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Introduction

Minimally invasive surgical interventions in cardiac surgery
have been developed increasingly ever since it was first
described in the later 1990s.1,2 The superiority of minimal

invasive surgery as a lowermorbidity, shorter hospital length
of stay, and less blood transfusion requirement has been
reported in many studies.3–6 Combined valve surgery and
coronary artery bypass grafting (CABG) have been generally
related to high risk of morbidity and mortality compared
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Abstract Background Patients with combined valve and coronary artery disease are commonly
performed by standard median sternotomy approach for coronary artery bypass
grafting (CABG) and valve surgery. The purpose of this study is to describe our
experience and show feasibility and safety of minimally invasive approach to single or
combined valve pathology with single-vessel right coronary artery (RCA) disease, even
if it is suitable to percutaneous coronary intervention.
Methods This retrospective study comprised 28 consecutive patients who under-
went single or combined valve surgery concomitant right CABG through right anterior
minithoracotomy between February 2018 and December 2020. Preoperative evalua-
tion, intraoperative, and postoperative outcomes were reviewed and analyzed.
Results There were 12 men and 16 women. The mean age was 71.46� 6.82 years.
Ten patients were in New York Heart Association class III or IV. The mean cardiopulmo-
nary bypass and aortic cross-clamping times were 117.6� 21.3 and 98.1�22.6
minutes, respectively. The mean time to extubation was 9.7� 5.6 hours, the mean
intensive care unit stay was 37.4�14.6 hours, and themean hospital stay was 6.9�3.2
days. There was one patient who underwent reoperation for bleeding. There were no
instances of postoperative stroke, myocardial infarction, renal failure, or wound
infection. The mean follow-up was 19� 2.4 months.
Conclusion Presence of RCA lesion is not a contraindication for minimally invasive
approach in cases who underwent single or combined valve surgery. Combined valve
surgery and right CABG via right anteriorminithoracotomy are a safe and feasible option to
standard median sternotomy surgery, even if RCA lesions seem suitable for stenting.
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with isolated valve surgery or CABG and it is performed by
conventional median sternotomy in many centers.7,8 Fur-
thermore, hybrid procedures in which percutaneous coro-
nary intervention (PCI) are performed for critical coronary
artery disease followed by minimally invasive valve surgery
have provided a safe and effective option for patients with
concomitant valvular and coronary artery disease, which
generally have been a contraindication tominimally invasive
surgery.9–11

Cases with combined valve and coronary artery disease,
which are not proper for a hybrid procedure, are commonly
performed by standard median sternotomy approach for
CABG and valve surgery. In this study, we aimed to define
our experiences and clarify the safety and feasibility of a
minimally invasive approach to combined valve pathology
and single-vessel right coronary artery (RCA) disease in all
level regardless of suitability for PCI.

Materials and Methods

Study Design
This retrospective study included 28 consecutive patients
who underwent minimally invasive concomitant single or
combined valve surgery and right CABG between Febru-
ary 2018 andDecember 2020. All operationswere performed
by the same surgical team. Patientswith a history of previous
cardiac surgery andmultivessel coronaryartery diseasewere
excluded.

The study protocol was approved by the institutional
Ethics Committee of Ankara University. Our research was
conducted in accordance with the principles of the Declara-
tion of Helsinki. A written informed consent was obtained
from each patient.

Preoperative Evaluation
Preoperatively transthoracic echocardiography, coronaryan-
giography, and thoracic computed tomographywithout con-
trast were performed for all patients. In asymptomatic
patients with critical RCA lesion and/or unsuitable for stent-
ing, low molecular weight heparin and vasodilators were
used until surgery. In symptomatic patients, coronary artery
stenting was applied, valve surgery was postponed for 3 or
4 weeks, and this population was excluded.

Surgical Technique
All patientswere prepared in supine positionwith a pressure
bag inflated under the right scapula to elevate the right
hemithorax. This allows better exposure through intercostal
spaces. External defibrillation pads were placed and stan-
dard monitoring including electrocardiogram, near infrared
spectroscopy, and blood pressure was applied. After the
induction of anesthesia, double-lumen selective tracheal
intubation was performed to allow single lung ventilation
for all patients. Intraoperative transesophageal echocardio-
graphic (TEE) evaluation was performed routinely.

A cut-downprocedurewas performed at the level of groin,
then femoral artery and vein were exposed. Cardiopulmo-
nary bypass (CPB) was conducted with femoral artery can-

nulation and bicaval venous cannulation via femoral vein and
internal jugular vein. 15F to 21F arterial cannula (Biomedi-
cus, Medtronic, Minneapolis, Minnesota, United States) was
used for femoral artery cannulation, 21F to 25F venous
cannula was used for femoral vein cannulation, and 15F to
19F cannula was used for percutaneously internal jugular
vein cannulation. Seldinger technique was applied to cannu-
late each vessel. The position of venous cannulas was con-
firmed by using TEE through a bicaval view. The induction of
CPB and the greater saphenous vein harvesting were per-
formed simultaneously.

Thereafter, a 5 to 6 cm skin incision was positioned in the
3rd or 4th intercostal space. To provide better exposure for all
heart valves, the lower intercostal space was used via the
same skin incision.12 A surgical skin incision was applied
starting from the point of 4 to 10 hours around the lower
border of the inferior nipple–areolar complex in the right
breast in patients with isolated mitral and tricuspid valvular
disease. In patients undergoing aortic valve surgery, we
performed incision from third intercostal space from mid-
clavicular point to just 2 cm lateral of sternum. A soft tissue
retractor and small rib spreader were placed, respectively.
After the CPB was initiated, the pericardiumwas opened and
tacked to the skin with 5 or 6 sutures. A Chitwood clamp
(Scanlan International, Inc, St. Paul, Minnesota, United
States) was placed in the anterior midaxillary line in the
two or right third interspace and advanced into the trans-
verse sinus. The antegrade cardioplegia cannulawas inserted
at the ascending aorta. The aortawas clamped and Custodiol-
HTK (Essential Pharmaceuticals, Durham, North Carolina,
United States) cardioplegia was infused for myocardial pro-
tection. Moderate hypothermia was performed for all cases.
A carbon dioxide (CO2) diffuser was placed in the pericardial
cavity.

After the diastolic cardiac arrest was achieved, first of all,
RCA bypass graft was anastomosed. Coronary anastomosis
was applied with standard instruments. To gain excellent
exposure for the crux of RCA, deep traction silk sutures were
placed on the pericardium and the heart was decompressed
with vacuum assist. This approach was not useful for the
posterior descending artery (PDA) or the posterolateral
artery. The patient was placed in the advanced Trendelen-
burg position before PDA bypass grafting, so diaphragmatic
surface of heart was getting close to surgical area. Addition-
ally, few silastic traction sutures lying parallel to PDA were
put at 1 cm proximal and distal portion of the target lesion.
These sutures were pulled caudally to expand the vision for
better anastomosis (►Fig. 1). A retracting elastic suture
passed around RCA and the sling sutures were placed on
the crux of heart and retracted to expose distal RCA. This
approach provides great exposure of the vessels.9,13 Greater
saphenous veinwas prepared and coronary anastomosis was
performed with conventional technique using 7–0 Prolene
(Ethicon, Somerville, New Jersey, United States) suture
(►Fig. 1).

After coronary revascularization, the valve surgery proce-
dure was performed using long-shafted minimally invasive
instruments (Geister, Tuttlingen, Germany). In patients who
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underwent multivalve surgery, the lower intercostal space
was used from the same skin incision to increase exposure.
The left atriotomy was performed and a flexible suction for
venting was placed into left atrium. Transverse aortotomy
was applied �3.0 to 3.5 cm above the aortic annulus; aortic
valvewas resected and decalcificated completely. Thereafter,
mitral valve repair or replacement was performed with
standard technique. The left atriotomy was closed with
4–0 Prolene (Ethicon, Somerville, New Jersey, United States)
suture. Following that, the right atrium was opened and
tricuspid ring annuloplasty was performed with Contour
three-dimensional annuloplasty ring (Medtronic, Minneap-
olis, Minnesota, United States). After the right atrium was
closed with 4–0 Prolene (Ethicon, Somerville, New Jersey,
United States) suture, aortic valve was sized using Perceval-S
(LivaNova, Saluggia, Italy) sizers. Intercommissural 4–0
Polypropylene sutures were placed to shrink annulus for
changing elliptical shape into circular one. Thereafter, 4–0
Polypropylene guiding sutures passed through at the three
commissures to avoidmispositioning of guiding sutures after
the additional interventions into annulus. The collapsed
Perceval (LivaNova, Saluggia, Italy) valve was delivered using
its dedicated holder using the three guiding sutures and
deployed at the level of aortic annulus after maintaining
circular annulus. The delivery system and the three guiding
sutures were then removed.14 Aortotomy was closed using
3–0 Prolene (Ethicon, Somerville, New Jersey, United States)
suture. Proximal vein graft anastomosis was performed in an
end-to-side fashion to ascending aorta using 6–0 Prolene
(Ethicon, Somerville, New Jersey, United States) suture.
Following the end of surgical procedure, before aortic
declamping, a ventricular pacing wire was positioned on
the diaphragmatic surface of the right-ventricular and a
chest drain tube was inserted from right costa-diaphragmat-
ic recess through outside. Pacing wire was pinned to chest

drain and pulled out together and stabilized. Then aortic
cross clamping was removed.

Statistical Analysis
Datawas collected using the Statistical Package for the Social
Sciences (SPSS) version 25.0 software (SPSS Inc, Chicago,
Illinois, United States). Continuous variables were presented
in mean� standard deviation (SD) or median (min-max).
Categorical variables were expressed in numbers and
percentages.

Results

Patients Characteristics
Demographic data and medical history details of study
population are presented in ►Table 1. A total of 28 patients
were identified and 16 patients (57.1%) of them were wom-
en. The mean age was 71.4�6.8 years and mean logistic

Fig. 1 (A) Coronary angiography diagram of posterior descending
artery (PDA) lesion. (B) Exposure of PDA lesion. (C) Anastomosis of
PDA lesion. (D) Anastomosis of proximal right coronary artery lesion.

Table 1 Patients’ baseline characteristics

Variable

n 28

Age, mean� SD, years 71.46� 6.82

Female, n (%) 16 (57.1%)

Body mass index, kg/m2, mean� SD 27.13� 2.07

Logistic EuroSCORE II, mean� SD (%) 6.21� 2.57

Ejection fraction, mean� SD (%) 54.72� 8.12

PASP (mm Hg) 41.4� 8.3

New York Heart Association functional class

• I–II 18 (64.3%)

• III–IV 10 (35.7%)

Previous myocardial infarction, n (%) 2 (7.1%)

Hypertension, n (%) 15 (53.6%)

Diabetes mellitus, n (%) 9 (32.1%)

Dyslipidemia, n (%) 16 (57.1%)

Preoperative creatinine, mean� SD, mg/dL 0.95� 0.27

Chronic obstructive lung disease, n (%) 6 (21.4%)

Previous stroke, n (%) 1 (3.6%)

Peripheral vascular disease, n (%) 4 (14.2%)

Atrial fibrillation 5 (17.9%)

Aortic valve pathology 14 (50%)

• Isolated stenosis, n (%) 11 (39.3%)

• Mixed, n (%) 3 (10.7%)

Mitral valve pathology 23 (82.1%)

• Isolated stenosis, n (%) 10 (35.7%)

• Isolated regurgitation, n (%) 8 (28.6%)

• Mixed, n (%) 5 (17.9%)

Tricuspid regurgitation, n (%) 7 (25%)

Abbreviations: PASP, pulmonary artery systolic pressure; SD, standard
deviation.
Data presented as n (%) or mean� SD.
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EuroScore was 6.2�2.6. Ten patients (35.7%) were in New
York Heart Association functional class III or IV, mean left
ventricle ejection fraction was 54.7�8.2, mean systolic
pulmonary arterial pressure was 41.4�8.3mm Hg, and
preoperative creatinine was 0.95�0.27mg/dL. Three
patients had atrial fibrillation.

The indication for aortic valve replacement (AVR) was
aortic stenosis in 11 and mixed aortic valve disease in 3
patients. The indication for mitral valve replacement (MVR)
or mitral ring annuloplasty was mitral stenosis in 10, mitral
regurgitation in 8, and mixed mitral valve disease was in 5
patients. In seven patients, the indication for tricuspid ring
annuloplasty was tricuspid regurgitation.

Operative Outcomes
Surgical procedures are presented in ►Table 2. The mean
(SD) CPB and aortic cross-clamping times were 117.6 (21.3)
and 98.1 (22.6) minutes, respectively. Cryoablation for atrial
fibrillation was performed for five patients (17.9%).

Multiple valve surgery was performed with concomitant
RCA bypass in 14 patients (two valve surgery for 13 patients
and three valve surgery for one patient).

Surgical exposure was successfully obtained in all
patients, and none needed conversion tomedian sternotomy.

Postoperative Outcomes
Postoperative outcomes are detailed in ►Table 3. There was
no hospital mortality and mortality at 30 days. The mean
(SD) time to extubation was 9.7 (5.6) hours, the mean (SD)
intensive care unit stay was 37.4 (14.6) hours, and the mean
(SD) hospital stay was 6.9 (3.2) days. There was one patient
who underwent reoperation for bleeding. One patient who
performed cryoablation had postoperative atrial fibrillation.

There were no instances of postoperative stroke, myocardial
infarction, renal failure, or wound infection.

The postoperative echocardiographic evaluation is shown
in ►Table 3. The mean postoperative aortic valve gradient
was 11.6�1.8mm Hg. The mean mitral transvalvular gradi-
ent was 4.1�1.2mm Hg. There was no structural valve
deterioration, migration of the prosthesis, thrombus forma-
tion, endocarditis, or malpositioning detected at follow-up.

Follow-Up
The patients followed for 19�2.4 months, transthoracic
echocardiography at discharge and 3, 6, and 12 months
postoperatively and annually thereafter, a complete physi-
cal examination, electrocardiography registration, chest
radiography, and blood samples were performed for all
patients.

Table 2 Intraoperative outcomes

Variables

Cardiopulmonary bypass
time (min), mean� SD

117.64� 21.33

Aortic cross clamping
time (min), mean� SD

98.11� 22.63

Cryoablation 5 (17.9%)

Surgical procedures combined
to RCA bypass grafting

• AVR, n (%) 6 (21.4%)

• AVRþMRA, n (%) 2 (7.1%)

• AVRþMVR, n (%) 5 (17.9%)

• AVRþMRAþTRA, n (%) 1 (3.6%)

• MVR, n (%) 7 (25%)

• MRA, n (%) 2 (7.1%)

• MRAþTRA, n (%) 2 (7.1%)

• MVRþTRA, n (%) 4 (14.3%)

Abbreviations: AVR, aortic valve replacement; MRA, mitral ring annu-
loplasty; MVR, mitral valve replacement; RCA, right coronary artery; SD,
standard deviation; TRA, tricuspid ring annuloplasty.
Data are presented as n (%) or mean� SD.

Table 3 Postoperative outcomes

Variables

Clinical outcomes

• Time to extubation, mean� SD, h 9.7� 5.6

• ICU stay, mean� SD, h 37.4� 14.6

• Hospital stay, mean� SD, d 6.9� 3.2

Echocardiographic outcomes

Aortic valve n¼14

• Presence of PVL, n (%) 1 (7.1%)

• PVL � 1, n (%) 1 (7.1%)

• PVL �1, n (%) 0 (0%)

• Mean gradient (mm Hg) 11.6� 1.8

Mitral valve n¼23

• Mild regurgitation, n (%) 2 (8.7%)

• Moderate regurgitation, n (%) 0 (0%)

• Severe regurgitation, n (%) 0 (0%)

• Mean gradient (mm Hg) 4.1� 1.2

Morbidity and mortality

• Reoperation for bleeding, n (%) 1 (3.6%)

• Stroke, n (%) 0 (0%)

• Myocardial infarction, n (%) 0 (0%)

• Renal failure, n (%) 0 (0%)

• Atrial fibrillation, n (%) 1 (3.6%)

• Temporary pace-maker
requirement, n (%)

3 (10.7%)

• Permanant pace-maker
requirement, n (%)

0 (0%)

• Wound infection, n (%) 0 (0%)

• Hospital mortality, n (%) 0 (0%)

• 30-day mortality, n (%) 0 (0%)

Abbreviations: ICU, intensive care unit; PVL, paravalvular leak; SD,
standard deviation.
Data are presented as n (%) or mean� SD.
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Discussion

Combined valve surgery and CABGhavebeen associatedwith
worse outcomes than isolated valve surgery or isolated
CABG.11 There has also been evidence that combined valve
surgery and CABG result in increased postoperative mortali-
ty, with some studies showing a twofold increase in mortali-
ty from 4.1 to 4.4% with isolated AVR or MVR and 8.9 to 9.8%
with concomitant CABG although some assessments
reported a greater than additive risk of major morbidity
and mortality as high as 22%.15

In concurrent minimally invasive valve surgery and CABG,
less invasive approaches such as hybrid procedures have
been identified to enhance outcomes of this combination.
Byrne et al first described this hybrid approach in 2005.16 In
this retrospective study, 26 patients underwent PCI followed
by minimally valve surgery within a median of 5 days. The
operative mortality was 3.8%, which was much lower than
the predictive mortality of 22%. However, due to the use of
dual antiplatelet therapy, a high incidence of bleeding was
seen and blood transfusion was required for 85% of study
patients. To avoid bleeding and blood transfusion, Brinster
et al applied the PCI on the day of or the evening before the
planned minimally invasive AVR to evade the antiplatelet
effect of the drugs during surgery.10 In eight patients, blood
transfusion was required and there were no reoperations
because of bleeding. Santana et al reported that hybrid
approach is associated with less bleeding and blood transfu-
sion requirement, lower morbidity, shorter intensive care
unit, and hospital length of stay when compared with
median sternotomy.11

In our study population, if there were no critical RCA
lesions and/or hemodynamic instability, PCI was not per-
formed to RCA even if suitable for stenting. We assume that
right anterior minithoracotomy provides excellent exposure
for right CABG. In some studies, safety and feasibility of
right anterior minithoracotomy approach for combined
valve surgery and right CABG were shown. Lamelas et al
reported feasibility and safety of right anterior minithor-
acotomy approach for concomitant valve surgery and CABG.
Seventeen patients who underwent AVR and CABG through
right anterior minithoracotomy were evaluated. There was
one reoperation for bleeding and there were no postopera-
tive myocardial infarctions. There was no hospital mortality
and all patients were alive at a mean follow-up of 2 years.9

In our series, there were patients who had multiple valve
disease and RCA lesions ranging from proximal to distal
end. Furthermore, Lamelas et al performed rib resection
from costochondral junction to improve the exposure that
may lead more postoperative pain. We did not need any rib
resection.

In the literature, less invasive surgery approaches for
concomitant valve surgery and CABG are quite limited.
Smit et al reported on 12 patients who underwent combined
minimally invasive valve surgery and CABG via bilateral
minithoracotomies.17 In this study, combined procedures
were comparedwith 104 conventional sternotomy and there
was no difference between the groups in postoperative

morbidity. In addition, none of the minimally invasive pro-
cedures required conversion to sternotomy.

According to our study, presence of RCA lesion is not
contraindication for minimally invasive approach in cases
who underwent single or combined valve surgery. Our
results have shown that concomitant single or combined
valve surgery and right CABG via right anterior minithora-
cotomy are a safe, effective, and less invasive option to
standard median sternotomy surgery in patients with RCA
lesions even if suitable for stenting.

Study Limitations
Limitations of the present study are single center and retro-
spective study design. Another limitation of this study is the
lack of control group receiving conventional combined valve
pathology and single-vessel RCA substitutes. Therefore, we
planned a large prospective, randomized, controlled trial
comparingminimally invasive versus conventional approach
to combined valve pathology and single-vessel RCA disease.
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