100) 5 (100)
Drainage for 24 hr after surgery (mL)a) 400 340

Values are presented as median valuea) or number (%).
Reoperation, postoperative acute kidney injury, wound infection, femoral 
wound problems, stroke, pacemaker implantation, and paravalvular leak-
age were not observed in either group.
RD, rapid-deployment aortic valve replacement group; NRD, non-rap-
id-deployment aortic valve replacement group; ICU, intensive care unit. 

Table 5. Preoperative and postoperative echocardiographic vari-
ables 

Variable Preoperative Postoperative p-valuea)

LVEF (%) 56.0 53.0 0.889
LVESD (mm) 42.0 35.5 0.018
LVEDD (mm) 63.0 51.0 0.012
MSPG (mmHg) NA 10.6 NA

All values are medians. 
LVEF, left ventricular ejection fraction; LVESD, left ventricular end systol-
ic diameter; LVEDD, left ventricular end diastolic diameter; MSPG, mean 
systolic pressure gradient; NA, not applicable.
a)Wilcoxon signed-rank test.
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Discussion 

Minimally invasive aortic valve procedures were introduced to car-
diac surgery in the early 1990s. Since then, MiAVR has been in-
creasingly attempted at many centers as an alternative to conven-
tional AVR via full sternotomy, particularly when isolated AVR is 
indicated [11]. MiAVR via RAT is a safe and reproducible proce-
dure associated with a low incidence of postoperative mortality 
and morbidity and a decreased length of hospital stay [12,13]. 
Some studies have shown that RAT AVR does not exhibit a signifi-
cant difference in mortality or morbidity compared with that of 
standard median sternotomy; however, RAT AVR has been associ-
ated with a lower incidence of postoperative AF and blood transfu-
sions, a shorter ventilation time and postoperative length of stay, 
and reduced postoperative pain [12-15]. The RAT AVR group ex-
hibited a lower incidence of postoperative AF than the sternotomy 
group. This could be attributed to factors such as smaller incisions, 
sternal preservation, and intact costal cartilage, which collectively 
contribute to decreased postoperative pain, thereby triggering less 
postoperative AF [12]. Furthermore, it is presumed that the RAT 
AVR approach results in diminished postoperative bleeding and 
drainage, further contributing to a decreased incidence of AF. Ad-
ditionally, MiAVR offers beneficial effects such as faster recovery, 
reduced pain, and improved cosmetic results [4]. TAVR has been 
increasingly used as the standard treatment option for patients 
with AS. However, it is not considered a treatment option for pa-
tients with AR. Therefore, surgical AVR has traditionally been the 
preferred treatment for AR [1,11]. Nonetheless, the number of 
cases involving AVR via minimally invasive approaches in patients 
with AR has been increasing because of the numerous advantages 
of this method. However, few studies have specifically addressed 
MiAVR in patients with severe AR. In this study, we present the re-
sults of MiAVR using the RAT method in patients with chronic se-
vere AR treated at a single center. Consistent with previous reports, 

this study demonstrated acceptable or better outcomes in terms of 
mortality, morbidity, pain, length of hospitalization, and recovery 
time [4,12-15]. Additionally, postoperative echocardiographic re-
sults showed significant decreases in LVEDD and LVESD com-
pared to the preoperative data, indicating favorable cardiac remod-
eling during the acute phase. 

According to the meta-analysis by Murtuza et al. [4], the average 
surgery time for RAT AVR was 209 minutes, which is shorter than 
the 285 minutes observed in our hospital. Similarly, the CPB and 
ACC times were 102 minutes and 72 minutes, respectively, in the 
meta-analysis, shorter than our hospital’s times of 140 minutes and 
104 minutes, respectively. The length of stay in the ICU was short-
er at our hospital than in the meta-analysis data (25 hours vs. 43.2 
hours), whereas the total length of stay was reportedly the same (9 
days). Additionally, the postoperative complication and mortality 
rates were more favorable at our hospital. Although the sample size 
should be further increased for more robust conclusions, our re-
search findings demonstrate comparable or even superior surgical 
outcomes compared with existing data [4,16]. 

When performing MiAVR in patients with moderate-to-severe 
AR, there are some differences compared to patients with AS, es-
pecially in the method of delivering cardioplegia for myocardial 
protection. In patients with AR, antegrade cardioplegia through 
the root cannula may be ineffective in protecting the myocardium 
[17,18]. The available options include direct cardioplegia infusion 
via the coronary ostia, retrograde cardioplegia through the coro-
nary sinus, and a combination of direct and retrograde methods. 
However, retrograde cardioplegia may inherently provide inade-
quate protection to the right ventricular and posterior LV myocar-
dium. Administering retrograde cardioplegia also requires careful 
monitoring of the coronary sinus pressure and catheter position 
because problems such as catheter malposition and coronary sinus 
rupture can occur during retrograde cardioplegia infusion. The 
surgical field is limited in minimally invasive surgery (MIS). Thus, 
TEE is essential to confirm the proper location of the coronary si-
nus catheter. It is essential that a well-trained cardiologist or anes-
thesiologist confirms TEE during surgery; otherwise, it is difficult 
to properly position the catheter [19,20]. To overcome these lim-
itations, cardioplegia was supplemented directly into the coronary 
ostia after aortotomy. Thus, it was imperative to ensure that direct 
cardioplegia infusion could be safely performed through a detailed 
preoperative workup, including coronary angiography and com-
puted tomography. This was crucial because the efficacy of ante-
grade cardioplegia delivery often depends on collateral flow, which 
may be compromised by severe coronary artery stenosis. There-
fore, careful consideration was given in identifying the location of 
the coronary ostium and arterial territory. All patients in our study 

Table 6. Comparative data 

Variable Isolated AVR via 
sternotomy

Isolated AVR via 
RAT p-valuea)

Operation time (min) 297±53.9 298.6±45.3 0.876
CPB (min) 148.6±15.1 155.1±32.8 0.876
ACC (min) 115.4±14.9 113.9±21.0 0.876
Ventilator time (hr) 17.4±2.4 16.1±4.2 0.639
Length of ICU stay (hr) 32.6±10.4 33.6±11.4 >0.999
Length of hospital stay (day) 16.4±8.5 9.7±3.8 0.030

Values are presented as mean±standard deviation.
AVR, aortic valve replacement; RAT, right anterior thoracotomy; CPB, 
cardiopulmonary bypass time; ACC, aortic cross-clamp time; ICU, inten-
sive care unit.
a)The Mann-Whitney U test.

217https://doi.org/10.12701/jyms.2024.00290

J Yeungnam Med Sci 2024;41(3):213-219



received direct antegrade cardioplegia infusion via the coronary os-
tia as they exhibited no specific abnormalities in the location of the 
coronary artery. In addition, no coronary stenosis was observed on 
the preoperative examination. In our experience, a commonly en-
countered problem during direct cardioplegia infusion in the surgi-
cal field is the difficulty in clearly visualizing the right coronary os-
tium compared with the left main ostium within the limited space. 
To overcome this challenge, we used several strategies. First, we 
identified the location of the right coronary ostium in advance, us-
ing the preoperative workup mentioned above. Second, we identi-
fied the location of the right coronary ostial protrusion while dis-
secting the outside aortic root prior to aortic cross-clamping. Final-
ly, after aortotomy, the right coronary cusp or annulus was shifted 
backward and rightward to facilitate locating the ostium of the 
right coronary artery. 

As mentioned above, utilizing the RD valve conferred the ad-
vantage of significantly reducing the surgical time by up to 60 min-
utes. However, no differences were identified in the postoperative 
complications or hospitalization days between the RD and non-
RD valve groups. Therefore, when performing MiAVR in patients 
with AR, surgeons may consider shortening the surgery time using 
the RD valve unless there are contraindications, such as the pres-
ence of a bicuspid valve. 

Our study has some limitations. First, it is based on a retrospec-
tive analysis of our institutional, observational, and prospectively 
collected database. Another potential source of bias might be the 
mindset of the postoperative care team, who could consciously 
treat patients with RAT differently (with fewer transfusions, early 
extubation, and discharge). In addition, the number of patients was 
relatively small and highly selective, making it difficult to draw de-
finitive conclusions or identify statistically significant differences. 
Therefore, these results may not be generalizable. Further prospec-
tive studies should be conducted to validate the advantages of 
MiAVR. 

Despite its numerous advantages, MiAVR also has several limita-
tions. First, with MIS, many surgeons inevitably face a learning 
curve that can increase entry barriers for young surgeons [21]. Sec-
ond, because the surgical field is limited compared to that of full or 
partial sternotomy, it may be challenging to address problems if 
they occur. Third, the use of femoral cannulation and perfusion 
may lead to groin complications (e.g., infections and arterial dissec-
tions/hematoma), contributing to morbidity not typically ob-
served with conventional sternotomy. Retrograde aortic dissection 
may also occur [22]. However, a thorough understanding of MIS 
and experience with the technique can overcome these problems. 
Despite these drawbacks, MIS offers more advantages than disad-
vantages, and its benefits are evident. Therefore, it is important to 

continue developing and conducting experiments using MIS. 
Despite its disadvantages and limitations, MIS is a competent 

modern and future surgical method. Our center’s experience with 
MiAVR demonstrates the feasibility of adopting MIS techniques in 
patients with AR. Furthermore, MiAVR in patients with severe 
chronic AR offers the opportunity to reduce invasiveness of the 
surgical procedure, facilitate faster recovery, and achieve better sur-
gical outcomes with fewer complications. 
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