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The evolution of cardiac surgery over the last two decades has been nothing short of
revolutionary. Minimally invasive cardiac surgery (MICS) has emerged as a transformative
approach, offering patients reduced surgical trauma, faster recovery times, and improved
outcomes. Since the pioneering work in minimally invasive cardiac surgery of Rao and
Kumar, as well as Sabik and Cosgrove, a continuous process of advancement was set in
motion [1-9]. Moreover, the emergence of catheter-based procedures further accelerated
the evolution of minimally invasive surgical techniques [10-12].

As cardiac surgeons, we stand at the precipice of a significant paradigm shift. The
conventional wisdom that full sternotomy is the gold standard for valve surgery is being
increasingly challenged by compelling data supporting MICS. For example, the extensive
results from the Dresden group’s landmark study on 1000 consecutive patients undergoing
transaxillary minimally invasive aortic valve replacement underscore this point [12]. The
findings reveal not only the safety and efficacy of this approach but also its potential to
become the dominant access route for a wide array of cardiac procedures.

A striking aspect of this transaxillary MICS series is the dramatic increase in its
utilization over the study period, rising from 18.7% in 2019 to 97.8% in 2023. This shift
signals growing confidence in the technique and reflects the broader trend towards less
invasive interventions. Notably, the study demonstrated a 0.9% 30-day mortality rate and
a 1.9% rate of major adverse cardiac and cerebrovascular events (MACCEs), reinforcing
the notion that transaxillary MICS is not only viable but potentially superior to traditional
sternotomy approaches [12].

Several important contributions in this Special Issue further exemplify the advance-
ments and growing scope of MICS: Franz et al. explore the feasibility of minimally invasive
mitral valve surgery for patients with infective endocarditis, challenging the notion that this
population is unsuitable for less invasive approaches. Salman et al. present hypothermic
ventricular fibrillation as a promising strategy for redo mitral valve surgery, addressing the
complexities of repeat interventions. Piekarski et al. offer insight into anesthetic protocols
critical for ensuring the safety and efficacy of MICS.

Moreover, Taghizadeh-Waghefi et al. focus on the transaxillary approach for high-risk
obese patients, demonstrating that MICS can enhance survival and reduce postoperative
complications compared to full sternotomy. Ali-Hasan-Al-Saegh et al. likewise delve into
the impact of obesity on minimally invasive mitral valve surgery, reinforcing the view that
BMI should not limit access to cutting-edge procedures.

Additional articles further enrich the discussion. Moscoso-Luduefia et al. introduce
the hybrid concept of combining percutaneous coronary intervention with minimally
invasive mitral valve surgery, illustrating the feasibility and safety of this multidisciplinary
approach. Meanwhile, Helms et al. emphasize the application of minimally invasive
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techniques in aortic and hemiarch replacement, underscoring the adaptability of MICS
even in complex anatomical scenarios. Kaufeld et al. explore the implications of minimally
invasive approaches in thoracic aortic procedures, broadening the scope of this evolving
field. Albes et al. provide a comprehensive review on patient selection criteria, offering
critical insights into refining procedural indications. Lastly, Weymann et al. present novel
data on outcomes following minimally invasive tricuspid valve surgery, further validating
the efficacy of MICS across diverse valve pathologies.

Crucially, the success of MICS hinges not only on surgical technique but also on the
collaborative efforts of anesthesiologists, perfusionists, and intensive care teams. The Bonn
Heart Center protocol for anesthetic management in MICS exemplifies the importance of
interdisciplinary coordination in optimizing patient outcomes. Tailored anesthesia proto-
cols, advanced monitoring, and enhanced recovery pathways are essential components
that enable the seamless execution of minimally invasive procedures.

The patient-centric benefits of MICS are undeniable. Shorter hospital stays, reduced
transfusion requirements, and a faster return to daily activities translate into improved
quality of life. A growing body of evidence, including the work by Helms et al. on
minimally invasive aortic and hemiarch replacement, suggests that these benefits extend
to complex aortic surgeries. This broadens the scope of MICS, reinforcing its role as a
cornerstone of modern cardiac surgery.

However, as we embrace the future of MICS, we must also confront the barriers to
widespread adoption. The notion that obesity, previous cardiac surgery, or advanced age
preclude minimally invasive approaches must be reconsidered. Studies such as those by
Ali-Hasan-Al-Saegh et al. demonstrate that obesity is not a contraindication for MICS but
rather an opportunity to tailor surgical strategies to individual patient needs. By shifting
the focus from patient selection to procedural adaptability, we can expand the reach of
MICS and ensure equitable access to its benefits.

In this context, the call to action is clear: “Full sternotomy should soon become
an historical access route for valve surgery”. This bold assertion reflects the collective
sentiment of this Special Issue’s contributors, who envision a future where minimally
invasive techniques are not reserved for select cases but become the standard of care. The
emphasis must shift towards selecting the procedure for the patient, not the patient for the
procedure.

The future of minimally invasive valve therapies will increasingly depend on special-
ized centers, as innovation and excellence in these procedures are best cultivated within
dedicated institutions.

In this Special Issue, ten accepted papers highlight the forefront of these advancements
in minimally invasive cardiac surgery. The contributions are listed below:

[ Taghizadeh-Waghefi, A.; Petrov, A.; Arzt, S.; Alexiou, K.; Matschke, K.; Kappert, U.;
Wilbring, M. Minimally Invasive Aortic Valve Replacement for High-Risk Populations:
Transaxillary Access Enhances Survival in Patients with Obesity. J. Clin. Med. 2024,
13, 6529.

[ Ali-Hasan-Al-Saegh, S.; Helms, E; Aburahma, K.; Takemoto, S.; De Manna, N.D.;
Amanov, L,; Ius, E; Karsten, J.; Zubarevich, A.; Schmack, B.; et al. Can obesity serve as
a barrier to minimally invasive mitral valve surgery? overcoming the limitations—a
multivariate logistic regression analysis. |. Clin. Med. 2024, 13, 6355.

[ Salman, J.; Franz, M.; Aburahma, K.; de Manna, N.D.; Tavil, S.; Ali-Hasan-Al-Saegh,
S.; lus, E; Boethig, D.; Zubarevich, A.; Schmack, B.; et al. Hypothermic ventricular
fibrillation in redo minimally invasive mitral valve surgery: a promising solution for
a surgical challenge. J. Clin. Med. 2024, 13, 4269.
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[ Franz, M.; Aburahma, K.; Ius, F; Ali-Hasan-Al-Saegh, S.; Boethig, D.; Hertel, N.;
Zubarevich, A.; Kaufeld, T.; Ruhparwar, A.; Weymann, A.; et al. Minimally inva-
sive surgery through right mini-thoracotomy for mitral valve infective endocarditis:
contraindicated or safely possible? J. Clin. Med. 2024, 13, 4182.

[ Weymann, A.; Amanov, L.; Beltsios, E.; Arjomandi Rad, A.; Szczechowicz, M.; Merzah,
A.S,; Ali-Hasan-Al-Saegh, S.; Schmack, B.; Ismail, I.; Popov, A.-F; et al. Minimally
Invasive Direct Coronary Artery Bypass Grafting: Sixteen Years of Single-Center
Experience. J. Clin. Med. 2024, 13, 3338. https://doi.org/10.3390/jcm13113338.

n Helms, F; Deniz, E.; Kriiger, H.; Zubarevich, A.; Schmitto, ].D.; Poyanmehr, R.;
Hinteregger, M.; Martens, A.; Weymann, A.; Ruhparwar, A; Schmack, B.; Popov, A.F.
Minimally invasive aortic and hemiarch replacement. J. Clin. Med. 2024, 13, 4406.

n Moscoso-Luduefia, M.; Vondran, M.; Irgsusi, M.; Nef, H.; Rastan, A.].; Ghazy, T.
Hybrid approach combining PCI and minimally invasive mitral valve surgery. J. Clin.
Med. 2024, 13, 4406.

n Taghizadeh-Waghefi, A.; Petrov, A.; Jatzke, P.; Wilbring, M.; Kappert, U.; Matschke,
K.; Alexiou, K.; Arzt, S. Minimally Invasive Isolated Aortic Valve Replacement in a
Potential TAVI Cohort of Patients Aged > 75 Years: A Propensity-Matched Analysis.
J. Clin. Med. 2023, 12, 4963. https:/ /doi.org/10.3390/jcm12154963

n Claessens, J.; Goris, P,; Yilmaz, A.; Van Genechten, S.; Claes, M.; Packlé, L.; Pierson,
M.; Vandenbrande, J.; Kaya, A.; Stessel, B. Patient-Centred Outcomes after Totally
Endoscopic Cardiac Surgery: One-Year Follow-Up. J. Clin. Med. 2023, 12, 4406.
https:/ /doi.org/10.3390/jcm12134406.

[ Piekarski, E.; Rohner, M.; Monsefi, N.; Bakhtiary, F.; Velten, M. Anesthesia for minimal
invasive cardiac surgery: the bonn heart center protocol. J. Clin. Med. 2024, 13, 3939.
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Abstract: Background/Objectives: Minimally invasive cardiac surgery is often avoided in patients
with obesity due to exposure and surgical access concerns. Nonetheless, these patients have elevated
periprocedural risks. Minimally invasive transaxillary aortic valve surgery offers a sternum-sparing
“nearly no visible scar” alternative to the traditional full sternotomy. This study evaluated the
clinical outcomes of patients with obesity compared to a propensity score-matched full sternotomy
cohort. Methods: This retrospective cohort study included 1086 patients with obesity (body mass
index [BMI] of >30 kg/m?) undergoing isolated aortic valve replacement from 2014 to 2023. Two
hundred consecutive patients who received transaxillary minimally invasive cardiac lateral surgery
(MICLAT-S) served as a treatment group, while a control group was generated via 1:1 propensity
score matching from 886 patients who underwent full sternotomy. The final sample comprised
400 patients in both groups. Outcomes included major adverse cardio-cerebral events, mortality, and
postoperative complications. Results: After matching, the clinical baselines were comparable. The
mean BMI was 34.4 +4.0kg/ m? (median: 33.9, range: 31.0-64.0). Despite the significantly longer skin-
to-skin time (135.0 £ 37.7 vs. 119.0 & 33.8 min; p < 0.001), cardiopulmonary bypass time (69.1 & 19.1
vs. 56.1 £ 21.4 min; p < 0.001), and aortic cross-clamp time (44.0 + 13.4 vs. 41.9 & 13.3 min; p = 0.044),
the MICLAT-S group showed a shorter hospital stay (9.71 &+ 6.19 vs. 12.4 £ 7.13 days; p < 0.001),
lower transfusion requirements (0.54 & 1.67 vs. 5.17 £ 9.38 units; p < 0.001), reduced postoperative
wound healing issues (5.0% vs. 12.0%; p = 0.012), and a lower 30-day mortality rate (1.5% vs. 6.0%;
p = 0.031). Conclusions: MICLAT-S is safe and effective. Compared to traditional sternotomy in
patients with obesity, MICLAT-S improves survival, reduces postoperative morbidity, and shortens
hospital stays.

Keywords: aortic valve replacement; minimally invasive surgery; transaxillary; MICLAT-S; obesity;
BMI; sternum-sparing

1. Introduction

Obesity poses a significant challenge for cardiac surgery, particularly in the context
of the current trend toward minimizing surgical trauma and physiological deterioration
through minimally invasive techniques. Several publications have reported that the com-
plexities associated with minimally invasive procedures can become a limiting factor for
their application in cardiac surgery. Consequently, partly depending on the degree of
obesity, patients are often excluded or deselected from these innovative approaches, as
obesity is considered a relative contraindication [1,2].

The global prevalence of obesity has reached epidemic proportions. It continues
its upward trajectory across nations with varying economic statuses; consequently, the
World Health Organization has noted that adult obesity has more than doubled since 1990,
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while adolescent obesity has even quadrupled [3]. Currently, the prevalence of obesity
worldwide is at its highest recorded level and continues to rise [4]. This global obesity
epidemic represents a growing challenge for healthcare systems worldwide, which is also
reflected in the increasing number of patients with obesity among the cardiac surgical
patient population [5]. Furthermore, the demographic shift toward an older population,
coupled with an increase in age-related degenerative diseases, has led to a higher prevalence
of obesity among patients diagnosed with severe aortic stenosis (AS) [6,7]. Consequently,
these patients are increasingly undergoing either surgical aortic valve replacement (SAVR)
or transcatheter aortic valve implantation (TAVI) [7]. However, patients with obesity may
face additional risks due to their heightened risk profiles and anatomical peculiarities
during conventional surgical procedures performed via sternotomy. These patients are
at a higher risk of developing deep sternal wound infections following cardiac surgery,
along with other complications, such as wound dehiscence, the requirement for prolonged
ventilation, and longer hospital stays [8-10]. Nonetheless, mortality following SAVR in
patients with obesity remains a contentious topic in the literature, as some studies have
reported reduced mortality after cardiac surgery [11]. This unanticipated and seemingly
contradictory phenomenon is referred to as the “obesity paradox” [11-13]. This paradox
may be explained primarily by selection bias. In risk stratification for elective cardiac
surgery, individuals with a high body mass index (BMI) but without metabolic syndrome
are more likely to be considered for surgery than those with a higher risk of obesity-
related complications [14,15]. Notably, the obesity paradox appears to disappear when
evaluating long-term postoperative results, such as the late development of cardiometabolic
diseases and the early onset of sternal dehiscence and mediastinitis after sternotomy [16-19].
However, the paradox stands in contrast to findings that identify obesity as an independent
predictor of higher hospital mortality [20].

Amid the abovementioned controversies and uncertainties, minimally invasive cardiac
surgery (MICS) has gained recognition as a viable alternative aimed at reducing compli-
cations and risks, even in high-risk groups. However, it remains unclear whether this
promise is substantiated, despite recent advances in MICS. Previous studies have high-
lighted ongoing uncertainties about the benefits for obese patients, as a smaller incision
may result in inadequate surgical field exposure and extended procedure times [21,22].
Furthermore, a large proportion of previous studies on MICS have focused primarily on
patients with a lower BMI or an average risk profile. This study sought to fill this gap by
investigating the outcomes of MICS—aortic valve replacement (AVR) in obese patients, a
group that may be at an elevated risk during surgical procedures. Given the rising rates of
obesity and the increasing population of older adults with aortic stenosis, it is essential to
establish safe and effective treatment options for these vulnerable groups of patients. In this
regard, evaluating MICS as a promising option for patients with obesity and AS can provide
valuable insights and potentially influence clinical practice. To date, MICS has not shown
any clear survival advantages in the broader population of cardiac surgery patients, likely
due to the influence of selection bias. This study evaluated the outcomes of MICS in obese
patients, compared to a propensity score-matched cohort who underwent sternotomy.

2. Patients and Methods
2.1. Inclusion and Exclusion Criteria

The main aim of this study was to assess adult patients with obesity undergoing SAVR,
specifically comparing those treated with the transaxillary minimally invasive cardiac
lateral surgery (MICLAT-S) approach to those treated with a traditional full sternotomy.
Obesity was classified as having a BMI greater than 30 kg/m?. Patients were excluded if
they had undergone additional concomitant procedures, had a history of active or recent
endocarditis, had previous cardiac surgeries, or did not meet the defined BMI criterion of
over 30 kg/m?.
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2.2. Study Design and Ethical Statement

The data for this analysis were gathered retrospectively from electronic health records.
The primary outcomes of interest were major adverse cardio-cerebral events (MACCEs),
including perioperative myocardial infarction, ischemic stroke, and 30-day mortality. Sec-
ondary outcomes included postoperative complications and morbidities. The study proto-
col received approval from the local ethics committee (EK—Nr. 28092012).

2.3. Patient Population

Between 2014 and 2023, a total of 11,662 patients were included in the Heart Center
Database for AVR. Out of these, 2990 patients (28.2%) who underwent concomitant proce-
dures were excluded, along with 850 patients (7.5%) who had endocarditis, redo operations,
or emergency surgeries. An additional 5002 patients (40.6%) who underwent transcatheter
aortic valve implantation (TAVI) were also excluded, followed by 446 patients (4.6%) who
received an upper partial sternotomy and 1288 patients with a body mass index (BMI)
below 30 kg/m?. This left a final cohort of 1086 patients meeting the inclusion criteria.
These patients were then divided into two groups: 886 patients (5.4%) who underwent
isolated AVR via full median sternotomy and 200 patients (4.6%) who had isolated AVR via
the transaxillary MICLAT-S approach. Propensity score matching was applied, resulting in
200 patients in each group for further analysis. The patient selection process is illustrated
in the flowchart in Figure 1.

( 11,662 patients N
Heart Center Database
Aortic Valve Replacement
(AVR) cohort - ~
~ (2012 T 2023) ~ Concomitant procedures
P 1 N 2990 patients (28.2 %)
N y,
8672 patients - ~
L ) Endocarditis, redo operation, emergency
! surgery
( ) L 850 patients (7.5 %) )
7822 patients ~ ~
S . J - TAVR
I N v 5002 patients (40.6 %)
. S
[ 2820 patients e ~
. J Upper partial sternotomy
I N L 446 patients (4.6 %) )
[ 2374 patients - ~
. J - BMI <30 kg/m2
I g 1288 patients

\ J
1086 patients
Isolated AVR via full median Isolated AVR via transaxillary
sternotomy concept of MICLAT-S
886 patients (5.4 %) 200 patients (4.6 %)

[ Propensity score matching J

L

Isolated AVR via full median Isolated AVR via transaxillary
sternotomy concept of MICLAT-S
200 patients 200 patients

Figure 1. Flow diagram of the study population. TAVR, transcatheter aortic valve replacement; AVR,
aortic valve replacement; MICLAT-S, minimally invasive cardiac lateral surgery.

2.4. Involved Surgeons

All MICS-AVR procedures were mainly carried out by four highly experienced sur-
geons, each with extensive expertise in adult cardiac surgery. Their individual experience
with procedures involving extracorporeal circulation ranged from over 500 to 6500 cases.
Additionally, based on the structured modular training program and the developments
within our surgical team, 64% of the surgical staff were actively involved in performing
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either the entire procedure or specific parts of it. This involvement stemmed from a well-
organized educational approach, where surgical training for residents is divided into linear
modules, covering all aspects from femoral vessel preparation to aortic valve surgery.
Despite potential confounding factors, such as the transition from selected to all-comer
patients and the increased focus on education, these changes have been integrated into the
program, resulting in a high level of participation across the surgical team.

2.5. Sternum-Sparing Transaxillary Concept of MICLAT-S

Since the surgical technique for AVR via median sternotomy is well known, it will
not be elaborated upon further herein. With the establishment of the MICLAT-S concept
at the end of 2019, the year in which the first MICLAT-S approach was implemented, all
other MICS approaches—such as upper partial hemisternotomy and right anterolateral
thoracotomy—were displaced and outperformed alongside sternotomy. Consequently,
by the final year of the study, 97.8% of the AVR procedures were performed using the
MICLAT-S approach [23].

For preoperative planning, the anatomical details of the patients were assessed through
electrocardiography-gated CT angiography, covering the thoracic, abdominal, and pelvic
regions. All patients underwent general anesthesia, and intraoperative transesophageal
echocardiography (TEE) was routinely used as the imaging standard, regardless of the
surgical technique. In all sternum-sparing MICLAT-S procedures, a double-lumen tube
was employed for intubation to allow for single-lung ventilation. Additionally, a tempo-
rary transvenous pacing wire was placed via a percutaneous sheath. The femoral vessels
were accessed using a conventional surgical cut-down, and extracorporeal circulation
was initiated following TEE-guided cannulation. A percutaneous approach for femoral
cannulation was only performed if clinical signs of inflammation in the groin area were
apparent. Common to all MICS-AVR procedures was the insertion of an antegrade car-
dioplegia cannula into the ascending aorta, along with the placement of a left ventricular
vent line through the right superior pulmonary vein. The method for AVR access via the
transaxillary MICLAT-S approach has been described in previous publications. In brief, the
patient was positioned supine, with the right side of the chest elevated on two pillows and
the right arm resting on the arm support, a position known as the javelin thrower’s position
(Figure 2). A 5 cm incision was created along the right anterior axillary line, followed by
the dissection of the serratus anterior and intercostal muscles to enter the third or fourth
intercostal space [24,25]. A video of our AVR procedure using the MICLAT-S technique is
available as Supplementary Materials.

Figure 2. Javelin thrower’s position in a female patient with obesity (body mass index = 53.9 kg/m?).
The horizontal dashed line marks the anterior axillary line, while the orthogonal line originates from
the mid-sternum (excluding the xiphoid). The white dashed line indicates the incision line.
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2.6. Prosthesis Choice

The choice of prosthesis was largely influenced by the surgeon’s preference, especially
for MICS-AVR procedures. In these cases, comprehensive anatomical information was
obtained through a high-resolution, full cardiac cycle CT scan, following the TAVI-CT proto-
col, covering the thorax, abdomen, and pelvis. This scan provided important preoperative
data, including measurements such as the distance from the annular plane to the chest wall,
the size of the aortic annulus, and the anticipated valve size. These measurements played a
key role in the surgeon’s decision-making process. With growing evidence supporting the
durability of rapid deployment valves (RDVs), their use was not restricted [26-28].

2.7. Statistical Analysis

The Shapiro-Wilk test was used to check if continuous variables followed a normal
distribution. For those that did, a t-test was applied, while the Mann-Whitney U test was
used for non-normally distributed variables and those on ordinal scales. Fisher’s exact
test and the chi-square test were employed to analyze dichotomous and other categorical
variables, respectively.

Propensity score matching was conducted to address baseline imbalances between the
groups, considering factors such as age, sex, EuroSCORE II, BMI, left ventricular ejection
fraction (LVEF), atrial fibrillation, peripheral vascular disease, chronic kidney disease, and
chronic lung disease. Since corrections for type I errors were not implemented for multiple
comparisons, the inferential statistical results serve a descriptive purpose, with significance
indicated by a local p-value below 0.05, without implying an error rate under 5%. All
statistical analyses were performed using the open-source R software (version 4.4.1).

3. Results
3.1. Baseline Patient Characteristics

From January 2014 to February 2023, a total of 1086 patients underwent surgery, with
886 receiving a sternotomy and 200 undergoing MICLAT-S. Several significant differences
in the baseline demographic and clinical characteristics were observed between the two
groups. The sternotomy group tended to be older (p = 0.034), while the MICLAT-S group
more frequently had atrial fibrillation (p = 0.021). Additionally, the sternotomy group
showed a higher prevalence of diabetes mellitus (p = 0.038) and peripheral arterial occlusive
disease (p = 0.004). The MICLAT-S group was significantly more likely to have had
a transient ischemic attack (p < 0.001). However, there were no significant differences
concerning the BMI, LVEF, or EuroSCORE II. A significant difference was noted in the
prevalence of pulmonary arterial hypertension, which was considerably more common in
the sternotomy group (p < 0.001).

Propensity scores, based on the defined variables, were applied to match 200 patients
from each group within the full cohort, ensuring comparable baseline characteristics be-
tween them. After matching, there was clear alignment in the baseline characteristics across
both groups. Table 1 provides an overview of the baseline characteristics for both the
unmatched and propensity score-matched groups.
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Table 1. Baseline characteristics.

Pre-Matched Cohort Propensity Score-Matched Cohort

Sternotomy MICLAT-S Sternotomy MICLAT-S

(n = 886) (n = 200) b (n = 200) (n = 200) P
Age (year), mean £ SD 69.0 £ 8.65 67.6 = 8.27 0.034 * 68.4 £+ 8.25 67.6 = 8.27 0.327
BMI (kg/mZ), mean + SD 33.8 £3.43 34.1+£3.76 0.205 34.6 £4.21 34.1+3.76 0.227
Diabetes mellitus, 1 (%) 379 (42.8) 69 (35.5) 0.038 * 75 (37.5) 69 (34.5) 0.603
Previous MI, 1 (%) 24 (2.7) 6 (3.0) 1 8 (4.0) 6 (3.0) 0.787
LVEF > 50%, 11 (%) 671 (75.7) 155 (77.5) 0.156 159 (79.5) 155 (77.5) 0.948
Atrial fibrillation, n (%) 107 (12.1) 37 (18.5) 0.021 * 48 (24.0) 37 (18.5) 0.221
COPD, 1 (%) 75 (8.5) 24 (12.0) 0.152 31 (15.5) 24 (12.0) 0.384
Renal insufficiency, 1 (%) 243 (27.4) 48 (24.0) 0.368 53 (26.5) 48 (24.0) 0.645
Hemodialysis, 7 (%) 7(0.8) 4(2.0) 0.249 4(2.0) 4(2.0) 1
PAOD, 1 (%) 126 (14.2) 13 (6.5) 0.004 ** 17 (8.5) 13 (6.5) 0.570
TIA, 1 (%) 0(0) 4 (2.0) <0.001**  0(0) 4(2.0) 0.123
EuroSCORE II (%), mean £ SD  1.68 + 1.24 1.83 £1.21 0.286 1.83 £1.81 1.83 £1.21 0.989

Bold and italic values indicate statistical significance: * p < 0.05; ** p < 0.01; MICLAT-S, minimally invasive
cardiac lateral surgery; SD, standard deviation; BMI, body mass index; LVEF, left ventricular ejection fraction;
COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease; TIA, transient
ischemic attack.

3.2. Unadjusted Outcomes
3.2.1. Procedural and Intraoperative Data

Among the pre-matched cohort, the prosthesis size was significantly larger in the
MICLAT-S group (24.2 £ 2.1 mm) than in the sternotomy group (23.2 + 1.8 mm; p < 0.001;
Table 2). Regarding the prosthesis type, RDVs were used in 81.9% of the patients in the
MICLAT-S group, while none were used in the sternotomy group. Bioprosthetic and mechani-
cal valves were significantly more commonly used in the sternotomy group (84.7% vs. 13.4%;
p <0.001; 15.3% vs. 4.7%, respectively; Figure 3; Table 2). The MICLAT-S group also exhibited
a significantly longer skin-to-skin time (STST) (135.0 & 37.7 vs. 120.1 4 33.6 min; p < 0.001),
cardiopulmonary bypass time (CPBT) (69.1 & 19.1 vs. 59.2 & 23.5 min; p < 0.001), and aortic
cross-clamp time (ACCT) (44.0 £ 13.4 vs. 41.9 & 15.2 min; p = 0.044; Figure 4; Table 2).

Table 2. Procedural and intraoperative data.

Pre-Matched Cohort Propensity Score-Matched Cohort

Sternotomy MICLAT-S Sternotomy MICLAT-S
(n = 886) (n =200) (n =200) (n =200)
Prosthesis size (mm), mean + SD 232+ 1.8 2424+ 2.1 <0.001** 23.7+19 241420 0.041 *
STST (min), mean 4 SD 120.1 + 33.6 135.0 £37.7 <0.001**  119.0 £ 33.8 135.0 £37.7 <0.001 **
CPBT (min), mean 4 SD 59.2 £ 235 69.1 £19.1 <0.001** 56.1+21.4 69.1 £19.1 <0.001 **
ACCT (min), mean + SD 419+ 15.2 4404+ 134 0.044 * 4194+ 13.3 440+ 134 0.044 *
Prosthesis type
- Mechanical, 1 (%) 136 (15.3) 10 (5.0) 29 (14.5) 10 (5.0)
- Bioprosthetic, 11 (%) 750 (84.7) 21 (10.5) <0.001** 171 (85.5) 21 (10.5) <0.001 **
- RDV,n (%) 0(0.0) 169 (84.5) 0 (0.0) 169 (84.5)

Bold and italic values indicate statistical significance: * p < 0.05; ** p < 0.01; MICLAT-S, minimally invasive
cardiac lateral surgery; SD, standard deviation; min, minute; STST, skin-to-skin time; CPBT, cardiopulmonary
bypass time; ACCT, aortic cross-clamp time; RDV, rapid deployment valve.
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Figure 3. Distribution of the type of aortic valve prostheses implanted within each group. MICLAT-S,
minimally invasive cardiac lateral surgery; RDV, rapid deployment valve; ** p < 0.01.
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Figure 4. Surgical times. * p < 0.05 between groups; MICLAT-S, minimally invasive cardiac lateral
surgery; min, minute; STST, skin-to-skin time; CPBT, cardiopulmonary bypass time; ACCT, aortic
cross-clamp time; * p < 0.05; ** p < 0.01.

3.2.2. Postoperative Outcomes, Morbidity, and Mortality

Among the pre-matched cohort, significant differences were observed in several key
postoperative outcomes between the MICLAT-S and sternotomy groups. A ventilation
time of <12 h was significantly more common in the MICLAT-S group than in the ster-
notomy group (90.5% vs. 26.2%; p < 0.001). Regarding the intensive care unit (ICU)
stay, the MICLAT-S group demonstrated a shorter duration, with 70.5% of the patients
staying <24 h, compared to 57.7% in the sternotomy group (p = 0.006). Likewise, the overall
hospital stay was notably shorter in the MICLAT-S group (9.71 &£ 6.19 vs. 12.6 £ 8.60 days;
p < 0.001). The MICLAT-S group required significantly fewer packed red blood cell transfu-
sions, with an average of 0.54 £ 1.67 units, compared to 4.02 &= 7.37 units in the sternotomy
group (p < 0.001). Although the incidence of acute kidney injury (AKI) stage III or continu-
ous veno-venous hemofiltration (CVVH) was lower in the MICLAT-S group (2.0% vs. 5.0%),
this difference did not reach statistical significance (p = 0.097). However, the re-exploration
rates were significantly higher in the MICLAT-S group (6.5% vs. 3.2%; p = 0.043). There
was no significant difference between the groups in the incidence of wound healing compli-
cations and postoperative delirium. The incidence of both ischemic and disabling strokes
was comparable between the groups. Additionally, the 30-day mortality rate was lower
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in the MICLAT-S group, although the difference was not statistically significant (1.5% vs.
3.4%; p = 0.240). Lastly, MACCESs were significantly less common in the MICLAT-S group
than in the sternotomy group (2.0% vs. 5.1%; p = 0.028). The results for the postoperative
parameters for the pre-matched cohort can be found in Table 3.

Table 3. Postoperative morbidity and mortality.

Pre-Matched Cohort

Propensity Score-Matched Cohort

Sternotomy MICLAT-S Sternotomy MICLAT-S
(n = 886) (n = 200) P (n = 200) (n = 200) P

Ventilation time (h)

- <12,1(% 232 (26.2) 181 (90.5) «x 47 (23.5) 181 (90.5) o

- <24,n E%; 525 (59.3) 13 (6.5) <0001 139 (69.5) 13 (6.5) <0.001

- >24,n (%) 57 (6.4) 6 (3.0) 14 (7.0) 6 (3.0)
Respiratory failure 1 (%) 40 (4.5) 6 (3.0) 0.442 11 (5.5) 6 (3.0) 0.322
ICU stay (days), mean + SD

- <241 (%) 511 (57.7) 141 (70.5) 120 (60.0) 141 (70.5)

- <481 (%) 133 (15.0) 17 (8.5) 0.006 ** 27 (13.5) 17 (8.5) 0.068

- <72,n (%) 89 (10.0) 21 (10.5) 19 (9.5) 21 (10.5)

- 72,1 (%) 152 (17.2) 21 (10.5) 34 (17.0) 21 (10.5)
Hospital stay (days), mean + SD 12.6 £8.60 9.71 £6.19 <0.001** 124 +7.13 9.71 £ 6.19 <0.001 **
Transfusion of PRBCs, mean + SD 4.02 £7.37 0.540 £ 1.67 <0.001** 517 +9.38 0.540 £ 1.67 <0.001 **
AKI stage IIT or CVVH, n (%) 44 (5.0) 4 (2.0) 0.097 18 (9.0) 4 (2.0 0.022 *
Conversion to sternotomy, 1 (%) N/A 7 (1.6) N/A N/A 7 (1.6) N/A
Re-exploration, 1 (%) 28 (3.2) 13 (6.5) 0.043 * 5(2.5) 13 (6.5) 0.0888
Impaired wound healing, 1 (%) 53 (6.0) 10 (5.0) 0.707 24 (12.0) 10 (5.0) 0.012 **
Postoperative delirium, n (%) 157 (17.7) 40 (20.0) 0.517 26 (13.0) 40 (20.0) 0.0794
Ischemic stroke (Rankin > 2), n (%) 12 (1.4) 1(0.5) 0.490 2 (1.0 1(0.5) 0.745
TIA, n (%) 9(1.0) 1(0.5) 0.745 2 (1.0) 1(0.5) 0.618
PPM implantation, 7 (%) 4(0.5) 11 (5.5) 0.446 1(0.5) 11 (5.5) 1
Myocardial infarction, 1 (%) 4(0.5) 0 (0.0) 0.758 1(0.5) 0(0) 1
30-day mortality, n (%) 30 (3.4) 3(1.5) 0.240 12 (6.0) 3(1.5) 0.031 *
MACCE, 1 (%) 45 (5.1) 4 (2.0) 0.028 * 15 (7.5) 4 (2.0 0.003 **

Bold and italic values indicate statistical significance: * p < 0.05; ** p < 0.01; t Primary postoperative ventilation
time of >72 h, reintubation, and tracheotomy; MICLAT-S, minimally invasive cardiac lateral surgery; SD, standard
deviation; ICU, intensive care unit; PRBC, packed red blood cell; AKI, acute kidney injury; CVVH, continuous
veno-venous hemofiltration; TIA, transient ischemic attack; PPM, permanent pacemaker; N/A, not applicable.

3.3. Propensity Score-Matched Cohort

To mitigate the influence of potential confounding variables, we applied propensity
score matching between the two groups, resulting in 400 patients (200 matched pairs) for
further analysis.

3.3.1. Adjusted Procedural and Intraoperative Data

Among the propensity score-matched cohort, the prosthesis size remained significantly
larger in the MICLAT-S group (24.1 & 2.0 vs. 23.7 = 1.9 mm; p = 0.041; Table 2). The
prosthesis type distribution remained consistent with the pre-matched cohort. RDVs
were used in 84.5% of the patients in the MICLAT-S group, while none were used in the
sternotomy group. Bioprosthetic and mechanical valves were significantly more commonly
used in the sternotomy group (85.5% vs. 10.5%; p < 0.001; 14.5% vs. 5.0%, respectively;
Figure 3; Table 2).The MICLAT-S group continued to show a significantly longer STST
(135.0 £ 37.7 vs. 119.0 £ 33.8 min; p < 0.001), CPBT (69.1 £ 19.1 vs. 56.1 &+ 21.4 min;
p <0.001), and ACCT (44.0 £ 13.4 vs. 41.9 £ 13.3 min; p = 0.044; Figure 4; Table 2).
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3.3.2. Adjusted Postoperative Outcomes, Morbidity, and Mortality

Within the matched cohort, the MICLAT-S group continued to demonstrate signif-
icant advantages. The proportion of patients requiring ventilation for <12 h remained
significantly larger in the MICLAT-S group (90.5%) than in the sternotomy group (23.5%)
(p < 0.001; Figure 5). The trend of shorter ICU stays seen in the unmatched cohort did
not achieve statistical significance in the matched cohort, although it did show a statistical
tendency (70.5% of the patients in the MICLAT-S group vs. 60.0% of those in the sternotomy
group stayed <24 h; p = 0.068; Figure 5). However, the overall hospital stay, which was
significantly shorter in the MICLAT-S group in the unmatched cohort, remained signif-
icantly reduced among the matched cohort (9.71 + 6.19 vs. 12.4 &+ 7.13 days; p < 0.001;
Figure 6). In alignment with the unmatched cohort findings, the MICLAT-S group among
the matched cohort required significantly fewer transfusions of packed red blood cells
(0.54 £ 1.67 vs. 5.17 £ 9.38 units; p < 0.001). The lower incidence of AKI stage III or
postoperative-onset CVVH was confirmed in the matched cohort (2.0% vs. 9.0%; p = 0.022).
The re-exploration rates, which were significantly higher in the MICLAT-S group among the
unmatched cohort, remained elevated among the matched cohort (6.5% vs. 2.5%) but did
not reach statistical significance (p = 0.089). Conversely, the trend of reduced wound healing
complications in the MICLAT-S group continued and became statistically significant in the
matched cohort (5.0% vs. 12.0%; p = 0.012). Although postoperative delirium syndrome
occurred more frequently in the MICLAT-S group in both the unmatched and matched
cohorts, the difference was not statistically significant in the matched cohort (20.0% vs.
13.0%; p = 0.0794). Notably, the difference in the 30-day mortality rate, which was not
statistically significant among the unmatched cohort, became significant after propensity
score matching, with the MICLAT-S group showing a lower rate (1.5% vs. 6.0%; p = 0.031).
Moreover, the propensity score matching reinforced the significantly lower incidence of
MACCEs in the MICLAT-S group (2.0% vs. 7.5%; p = 0.003). Postoperative outcomes for
the propensity score-matched cohort are detailed in Table 3.

Ventilation Time - Propensity-Score-Matched Cohort ICU Stay - Propensity-Score-Matched Cohort
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Figure 5. Two stacked bar charts present the percentage distribution of patients in the propensity
score-matched cohort for both the ventilation time (on the left) and ICU stay (on the right). Each bar
represents the percentage of patients in each group who experienced different durations of ventilation
(min) or ICU stays (day). The stacked bars for both the sternotomy and MICLAT-S groups total 100%,
representing the total distribution of patients across the different time intervals; ** p < 0.01.
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Figure 6. Kaplan-Meier curve illustrating the cumulative probability of patients remaining hospital-
ized over time for each group.

4. Discussion

Minimally invasive techniques for AVR have evolved significantly over the past three
decades, with sternum-sparing approaches emerging even before the introduction of the
upper partial hemisternotomy. In the 1990s, pioneering efforts by Rao and Kumar (1993)
and Cosgrove and Sabik (1996) laid the groundwork for sternum-sparing approaches in
MICS-AVR [29,30]. Notably, Cosgrove advanced the field by reducing thoracic trauma
through the incorporation of femoral cannulation in MICS-AVR [30]. The introduction
of MICS-AVR via upper partial hemisternotomy by Svensson in 1997 marked another
milestone [31]. However, before the widespread clinical adoption of TAVI, MICS-AVR
accounted for less than 5% of all cases in Germany [28]. The growing awareness of and
emphasis on reducing surgical invasiveness, spurred by the advent of TAVI, ultimately led
to a renaissance for sternum-sparing techniques, exemplified by the development of RAT
by Lamelas in 2015 [32]. This approach was further refined with the introduction of the
endoscopically guided right anterolateral thoracotomy in 2020 [33].

After nearly 30 years of development, the current state of cardiac surgery in the treat-
ment of aortic valve pathologies presents a rather sobering conclusion. Despite innovations,
the adoption of sternum-sparing techniques remains notably low, and they are not even
mentioned in the annual German Heart Surgery Reports [29]. Additionally, while the upper
partial hemisternotomy for AVR remains the most commonly used minimally invasive tech-
nique, its adoption has increased but still remains below 50%; it is currently at 43.2% [34].
This suggests that most patients undergoing treatment for aortic valve pathologies still
undergo a conventional full sternotomy. Notably, the adoption rate of minimally invasive
procedures for isolated AVR is low, and there is ongoing hesitancy regarding their use. A
plausible explanation is that the minimally invasive techniques developed thus far carry an
inherent limitation, restricting their applicability to a highly selective patient cohort [35].
This high degree of selectivity hinders the establishment of an evidence-based foundation
for the application of minimally invasive techniques across the broader all-comer patient
population. It also creates clinical bias by selecting lower-risk patients for minimally inva-
sive procedures, which in turn leads to insufficient statistical power to show a significant
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reduction in mortality compared to the median sternotomy approach; this is particularly
relevant as no studies to date have demonstrated a clear mortality benefit for MICS in the
broader cardiac surgery population [21,36-39].

To the best of our knowledge, our study is the first to present evidence from a sub-
stantial cohort of 1086 patients, showing that individuals with obesity and undergoing
MICS-AVR experience significantly better survival and reduced postoperative morbidity
than a propensity score-matched sternotomy cohort. The main results of this study are
as follows:

- Combined MACCEs were less frequently observed in the MICLAT-S group;

- The postoperative 30-day mortality rate was significantly lower in the MICLAT-S
group;

- The MICLAT-S group had a shorter median hospital stay;

- The incidence of postoperative impaired wound healing was significantly lower in
the MICLAT-S group;

- The MICLAT-S group needed fewer transfusions of blood products.

Patients with obesity have been excluded from major reports on minimally invasive
valve surgery, which is why comparative studies are scarce. The right anterolateral thora-
cotomy, as a sternum-sparing approach for AVR, has so far only been examined in small
case series comparing valve surgeries to sternotomy or in comparative studies with limited
patient numbers [40,41]. Further studies have investigated the upper partial hemister-
notomy as a minimally invasive option, comparing it to a median sternotomy in obese
patients [42—48]. However, these studies have not provided evidence of the superiority
of MICS techniques over conventional methods in terms of mortality for isolated AVR.
Among the defined primary endpoints in the present study, while the incidence of peri-
operative stroke and myocardial infarction was comparable between the two groups, that
of both 30-day mortality and MACCEs was significantly lower in the MICLAT-S group
than in the sternotomy group. These findings confirm that the transaxillary concept of
MICLAT-S, as a sternum-sparing MICS-AVR technique, outperforms the conventional
full median sternotomy for AVR in patients with obesity. Notably, throughout the study
period, the selection of patients for the MICLAT-S approach was entirely independent of
anthropometric factors.

In terms of hospital resource utilization, the MICLAT-S group demonstrated clear
superiority. The MICLAT-S group experienced notably shorter ventilation times and overall
hospital stays compared to the control group. After matching, only a statistical trend
was observed regarding shorter ICU stays in the MICLAT-S group. This observation is
consistent with the findings of other studies that compared MICS procedures to sternotomy
in patients with obesity for isolated AVR [40,43-46,49,50]. A possible explanation for the
shorter hospital stays could be that the MICLAT-S technique, which is bone-sparing and
avoids affecting the shoulder girdle, may enable earlier patient mobilization and accelerated
recovery, leading to quicker patient independence and earlier discharge. However, this
hypothesis requires further validation in future studies. Moreover, consistent with previous
reports, the MICLAT-S group required significantly fewer perioperative transfusions of
packed red blood cells [40,42,45,46,51].

One drawback of the minimally invasive procedure was the extended procedural du-
ration, which included a longer surgical time, CPBT, and cross-clamp time. However, this
did not have any clinically apparent impact on the primary endpoints or other postoperative
morbidities. On the contrary, the need for perioperative transfusions and the incidence of acute
renal failure and postoperative new-onset dialysis were lower in the MICS-AVR group. While
the lower incidence of acute renal failure in the MICLAT-S group, despite longer procedural
times, might seem surprising, the most plausible explanation lies in the significantly fewer
complications and reduced transfusion requirements in the minimally invasive group—both
of which are key contributors to the development of renal failure [40,52].

RDVs were exclusively implanted in the MICLAT-S group, consistent with previous
reports and likely explaining the implantation of larger valve prostheses in this cohort [53].
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In the MICLAT-S group, seven patients (1.6%) underwent conversion to sternotomy.
However, none of these conversions were attributed to inadequate exposure of the aor-
tic valve.

As anticipated, the occurrence of thoracic wound healing complications was signifi-
cantly higher in the sternotomy group than in the MICLAT-S group. The groups differed
not only in the incidence but also in the location of such disorders. In the MICLAT-S
group, wound healing complications predominantly arose at the groin (60%, n/N = 6/10)
and were less common in the thoracic area (40%, n/N = 4/10), whereas, in the control
group, they were exclusively localized to the sternum. Notably, 45.8% (n/N = 11/24) of the
patients with sternal wound healing disorders in the control group developed consequent
mediastinitis. In contrast, no cases of mediastinitis were observed in the MICLAT-S group.
Among the cases of local wound healing disorders in the groin, 66.7% (n/N = 4/6) were
primarily attributed to the formation of a lymph fistula, while the remaining cases had a
primary infection of the groin wound.

Finally, the cosmetic outcomes of the transaxillary concept of MICLAT-S were par-
ticularly satisfactory, especially in the female patients with obesity, due to the minimized
visibility of scars and the sternum-sparing nature of the procedure (Figure 7).

Figure 7. Postoperative cosmetic outcomes of minimally invasive cardiac lateral surgery in a female
patient with obesity (body mass index of 31.1 kg/m?). The images illustrate the minimally invasive
nature of the procedure. The sternum remains intact, and the incisions are placed in the right anterior
axillary line, minimizing visible scarring, particularly in female patients with a higher body mass
index. The right image demonstrates the primary surgical incision, contributing to enhanced cosmetic
outcomes and more comfortable postoperative recovery.

5. Conclusions

The results underscore the potential of the holistic transaxillary concept of MICLAT-S
as a viable, more broadly applicable alternative to traditional sternotomy, particularly
in patients with obesity. Given the limited research on minimally invasive techniques,
especially sternum-sparing procedures, this study provides crucial evidence that could
pave the way for the broader adoption and further exploration of these approaches in this
challenging patient population. Furthermore, the results of this study offer a strong basis
for the hypothesis that minimally invasive procedures, when extended beyond the confines
of highly selective patient cohorts and applied as a therapeutic strategy for the broader all-
comer population, have the potential to confer significant advantages, even in high-risk and
high-morbidity patient groups. Consequently, the overarching goal of minimally invasive
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techniques should not be limited by the specific method of implementation but should
instead focus on making them accessible to the entire spectrum of cardiac surgical patients.
Therefore, it is not the patient who must be deemed suitable for the MICS approach,
but rather the MICS approach that must be adapted to meet the needs of all patients.
While TAVI is seeking to further expand its evidence base from high- to intermediate- and
low-risk patients, MICS-AVR remains predominantly in the domain of low-risk patients.
One reason that an all-comer approach has so far failed to gain widespread acceptance
for MICS-AVR in cardiac surgery centers is the lack of a holistic concept. Therefore, the
emerging generation of cardiac surgeons must address the areas of greatest need, breaking
the paradigm of offering minimally invasive procedures only to low-risk patients and
extending MICS to all risk groups, regardless of their morbidity profile. Immediate efforts
should be directed toward integrating these findings into clinical practice, ensuring that the
benefits of MICLAT-S are made available to a broader range of patients, thereby advancing
the field of cardiac surgery as a whole.

6. Limitations

This study has several limitations. First, although the cohort was large, the research
was conducted at a single center and was a retrospective analysis with a relatively short
follow-up period. Second, the propensity score matching model may have missed unknown
but potentially important risk factors and confounding variables. Third, the matching
criteria were mainly chosen based on the surgical feasibility of minimally invasive AVR.
Finally, the outcomes were obtained in a high-volume, specialized center, which may reduce
the generalizability of the findings to wider patient populations.
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Abstract: Background/Objectives: Over the past two decades, significant advancements in mitral
valve surgery have focused on minimally invasive techniques. Some surgeons consider obesity as a
relative contraindication for minimally invasive mitral valve surgery (MIMVS). The aim of this study
is to evaluate whether the specific characteristics of obese patients contribute to increased surgical
complexity and whether this, in turn, leads to worse clinical outcomes compared to non-obese
patients. Furthermore, we aim to explore whether these findings could substantiate the consideration
of limiting this treatment option for obese patients. We investigated the outcomes of MIMVS in obese
and non-obese patients at a high-volume center in Germany staffed by an experienced surgical team
well-versed in perioperative management. Methods: A total of 934 MIMVS were performed in our
high-volume center in Germany from 2011 to 2023. Of these, 196 patients had a BMI of 30 or higher
(obese group), while 738 patients had a BMI below 30 (non-obese group), all of whom underwent
MIMVS by right minithoracotomy. Demographic information, echocardiographic assessments,
surgical data, and clinical outcome parameters were collected for all patients. Results: There was no
significant difference in in-hospital, 30-day, and late mortality between groups (obese vs. non-obese:
6 [3.0%] vs. 14 [1.8%], p = 0.40; 6 [3.0%] vs. 14 [1.8%], p = 0.40; 13 [6.6%] vs. 39 [5.3%], p = 0.48,
respectively). Respiratory insufficiency and arrhythmia occurred more frequently in the obese
group (obese vs. non-obese: 25 [12.7%] vs. 35 [4.7%], p < 0.001; 35 [17.8%] vs. 77 [10.4%], p = 0.006).
Conclusions: Obesity was not associated with increased early or late mortality in patients undergoing
MIMVS. However, obese patients experienced higher incidences of postoperative complications,
including respiratory insufficiency, arrhythmias, delirium, and wound dehiscence. Nonetheless, a
multivariate logistic regression analysis indicated that obesity itself does not contraindicate MIMVS
and should not be viewed as a barrier to offering this minimally invasive approach to obese patients.

Keywords: minimally invasive mitral valve surgery; mitral valve replacement; mitral valve repair;
obesity; BMI

1. Introduction

Obesity has become a significant global health concern, with its prevalence continuing
to rise worldwide. The global prevalence of obesity has tripled in recent decades, with
around 40% of men classified as overweight (body mass index [BMI) of 25-30 kg/ m?) and
13% classified as obese (BMI > 30 kg/m?) in 2016 [1]. Obesity is recognized as a considerable
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risk factor for various health conditions, including diabetes, cardiovascular disorders, and
respiratory complications [2]. Given the link between obesity and multiple cardiovascular
risk factors, it is likely that the number of cardiac surgery patients with obesity will increase
significantly in the coming years and decades. In the context of cardiac surgery, obesity
is associated with an increased likelihood of complications such as acute kidney injury
and impaired wound healing, longer hospital stays, and the need for re-exploration after
conventional cardiac surgeries [3-5]. The absolute prevalence of primary mitral valve
regurgitation, one of the most common degenerative heart valve diseases, has significantly
increased, with a 70% rise observed from 1990 to 2017 [6]. These rising trends necessitate a
deeper understanding of how obesity impacts the outcomes of cardiac surgery, particularly
in patients with mitral valve disease.

Over the past two decades, significant advancements in mitral valve surgery have
focused on minimally invasive techniques, including minithoracotomy and robotic- and
video-assisted methods. Compared to a conventional full sternotomy, minimally invasive
techniques offer improved short- and mid-term outcomes, including a reduced severity
of pain after surgery, shorter hospitalization, and faster recovery [7]. However, several
challenges remain, particularly regarding the suitability of minimally invasive mitral
valve surgery (MIMVS) for obese patients. Some surgeons consider obesity a relative
contraindication for MIMVS based on several factors, such as a limited access to the
mediastinum, reduced visibility associated with the increased abdominal weight elevating
the right hemidiaphragm in a supine position, a higher ventilation pressure demand and
risk of barotrauma, and difficulties in the management of venous drainage and arterial
line pressures [8-10]. Despite these challenges, minimally invasive approaches may offer
an attractive alternative for obese patients, potentially reducing the risk of complications
associated with a sternotomy without compromising safety and efficacy.

The aim of this study is to evaluate whether the specific characteristics of obese
patients contribute to increased surgical complexity and whether this, in turn, leads to
worse clinical outcomes compared to non-obese patients. Furthermore, we aim to explore
whether these findings could substantiate the consideration of limiting this treatment
option for obese patients. We investigated the outcomes of MIMVS in obese and non-obese
patients at a high-volume center in Germany staffed by an experienced surgical team well-
versed in perioperative management. The novelty of our study, in comparison to previous
studies, lies in several key aspects. First, we utilized a larger sample size of patients
who underwent MIMVS through minithoracotomy, which enhances the reliability of our
findings. Additionally, we conducted comprehensive follow-ups for each patient until
2024 to assess late mortality rates, providing valuable insights into long-term outcomes.
Furthermore, we employed specific statistical methods, including a multivariate regression
analysis, to investigate the exact impact of obesity on clinical outcomes and complications
following MIMVS.

2. Materials and Methods
2.1. Study Population

From 2011 to 2023, a total of 934 MIMVS were performed in our high-volume center in
Germany. Of these, 196 patients had a BMI of 30 or higher (obese group), while 738 patients
had a BMI below 30 (non-obese group), all of whom underwent MIMVS by right minitho-
racotomy. We collected perioperative and postoperative (post-op) data from our database.
The inclusion criteria encompassed all etiologies of mitral valve disease, including de-
generative, ischemic, rheumatic, and infective causes. Patients with severe extracardiac
arteriopathy that precluded the establishment of a cardiopulmonary bypass (CPB) through
the groin vessels, as well as those with a significantly impaired left ventricular ejection
fraction, were excluded from the study.
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2.2. Physical Measurements

Height was measured without shoes using a standard wall-mounted stadiometer, and
weight was recorded using calibrated physician-grade scales. Trained personnel conducted
these measurements to ensure accuracy. Body mass index (BMI) was calculated using the
standard formula: BMI = weight (kg) /height (m)?.

2.3. Ethical Statement

In accordance with local German protocols, study approval by the institutional ethical
review board was waived given the retrospective and non-interventional design of this study.

2.4. Surgical Technique

The surgical techniques, including the right minithoracotomy approach, as well as
the perfusion strategies and aortic clamping techniques employed in this study, have been
previously described by our team [11]. All surgeries were conducted through a right
minithoracotomy, with continuous carbon dioxide insufflation maintained throughout the
procedure. In brief, a cardiopulmonary bypass (CPB) was typically initiated via the right
femoral vessels, and single-lung ventilation was utilized. Initially, a two-stage venous
cannula was placed into the superior vena cava using echocardiographic guidance, followed
by the insertion of an arterial cannula. The pericardium was incised 3 to 4 cm above the
phrenic nerve. Unfractionated heparin was administered intravenously to achieve an
activated clotting time exceeding 450 s, which was fully reversed with protamine after
removal of the venous cannula.

2.5. Follow-Up and Patient Data Collection

All patients were followed up for 30 days after surgery, and their survival was tracked
until August 2024. Demographic information, echocardiographic assessments, surgical
data, and clinical outcome parameters were collected for all patients. This included the
incidence of post-op complications such as wound dehiscence, arrhythmia, right ventricular
failure, new-onset atrial fibrillation (NOAF), new myocardial infarction, the need for
pacemaker implantation, thromboembolic events, respiratory insufficiency, the necessity
for cardiopulmonary resuscitation, acute renal failure requiring dialysis, ischemic stroke,
delirium, intracranial hemorrhage, major bleeding necessitating re-thoracotomy, and sepsis.
Additional metrics included intubation duration, duration of catecholamine therapy, and
transfusion of blood cells or products. Post-op early mortality was defined as death
occurring during the hospital stay or within the first 30 days after surgery, while late
mortality referred to deaths occurring beyond 30 days.

2.6. Echocardiographic Assessment

Transthoracic echocardiography was routinely performed both before surgery and
prior to discharge. The echocardiographic parameters collected included left ventricular
ejection fraction (LVEF), grades of mitral valve insufficiency (MI) II, III, and IV, and grades
of mitral valve stenosis (MS) II and III.

2.7. Statistical Analysis

Data analysis was performed using SPSS version 28.01.1. Continuous variables were
summarized as the mean with standard deviation (SD), while categorical variables were
reported as counts and percentages relative to the total sample size. A Mann-Whitney U
test was utilized to compare continuous variables, whereas a Chi-square test was used for
categorical comparisons. A Fisher’s exact test was conducted when any cell in the cross-
tabulation had an expected count of less than 5. Multivariate logistic regression models
were fitted for each dichotomous outcome, while multivariate linear regression models
were used for continuous outcome variables. A multivariate logistic regression analysis
was selected for this study as it facilitates the prediction of a binary outcome, such as the
occurrence or non-occurrence of postoperative complications, by considering multiple
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independent variables, including obesity and various patient characteristics. Results from
the regression analysis were reported as odds ratios (OR) along with 95% confidence
intervals (ClIs). Each regression model was conducted independently. A p-value of less
than 0.05 was considered statistically significant.

3. Results
3.1. Patient Demographics and Perioperative and Procedure Characteristics

Of the 934 patients who underwent MIMVS, 196 patients (21.0%) had a BMI > 30 kg/ m?,
and 738 patients (79.0%) had a BMI < 30 kg/m? (Figure 1). Patient demographics and pre-and
intraoperative data are summarized in Tables 1 and 2. Male gender (obese: 99 [50.5%] vs.
non-obese: 411 [55.6%], p = 0.02), insulin-dependent diabetes mellitus (obese: 18 [9.1%] vs.
non-obese: 18 [2.4%], p < 0.001), pulmonary hypertension (obese: 104 [53.0%] vs. non-
obese: 309 [41.8%], p = 0.03), arterial hypertension (obese: 167 [85.2%] vs. non-obese:
460 [62.3%], p < 0.001), hyperlipidemia (obese: 118 [60.2%] vs. non-obese: 304 [22.4%],
p < 0.001), atrial fibrillation (obese: 111 [56.6%] vs. non-obese: 313 [42.34], p < 0.001), mitral
valve stenosis (obese: 23 [11.7%] vs. non-obese: 34 [4.6%)], p < 0.001), mitral valve prolapse
(obese: 83 [42.3%] vs. non-obese: 461 [62.4%], p < 0.001), endocarditis (obese: 8 [4.0%] vs.
non-obese: 67 [9.0%], p = 0.02), and maximum mitral valve gradient (obese: 10.1 & 5.2 vs.
non-obese: 8.9 + 5.1 mmHg, p = 0.007) were significantly different between groups. Me-
chanical mitral valve replacement was performed more frequently in the obese group (obese:
35 [17.8%] vs. non-obese: 73 [9.8%], p = 0.004), and mitral valve repair was performed more
frequently in the non-obese group (obese: 102 [52.0%] vs. non-obese: 479 [64.9%], p < 0.001).
Among mitral valve repair, neochordae was utilized more frequently in the non-obese group
(obese: 61 [31.1%] vs. non-obese: 343 [46.4%], p < 0.001). The obese group needed a signifi-
cantly longer duration of surgery (obese: 224.1 £ 65.7 vs. non-obese: 210.8 & 54.5 [46.4%],
p <0.001). All other demographics were not significantly different between groups.

Table 1. Demographics and preoperative data.

Variables Non-Obese Group (N = 738) Obese Group (N =196) p-Value
Age 64.5 + 139 66.4 +11.0 0.08
Elderly cases (over 75 years of age) 196 (26.5%) 50 (25.5%) 0.43
Male Gender 411 (55.6%) 99 (50.5) 0.02*
Elective operations 492 (66.6%) 122 (62.2%)
Urgent operations 196 (26.5%) 64 (32.6%) 0.19
Emergency operations 50 (6.7%) 10 (5.1%)
Peripheral artery disease 53 (7.1%) 17 (8.6%) 0.28
COPD 106 (14.3%) 35 (17.8%) 0.13
Active endocarditis 56 (7.5%) 8 (4%) 0.07
Insulin-dependent diabetes mellitus 18 (2.4%) 18 (9.1%) 0.001 *
Recent myocardial infarction 8 (1.0%) 5(2.5%) 0.11
Preoperative stroke 58 (7.8%) 16 (8.1%) 0.49
Neurological symptoms 74 (10.0%) 23 (11.7%) 0.51
Pulmonary hypertension 309 (41.8%) 104 (53.0%) 0.03 *
Coronary artery disease 199 (26.9%) 64 (32.6%) 0.12
Smoking history 153 (20.7%) 49 (25%) 0.20
Arterial hypertension 460 (62.3%) 167 (85.2%) 0.001 *
Hyperlipidemia 304 (22.4%) 118 (60.2%) 0.001 *
Atrial fibrillation 313 (42.4%) 111 (56.6%) 0.001 *
Mitral valve stenosis 34 (4.6%) 23 (11.7%) 0.001 *
Mitral valve regurgitation 642 (86.9%) 168 (85.7%) 0.63
Mitral valve prolapse 461(62.4%) 83 (42.3%) 0.001 *
Endocarditis 67 (9.0%) 8 (4.0%) 0.02*
Anulus dilatation 367 (49.7%) 82 (41.8%) 0.64
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Table 1. Cont.

Variables Non-Obese Group (N = 738) Obese Group (N =196) p-Value
Cardiac myxoma 8 (1.0%) 1(0.5%) 0.87
Mean mitral valve gradient 4+35 44422 0.25
Maximal mitral valve gradient 89451 10.1+5.2 0.007 *

NYHA: New York Heart Association; COPD: chronic obstructive pulmonary disease. * p-value significant.

m Obesepatients  m Non-obese patients

Figure 1. Distribution of patients according to obesity (BMI > 30) and non-obesity (BMI < 30).

Table 2. Procedure characteristics.

Variables Non-Obese Group (N = 738) Obese Group (N =196) p-Value
Biological mitral valve replacement 186 (25.2%) 59 (30.1%) 0.17
Mechanical mitral valve replacement 73 (9.8%) 35 (17.8%) 0.004 *
Mitral valve repair 479 (64.9%) 102 (52.0%) 0.001 *
Plasty with neochordae 343 (46.4%) 61 (31.1%) 0.001
Cleft closure 76 (10.2%) 12 (6.1%) 0.09
Segment resection 38 (5.1%) 4 (2.0%) 0.07
Sliding plasty 8 (1.0%) 1(0.5%) 0.69
Augmentation 27 (3.6%) 7 (3.5%) 1.0
Maze procedure 133 (18.0%) 40 (20.4%) 0.46
Duration of surgery (minutes) 210.8 545 224.1 +65.7 0.004 *
Time on CPB (minutes) 78.4 + 35.3 74.8 £39.5 0.21

CPB: cardiopulmonary bypass. * p-value significant.

3.2. Postoperative Outcomes and Echocardiographic Data

Post-op outcomes are shown in Table 3. There was no significant difference in in-
hospital, 30-day, and late mortality between groups (obese vs. non-obese: 6 [3.0%] vs.
14 [1.8%], p = 0.40; 6 [3.0%] vs. 14 [1.8%], p = 0.40; 13 [6.6%] vs. 39 [5.3%], p = 0.48,
respectively). Respiratory insufficiency and arrhythmia occurred more frequently in the
obese group (obese vs. non-obese: 25 [12.7%] vs. non-obese: 35 [4.7%], p < 0.001; 35 [17.8%)]
vs. non-obese: 77 [10.4%], p = 0.006), and the incidence of new-onset atrial fibrillation
(NOATF), stroke, and wound dehiscence were near significant in two groups (obese vs.
non-obese: 26 [13.2%] vs. 66 [8.9%], p = 0.07; 7 [3.5%] vs. 11 [1.4%], p = 0.07; 19 [9.6%] vs.
42 [5.6%], p = 0.06, respectively). The incidence of delirium was higher in the obese group
(obese: 11 [5.6%] vs. non-obese: 18 [2.4%], p = 0.003) (Figure 2). There was no significant

difference in other variables.
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Table 3. Postoperative data.

Variables Non-Obese Group (N = 738) Obese Group (N =196) p-Value
In-hospital mortality 14 (1.8%) 6 (3.0%) 0.40§
30-day mortality 14 (1.8%) 6 (3.0%) 0408
Late mortality 39 (5.3%) 13 (6.6%) 0.48
Duration of therapy with catecholamine 35.5+88.5 47.5 £ 116.9 0.11
Duration of intubation (hours) 27.9 +£97.0 475+ 1169 0.06
Erythrocyte transfusion 34451 41+84 0.45
FFP transfusion 19+47 1.8£6.9 0.89
Platelet transfusion 05+£17 06+£13 0.75
Respiratory insufficiency 35 (4.7%) 25 (12.7%) 0.001 *8
Mitral valve re-operation 11 (1.4%) 2 (1.0%) 1.0
Arrhythmia 77 (10.4%) 35 (17.8%) 0.006 *S
ECMO/right ventricular failure 23 (3.1%) 7 (3.5%) 0.81
Re-thoracotomy 53 (7.1%) 16 (8.1%) 0.64
Major bleeding 49 (6.6%) 19 (9.6%) 0.16
New onset atrial fibrillation 66 (8.9%) 26 (13.2%) 0.07
Renal failure with new onset dialysis 23 (3.1%) 7 (3.5%) 0.81
Stroke 11 (1.4%) 7 (3.5%) 0.07
Cerebral bleeding 2 (0.3%) 2 (1.0%) 0.19
Seizure 9 (1.2%) 4 (2.0%) 0.48
Delirium 18 (2.4%) 11 (5.6%) 0.03 *S
Thromboembolic events 4 (0.5%) 1 (0.5%) 1.0
Wound dehiscence 42 (5.6%) 19 (9.6%) 0.06 *8
Sepsis 12 (1.6%) 3 (1.5%) 1.0
Myocardial infarction 2 (0.2%) 0 (0%) 1.0
Pacemaker implantation 38 (5.1%) 16 (8.1%) 0.12
CPR 13 (1.7%) 4 (2.0%) 0.76

CPB: cardiopulmonary bypass; CPR: cardiopulmonary resuscitation; ECMO: extracorporeal membrane oxygenation;

FFP: fresh frozen plasma. * p-value significant. § Need to clarify through a multivariate regression analysis.
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Figure 2. Percentage of postoperative clinical complications and outcomes.
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Echocardiographic outcomes are displayed in Table 4. Although the non-obese group
showed significantly higher preoperative (pre-op) LVEF, post-op LVEF was comparable
among groups (obese vs. non-obese: 50.7 &= 18.6 vs. 55.0 £16.3%, p = 0.002; 51.1 £ 13.3 vs.
52.0 &+ 11.2%, p = 0.37). Grade II mitral stenosis (MS) was observed more frequently in the
obese group preoperatively (obese: 8 [4.0%] vs. non-obese: 8 [1.0%], p = 0.007). Post-op
echocardiography revealed a near-significant higher incidence of grade I MI in the non-
obese group (obese: 27 [13.7%] vs. non-obese: 148 [20.0%], p = 0.07), while grade II or

higher MI and MS were rarely observed in both groups.

Table 4. Echocardiographic assessments.

Time Variables Non-Obese Group (N = 738) Obese ?gl'g)up N= p-Value
LVEF 55+16.3 50.7 £18.6 0.002 *
MIII 115 (15.5%) 57 (29.0%) 0.07
Preoperative MI I 475 (64.3%) 123 (62.7%) 0.70
MIIV 71 (9.6%) 10 (5.1%) 0.79
MSII 8 (1.0%) 8 (4.0%) 0.007 *
MS III 17 (2.3%) 9 (4.5%) 0.07
LVEF 52 +112 51.1+13.3 0.37
MI1 148 (20.0%) 27 (13.7%) 0.07
MIII 19 (2.5%) 2 (1.0%) 0.27
Postoperative MI III 0 (0%) 0 (0%) _
MIIV 0 (0%) 0 (0%) -
MSII 1(0.1%) 0 (0%) 1.0
MS III 1 (0.1%) 0 (0%) 1.0

LVEEF: left ventricular ejection fraction; MI: mitral valve insufficiency; MS: mitral valve stenosis; Pre-OP: preopera-
tive; Post-OP: postoperative. * p-value significant.

3.3. Regression Model: Impact of Obesity on Mortality and Postoperative Outcomes
- Mortality

Obesity was not significant for in-hospital and 30-day mortality in the multivariate
logistic regression analysis (odds ratio (OR): 3.82, 95% CI: [0.15-92.27], p = 0.4; OR: 1.61, 95%
CI: [0.12-20.36], p = 0.71, respectively) (Table 5). No other pre-op conditions or procedural
characteristics were not a risk factor for mortality.
- Arrhythmia

Obesity was not an independent predictive factor for post-op arrhythmia (OR: 1.18,
95% CI: [0.68-2.06], p = 0.54). Both mechanical MV replacement and MV repair were
protective factors (OR: 0.23, 95% CI: [0.08-0.64], p < 0.001; OR: 0.47, 95% CI: [0.26-0.85],
p = 0.01, respectively). Pre-op AF was a substantial risk of post-op arrhythmia (OR: 3.23,
95% CI: [1.91-5.48], p < 0.001).
- Respiratory insufficiency

Obesity did not increase the risk of post-op respiratory insufficiency (OR 0.96, 95% CI
0.44-2.10, p = 0.93). Pre-op LVEF was associated with the risk of post-op respiratory failure
(OR 0.97, 95% CI 0.96-0.99, p = 0.01), whereas pre-op pulmonary hypertension showed
borderline significance as a predictive factor (OR 2.01, 95% CI 0.98—4.09, p = 0.05).

- Wound dehiscence and delirium

Our logistic regression analysis revealed obesity was not a risk factor for either
wound dehiscence or delirium (OR: 1.71, 95% CI: [0.885-3.336], p = 0.11; OR: 1.03, 95%

26



J. Clin. Med. 2024, 13, 6355

CI: [0.34-3.13], p = 0.95, respectively). Furthermore, no significant independent predictive
factors were identified for either wound dehiscence or delirium.

Table 5. Multivariate logistic regression analysis.

Intrahospital Mortality

Variables OR Lower-Upper 95% CI p-value
Obesity 3.82 0.15 9227 0.40
Pulmonary HTN 0.85 0.04 15.92 0.91
Arterial HTN 14.76 0.00 - 0.99
HLP 44.87 0.00 - 0.99
Pre-OP AF 0.77 0.03 15.11 0.86
Mitral valve stenosis 0.00 0.00 - 0.99
Endocarditis 0.00 0.00 - 0.99
Gender 76.63 0.00 - 0.99
IDDM 0.00 0.00 - 0.99
Mitral valve prolapse 1.47 0.06 36.58 0.81
Mechanical MVR 0.00 0.00 - 0.99
Mitral valve repair 0.67 0.02 18.20 0.81
Pre-OP LVEF 1.04 0.90 1.19 0.57
Maximal gradient 1.02 0.67 1.54 091
30-Day Mortality
Variables OR Lower-Upper 95% CI p-value
Obesity 1.61 0.12 20.36 0.71
Pulmonary HTN 1.53 0.12 19.06 0.73
Arterial HIN 5.00 0.00 - 0.99
HLP 1.42 0.11 17.18 0.78
Pre-OP AF 1.46 0.11 18.50 0.76
Mitral valve stenosis 0.00 0.00 - 0.99
Endocarditis 0.00 0.00 - 0.99
Gender 2.07 0.18 22.92 0.55
IDDM 0.00 0.00 - 0.99
Mitral valve prolapse 0.51 0.03 7.95 0.63
Mechanical MVR 0.00 0.00 - 0.99
Mitral valve repair 0.24 0.01 3.66 0.30
Pre-OP LVEF 1.01 0.93 111 0.70
Maximal gradient 0.92 0.72 1.18 0.53
Wound Dehiscence
Variables OR Lower-Upper 95% CI p-value
Obesity 171 0.885 3.336 0.11
Pulmonary HTN 1.00 0.552 1.838 0.98
Arterial HIN 1.30 0.649 2.613 045
HLP 0.73 0.39 1.35 0.32
Pre-OP AF 1.62 0.87 2.99 0.12
Mitral valve stenosis 0.59 0.15 2.32 0.45
Endocarditis 0.87 0.24 3.14 0.83
Gender 0.77 0.43 1.37 0.38
IDDM 2.35 0.80 6.86 0.11
Mitral valve prolapse 0.78 0.38 1.59 0.51
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Table 5. Cont.

Wound Dehiscence

Variables OR Lower-Upper 95% CI p-value
Mechanical MVR 2.34 0.91 6.02 0.07
Mitral valve repair 1.15 0.50 2.63 0.73
Pre-OP LVEF 1.00 0.98 1.02 0.90
Maximal gradient 0.95 0.89 1.02 0.20
Arrhythmia
Variables OR Lower-Upper 95% CI p-value
Obesity 1.18 0.68 2.06 0.54
Pulmonary HTN 0.93 0.58 1.51 0.79
Arterial HTN 1.54 0.862 2.75 0.14
HLP 0.88 0.54 142 0.60
Pre-OP AF 3.23 1.91 5.48 0.001
Mitral valve stenosis 0.73 0.27 1.97 0.53
Endocarditis 0.00 0.00 - 0.99
Gender 0.96 0.61 1.53 0.89
IDDM 1.50 0.54 4.19 043
Mitral valve prolapse 0.84 0.48 1.46 0.54
Mechanical MVR 0.23 0.08 0.64 0.001
Mitral valve repair 0.47 0.26 0.85 0.01
Pre-OP LVEF 1.00 0.99 1.02 0.29
Maximal gradient 1.02 0.97 1.07 0.34
Delirium
Variables OR Lower-Upper 95% CI p-value
Obesity 1.03 0.34 3.13 0.95
Pulmonary HTN 1.39 0.53 3.64 0.49
Arterial HTN 0.92 0.30 2.75 0.88
HLP 2.94 0.99 8.73 0.05
Pre-OP AF 2.34 0.83 6.60 0.10
Mitral valve stenosis 0.00 0.00 - 0.99
Endocarditis 1.30 0.15 10.87 0.80
Gender 1.28 0.50 3.26 0.59
IDDM 1.19 0.14 10.07 0.86
Mitral valve prolapse 1.49 0.50 4.43 0.47
Mechanical MVR 0.41 0.04 3.56 042
Mitral valve repair 0.80 0.25 2.53 0.71
Pre-OP LVEF 0.99 0.96 1.02 0.80
Maximal gradient 1.03 0.92 1.14 0.59
Respiratory Insufficiency

Variables OR Lower-Upper 95% CI p-value
Obesity 0.96 0.44 2.10 0.93
Pulmonary HTN 2.01 0.98 4.09 0.05
Arterial HTN 1.79 0.74 4.31 0.19
HLP 1.89 0.91 3.92 0.08
Pre-OP AF 1.37 0.68 2.77 0.37
Mitral valve stenosis 0.54 0.11 2.57 0.44
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Table 5. Cont.

Respiratory Insufficiency

Variables OR Lower-Upper 95% CI p-value
Endocarditis 0.83 0.17 3.93 0.81
Gender 0.85 0.43 1.68 0.64
IDDM 0.79 0.17 3.70 0.77
Mitral valve prolapse 0.94 0.42 2.07 0.88
Mechanical MVR 0.96 0.34 2.73 0.95
Mitral valve repair 0.75 0.32 1.74 0.51
Pre-OP LVEF 0.97 0.96 0.99 0.01
Maximal gradient 1.03 0.96 1.10 0.32

AF, atrial fibrillation; CI, confidence interval; HLP, hyperlipidemia; HTN, hypertension; IDDM, insulin-dependent
diabetes mellitus; LVEF, left ventricular ejection fraction; MVR, mitral valve replacement; OR, odds ratio; Pre-OP,
preoperative; Post-OP, postoperative.

4. Discussion

Our study revealed that obesity did not contribute to an increased risk of either early
or late mortality for patients who underwent MIMVS. Although respiratory insufficiency,
arrhythmia, delirium, and wound dehiscence were observed more frequently in the obese
group, obesity was not identified as an independent factor for these postoperative mor-
bidities. Notably, despite both groups having a comparable mean patient age, mechanical
MV replacement was more frequently performed in the obese group. In contrast, MV
repair was more common in the non-obese group. Additionally, the obese group had
significantly longer operative times, and a higher incidence of grade II MS was observed
in postoperative echocardiography. While these findings suggest that the complexity of
surgery may increase in obese patients, leading to a higher risk of certain complications,
obesity alone does not appear to contraindicate MIMVS.

Obesity has emerged as a major global health issue, with prevalence rates contin-
uing to rise globally, including across Europe. The World Health Organization (WHO)
reported that the global obesity rate has almost doubled since 1980, and nearly 60% of
adults in the European region are classified as overweight (BMI > 25 kg/m?) or obese
(BMI > 30 kg/m?) [12]. The age group with the highest prevalence is those between 65 and
74 years old [12]. In Germany, the obesity rate stands at 19%, with similar rates observed
between men and women [13].

Studies consistently have shown that obesity is associated with a higher risk of pro-
longed mechanical ventilation, pneumonia, deep sternal wound infections, acute renal
failure, post-op AF, increased medical costs, and extended ICU /hospital stays in patients
undergoing cardiac surgery [4,14,15]. While some large population studies have found
no association between obesity and increased mortality [4,14] including in patients with
morbid obesity (BMI > 40 kg/m?) [14], other studies have reported a higher mortality risk
in obese patients [15]. However, neither obesity nor morbid obesity has been linked to an
increased mortality in patients undergoing minimally invasive cardiac surgery, including
MIMVS or robotic procedures, which is consistent with our findings [8,16,17].

Mariscalco et al., using data from the UK national registry and a meta-analysis, re-
ported that obesity (BMI 30—40) was associated with lower mortality, while underweight
patients exhibited increased mortality after cardiac surgery compared to those with nor-
mal weight [17]. Even after adjusting for confounding factors in a multivariate analysis,
mortality was found to be 15-20% lower in the obese population [17]. Contrary to the
expectation that obese patients would be at higher risk, this phenomenon of lower mor-
tality in obese patients has been observed in several studies and is known as the “obesity
paradox” [18]. This paradox has been documented not only in cardiac surgery outcomes
but also in conditions such as heart failure, chronic obstructive lung disease, cancer, and
chronic kidney disease [19]. Mariscalco and colleagues further suggested that the observed
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reduction in mortality among obese patients might challenge the conventional practice of
advising preoperative weight loss in this population [17]. However, Carnethon et al. have
pointed out the limitations of observational studies, emphasizing the potential for selection
bias and the challenges of establishing causal relationships in such research designs [20].
While there may be short-term benefits for obese patients undergoing cardiac surgery, the
long-term impact of obesity remains uncertain. Obese patients have higher risks for deep
sternal wound infections and dialysis, both of which could adversely affect long-term
outcomes [17]. Minimally invasive cardiac surgery offers the advantage of avoiding ster-
notomy, which can mitigate the risk of deep sternal wound infections. Additionally, in
our study, there was no significant difference in the incidence of dialysis-requiring renal
failure between obese and non-obese patients. These results suggest that obese patients
may benefit from a minimally invasive approach by potentially avoiding these serious
complications, highlighting the advantages of this approach for managing obese patients
undergoing cardiac surgery.

Although mortality rates between obese and non-obese patients undergoing MIMVS
have been shown to be comparable, obesity has been associated with an increased risk of
complications, even in minimally invasive cardiac surgery [8,21,22]. These complications
include a higher incidence of arrhythmias, surgical site infections, prolonged ventilation
times, and extended hospital stays. Similarly, in our analysis, the obese group had a
significantly higher incidence of respiratory insufficiency, arrhythmia, delirium, and wound
dehiscence. On the other hand, Kitahara et al. reported no significant differences in
morbidity between obese and non-obese patients undergoing robotic coronary artery
bypass grafting [16]. However, it is important to note that approximately 60% of these
procedures were total endoscopic in nature, with minimal incisions, and the use of CPB
was limited to around 30% [16].

The pathophysiology of obesity-related complications in cardiac surgery is multi-
faceted. Impaired wound healing in obese patients can be attributed to poor vascularity
and the tenuous structure of adipose tissue, leading to relative vascular insufficiency and
decreased oxygen tension [23]. This may result in reduced collagen synthesis, impaired
infection resistance, and compromised wound healing processes [23]. These factors may
explain the increased wound healing disturbances in obese patients undergoing MIMVS,
despite the smaller incisions compared to median sternotomy. Obesity also increases the
risk of postoperative arrhythmias, particularly atrial fibrillation, due to excess adipose
tissue altering atrial electrophysiology and obesity-associated atrial dilation [24]. Addi-
tionally, obesity leads to reduced lung capacity, functional residual volume, and shallow,
fast breathing, potentially explaining the higher incidence of postoperative respiratory
failure [25]. Interestingly, some observational studies report an “obesity paradox” for post-
operative delirium, suggesting that a higher body weight may have a protective effect [26].
However, advanced age remains a significant risk factor for postoperative delirium, even
within obese patient populations [27]. In our cohort, the obese group had a statistically
near-significant higher age, which may have contributed to the higher incidence of delirium.
Nevertheless, the mechanisms linking obesity and postoperative delirium remain unclear,
warranting further investigation.

Santana et al. reported lower morbidity and mortality, including reduced incidences
of renal failure, deep wound infections, blood transfusion, and shorter ICU and hospital
stays, in patients who underwent a minimally invasive approach for isolated valve lesions
compared to a median sternotomy [28]. However, aortic cross-clamp and CPB times were
significantly longer in the minimally invasive group, suggesting that this approach may
present greater technical challenges in obese patients compared to those with a normal
body weight [28]. In our study, CPB times were similar between the groups; however,
the overall duration of surgery was longer in the obese group, and MV replacement
was more frequently performed than MV repair. Additionally, postoperative grade II
MS was observed more often in obese patients. These findings indicate that specific
technical difficulties associated with obesity may influence procedural choices, but it is
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also important to mention that the obese group had a significantly higher proportion of
patients with MS, for whom valve replacement was the only viable option. Hadaya et al.
reported that despite increased procedural complexity, high-volume centers demonstrated
an independent association between greater operative volume and reduced hospitalization
costs and mortality following elective cardiac operations [29]. Even though obesity itself
may not be an independent risk factor for increased mortality or complications, it is evident
that the technical and postoperative management challenges associated with obesity require
special considerations. Therefore, such procedures should be concentrated at experienced
high-volume centers where these challenges can be more effectively managed.

The clinical implications of our findings are noteworthy for the management of obese
patients undergoing MIMVS. Although obesity was not found to increase early or late mor-
tality, the higher incidence of postoperative complications highlights the need for careful
perioperative planning and monitoring for this patient population. Given the technical
challenges associated with obesity, surgical teams should be aware of these factors when
making procedural decisions. Importantly, obesity should not be considered a contraindica-
tion for MIMVS. Our study has several limitations. First, the retrospective design inherently
introduces the possibility of selection bias. Second, although we attempted to adjust for
confounding variables, unmeasured factors may have influenced the outcomes, particularly
regarding comorbidities and patient characteristics not captured in the dataset. Third, the
study was conducted at a single center, which may limit the applicability of these findings
to other institutions with lower surgical volumes. Our study presents several strengths that
significantly enhance its impact. First, it utilizes a larger sample size compared to other
studies, which improves the statistical power and reliability of our findings. Furthermore,
the comprehensive long-term follow-up enables a thorough examination of late mortality
rates. Additionally, we employed robust statistical methods, including a multivariate
regression analysis, to effectively control for confounding variables, facilitating a precise
assessment of how obesity influences clinical outcomes and complications.

5. Conclusions

In this study, we found that obesity was not associated with increased early or late
mortality in patients undergoing MIMVS. However, obese patients experienced higher
incidences of postoperative complications, including respiratory insufficiency, arrhythmias,
delirium, and wound dehiscence. The complexity of the surgical procedure, reflected
in longer operative times and more frequent valve replacements, suggests that obesity
presents technical challenges that may influence procedural choices. Nonetheless, obesity
itself does not contraindicate MIMVS and should not be viewed as a barrier to offering
this minimally invasive approach to obese patients, provided that a well-experienced
surgical team and perioperative management are ensured. These findings emphasize the
importance of careful perioperative management and suggest that concentrating such
procedures in high-volume centers with experienced teams may help optimize outcomes
for obese patients. Future studies should focus on examining the long-term effects of
obesity on clinical outcomes following MIMVS. Specifically, investigating aspects such as
quality of life, functional status, and returning to work after MIMVS will provide valuable
insights into the overall impact of obesity on recovery and patient well-being.

Author Contributions: All authors contributed to the collection of data, manuscript development,
and final approval. Conceptualization, J.S., A W. and S.A.-H.-A.-S.; methodology, S.A.-H.-A.-S,, K.A.,
N.D.D.M,, L.A,,S.T. and EL; software, S.A-H.-A.-S., K.A.,, N.D.D.M,, EH. and A.Z,; formal analysis,
J.S.,S.A-H.-A-S,, ] K, EH. and N.D.D.M,; validation, ].S., A.W,, TK., A.-EP. and B.S.; investigation,
JS.,S.A-H-A-S, KA,N.D.D.M, LA, EH, FL, ] K. and A.Z,; writing—original draft preparation,
S.A-H.-A.-S,S.T,]S. and AW, funding; TK. and A.R.; writing—review and editing, A.W,, ].S.,
S.A.-H.-A.-5,S.T., A.Z. and B.S,; supervision, ].S., A.-EP., AW, B.S. and A.R. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

31



J. Clin. Med. 2024, 13, 6355

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to its retrospective and non-interventional design.

Informed Consent Statement: This study was conducted in accordance with the Declaration of
Helsinki. Ethical approval was granted by the Medical School of Hannover’s Institutional Review
Board. Informed written consent was obtained from all participants, guaranteeing the confidentiality
and anonymity of their data throughout the analysis.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Chooi, Y.C.; Ding, C.; Magkos, F. The epidemiology of obesity. Metabolism 2019, 92, 6-10. [CrossRef] [PubMed]

2. Poirier, P; Giles, T.D.; Bray, G.A.; Hong, Y.; Stern, J.S.; Pi-Sunyer, FX.; Eckel, R.H. Obesity and Cardiovascular Disease:
Pathophysiology, Evaluation, and Effect of Weight Loss: An Update of the 1997 American Heart Association Scientific Statement
on Obesity and Heart Disease From the Obesity Committee of the Council on Nutrition, Physical Activity, and Metabolism.
Circulation 2006, 113, 898-918. [CrossRef] [PubMed]

3. Shi, N.; Liu, K.; Fan, Y,; Yang, L.; Zhang, S.; Li, X.; Wu, H.; Li, M.; Mao, H.; Xu, X.; et al. The Association between Obesity and Risk
of Acute Kidney Injury after Cardiac Surgery. Front. Endocrinol. 2020, 11, 534294. [CrossRef]

4. Ghanta, R K; LaPar, D.J.; Zhang, Q.; Devarkonda, V.; Isbell, ].M.; Yarboro, L.T.; Kern, J.A.; Kron, L.L.; Speir, A.M.; Fonner, C.E.; et al.
Obesity Increases Risk-Adjusted Morbidity, Mortality, and Cost Following Cardiac Surgery. JAHA 2017, 6, e003831. [CrossRef]

5. De Santo, L.S.; Moscariello, C.; Zebele, C. Implications of obesity in cardiac surgery: Pattern of referral, physiopathology,
complications, prognosis. J. Thorac. Dis. 2018, 10, 4532-4539. [CrossRef]

6. Santangelo, G.; Bursi, F; Faggiano, A.; Moscardelli, S.; Simeoli, P.S.; Guazzi, M.; Lorusso, R.; Carugo, S.; Faggiano, P. The Global
Burden of Valvular Heart Disease: From Clinical Epidemiology to Management. J. Clin. Med. 2023, 12, 2178. [CrossRef]

7. Eqgbal, AJ.; Gupta, S.; Basha, A.; Qiu, Y.; Wu, N.; Rega, F.,; Chu, EV,; Belley-Cote, E.P.; Whitlock, R.P. Minimally invasive mitral
valve surgery versus conventional sternotomy mitral valve surgery: A systematic review and meta-analysis of 119 studies. J. Card.
Surg. 2022, 37, 1319-1327. [CrossRef]

8.  Aljanadi, F; Toolan, C.; Theologou, T.; Shaw, M.; Palmer, K.; Modi, P. Is obesity associated with poorer outcomes in patients
undergoing minimally invasive mitral valve surgery? Eur. ]. Cardio-Thorac. Surg. 2021, 59, 187-191. [CrossRef]

9. Oberg, B.; Poulsen, T.D. Obesity: An anaesthetic challenge. Acta Anaesthesiol. Scand. 1996, 40, 191-200. [CrossRef]

10. Gammie, ]J.S.; Bartlett, S.T.; Griffith, B.P. Small-incision mitral valve repair: Safe, durable, and approaching perfection. Ann. Surg.
2009, 250, 409-415. [CrossRef]

11.  Minimally Invasive Mitral Valve Surgery in Re-Do Cases—The New Standard Procedure?—PubMed. Available online: https:
/ /pubmed.ncbinlm.nih.gov/29490388/ (accessed on 8 October 2024).

12.  WHO Regional Office for Europe. WHO European Reginal Obesity Report. 2022. Available online: https://www.who.int/
europe/publications/i/item /9789289057738 (accessed on 8 October 2024).

13.  Schienkiewitz, A.; Kuhnert, R.; Blume, M.; Mensink, G.B.M. Overweight and obesity among adults in Germany—Results from
GEDA 2019/2020-EHIS. J. Health Monit. 2022, 7, 21-28. [CrossRef] [PubMed]

14. Wigfield, C.H.; Lindsey, ].D.; Mufioz, A.; Chopra, P.S.; Edwards, N.M.; Love, R.B. Is extreme obesity a risk factor for cardiac
surgery? An analysis of patients with a BMI > 40. Eur. ]. Cardio-Thorac. Surg. 2006, 29, 434—440. [CrossRef] [PubMed]

15. Jiang, X.; Xu, J.; Zhen, S.; Zhu, Y. Obesity is associated with postoperative outcomes in patients undergoing cardiac surgery: A
cohort study. BMC Anesthesiol. 2023, 23, 3. [CrossRef]

16. Kitahara, H.; Patel, B.; McCrorey, M.; Nisivaco, S.; Balkhy, H.H. Morbid Oesity Dors not Increase Morbidity or Mortality in
Robotic Cardiac Surgery. Innovations 2017, 12, 434-439. [CrossRef]

17.  Mariscalco, G.; Wozniak, M.].; Dawson, A.G.; Serraino, G.F,; Porter, R.; Nath, M.; Klersy, C.; Kumar, T.; Murphy, G.J. Body
Mass Index and Mortality among Adults Undergoing Cardiac Surgery: A Nationwide Study with a Systematic Review and
Meta-Analysis. Circulation 2017, 135, 850-863. [CrossRef]

18. Hartrumpf, M.; Kuehnel, R.-U.; Albes, ].M. The obesity paradox is still there: A risk analysis of over 15 000 cardiosurgical patients
based on body mass index. Interact. Cardiovasc. Thorac. Surg. 2017, 25, 18-24. [CrossRef]

19. Kalantar-Zadeh, K.; Horwich, T.B.; Oreopoulos, A.; Kovesdy, C.P.; Younessi, H.; Anker, S.D.; Morley, J.E. Risk factor paradox in
wasting diseases. Curr. Opin. Clin. Nutr. Metab. Care 2007, 10, 433—442. [CrossRef]

20. Carnethon, M.R;; Khan, S.S. An Apparent Obesity Paradox in Cardiac Surgery. Circulation 2017, 135, 864-866. [CrossRef]

21. Yasar, E.; Duman, Z.M.; Bayram, M.; Giirsoy, M.; Kadirogullari, E.; Aydin, U. Obesity Does Not Affect Major Outcomes in Robotic
Coronary Surgery. HSF 2023, 26, E525-E530. [CrossRef]

22.  Reser, D.; Sundermann, S.; Grunenfelder, J.; Scherman, J.; Seifert, B.; Falk, V.; Jacobs, S. Obesity Should Not Deter a Surgeon from
Selecting a Minimally Invasive Approach for Mitral Valve Surgery. Innovations 2013, 8, 225-229.

23. Pierpont, Y.N.; Dinh, T.P; Salas, R.E.; Johnson, E.L.; Wright, T.G.; Robson, M.C.; Payne, W.G. Obesity and Surgical Wound Healing:

A Current Review. ISRN Obes. 2014, 2014, 638936. [CrossRef] [PubMed]

32



J. Clin. Med. 2024, 13, 6355

24.

25.

26.

27.

28.

29.

Wang, T.J.; Parise, H.; Levy, D.; D’Agostino, R.B.; Wolf, P.A ; Vasan, R.S.; Benjamin, E.J. Obesity and the Risk of New-Onset Atrial
Fibrillation. JAMA 2004, 292, 2471-2477. [CrossRef] [PubMed]

Xie, X.B.; Dai, X.F; Qiu, Z.H.; Jiang, D.B.; Wu, Q.S.; Dong, Y.; Chen, L.W. Do obese patients benefit from isolated aortic valve
replacement through a partial upper sternotomy? J. Cardiothorac. Surg. 2022, 17, 179. [CrossRef]

Deng, X.; Qin, P; Lin, Y.; Tao, H.; Liu, F; Lin, X.; Wang, B.; Bi, Y. The relationship between body mass index and postoperative
delirium. Brain Behav. 2022, 12, €2534. [CrossRef]

Braun, C.; Schroeter, F; Laux, M.L.; Kuehnel, R.U.; Ostovar, R.; Hartrumpf, M.; Necaev, A.-M.; Sido, V.; Albes, ] M. The Impact of
Gender and Age in Obese Patients on Sternal Instability and Deep-Sternal-Wound-Healing Disorders after Median Sternotomy.
J. Clin. Med. 2023, 12, 4271. [CrossRef]

Santana, O.; Reyna, J.; Grana, R.; Buendia, M.; Lamas, G.A.; Lamelas, ]. Outcomes of Minimally Invasive Valve Surgery Versus
Standard Sternotomy in Obese Patients Undergoing Isolated Valve Surgery. Ann. Thorac. Surg. 2011, 91, 406—410. [CrossRef]
Hadaya, J.; Sanaiha, Y.; Hernandez, R.; Tran, Z.; Shemin, R.J.; Benharash, P. Impact of hospital volume on resource use after
elective cardiac surgery: A contemporary analysis. Surgery 2021, 170, 682-688. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

33



Journal of

%

Clinical Medicine

Article

Hyp

othermic Ventricular Fibrillation in Redo Minimally

Invasive Mitral Valve Surgery: A Promising Solution for a
Surgical Challenge

Jawad Salman f, Maximilian Franz ¥, Khalil Aburahma, Nunzio Davide de Manna, Saleh Tavil,
Sadeq Ali-Hasan-Al-Saegh *, Fabio Ius, Dietmar Boethig, Alina Zubarevich, Bastian Schmack, Tim Kaufeld *~,

Aron-Frederik Popov

check for
updates

Citation: Salman, J.; Franz, M.;
Aburahma, K.; de Manna, N.D.; Tavil,
S.; Ali-Hasan-Al-Saegh, S.; Ius, E;
Boethig, D.; Zubarevich, A.; Schmack,
B.; et al. Hypothermic Ventricular
Fibrillation in Redo Minimally
Invasive Mitral Valve Surgery: A
Promising Solution for a Surgical
Challenge. J. Clin. Med. 2024, 13, 4269.
https:/ /doi.org/10.3390/jcm13144269

Academic Editor: Manuel Wilbring

Received: 6 June 2024
Revised: 14 July 2024
Accepted: 16 July 2024
Published: 22 July 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Arjang Ruhparwar

and Alexander Weymann

Department of Cardiothoracic, Transplantation and Vascular Surgery, Hannover Medical School, 30625 Hannover,
Germany; salman.jawad@mh-hannover.de (J.S.); schmack bastian@mh-hannover.de (B.S.);
weymann.alexander@mh-hannover.de (A.W.)

* Correspondence: al-saegh.sadeq@mh-hannover.de; Tel.: +49-176-1532-4895

 These authors contributed equally to this work.

Abstract: Background: Minimally invasive mitral valve surgery (MIMVS) is a treatment for severe
mitral valve pathologies. In redo cases, especially after coronary artery bypass grafting (CABG)
surgery with patent mammary bypass grafts, establishing aortic clamping followed by antegrade
cardioplegia application might be challenging. Here, we present the outcome of hypothermic
ventricular fibrillation as an alternative to conventional cardioprotection. Methods: Patients who
underwent MIMVS either received hypothermic ventricular fibrillation (study group, n = 48) or
antegrade cardioprotection (control group, n = 840) and were observed for 30 postoperative days.
Data were retrospectively analyzed and collected from January 2011 until December 2022. Results:
Patients in the study group had a higher preoperative prevalence of renal insufficiency (p = 0.001),
extracardiac arteriopathy (p = 0.001), insulin-dependent diabetes mellitus (p = 0.001) and chronic lung
disease (p = 0.036). Furthermore, they had a longer surgery time and a lower repair rate (p < 0.001). No
difference, however, was seen in postoperative incidences of stroke (p = 0.26), myocardial infarction
(p = 1) and mitral valve re-operation (p = 1) as well as 30-day mortality (p = 0.1) and postoperative
mitral valve insufficiency or stenosis. Conclusions: The patients who underwent redo MIMVS with
hypothermic ventricular fibrillation did not have worse outcomes or more serious adverse events
compared to the patients who received routine conventional cardioprotection. Therefore, the use
of hypothermic ventricular fibrillation appears to be a promising cardioprotective technique in this
challenging patient population requiring redo MIMVS.

Keywords: redo minimally invasive mitral valve surgery; hypothermic ventricular fibrillation; outcomes

1. Introduction

Minimally invasive mitral valve surgery (MIMVS) has emerged as the treatment for
severe mitral valve pathologies [1]. The development of MIMVS has been driven by ad-
vancements in surgical instrumentation, imaging modalities, and procedural approaches.
Cardiac surgeons have refined and optimized techniques such as port-access, robot-assisted,
and endoscopic-guided mitral valve interventions [1-3]. These minimally invasive meth-
ods have allowed for smaller incisions, reduced surgical trauma, and improved patient
outcomes. Numerous studies have proven the feasibility and excellent outcomes of MIMVS
when compared to traditional mitral valve surgery with full sternotomy [1-3].

Redo MIMVS represents a specialized and technically challenging surgical approach
for patients requiring repeat interventions on the mitral valve. This technique is particularly
beneficial for individuals who have previously undergone open-heart procedures, as it
aims to mitigate the complexities and risks associated with repeat sternotomies [1,4-6]. In
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redo cases, especially after CABG surgery with patent mammary artery bypass grafts, it can
be challenging to clamp the mammary bypass and establish aortic clamping followed by an-
tegrade cardioprotection [2,7-9]. In situations where safely mobilizing the ascending aorta
is not feasible, the use of an endoclamp can facilitate the surgical procedure. Alternatively,
hypothermic ventricular fibrillation may serve as a viable option, as it allows the surgeon
to operate on a protected heart while keeping the ascending aorta untouched [10,11].

In this study, we retrospectively analyzed the early postoperative outcomes of hy-
pothermic ventricular fibrillation in redo minimally invasive mitral valve surgery.

2. Materials and Methods
2.1. Study Population and Design

Between January 2011 and December 2022, a total of 888 minimally invasive mitral
valve surgeries were performed at our center. Among them, 48 patients received hy-
pothermic ventricular fibrillation (study group), and 840 patients underwent antegrade
cardioprotection (control group). Peri- and postoperative data were collected from our
prospectively maintained database. Patient follow-up was conducted until the 30th postop-
erative day.

2.2. Ethical Statement

In accordance with local German protocols, study approval by the institutional eth-
ical review board was waived given the retrospective and non-interventional design of

this study.

2.3. Surgical Technique

The surgical technique has already been described elsewhere [12-14]. To sum up,
single-lung ventilation was used, and cardiopulmonary bypass was usually established via
the right inguinal vessels. First, a venous two-stage cannula was inserted over the right
femoral vein into the superior vena cava under echocardiographic control. Then, the arterial
cannula was inserted. All surgeries were performed via a right minithoracotomy. Carbon
dioxide was insufflated during the whole procedure. The pericardium was opened 3-4 cm
above the phrenic nerve. Hypothermia at 30 °C was induced by cardiopulmonary bypass
which resulted in ventricular fibrillation. If this did not work, we also used electric shocks
to induce fibrillation. Cerebral blood oxygen concentration was measured. Unfractionated
heparin was intravenously applied to elevate the activated clotting time above 450 s, and
after the removal of the venous cannula, antagonization with protamine was carried out.
Postoperative transthoracic echocardiography was performed routinely before discharge
and mitral valve function was evaluated. Stenosis was graded according to Omran et al. [15].
Insufficiency was graded as described by Chew et al. [16].

2.4. Outcomes Measures

The primary endpoint was 30-day mortality. Postoperative early mortality was defined
as death occurring within the hospital stay and the first 30 days after operation. Secondary
endpoints were the duration of postoperative intensive care unit (ICU) stay, as well as
the incidence of postoperative ischemic stroke, right ventricular failure, new-onset atrial
fibrillation, new-onset myocardial infarction, the need for pacemaker implantation, major
bleeding requiring re-thoracotomy, sepsis, and renal failure requiring dialysis. Preoperative
renal failure was attributed to patients who were diagnosed with acute or chronic renal
failure by the referring hospital according to generally accepted parameters (decreased
urine production, glomerular filtration rate).

2.5. Variables and Definitions

Variables were evaluated, including patient characteristics, further preoperative clini-
cal assessments, laboratory parameters before surgery, intraoperative data, postoperative
variables, and follow-up data. Elective, urgent, and emergency operations were performed,
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and the outcomes were compared between the groups. Elective patients were admitted
routinely. Urgent patients were not admitted electively and needed to be operated on
during the same hospital stay without the option to be sent home or already showed signs
of heart failure. Emergency patients received surgery the same day the decision for surgery
was made.

2.6. Echocardiographic Assessment

Preoperative and postoperative echocardiographic characteristics were analyzed, i.e.,
the preoperative left ventricular ejection fraction (LVEF), the rate of mitral valve insuffi-
ciency (MI) II, MI IIT and MI 1V, as well as the rate of mitral valve stenosis (MS) Il and MS
III. The same characteristics were also analyzed postoperatively before hospital discharge.

2.7. Subgroup-Analysis

To explore the exact comparison, a sub-analysis was performed between the study
group and the 7% of patients in the control group who had a history of cardiac surgery. The
results are shown in the Supplementary Materials (Tables S1-54).

2.8. Statistical Analysis

The data analysis was conducted using SPSS statistical software, version 28.01.1.
For continuous variables, the results were summarized using medians and interquartile
ranges. Categorical variables were described as the number of cases and the corresponding
percentage relative to the overall study population. To compare continuous variables
between groups, the Mann-Whitney U test was utilized. For categorical variables, Chi-
square testing was employed. If any cell in the crosstab analysis had an expected count less
than 5, Fisher’s exact test was performed instead. A p-value less than 0.05 was considered
statistically significant throughout the analyses.

3. Results
3.1. Baseline Characteristics

Patients from the study group had a median age of 70 years and patients from the
control group had a median age of 67 years. Of all participants, 65% in the study group
and 55% in the control group were male. All patients in the study group had undergone
previous cardiac surgery (100%), compared to only 7% in the control group. The rate of
preoperative CABG in the study group was 75%. One of the patients in the study group
underwent transcatheter aortic valve replacement (TAVR), and another had a porcelain
aorta, which is associated with a high risk of stroke during aortic clamping.

The distribution of pre-operative heart failure severity, as measured by New York
Heart Association (NYHA) class, was similar between the two groups, with NYHA III
being the most common in both groups. The timing of the procedures, whether elective,
urgent, or emergency, was also comparable between the groups (p = 0.09). Patients in the
study group had a higher prevalence of various comorbidities, including preoperative
renal failure, extracardiac arteriopathy, chronic obstructive lung disease, insulin-dependent
diabetes mellitus, pulmonary hypertension, coronary artery disease, arterial hypertension,
hyperlipidemia, and atrial fibrillation.

Mitral valve regurgitation was the most frequent operative indication in both the study
group (90%) and the control group (86%) (p = 0.67). However, the study group had a lower
incidence of Carpentier type I (4% vs. 12%, p < 0.001) and Carpentier type II (21% vs. 56%,
p < 0.001) mitral valve lesions. In contrast, they more often suffered from Carpentier type
III lesions (42% vs. 17%; p < 0.001) (Table 1).
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Table 1. Preoperative characteristics.

Variables Study Group (N = 48) Control Group (N = 840) p-Value
Age 70 (65-76) 67 (56-75) 0.015
Male Gender 31 (65%) 459 (55%) 0.15
NYHATI 0 (0%) 36 (4%)
NYHA II 14 (29%) 326 (39%) 042
NYHA III 27 (56%) 343 (41%)
NYHA IV 2 (4%) 38 (5%)
Elective operations 25 (52%) 547 (65%)
Urgent operations 17 (35%) 237 (28%) 0.092
Emergency operations 6 (13%) 52 (6%)

Cardiac re-operation 48 (100%) 60 (7%) <0.001
Preoperative renal failure 22 (46%) 133 (16%) <0.001
Extracardiac arteriopathy 13 (27%) 51 (6%) <0.001

Chronic obstructive lung disease 13 (27%) 122 (15%) 0.036
Active endocarditis 2 (4%) 57 (7%) 0.75
Insulin dependent diabetes mellitus 11 (23%) 22 (3%) <0.001
Recent myocardial infarction 1 (2%) 12 (1%) 0.52
Preoperative stroke 3 (6%) 69 (8%) 0.79
Preoperative neurologic symptoms 6 (13%) 88 (10%) 0.63
Pulmonary hypertension 32 (67%) 368 (44%) 0.003
Coronary artery disease 36 (75%) 217 (26%) <0.001
Smoking history 12 (25%) 184 (22%) 0.60
Family history 3 (6%) 65 (8%) 1
Arterial hypertension 45 (94%) 555 (66%) <0.001
Hyperlipidemia 40 (83%) 372 (44%) <0.001
Atrial fibrillation 29 (60%) 376 (45%) 0.038

Mitral valve stenosis 3 (6%) 50 (6%) 0.76

Mitral valve regurgitation 43 (90%) 723 (86%) 0.67

Endocarditis 2 (4%) 41 (8%) 0.42
Mitral valve prolapse 14 (29%) 506 (60%) <0.001
Mitral chord rupture 8 (17%) 363 (43%) <0.001

Anulus dilatation 28 (38%) 418 (50%) 0.18
Carpentier I 2 (4%) 97 (12%) <0.001
Carpentier II 10 (21%) 470 (56%) <0.001
Carpentier III 20 (42%) 124 (17%) <0.001

Continuous variables were described as the median and interquartile range. Categorical variables were described

as mean with the related percentage.

3.2. Intraoperative Characteristics

The study group had a significantly longer overall surgical duration, with a median
time of 235 min compared to 205 min in the control group (p < 0.001). However, the time
spent on cardiopulmonary bypass was similar between the two groups, with a median of
154 min in the study group and 137 min in the control group (p = 0.27). The study group
had a higher rate of biological valve replacement (54% vs. 24%, p < 0.001) and mechanical
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valve replacement (31% vs. 11%, p < 0.001) compared to the control group. Consequently,
the mitral valve repair rate was lower in the study group (15% vs. 65%, p < 0.001), as were
the rates of mitral valve plasty with neochordae (15% vs. 46%, p < 0.001) and cleft closure
(0% vs. 9%, p = 0.017) (Table 2).

Table 2. Intraoperative data.

Variables Study Group (N =48)  Control Group (N = 840) p-Value
Surgery time (min) 235 (200-265) 205 (176-240) <0.001
Time on CPB (min) 154 (228-178) 137 (114-165) 0.27
Mitral valve replacement
Biological 26 (54%) 201 (24%) <0.001
Mechanical 15 (31%) 90 (11%) <0.001
Mitral valve repair 7 (15%) 549 (65%) <0.001
Plasty with neochordae 7 (15%) 390 (46%) <0.001
Number of neochordae § 0 (0-0) 0(0-2) <0.001
Cleft closure 0 (0%) 82 (9%) 0.017
Segment resection 1 (2%) 40 (5%) 0.72
Sliding plasty 0 (0%) 5 (1%) 1
Augmentation 0 (0%) 33 (4%) 0.25
LAA closure 6 (13%) 246 (29%) 0.013
Maze procedure 3 (6%) 166 (20%) 0.021

CPB: cardiopulmonary bypass; LAA: left atrial appendage. Continuous variables were described as median and
interquartile range. Categorical variables were described as number with the related percentage. § Data presented
as medians and interquartile ranges.

3.3. Postoperative Characteristics

The time of postoperative catecholamine therapy (22 h vs. 17 h; p < 0.001), postopera-
tive ventilation time (14 h vs. 11 h; p < 0.001), and time in the intensive care unit (4 days
vs. 1 day; p = 0.001) were longer in the study group (Table 3). However, there were no
significant differences between the groups in the rates of several postoperative outcomes,
including the need for mitral valve re-operation (0% vs. 2%, p = 1); arrhythmias in general
(21% vs. 11%, p = 0.067), including new-onset atrial fibrillation (10% vs. 10%, p = 0.99);
pneumothorax (6% vs. 5%, p = 0.74); right ventricular failure requiring extracorporeal
membrane oxygenation (ECMO) implantation (8% vs. 3%, p = 0.084); stroke (4% vs. 2%,
p = 0.26); and cerebral bleeding (2% vs. 0%, p = 0.26). In contrast, the study group had a
higher risk of postoperative complications, including a greater need for re-thoracotomy
due to major bleeding (21% vs. 7%, p = 0.07) and pacemaker implantation (14% vs. 5%,
p = 0.016). The study group also had a higher incidence of postoperative renal insufficiency
requiring dialysis (13% vs. 3%, p = 0.003), although only 6% of the study group required
ongoing dialysis after hospital discharge. The in-hospital mortality (6% vs. 2%, p = 0.1) and
30-day mortality (6% vs. 2%, p = 0.1) rates were similar between the two groups (Table 3).
Out of the three deceased patients from the study group, one died due to sepsis, the second
due to atherosclerotic mesenteric ischemia, and the third after suffering from postoperative
low cardiac output syndrome. The first measured Creatine Kinase-MB (CK-MB) concentra-
tion was 61 (52-84) U/L in the study group and 51 (39-70) U/L in the control group. The
lactate concentration was 1.6 (1.275-2.875) mmol/L in the study group and 1.4 (1-2) in the
control group.
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Table 3. Postoperative data.

Variables Study Group (N = 48) Control Group (N = 840) p-Value
Catecholamine duration 22 (17-68) 17 (8-27) <0.001
Ventilation time (h) 14 (10-33) 11 (7-16) <0.001
ICU stay (days) 4 (1-6) 1(1-3) 0.001
Mitral valve re-operation 0 (0%) 13 2%) 1
Arrhythmia 10 (21%) 96 (11%) 0.067
Pneumothorax 3 (6%) 44 (5%) 0.74
ECMO/right ventricular failure 4 (8%) 27 (3%) 0.084
Re-thoracotomy due to Bleeding 10 (21%) 57 (7%) 0.01
New atrial fibrillation 5 (10%) 82 (10%) 0.99
Renal insufficiency with new onset dialysis 6 (13%) 23 (3%) 0.003
Stroke 2 (4%) 16 (2%) 0.26
Cerebral bleeding 1 (2%) 2 (0%) 0.15
Peripheral vascular complications 0 (0%) 5 (0%) 1
Sepsis 0 (0%) 12 (1%) 0.52
Myocardial infarction 0 (0%) 2 (0%) 1
Pacemaker implantation 7 (14%) 43 (5%) 0.016
30-day mortality 3 (6%) 18 2%) 0.10
In-hospital mortality 3 (6%) 18 2%) 0.10

ICU: intensive care unit; ECMO: extracorporeal membrane oxygenation. Continuous variables were described as
median and interquartile range. Categorical variables were described as mean with the related percentage.

3.4. Echocardiographic Assessments

The preoperative echocardiographic assessment revealed that the study group had
a lower left ventricular ejection fraction compared to the control group (56% vs. 60%,
p = 0.012). However, the two groups were comparable in all other echocardiographic
parameters evaluated, as shown in Table 4.

Table 4. Echocardiographic measurements.

Time Variables Study Group (N = 48) Control Group (N = 840) p-Value
LVEF 56 (44-62) 60 (53-65) 0.012
MIII 11 (23%) 140 (17%) 0.92
. MI III 30 (63%) 563 (67%) 0.70
Preoperative
MIIV 5 (10%) 78 (9%) 0.79
MSII 1 (2%) 13 (2%) 0.53
MS III 0 (0%) 23 (3%) 0.31
LVEF 55 (44-60) 53 (45-60) 0.74
MII 7 (15%) 155 (18%) 0.57
MIII 0 (0%) 19 (2%) 0.62
Postoperative MI I 0 (0%) 1(3%) -
MIIV 0 (0%) 0 (0%) -
MSII 0 (0%) 0 (0%) -
MS III 0(0%) 0 (0%) -

Continuous variables were described as median and interquartile range. Categorical variables were described as
number with the related percentage.

4. Discussion

This retrospective study analyzed the early postoperative outcomes of redo MIMVS,
where hypothermic ventricular fibrillation was used as cardioprotection. The study found
that hypothermic ventricular fibrillation did not negatively impact 30-day mortality rates
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or the incidence of postoperative stroke and cerebral bleeding. However, our study did
find a higher rate of postoperative renal failure requiring dialysis in the study group. It is
important to note that these patients also had a higher prevalence of preexisting renal failure
preoperatively. Furthermore, only half of the patients who required new onset dialysis
postoperatively were under dialysis after hospital discharge. Additionally, the study group
showed a higher rate of postoperative pacemaker implantation, which can be explained by
the higher prevalence of preoperative atrial fibrillation in this group. Despite the high-risk
profile of the patients in our study, the causes of death were primarily non-cardiac in nature.

Milani et al. analyzed ten patients who received MIMVS as reoperation with hypother-
mic ventricular fibrillation. Their results showed a 0% early postoperative mortality rate in
this patient group [17]. According to our findings, the early postoperative mortality rate
was 6%. However, two out of three deceased patients died due to mesenteric ischemia and
sepsis, which were unrelated to cardioprotection. The third patient died due to postop-
erative low cardiac output syndrome. This patient was 75 years old and had preexisting
NYHA Class IV heart failure. After the urgent mitral valve replacement procedure, the
patient required veno-arterial (VA)-ECMO support for two postoperative days.

Romano et al. also investigated patients who underwent MIMVS with ventricular
fibrillation as redo cardiac surgery. Their results showed a mean cardiopulmonary bypass
time of 113 min, a mean postoperative ventilation time of 34 h, and a 30-day mortality rate
of 7.4%. The stroke rate was 2.9%, and the incidences of sepsis, hemothorax, and renal
failure requiring hemodialysis were 2.9%, 1.5%, and 1.5%, respectively [18]. In comparison
with our findings, the current study’s results showed a median cardiopulmonary bypass
time of 154 min, a median postoperative ventilation time of 14 h, and a 30-day mortality rate
of 6%. The stroke rate was 4%, and the incidences of sepsis, hemothorax, and renal failure
requiring dialysis were 0%, 21%, and 13%, respectively. However, only 6% of patients were
still on dialysis after hospital discharge. To sum up, 30-day mortality was comparable,
although we had a higher rate of postoperative bleeding and requirement for postoperative
new-onset dialysis.

A study by Davierwala et al. reported a 30-day mortality rate of only 0.8% after
MIMVS. However, their cohort had a much lower rate of prior cardiac surgery at 5.4%. In
contrast, the current study’s patient population had a much higher rate of prior cardiac
procedures, with 96% being cardiac redo cases [19]. Despite this, the 30-day mortality
rate in our database was 6%, which is comparable to the 6.6% rate reported in the US STS
database for mitral valve surgery after previous cardiac procedures [20]. Importantly, none
of the deceased patients in the current study died due to the surgical procedure itself. The
stroke rate of 4% in our study was also comparable to the 2% rate reported by Davierwala
et al. [19]. However, the incidence of re-thoracotomy due to postoperative bleeding was
higher in our study at 21%, compared to 7% in the Davierwala et al. study [19].

It should be noted that 75% of our patients who received MIMVS under ventricular
fibrillation had undergone CABG with one of the bypasses being the left internal mammary
artery to left anterior descending artery (LIMA-LAD), 17% had undergone previous valve
replacement and one patient (4%) had previously received closure of an atrial septum defect.
The difference in terms of previous cardiac procedures explains the seemingly higher
complication rate of our study group. Additionally, a high incidence of preoperative renal
failure (46% of our study group) naturally resulted in a higher demand for postoperative
dialysis. Patients who underwent redo cardiac surgery were frequently under platelet
inhibition or anticoagulation and, most importantly, had intrathoracic adhesions, all factors
that tremendously increased the postoperative bleeding risk.

Hypothermic ventricular fibrillation in MIMVS provides a safe technique for high-risk
patients who had already undergone cardiac surgery, such as CABG or valve replacement.
In an aging population, it is a promising approach given the increasing number of patients
who will undergo redo cardiac surgery. It also allows for a minimally invasive approach,
preventing conversion to sternotomy, which is known to result in a longer postoperative
hospital stay and is unpopular among patients [4].
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One of the primary benefits of utilizing a right mini-thoracotomy approach for redo
mitral valve surgery is the ability to avoid the risks associated with sternal re-entry and
dissection of adhesions. This minimally invasive technique helps limit the potential for
injury to cardiac structures or patent bypass grafts while also reducing the amount of
postoperative bleeding [8]. Additionally, performing mitral valve surgery under ventricular
fibrillation can help prevent the risk of systemic embolization that may occur with the use
of aortic clamping, especially in patients with severe aortic calcification [21-23]. Current
knowledge and our single-center experience suggest that MIMVS under hypothermic
ventricular fibrillation without aortic cross-clamping through a right minithoracotomy is
a safe, reproducible and effective option for patients requiring redo mitral valve surgery,
especially when the patient has anatomical characteristics that increase the risk of re-
sternotomy such as coronary bypass grafts.

5. Conclusions

The patients who underwent redo MIMVS with hypothermic ventricular fibrillation
did not have worse outcomes or more serious adverse events compared to the patients who
received routine conventional cardioprotection. Therefore, the use of hypothermic ventric-
ular fibrillation appears to be a promising cardioprotective technique in this challenging
patient population requiring redo MIMVS. The study has several limitations, including
that the analysis was not performed using propensity score matching. In addition, the data
only included the early follow-up period. To address these limitations, further studies with
a larger patient cohort and long-term follow-up are required.
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Abstract: Background: Mitral valve infective endocarditis (IE) still has a high mortality. Minimally
invasive mitral valve surgery (MIMVS) is technically more challenging, especially in patients with
endocarditis. Here, we compare the early postoperative outcome of patients with endocarditis and
other indications for MIMVS. Methods: Two groups were formed, one consisting of patients who
underwent surgery because of mitral valve endocarditis (IE group: n = 75) and the other group
consisting of patients who had another indication for MIMVS (non-IE group: n = 862). Patients
were observed for 30 postoperative days. Data were retrospectively reviewed and collected from
January 2011 to September 2023. Results: Patients from the IE group were younger (60 vs. 68 years;
p <0.001) and had a higher preoperative history of stroke (26% vs. 6%; p < 0.001) with neurological
symptoms (26% vs. 9%; p < 0.001). No difference was seen in overall surgery time (211 vs. 206 min;
p = 0.71), time on cardiopulmonary bypass (137 vs. 137 min; p = 0.42) and aortic clamping time
(76 vs. 78 min; p = 0.42). Concerning postoperative data, the IE group had a higher requirement
of erythrocyte transfusion (2 vs. 0; p = 0.041). But no difference was seen in the need for a mitral
valve redo procedure, bleeding, postoperative stroke, cerebral bleeding, new-onset dialysis, overall
intubation time, sepsis, pacemaker implantation, wound healing disorders and 30-day mortality.
Conclusions: Minimally invasive mitral valve surgery in patients with mitral valve endocarditis is
feasible and safe. Infective endocarditis should not be considered as a contraindication for MIMVS.

Keywords: minimally invasive; mitral valve surgery; endocarditis; cardiac surgery

1. Introduction

Infective endocarditis can be considered a life-threatening infectious disease that
affects the endocardium and heart valves. IE has an incidence of 3 to 10 per 100,000 patients
per year, with a significant increasing trend [1]. Failure to promptly diagnose and manage
IE can lead to high rates of morbidity and mortality. Complications associated with IE
include heart failure, embolic events, abscess formation, sepsis, and septic shock [1-3].

The primary treatment for IE involves appropriate antibiotic therapy. When antibiotic
therapy fails, mitral valve surgery plays a critical role in the management of infective endo-
carditis, particularly in cases with congestive heart failure, severe valvular regurgitation,
persistent fever and bacteremia despite antibiotic therapy, systemic embolization, and large
vegetations [1,4]. Over the years, significant advancements have been made in mitral valve
surgery, with a growing emphasis on minimally invasive techniques with mini-thoracotomy
approaches and progressing to robotic-assisted and video-assisted techniques [5,6].

In recent decades, the spectrum of indications for MIMVS has increasingly shifted and
expanded to include more patients with a higher risk profile and more fragility and more
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complex mitral valve disease [4-6]. Careful patient selection is essential for the success of
MIMVS [4-6]. Some surgeons consider endocarditis a contraindication for MIMVS based
on several reasons, including, first, the limited access and reduced visibility associated with
minimally invasive approaches, which may hinder the surgeon’s ability to adequately visu-
alize and debride infected tissue. Second is the complexity of endocarditis cases, including
the presence of large vegetations, abscesses, or valve destruction, which may require more
extensive surgical intervention best achieved through traditional sternotomy [4-6].

The purpose of this study is to report our long-term experience in the treatment of
infective mitral valve endocarditis using MIMVS with right mini-thoracotomy:.

2. Materials and Methods
2.1. Study Population

Between January 2011 and September 2023, a total of 892 minimally invasive mitral
valve surgeries were performed at our center. Among these, 75 surgeries were conducted
on patients diagnosed with active infective endocarditis of the mitral valve (IE group). The
non-IE group consisted of 862 patients who underwent minimally invasive mitral valve
surgery for other surgical indications. Peri- and postoperative data were collected from
our prospectively maintained database. In accordance with local German protocols, study
approval by the institutional ethical review board was waived given the retrospective and
non-interventional design of this study.

2.2. Surgical Technique

The surgical technique used in this study has been previously described by Salman et al. [7].
In summary, single lung ventilation was used, and cardiopulmonary bypass was generally
established through the right inguinal vessels. Initially, a venous two-stage cannula was
inserted into the superior vena cava under echocardiographic guidance, followed by the
insertion of an arterial cannula. All surgeries were performed via a right mini-thoracotomy,
with continuous insufflation of carbon dioxide throughout the procedure. The pericardium
was opened 3—-4 cm above the phrenic nerve. Unfractionated heparin was administered
intravenously to achieve an activated clotting time above 450 s, and protamine was used
for antagonization after venous cannula removal. In cases where weaning from cardiopul-
monary bypass (CPB) resulted in right ventricular failure, veno-arterial extracorporeal
membrane oxygenation (ECMO) was established.

2.3. Follow-Up and Patient Data Collection

All patients were followed up for 30 days after surgery. Relevant clinical outcomes
were recorded for all patients, including the incidence of postoperative ischemic stroke,
right ventricular failure, new-onset atrial fibrillation, new-onset myocardial infarction,
the need for pacemaker implantation, major bleeding requiring re-thoracotomy, sepsis,
and renal failure requiring dialysis. Postoperative early mortality was defined as death
occurring within hospital stay and the first 30 days after operation.

2.4. Echocardiographic Assessment

Baseline echocardiographic and hemodynamic evaluations were performed for all
patients. Postoperative transthoracic echocardiography was routinely conducted prior
to discharge to evaluate mitral valve function, with stenosis and insufficiency graded
according to Omran et al. and Chew et al., respectively [8,9]. Pre- and postoperative
echocardiographic features, including preoperative left ventricular ejection fraction (LVEF),
rates of mitral valve insufficiency (MI) I, MI III, and MI 1V, as well as rates of mitral
valve stenosis (MS) II and MS III, were analyzed. The same features were also assessed
postoperatively prior to hospital discharge.
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2.5. Statistical Analysis

Data analysis was conducted using SPSS version 28.01.1. Continuous variables were
described as the median and interquartile range (IQR). Categorical variables were pre-
sented as the number of cases and the percentage relative to the total group size. The
Mann-Whitney U test was used to compare continuous variables, while the Chi-square
test was employed for comparing categorical variables. Fisher’s exact test was performed
when at least one cell of the crosstab had an expected count less than 5. A p-value of less
than 0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

Patients in the IE group were younger compared to those in the non-IE group. They
had a higher incidence of preoperative stroke and more frequent occurrence of neuro-
logical symptoms. In contrast, the IE group had a lower rate of preoperative pulmonary
hypertension, coronary artery disease, arterial hypertension, hyperlipidemia, and atrial
fibrillation. Mitral valve stenosis (0% vs. 7%; p = 0.011), severe mitral valve regurgitation
(5% vs. 94%; p < 0.001) and annulus dilatation (23% vs. 50%; p = 0.001) were more prevalent
in comparison with the non-IE group (Table 1).

Table 1. Preoperative data.

Variables IE (n = 75) non-IE (n = 862) p-Value
. Preoperative characteristics

Age 60 (50-69) 68 (58-75) <0.001
Female gender 26 (34%) 400 (46%) 0.054
Cardiac reoperation 11 (15%) 96 (11%) 0.35
Chronic kidney disease 16 (21%) 148 (17%) 0.43
Hemodialysis 5 (7%) 35 (4%) 0.24
Extracardiac arteriopathy 2 (2.7%) 67 (8%) 0.16
Chronic obstructive lung disease 7 (9%) 133 (15%) 0.18
Recent pneumonia 0 (0%) 1 (0%) 1
Insulin dependent diabetes mellitus 2 (2.7%) 33 (4%) 0.84
Recent myocardial infarction 1(1%) 12 (1%) 1
History of stroke 20 (27%) 54 (6%) <0.001
Neurologic symptoms 20 (27%) 77 (9%) <0.001
Pulmonary hypertension 14 (19%) 399 (46%) <0.001
Coronary artery disease 11 (15%) 250 (29%) 0.01
Smoking history 13 (17%) 190 (22%) 0.38
Arterial hypertension 37 (49%) 591 (69%) 0.001
Hyperlipidemia 22 (29%) 401 (47%) 0.004
Atrial fibrillation 19 (25%) 405 (47%) <0.001
° Operative indications

Mitral valve stenosis 0 (0%) 57 (7%) 0.011
Mitral valve regurgitation 4 (5%) 809 (94%) <0.001
Mitral valve prolapse 33 (44%) 513 (60%) 0.01
Mitral chord rupture 26 (35%) 355 (41%) 0.27
Anulus dilatation 17 (23%) 435 (50%) 0.001
Calcified anulus 0 (0%) 14 (2%) 1
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3.2. Procedural Outcomes

There was no considerable difference in operation time, cardiopulmonary bypass
time or aortic cross-clamp time between the groups. Patients in the IE group more often
received mechanical valve replacement (24% vs. 10%; p = 0.002), while patients in the
non-IE group more often underwent mitral valve repair (44% vs. 64%; p = 0.001) and
concomitant tricuspid procedures (5% vs. 14%; p = 0.033) (Table 2).

Table 2. Intraoperative data.

Variables IE (n =75) Non-IE (n = 862) p-Value
Surgery time (minutes) 211 (172-251) 205 (176-239) 0.64
Time on CPB (minutes) 137 (114-180) 136 (113-164) 0.40
Aortic cross-clamp time 76 (61-104) 77 (59-95) 0.49
Mitral valve replacement

Biological 24 (32%) 222 (26%) 0.27
Mechanical 18 (24%) 90 (10%) 0.002
Mitral valve repair 33 (44%) 550 (64%) 0.001
Concomitant tricuspid procedure 4 (5%) 122 (14%) 0.033

Postoperatively, there were no significant differences between the IE and non-IE groups
in the incidence of stroke (3% vs. 2%; p = 0.65), intracerebral bleeding (1% vs. 0%; p = 0.29),
delirium (4% vs. 3%; p = 0.72), sepsis (1% vs. 2%; p = 1), or new-onset myocardial infarction
(0% vs. 0%; p = 1). The groups also did not differ in the rates of renal insufficiency with new-
onset dialysis (5% vs. 3%; p = 0.29), right ventricular failure requiring ECMO (3% vs. 3%;
p = 1), re-thoracotomy for bleeding (12% vs. 7%; p = 0.11), in-hospital mortality (4% vs. 2%;
p = 0.084) or 30-day mortality (5% vs. 2%; p = 0.24). However, patients in the non-IE group
had a higher postoperative incidence of new-onset atrial fibrillation (4% vs. 10%; p = 0.002)
and arrhythmia in general (3% vs. 13%; p = 0.005), although there was no difference in
pacemaker implantation rate (1% vs. 6%; p = 0.12) between the two groups (Table 3).

Table 3. Postoperative data.

Variables IE (n = 75) Non-IE (n = 862) p-Value
Catecholamine duration 17 (6-39) 17 (9-27) 0.98
Ventilation time (hours) 11 (8-20) 11 (7-16) 0.12
ICU stay (days) 1(0-2) 1(0-2) 091
Mitral valve reoperation 3 (4%) 10 (1%) 0.81
Arrhythmia 2 (3%) 110 (13%) 0.005
Pneumothorax 2 (3%) 46 (5%) 0.42
ECMO/right ventricular failure 2 (3%) 29 (3%) 1
Re-thoracotomy /bleeding 9 (12%) 60 (7%) 0.11
New atrial fibrillation 3 (4%) 87 (10%) 0.002
Wound healing disorder 4 (5%) 57 (7%) 0.81
Renal insufficiency with new-onset dialysis 4 (5%) 26 (30%) 0.29
Stroke 2 (3%) 16 (2%) 0.65
Delirium 3 (4%) 26 (3%) 0.72
Cerebral bleeding 1 (1%) 3 (0.3%) 0.29
Periph. vascular complications 1 (1%) 4 (0.4%) 0.35
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Table 3. Cont.

Variables IE (n =75) Non-IE (n = 862) p-Value
Sepsis 1 (1%) 14 (2%) 1
Myocardial infarction 0 (0%) 2 (0.2%) 1
Pacemaker implantation 1 (1%) 52 (6%) 0.12
30-day mortality 4 (5%) 18 (2%) 0.24
Intrahospital mortality 3 (4%) 17 (2%) 0.084

3.3. Echocardiographic Results

Postoperatively, there were no differences between the groups in ejection fraction
(55% vs. 53%; p = 0.74), mitral valve insufficiency grade 1 (9% vs. 19%; p = 0.1), mitral valve
insufficiency grade 2 (1% vs. 2%; p = 1), or mitral valve stenosis grade 2 (0% vs. 2%; p = 1).
Mitral valve insufficiency grade 3 or 4, as well as mitral valve stenosis grade 3, were not
observed in either group (Table 4).

Table 4. Echocardiographic measurements.

Time Parameter IE (n=75) Non-IE (n = 862) p-Value
LVEF 60 (55-65) 60 (51-68) 0.012
MI IIT 30 (40%) 568 (66%) 0.001

Preoperative MIIV 6 (8%) 77 (9%) 1
MS1I 0(0%) 15 (2%) 0.62
MS III 0 (0%) 26 0.03
LVEF 55 (45-60) 53 (45-60) 0.74
MII 7 (9%) 163 (19%) 0.1
MI I 1 (1%) 20 (2%) 1

Postoperative MI 11T 0 (0%) 0 (0%) -
MITV 0 (0%) 0 (0%) -
MS I 0 (0%) 20 (2%) 1
MS 11T 0 (0%) 0 (0%) -

4. Discussion

Over the past few years, there has been continuous development in the field of
MIMVS. Experienced heart valve centers now routinely perform operations using a right
mini-thoracotomy approach for complex valve diseases and high-risk patient subgroups, in-
cluding those with infective endocarditis [5,10,11]. Despite the positive outcomes reported
in the literature and the recognized advantages, the adoption of minimally invasive surgery
for IE remains limited. Concerns have been raised regarding the challenges associated with
the surgical learning curve, which could potentially compromise the effectiveness of the
procedure and the ability to achieve optimal valve repair, particularly in complex valve
diseases [11-13].

Our single-center retrospective analysis showed that patients from the IE group had a
higher preoperative incidence of stroke and neurological symptoms, and mechanical valve
prothesis was more often used in comparison to the non-IE group. However, the higher
proportion of neurological disorders preoperatively was not reflected in the postoperative
outcomes where the stroke rate in IE group was not more significant than in the non-IE
group. Furthermore, the incidence of other postoperative complications including sepsis,
myocardial infarction, right ventricular failure and renal insufficiency with new-onset
dialysis in the patients of the IE group was low like in the non-IE group.
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In a recent study by Barbero et al., positive early and long-term outcomes were
reported in higher-risk patients who underwent minimally invasive surgery for mitral
valve infective endocarditis [11]. The authors highlighted the crucial role of comprehensive
screening, including total body, vascular and echocardiographic assessments, in selecting
the most suitable approach [11]. This screening process enables the extension of indications
for minimally invasive surgery to include patients with more severe conditions, such as
active endocarditis and sepsis [11].

Folkmann et al. performed a retrospective, single-center analysis with a follow-up
period of one year which analyzed the outcome of 92 patients who underwent MIMVS for
mitral valve endocarditis [14]. They reported a mitral valve repair rate of 24%, postoperative
stroke rate of 4%, sepsis rate of 2%, ECMO rate of 1% and dialysis rate of 13%. The 30-day
mortality was 9.8% [14]. These results are slightly different from our results. We report
a mitral valve repair rate of 44%, 30-day mortality of 5% and stroke, sepsis, ECMO and
dialysis rates of 3%, 1%, 3% and 5%, respectively. To sum up, the complication rates in our
study and in the study of Folkmann et al. are remarkably low, which confirms the safety
and effectivity of MIMVS for mitral valve endocarditis.

Kofler et al. reported a shorter overall operation time, less blood transfusion and
shorter ventilation time and finally concluded that the minimally invasive approach is
superior to sternotomy in selected patients [15]. Their overall surgery time was shorter
compared to the overall surgery time in the patients of our study, while their ventilation
time was comparable to the ventilation time of the patients in our study group. The 30-day
mortality was also identical.

Van Praet et al. stated in a case report that MIMVS for endocarditis reduces the risk of
wound infections and consequently the risk of redo procedures [16]. We can confirm this
statement through our results which show a wound infection rate of 5%. Van Praet et al.,
furthermore, stated that mitral valve replacement is acceptable if the endocarditis does not
involve the anulus [16]. This is also in agreement with our work which has a replacement
rate of 56% with a low rate of recurrence.

According to our findings and experience, MIMVS can hold great promise as an ef-
fective and less invasive treatment option for IE. This approach offers several important
benefits, including reduced surgical trauma and better recovery with improved outcomes.
To sum up, there is a limited amount of literature describing the short- and long-term
outcomes after MIMVS in mitral valve endocarditis; however, the common statement of the
available literature is clear: infective endocarditis should not be considered a contraindi-
cation for MIMVS, and the outcomes are clinically acceptable. Our work underlines this
important statement.

5. Conclusions

Minimally invasive mitral valve surgery through right mini-thoracotomy for infective
mitral valve endocarditis had no negative impact on the early postoperative outcome.
Therefore, endocarditis should not be seen as a contraindication for minimally invasive
mitral valve surgery. This study has several limitations that should be considered when
interpreting the results. Firstly, the analysis was not conducted using propensity score
matching. Additionally, the data only represented the early follow-up period, which
could influence the results. To address these limitations, further research is needed to
comprehensively compare the mid-term and long-term clinical outcomes of MIMVS in
patients with IE versus non-IE.
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Abstract: The development and adoption of minimally invasive techniques has revolutionized
various surgical disciplines and has also been introduced into cardiac surgery, offering patients less
invasive options with reduced trauma and faster recovery time compared to traditional open-heart
procedures with sternotomy. This article provides a comprehensive overview of the anesthesiologic
management for minimally invasive cardiac surgery (MICS), focusing on preoperative assessment,
intraoperative anesthesia techniques, and postoperative care protocols. Anesthesia induction and
airway management strategies are tailored to each patient’s needs, with meticulous attention to
maintaining hemodynamic stability and ensuring adequate ventilation. Intraoperative monitoring,
including transesophageal echocardiography (TEE), processed EEG monitoring, and near-infrared
spectroscopy (NIRS), facilitates real-time assessment of cardiac and cerebral perfusion, as well as
function, optimizing patient safety and improving outcomes. The peripheral cannulation techniques
for cardiopulmonary bypass (CPB) initiation are described, highlighting the importance of cannula
placement to minimize tissue as well as vessel trauma and optimize perfusion. This article also
discusses specific MICS procedures, detailing anesthetic considerations and surgical techniques. The
perioperative care of patients undergoing MICS requires a multidisciplinary approach including
surgeons, perfusionists, and anesthesiologists adhering to standardized treatment protocols and
pathways. By leveraging advanced monitoring techniques and tailored anesthetic protocols, clinicians
can optimize patient outcomes and promote early extubation and enhanced recovery.

Keywords: anesthesia; minimally invasive cardiac surgery; management

1. Introduction

The development and implementation of minimally invasive techniques have signifi-
cantly advanced various surgical specialties, including cardiac surgery. Minimal invasive
cardiac surgery (MICS) offers patients less invasive approaches, resulting in reduced trauma
and faster recovery time compared to traditional open-heart surgeries requiring sternotomy
and its associated consequences, such as blood loss, infection, or increased postoperative
pain [1-3]. MICS employs small incisions, specialized instruments, and advanced imaging
technologies, enabling surgeons to perform intricate procedures with enhanced precision
and minimal disruption to surrounding tissues. This reduces blood loss and, most notably,
avoids sternotomies and their associated consequences [4].

The American Heart Association (AHA) defines MICS as surgical procedures per-
formed through small chest wall incisions, typically thoracotomy, as opposed to traditional
cardiac surgical procedures using sternotomy [5]. Consequently, catheter-based, transvas-
cular approaches for structural heart diseases are not included in this scope. In addition to
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better cosmetic results [1], the advantages of MICS include reduced postoperative pain, a
shorter hospital stay, and a lower risk of wound infection, bleeding, respiratory complica-
tions, and atrial fibrillation [2,3].

This approach has led to shorter duration of intensive care treatments, reduced hospital
length of stay, and decreased incidence of hemodilution, bleeding, and the need for red
blood cell (RBC) transfusion [6]. Furthermore, improvements in hematocrit, decreased
post-operative pain, and a faster return to normal activities have been reported after
MICS [7]. These findings mark a profound shift in perioperative cardiosurgical care.
The number of MICS procedures continues to grow, encompassing a range of surgical
techniques including bypass, valve, and aortic surgery, performed with the utilization or in
the absence of cardiopulmonary bypass (CPB). A common feature of all MICS procedures
is their performance in the absence of a sternotomy [4]. The expansive range of MICS
includes minimally invasive direct coronary artery bypass (MIDCAB), valve repair and
replacement, repair of septal defects, aortic procedures, and pulmonary vein ablation for
atrial fibrillation [4,8].

The management of patients undergoing minimally invasive cardiac surgery requires
not just detailed knowledge and experience regarding the corresponding procedure on the
part of the surgeon, but also depends on a highly specialized cardio-anesthesiology team
and established interdisciplinary treatment pathways.

At the Bonn Heart Center, a significant number of procedures are performed utilizing
minimally invasive cardiac surgery (MICS) techniques. The presented recommendations
are based on the current international literature and our institutional experience.

This article presents the anesthetic management for MICS on the basis of the Bonn
Heart Center protocol and provides institutional treatment recommendations.

2. Preanesthetic Assessment

The objective of the pre-anesthesia assessment includes the assessment and evaluation
of the patient’s vascular access required for peripheral bypass cannulation. This varies
depending on the corresponding procedure and anatomical variations, as well as relevant
pre-existing conditions, including cardiac function, coronary artery disease, and pulmonary
function [9]. An adequate risk stratification is carried out in order to optimize the patient’s
preoperative conditions. For planned surgeries, patients are evaluated by a cardiothoracic
anesthetist at least one day prior to the procedure to identify potential contraindications
and individual considerations. Some MICS procedures, such as minimally invasive direct
coronary artery bypass (MIDCAB) surgery, require one-lung ventilation (OLV). Conse-
quently, lung function tests and blood gas analysis are conducted, and the perioperative
management is adapted accordingly.

It is essential to evaluate the presence of pulmonary hypertension and right ventric-
ular dysfunction, as the utilization of OLV may potentially pose risks to these patients.
Complications such as elevated pulmonary arterial pressure, heightened right ventricular
afterload, and cardiac failure may arise as a result of OLV in this patient population [10].

Transesophageal echocardiography is of the highest importance for the echocardio-
graphic guidance of minimally invasive cardiac procedures. Therefore, conditions of the
upper gastrointestinal tract, in particular documented esophageal diseases, hiatal hernias,
or previous operations and strictures, require evaluation. MICS is relatively contraindicated
in cases of revision surgery, low cardiac output syndrome, or a severely reduced ejection
fraction. The administration of sedative premedication is typically not included as part of
the ERACS concept.

3. Induction

Following the implementation of standard hemodynamic monitoring, including elec-
trocardiography (ECG) and pulse oximetry (SpO2), the left radial artery is cannulated
under local anesthesia and ultrasound guidance. Subsequently, invasive blood pressure
monitoring is conducted, and anesthesia is induced following preoxygenation with an
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opioid, such as remifentanil or sufentanil, a hypnotic agent (propofol), and a muscle relax-
ant (rocuronium). Anesthesia is maintained throughout the CPB procedure using volatile
anesthetics, unless there is a suspicion of susceptibility to malignant hyperthermia or
mitochondriopathy.

4. Airway Management

Following anesthesia induction and paralysis, endotracheal intubation is performed
in accordance with a standardized institutional protocol, utilizing a single lumen tube for
the majority of procedures. This is contingent upon a thorough assessment of the airway.
The decision to employ video laryngoscopes is based on the results of the preoperative
airway evaluation. The deflation of different lung parts is required, dependent on the
performed MICS procedure. Various publications suggest lung isolation using a double-
lumen endobronchial tube (DLT) or the utilization of a bronchus blocker. A prolonged
duration of induction and total operative time has been observed in patients undergoing
lung isolation by DLT, with no difference in the duration of ICU stay [11]. We utilize a
single lumen tube for all on-pump MICS procedures and deflate both lungs after CPB has
been established. Lung isolation using a left-sided DLT is established only for off-pump
MIDCAB procedures. In this case, a left-sided DLT is the preferred option since right-sided
DLTs have shown to be associated with poorer clinical performance [12]. Alternatively,
in the event of a difficult airway, a single lumen tube is placed and then OLV is applied
via bronchus blocker isolation of the lung. Lung deflation during MICS is associated
with the potential occurrence of a pulmonary re-expansion edema, a rare but potentially
catastrophic complication that may arise when the collapsed lung re-expands rapidly
post-operation [13]. The sudden expansion can strain the pulmonary vasculature, leading
to increased capillary permeability and fluid leakage into the interstitial spaces of the
lung parenchyma. Consequently, patients may present with symptoms such as dyspnea,
cough, and hypoxemia. It is important to understand the risk factors, including long CPB
durations, diabetes, chronic obstructive pulmonary disease, right ventricular dysfunction,
high pulmonary artery pressure, intraoperative fresh frozen plasma transfusion, and a
high perioperative C-reactive protein level, and to implement preventive strategies during
perioperative care [14]. These strategies play a pivotal role in mitigating the occurrence of
pulmonary re-expansion edema, thereby optimizing patient outcomes following minimal
invasive cardiac surgery. The use of total deflation has not resulted in an increase in the
number of cases of clinically significant pulmonary edema that required invasive treatment.

5. Intraoperative Management
5.1. Monitoring

Irrespective of the surgical approach (minimally invasive or conventional), patients
receive comprehensive cardio-anesthesiologic monitoring. Basic monitoring includes a
five-channel ECG with ST segment analysis, SpO,, etCO,, temperature, invasive arterial
blood pressure, central venous pressure, cerebral oximetry using near-infrared spectroscopy
(NIRS), processed EEG (Bispectral Index (BIS)), and a comprehensive TEE evaluation. A
pulmonary artery catheter is utilized in patients with pulmonary artery hypertension
or right ventricular dysfunction. External defibrillation electrodes are applied, with the
exception of off-pump coronary artery bypass (OPCAB) operations, as internal defibrillation
with the internal shock paddles is difficult or impossible.

For central venous access, patients receive a 4-lumen central venous catheter, sup-
plemented by a 9 FR venous catheter for volume access, typically inserted into the right
internal jugular vein.

5.2. Transesophageal Echocardiography (TEE)

Comprehensive transesophageal echocardiography represents the gold standard for
perioperative monitoring in cardiac surgery with some views being of central importance
in minimally invasive cardiac surgery, given the potential contraindications [15]. Utilizing
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a comprehensive examination algorithm TEE facilitates assessment pre-, intra-, and postop-
eratively, enhancing surgical precision, confirming surgical indication, the positioning of
bypass cannula, and patient safety.

5.3. Cerebral Oximetry

In the context of cardiac surgery, particularly in procedures with an elevated risk of
cerebral ischemia, such as aortic surgery, which compromises the perfusion of the supra-
aortic branches, near-infrared spectroscopy (NIRS) is a standard tool for the early detection
of inadequate cerebral tissue oxygenation. It is essential to recognize that NIRS is associated
with several inherent limitations. The optimal outcomes remain a topic of scientific investi-
gation [16,17]. Cardiac surgery, particularly in procedures with heightened risks of cerebral
ischemia, aortic surgeries affecting perfusion of supra-aortal branches, and near-infrared
spectroscopy (NIRS) serve as vital tools for early detection of inadequate cerebral tissue
oxygenation. Through continuous monitoring of cerebral oxygen saturation, surgical teams
can promptly respond to potential complications, optimizing cerebral perfusion to mitigate
the risk of neurological damage. Cerebral oximetry, an essential component of all cardiac
procedures, ensures continuous, non-invasive assessment of cerebral blood flow dynamics.
By discerning deviations indicative of compromised cerebral perfusion, cerebral oximetry
informs management protocols outlined in a standardized approach. In particular, cerebral
oximetry is advantageous in surgeries necessitating selective antegrade cerebral perfusion,
such as aortic arch procedures, as it delivers indispensable insights into perfusion adequacy,
enhancing surgical precision and patient safety.

5.4. Temperature Management

Temperature management is of paramount importance to coagulation and hemody-
namic stability as well as in the context of ERACS [18]. The strategies employed are specifi-
cally adapted to align with the intended utilization of cardiopulmonary bypass (CPB) [19].
While the heart-lung machine can regulate patients’ temperature during on-pump surgeries,
significant temperature loss can occur during off-pump procedures. Therefore, passive
as well as proactive warming measures, including prewarmed blankets, warming mats,
and infusion warmers, are initiated prior to anesthesia induction for off-pump surgeries in
the absence of CPB. Heat mats used alone or in addition to heat blankets have resulted in
sustained body temperature even during prolonged off-pump bypass surgeries. Conse-
quently, heat mats are employed for all off-pump procedures, whereas CPB is utilized to
regulate body temperature during on-pump procedures and warming blankets are utilized
pre- and post-bypass. Core temperature monitoring via bladder catheterization ensures
precise temperature control throughout the procedure.

5.5. Peripheral Cannulation

The cannulation of peripheral vessels for the purpose of establishing cardiopulmonary
bypass (CPB) in minimal invasive cardiac surgery requires a meticulous approach. This
is necessary in order to facilitate optimal redirection of blood flow. The femoral artery
and vein, as well as the right internal jugular vein, are commonly employed vessels for
cannulation [9]. These vessels offer accessible peripheral entry points for the insertion
of cannulas, allowing for the efficient initiation of CPB while minimizing trauma to sur-
rounding tissues [20]. Furthermore, advancements in surgical techniques have enabled
the utilization of peripheral vessels such as the axillary artery, providing alternative can-
nulation sites that further enhance the minimally invasive nature of the procedure. This
is achieved by potentially beneficial antegrade flow during cardiac procedures, which is
currently under investigation [21]. By carefully selecting and cannulating these vessels,
surgeons can effectively establish CPB with precision and safety, thereby facilitating suc-
cessful outcomes in minimal invasive cardiac surgery. For femoral veins, a lengthy cannula
(Bio-Medicus 23/25 FR multistage femoral venous cannula, Medtronic, Minneapolis, MN,
USA) is introduced into the inferior vena cava, primarily via the right femoral vein, with
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echocardiographic guidance (refer to Videos S1 and 52). According to the established
protocol, the guidewires are visualized. The venous wire and cannula are depicted through
TEE in the midesophageal bicaval view (see Figure 1a,b). The arterial wire is visualized
in the descending aortic short-axis (SAX) and long-axis (LAX) views (see Figure 2 and
Video S3). The exclusion of malposition such as in the hepatic vein or interatrial septum
perforation is carried out.

Figure 1. (a) shows the midesophageal bicaval view with the venous wire via the inferior vena cava
into the superior vena cava; (b) shows the midesophageal bicaval view, with the cannula passing
through the right atrium.
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Figure 2. Shows the arterial wire in the descending aortic short-axis (SAX) and long-axis (LAX).

In certain cases, an additional cannulation of the superior vena cava (SVC) may be
necessary, contingent on patient parameters such as body weight or specific surgical require-
ments, such as those pertaining to right atrial interventions. Indications for SVC cannulation
include procedures requiring total bypass, such as tricuspid reconstruction/replacement,
or procedures involving right atriotomy like ASD repair or mass resections for condi-
tions such as tumors or thrombi. Furthermore, we perform SVC cannulation for all MICS
procedures undergoing partial bypass in patients over 80 kg body weight for improved
venous drainage.

The SVC drainage cannula (Edwards Fr 16/18 OptiSite arterial cannula) is placed via
the right jugular vein under ultrasound guidance simultaneously with the central venous
catheter insertion. The cannula is positioned caudally to the central venous catheter and
other venous lines (see Figure 3a,b). It is important to note that cannulation is performed
above the superior thorax aperture to avoid potential complications resulting from intratho-
racic vascular damage. We do not perform side-separated cannulation of the central venous
catheter and CPB cannula at our center. This approach offers advantages in terms of time
management and protection of the contralateral side for possible subsequent punctures
during hospitalization. No adverse effects were observed in association with the multiple
access procedure.

The positioning of the wires and cannulas is meticulously executed exclusively under
ultrasound guidance, in accordance with the center’s policy and prevailing guidelines [22].
Prior to placement, the cannula is coated with 1 mL /2500 IU of heparin, with the objective
of preventing immediate coagulation and clot formation subsequent to insertion. Following
insertion into the internal jugular vein and after retrograde blood filling, the cannula is
continuously flushed with a heparin-added full electrolyte solution (5000 IU heparin/
500 mL) to sustain patency and prevent clot formation. A secure fixation is ensured with
a pre-laid purse-string suture and a tourniquet is utilized to establish temporary fixation
during the procedure. Post-completion of cardiopulmonary bypass (CPB) the remaining
blood is flushed, the tourniquet is loosened, subsequently the cannula is carefully removed,
and the incision site is closed using the pre-applied purse-string suture.
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Figure 3. (a) shows the catheters inserted in the internal jugular vein right from cranial to caudal
as follows: central 4-lumen central venous catheter, 1-lumen 9 FR catheter, and the CPB cannula;
(b) shows three guidewires in the right internal jugular vein.

5.6. On-Table Extubation after Minimally Invasive Cardiac Surgery

Our anesthesiologic approach prioritizes on-table extubation (OTE) for MICS proce-
dures in alignment with the Enhanced Recovery After Surgery (ERAS) concept [23-25].
Although randomized controlled trials on OTE are still pending, Jaquet et al. were able to
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demonstrate, in a retrospective analysis of 294 patients, that OTE was not associated with
an increased incidence of respiratory complications and was associated with a lower risk of
postoperative pneumonia and reduced requirement of vasopressors [19].

Preoperative screening allows for the identification of potential obstacles to on-table ex-
tubation. Subsequently, a comprehensive team evaluation precedes extubation. Extubation
is initiated if the patient meets all criteria including adequate warmth, unobstructed gas
exchange, competent coagulation, limited bleeding, and within-range vasopressor require-
ments. It is only performed if all team members agree at the end of the surgery. Weaning
and extubation occur in the operating theater before patient transfer to the Intensive Care
Unit (ICU).

5.7. MIDCAB

Minimally invasive direct coronary artery bypass graft (MIDCAB) surgery is a mini-
mally invasive approach that is typically performed on the left anterior descending artery
(LAD) at the front of the heart through a left-sided intercostal incision for left coronary
artery access. However, this approach can also be utilized for the right coronary artery
through a right-sided anterolateral minithoracotomy. Bypass grafting is performed on the
beating heart and is typically employed for coronary grafts involving one or two vessels
only. It is important to select the proper patients in order to achieve optimal results.

In order to ensure a direct and unrestricted view of the surgical field, OLV is employed
for MIDCAB. This necessitates the use of a double-lumen tube for intubation, which
enables lung isolation and selective ventilation. In accordance with our internal protocol, a
bronchoscopy is conducted prior to skin incision to confirm the correct placement of the
tube, with any necessary adjustments being made. As previously stated, a left-sided DTL
is employed for all lung separations due to the reported inferior clinical performance of
a right-sided DLT [12]. In cases where lung isolation is challenging, a bronchus blocker
is utilized under bronchoscopic guidance as an alternative approach for lung isolation.
While MIDCAB surgery is in general performed as an off-pump procedure at the beating
heart it may occasionally be conducted utilizing mechanical support for patients with
severely reduced ejection fraction. On this occasion peripheral cannulation is performed or
a balloon pump is placed at the beginning of the surgery via femoral access. Temperature
management is crucial and therefore warming is initiated prior to anesthesia induction
using heating mats and blankets (Twinwarm BB and Universal ITI, MoeckWarmingSystems®
Hamburg, Germany).

5.8. OPCAB

Off-pump coronary artery bypass (OPCAB) surgery is performed in the presence of
sternotomy, and therefore does not formally count as part of minimally invasive cardiac
surgery according to the AHA definition. However, we present the special features for
anesthesia here, as these can be challenging.

In this technique, the surgeon performs coronary artery bypass grafting without
stopping the heart or utilizing a heart-lung bypass machine. This approach offers potential
benefits, such as a reduced risk of complications associated with cardiopulmonary bypass,
reduced recovery times, and potentially better outcomes for certain patients compared to
on-pump surgery. By avoiding the use of the heart-lung machine, OPCAB minimizes the
systemic inflammatory response associated with conventional bypass surgery and reduces
the risk of bleeding, potentially leading to faster postoperative recovery. OPCAB is often
used to achieve the goal of reducing trauma to the patient and improving overall surgical
outcomes. In some cases, for patients with severely reduced ejection fraction OPCAB can be
performed under mechanical protection using cardiopulmonary bypass, IABP, or impella
(on-pump beating technique).

Monitoring, anesthesia induction, and airway management are analogous to those
of on-pump surgery. The anesthesiologist must address the hemodynamic fluctuations
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induced by heart positioning necessary for bypass grafting. This involves preload and
afterload adjustments and administering vasopressors as warranted.

Off-pump CABG presents anesthesiologists with unique challenges that require precise
management of hemodynamic stability through vasopressor application and targeted fluid
management. Therefore, continuous cardiac function monitoring, hemodynamics, and end-
organ perfusion are essential for early detection and prompt management of any deviations
from the desired physiological parameters. Close interaction between all perioperative team
members is imperative to ensure the successful outcome of off-pump CABG procedures.
Maintaining adequate cerebral perfusion pressure is crucial for the prevention of POCD and
delirium. The utilization of the Hypotension Prediction Index (HPI) parameter, developed
by Edwards Lifesciences (Irvine, CA, USA), has been demonstrated to result in a reduction
in critically low mean arterial pressure (MAP). The HPI is an algorithm based on the
characteristics of the arterial pressure curve and has been shown to possess a high degree of
sensitivity and specificity in predicting hypotensive episodes during cardiac surgeries [26].

5.9. Aortic Valve Repair/Replacement

The most common approach for performing aortic valve surgery is via a right anterior
mini-thoracotomy. The surgical approach involves a limited skin incision and access
through the third intercostal space, utilizing a soft tissue retractor for optimal exposure
while preserving the integrity of surrounding structures such as the right internal thoracic
artery and vein. Our institution utilizes an endoscopic approach. A 3D camera and
Chitwood clamp are placed via the second intercostal space, with careful opening of the
pericardium above the phrenic nerve to facilitate valve exposure [27]. This approach is safe
and achieves excellent results in high-volume centers [28]. At our institution the standard
protocol for this MICS procedure involves intubation and ventilation via a single lumen
tube and total bilateral lung deflation after the establishment of CPB. This approach does
not result in any restriction of the surgical field of vision [27], nor does it increase the risk
of reperfusion edema compared to OLV.

Transesophageal echocardiography (TEE) is employed to evaluate the aortic valve
preoperatively, with regard to the pathology. This includes determination of the valve
opening area via the continuity equation and measurement of the aortic annulus for decision
of prosthesis size. A three-dimensional annulus size assessment may be more adequate
than two-dimensional. The guidance of the surgeon for peripheral puncture and cannula
positioning is provided via TEE in the midesophageal bicaval view and the views of the
descending aorta (SAX and LAX) [29].

Prior to termination of the cardiopulmonary bypass (CPB) procedure, the surgical
result is verified by means of transesophageal echocardiography (TEE). Following comple-
tion of CPB, a re-evaluation is performed with a focus on valve function, the presence of
new onset stenosis or regurgitation, as well as the occurrence of new ventricular movement
disorders. The aorta is evaluated to exclude any dissection following de-clamping and
de-canulation.

5.10. Mitral Valve Repair/Replacement

Endoscopic minimally invasive cardiac surgery (MICS) for mitral valve repair involves
a 3-5 cm skin incision or peri-areolar approach above the right fourth intercostal space,
aided by a 3D camera, to facilitate exposure of the mitral valve through incision via the
interatrial groove and left atriotomy. Minimally invasive mitral valve procedures are
conducted with great precision under the guidance of basic cardioanesthesia monitoring
and meticulous vascular access protocols. For patients with a body weight exceeding 80 kg,
a jugular cannula is carefully inserted into the right internal jugular vein and advanced
to the innominate vein. The cannula insertion process is guided by echocardiography;,
ensuring accuracy and safety. Our center does not execute OLV during valve procedures.

TEE is used to perform a comprehensive evaluation of the mitral valve, pertaining to
the pathogenesis of regurgitation in general and measuring the length of the anterior mitral
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leaflet (AML) and the mitral annulus for selection of the annuloplasty ring. Additionally,
the potential for systolic anterior motion (SAM) is assessed via TEE.

Occlusion of the circumflex artery is a rare but serious complication after mitral valve
surgery. The patency of the circumflex artery and regional wall motion abnormalities are
evaluated by TEE [30].

5.11. Tricuspid Valve Repair/Replacement

Minimally invasive cardiac surgery for the tricuspid valve is performed concomitantly
with mitral valve surgery. A total bypass is required for interventions on the tricuspid
valve. Bicaval venous cannulation is performed through the external jugular and femoral
veins, while arterial cannulation is performed through the common femoral artery. For
the total bypass, bulldog vascular clamps are used for the superior and inferior vena cava.
During the total bypass, vasoactive drugs are administered via the heart-lung machine.

5.12. Mass Resection

The advantages of MICS can also be utilized in the removal of benign or malignant
cardiac masses. The choice of cannulation strategy depends on the location of the tumor.
Intraoperative TEE plays a key role in determining and verifying the surgical results after
removal of the tumor.

5.13. Bleeding

Minimally invasive procedures inherently involve small incisions, reducing the like-
lihood of extensive bleeding. The routine administration of coagulation factors is not
recommended for these cases. However, in the event of bleeding not attributed to the
surgical site, a prompt thromboelastographic assessment is conducted, followed by targeted
optimization of blood coagulation.

Although the optimal dosaging is still under investigation, tranexamic acid (TXA) is
commonly used in cardiac surgery to reduce bleeding and the need for blood transfusions.
At our institution tranexamic acid is administered as a standard protocol for all patients,
with the exception of those undergoing MIDCAB surgery. A bolus dose of 10 mg/kg is
initially administered, followed by a continuous infusion at 5 mg/kg/h. The anticoagulant
effect of heparin is reversed with protamine, with real-time monitoring of activated clotting
time (ACT) at the bedside to ensure optimal hemostasis.

5.14. Pain Management

At our center, we adopt a multifaceted approach to pain management. During surgery,
either sufentanil or remifentanil is administered as opioids to effectively alleviate acute
pain. The infiltration of the chest wall is carried out by the surgeon using a local anesthetic
(10 mL 0.2% ropivacaine). Following surgery, peripheral analgesics (the first choice is
metamizole (Novalgin®), or paracetamol as an alternative for metamizole allergy) are
commonly employed to manage postoperative discomfort. Additionally, intravenous
piritramide is available for pain relief as necessary. While regional anesthesia such as
PECS 1II blockade is not routinely utilized, our comprehensive strategy is designed to
minimize discomfort and facilitate early mobilization and recovery, ensuring optimal
patient outcomes.

6. Conclusions

Minimal invasive cardiac surgeries have demonstrated excellent outcomes, with re-
duced morbidity, shorter recovery times, and improved patient satisfaction compared to
traditional open-heart surgery at experienced centers. These results highlight the effective-
ness and safety of MICS procedures in appropriately selected patients [31].

Anesthesia management is crucial for the outcome of minimal invasive cardiac surgery
and requires careful consideration to ensure patient safety and optimal surgical conditions
involving standardized treatment pathways. Overall, anesthesiologists must collaborate
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closely with the surgical team and perfusionists to address specific anesthesia implications
related to cannulation strategies, hemodynamic management, lung isolation, temperature
and fluid management, and coagulation control. Monitoring, including transesophageal
echocardiography, is of great importance for the placement of catheters as well as for pre-
and post-operative diagnostics. The management should be geared towards the earliest
possible extubation with suitable patients.
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Abstract: Background: Coronary artery disease is a major cause of death globally. Minimally invasive
direct coronary artery bypass (MIDCAB), using a small left anterior thoracotomy, aims to provide
a less invasive alternative to traditional procedures, potentially improving patient outcomes with
reduced recovery times. Methods: This retrospective, non-randomized study analyzed 310 patients
who underwent MIDCAB between July 1999 and April 2022. Data were collected on demographics,
clinical characteristics, operative and postoperative outcomes, and follow-up mortality and morbidity.
Statistical analysis was conducted using IBM SPSS, with survival curves generated via the Kaplan—
Meier method. Results: The cohort had a mean age of 63.3 £ 10.9 years, with 30.6% females. The
majority of surgeries were elective (76.1%), with an average operating time of 129.7 + 35.3 min. The
median rate of intraoperative blood transfusions was 0.0 (CI 0.0-2.0) Units. The mean in-hospital stay
was 8.7 + 5.5 days, and the median ICU stay was just one day. Early postoperative complications
were minimal, with a 0.64% in-hospital mortality rate. The 6-month and 1-year mortalities were
0.97%, with a 10-year survival rate of 94.3%. There were two cases of perioperative myocardial
infarction and no instances of stroke or new onset dialysis. Conclusions: The MIDCAB approach
demonstrates significant benefits in terms of patient recovery and long-term outcomes, offering a
viable and effective alternative for patients suitable for less invasive procedures. Our results suggest
that MIDCAB is a safe option with favorable survival rates, justifying its consideration in high-volume
centers focused on minimally invasive techniques.

Keywords: MIDCAB; coronary revascularization; minimally invasive surgery

1. Introduction

Coronary artery disease stands as one of the leading causes of death in Western nations.
The inception of coronary artery bypass grafting (CABG) in the 1960s marked its swift
ascent to being amongst the most frequently conducted surgical interventions [1]. Over the
years, significant improvements in outcomes have been observed, marked by reductions in
both operative mortality and major morbidity rates [2]. Although outcomes have improved
significantly in recent decades, the aging demographic of cardiac surgery patients, coupled
with their increased comorbidities, has highlighted the necessity for less invasive surgical
techniques [3]. Technological and engineering advancements over the last few decades have
paved the way for the development of minimally invasive surgical methods, including
the use of endoscopy in various procedures such as cardiac surgery [4]. Amongst the
new perspectives in cardiac surgery, an alternative approach to a standard sternotomy
for CABG has been implemented in recent years to facilitate a minimally invasive direct
coronary artery bypass (MIDCAB) through a small left anterior thoracotomy. The left
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internal mammary artery (LIMA) can then be harvested either via direct vision or using
endoscopic techniques [2]. Although the MIDCAB approach is commonly associated with
increased postoperative pain for the patients, recovery appears to be faster than after a
sternotomy, with potential improvement in the overall postoperative quality of life for the
patients [2].

The MIDCAB approach may offer promising benefits for patients requiring surgical
myocardial revascularization. However, its technically demanding nature and the lack of
long-term outcomes remain major burdens for its further adoption [5]. The purpose of this
retrospective study is to review and present the results of our single-center experience with
MIDCAB for surgical myocardial revascularization.

2. Materials and Methods
2.1. Study Design

This study is a single-centered, retrospective, nonrandomized study including 310 patients
who underwent a MIDCAB operation between July 1999 and April 2022 at our institution.

2.2. Inclusion Criteria—Population

Every patient who underwent a MIDCAB operation at our institution between July
1999 and April 2022 was eligible for this study. Both elective, urgent, and emergent cases
were included in the present study. The decision to perform a MIDCAB operation was
individualized for each patient based on the coronary anatomy and was made at the
surgeons’ discretion, always in accordance with the latest guidelines, our institutional
multidisciplinary Heart Team decision, and patients’ informed consent.

2.3. Operative Technique

Under general anesthesia and with single-lumen intubation, the patient was placed
on the operating table in a supine position with a slightly elevated left scapula. A small
(5-8 cm) anterolateral thoracotomy was performed in the left fourth intercostal space.
Transesophageal echocardiography and ECG were used to monitor ventricular function
throughout the procedure. A specialized rib retractor (Thoralift™ and, in the most recent
cases, Mutistation™, LSI Solutions, Victor, NY, USA) was selected to partially elevate the
rib cage to achieve better visibility during LIMA harvesting. In order to achieve a sufficient
length to reach the coronary artery without tension, the artery was mobilized to the highest
possible level (up to the subclavian vein). Heparin was administered intravenously until
the target PTT of >300 s had been reached. A stabilization device (Octopus™, Medtronic,
Minneapolis, MN, USA) was positioned to expose the LAD, and a longitudinal incision
was made in the coronary artery. The LIMA graft was carefully prepared for the bypass. A
shunt was placed into the coronary vessel and the end-to-side anastomosis was performed
with 7/0 polypropylene (ProleneTM) suture in a running fashion. The shunt was removed,
and the anastomosis was completed. The bulldog clamp was removed from the LIMA
and the coronary flow was restored. Heparin was reversed and after completing the
flow measurement, the wound was closed in anatomic layers. The patient was delivered
intubated to the intensive care unit to be extubated in the following hours.

2.4. Data Acquisition

In accordance with the data protection regulations, demographic information, clinical
characteristics, and operative and postoperative data were retrospectively extracted from
the institutional medical records of the included patients. Telephone interviews with the
patients or/and their relatives or/and their primary care physicians were performed for an
active follow-up.

Due to the retrospective, observation nature of the study, the requirement for informed
consent was deferred. This study was performed in accordance with the Declaration
of Helsinki, and the data regarding the patient’s identity remained strictly anonymous.
Ethical approval was obtained from the Ethics Committee of the Hannover Medical School,
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Hannover, Germany (Nr.11333_BO_K_2024, 4 April 2024). All methods utilized in the
present study were performed in accordance with regulations and guidelines.

2.5. Definitions and Outcomes

The primary endpoints of the present study were 30-day, 6-month, and 1-year mortality,
as well as the overall survival at 5 and 10 years. The main secondary endpoint was the
development of any postoperative adverse events. Data regarding the in-hospital stay,
the intraoperative time, the need for transfusion, total ventilation time, conversion to
sternotomy, and the need for surgical revision were also retrospectively retrieved. Urgent
procedures were defined as procedures which had to be performed during the first 48 h
after hospital admission. Emergent procedures were defined as procedures which had to
be performed during the first 2 h after hospital admission.

Postoperative myocardial infarction was defined as a significant elevation of the CK-
MB levels over 10% of the CK levels and a clinical correlate such as new changes in the
ECG (ST-elevation or T-depression) and/or new dyskinesia detected by echocardiography.
Hyperlipoproteinemia was defined as a state of abnormally high levels of triglycerides in
blood (>150 mg/dL), requiring medical therapy. Kidney function impairment was defined
as a reduction in GRF rate under 50 mL/min.

2.6. Statistical Analysis

The obtained data were entered into a dedicated Microsoft Excel spreadsheet. Statisti-
cal analysis was performed using IBM SPSS version 28 (IBM Corp., Chicago, IL, USA). Data
were tested for normality using the Shapiro-Wilk test. When the data were not normally
distributed, continuous variables were expressed as medians (interquartile range, IQR) or
as mean =+ standard deviation. Survival curves were generated using the Kaplan-Meier
method. Categorical variables were expressed as frequencies and percentages.

3. Results
3.1. Baseline Characteristics

The mean age of the patients was 63.3 & 10.9 years, and 30.6% of the patients were
female (Table 1). All patients presented with symptomatic coronary artery disease, with
5.4% of the patients (n = 17) suffering from acute myocardial infarction. Interestingly,
the EuroSCORE II rates in those seventeen patients did not significantly differ from the
rest of the cohort; therefore, there was no hesitation in performing the procedure via
minimally invasive access. A large portion of the cohort (73 patients (23.5%)) had previously
undergone a PCI, 30% of the patients were active smokers, and 57 patients (18.4%) were
suffering from type 2 diabetes mellitus. The patients presented with a mean left ventricular
ejection fraction of 57.1 £ 6.5% and a median EuroSCORE II of 0.9 (0.7-1.2), putting the
patients into the low-risk group. Further details of patients’ baseline data are presented in
Table 1.

Table 1. Baseline characteristics.

Parameter n (%)

age 63.3 +10.9
female gender 95 (30.6%)
CAD1 197 (63.5%)
CAD2 71 (22.9%)
CAD3 42 (13.5%)
acute STEMI 2 (0.6%)
acute NSTEMI 15 (4.8%)
previous PCI 73 (23.5%)
active smoker 93 (30%)
IDDM 9 (2.9%)
NIDDM 48 (15.5%)
hyperlipoproteinemia 160 (51.6%)
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Table 1. Cont.

Parameter n (%)
arterial hypertension 280 (90.3%)
kidney function impairment 25 (8.1%)
terminal KI with dialysis 3 (1%)
LVEE, % 571+ 6.5
EuroSCORE 11, % 0.9 (0.7-1.2)

CAD—coronary artery disease, STEMI—ST-elevation myocardial infarction, NSTEMI—non-ST-elevation myocar-
dial infarction, IDDM—insulin-dependent diabetes mellitus, KI—kidney injury, LVEF—Ieft ventricular ejection
fraction, and NIDDM—non-insulin-dependent diabetes mellitus.

3.2. Intraoperative Characteristics

In all cases, one anastomosis was performed (left internal mammary artery to ramus
interventricularis anterior) on the beating heart without the cardiopulmonary bypass
support. In 1% of the patients (n = 3), due to the problems with the anastomosis, the
procedure had to be switched to a median sternotomy, and the anastomosis was performed
on-pump with a beating heart. None of the patients had been considered for hybrid
revascularization.

The mean operating time was 129.7 & 35.3 min, and in most cases, the median rate of
intraoperative blood transfusions was 0.0 (CI 0.0-2.0) Units with a mean requirement of
0.35 Units per patient. The majority of the cases were elective (76.1%). Further intraopera-
tive data are presented in Table 2.

Table 2. Intraoperative data.

Parameter n (%)
urgency

elective 236 (76.1%)

urgency 61 (19.7%)

emergent 13 (4.2%)
MIDCAB (LIMA-LAD) 310 (100%)
operating time, min 129.7 £ 35.3
conversion to sternotomy 3 (1%)
conversion to CPB 3 (1%)
blood transfusion, Units 0.0 (0.0-2.0)
blood transfusion 87(28.0%)

CPB—cardiopulmonary bypass, LAD—left anterior descending, LIMA—Ileft internal mammary artery, and
MIDCAB—minimally invasive direct coronary artery bypass.

3.3. Overall Survival and Postoperative Outcomes

The mean in-hospital stay duration was 8.7 & 5.5 days and the median ICU-stay
duration was 1(0.-1.0) day. Two patients suffered from perioperative myocardial infarction
(0.67%), and in those cases, coronary angiography was performed. There were no cases of
stroke in our cohort, and in four cases (1.3%), re-exploration for bleeding was necessary.
There was no relevant need for postoperative blood transfusion in our cohort (Table 3).

Table 3. Postoperative data.

Parameter n (%)
in-hospital stay, days 87+55

ICU stay, days 1.0 (0-1.0)

new onset AF 7 (2.3%)

max CK 577.5 £ 430.6
max CK MB 35.5+20.7
max Troponin 28.0 (21.7-37.3)
perioperative myocardial infarction 2 (0.64%)
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Table 3. Cont.

Parameter n (%)
stroke 0

new onset dialysis 0
postoperative angiography 2 (6.4%)
postoperative LAD intervention, graft occlusion 1(0.3%)
re-exploration for bleeding 4 (1.3%)
blood transfusion in the ICU, Units 0.0 (0-4.0)

The mean follow-up time was 16.3 & 6.3 years. In-hospital mortality was 0.64% (n = 2),
6-month mortality was 0.97% (n = 3), and 1-year mortality was 0.97% (n = 3). We report a
5-year and 10-year mortality of 1.3% and 5.7%. Kaplan—Meier curve portrays the overall
survival of our cohort (Figure 1).

Overall cumulative survival

AF—atrial fibrillation, CK—creatine kinase, ICU—intensive care unit, and LAD—Ileft descending artery.
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Figure 1. Overall survival.

The causes of death during the follow-up period are expressed in Table 4.

Table 4. Follow-up data.

Parameter n (%)
Follow-up time, years 163+ 6.3
in-hospital mortality 2 (0.64%)
6-months mortality 3 (0.97%)
1-year mortality 3 (0.97%)
5-year mortality 1.3%
10-year mortality 5.7%
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Table 4. Cont.

Parameter n (%)
Death at follow-up 31 (10%)
cardiac cause of death 6 (1.9%)
neurological cause of death 7 (2.3%)
oncological cause of death 8 (2.6%)
other cause of death 10 (3.2%)
coronary angiography 63 (20.3%)
bypass closure 5(1.6%)

During the follow-up period, 63 patients (20.3%) underwent a diagnostic coronary
angiography. In five patients (1.6%), LIMA-LAD bypass was not patent (after 4,5 (x2), 7,
and 18 years postoperatively).

4. Discussion

In recent years, MIDCAB surgery presented promising results as an effective and safe
minimally invasive approach for coronary revascularization [4,6,7]. The less invasive nature
of this approach provides advantages for various patient groups, including those with
comorbidities that make a standard sternotomy impractical [5,7]. The present single-center,
retrospective study reports our results on long-term survival and postoperative results of
consecutive patients who underwent MIDCAB revascularization in our institution between
July 1999 and April 2022. Our results further support that MIDCAB revascularization is an
effective and safe strategy.

The mean operation time in our cohort was 129.7 + 35.3, which is lower than the
previously reported data [8,9]. The present study reports comparable short-term results
with respect to the literature with an in-hospital mortality of 0.64%, a 6-month mortality of
0.97%, and a 1-year mortality of 0.97%. The mean follow-up time in the present study was
16.3 & 6.3 years, which was longer than most of the comparable studies [7-11]. Our results
regarding the 10-year survival rate (94.3%) for the entire cohort are favorable compared to
the existing evidence in the literature [7,12-14].

Previously published studies reported comparable stroke and myocardial infarction
(MI) rates between conventional CABG and minimally invasive approaches verifying its
safety [15]. In line with previous evidence [8,10,16], our study reports no cases of perioper-
ative stroke, no cases of new-onset dialysis, and only two cases (0.64%) of perioperative ML
In our study, we present seven cases (2.3%) of newly manifested AF, which is favorable
compared to previously reported rates [8,16]. We report no need for intraoperative blood
transfusion in our cohort and a short duration of ICU (1.0, 0-1.0 days) and in-hospital
stay (8.7 £ 5.5 days), which is comparable to previously published data [8,9] reporting a
significantly lower proportion of transfused patients and a shorter ICU and in-hospital stay
amongst MIDCAB patients [16-18]. The conversion rate to sternotomy (3 cases, 1%), as well
as the conversion to cardiopulmonary bypass (3 cases, 1%), was low and comparable to the
evidence in the literature [10,12]. Four patients (1.3%) had to be re-explored for bleeding, a
rate which is in line with previously published data [7,10,19].

The literature contains extensive debate about the long-term outcomes of MIDCAB
compared to other minimally invasive coronary revascularization methods, such as percu-
taneous coronary intervention (PCI). For patients with multivessel coronary artery disease,
evidence suggests that coronary artery bypass grafting offers more favorable outcomes
than both medical therapy and PCL. Specifically, medical therapy has been associated with
a higher occurrence of subsequent myocardial infarctions, increased need for additional
revascularizations, and a higher incidence of cardiac death. Meanwhile, PCI is linked
to a greater incidence of myocardial infarctions, an increased requirement for further
revascularization, and a 1.46-fold increased risk of combined adverse events compared to
CABG [20].
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Several studies have shown similar rates of death, myocardial infarction, and stroke
amongst PCI patients compared to MIDCAB, albeit with a notably higher rate of repeat
revascularization in PCI patients [21-23]. A study by Merkle et al. has shown that although
MIDCAB operation is linked to a longer ICU and hospital stay, it is associated with notably
reduced occurrences of repeat revascularization and lower mortality rates compared to
PCI [24].

Recent meta-analyses have highlighted the long-term advantages of MIDCAB over
percutaneous coronary intervention. Specifically, studies have indicated that MIDCAB
patients experience lower all-cause mortality and reduced rates of repeat revascularization
compared to those undergoing PCI [25]. These findings align with earlier meta-analyses
demonstrating that MIDCAB not only minimizes the need for subsequent interventions
but also achieves comparable mortality rates and incidences of major adverse cardiac and
cerebrovascular events to those of drug-eluting stents [26]. Additionally, when compar-
ing minimally invasive left internal thoracic artery bypass to percutaneous transluminal
coronary artery stenting for isolated left anterior descending artery lesions, MIDCAB has
been shown to lead to fewer mid-term complications, further validating its efficacy and
safety [27].

Research has extensively compared the safety and efficacy of the MIDCAB approach
with both standard on-pump CABG and sternotomy off-pump CABG (OPCAB) [28]. No-
tably, a case-matched study by Lapierre et al. demonstrated that MIDCAB led to shorter
hospital stays and quicker postoperative recovery compared to OPCAB [29]. This approach
is also associated with several other benefits, including lower rates of blood transfusions
and wound infections, due to the preservation of sternum integrity [30]. Although the
study of Raja et al. further supported the safety of MIDCAB on a mean follow-up of
12.95 £ 0.47 years, it failed to prove its superiority compared to standard CABG [5].

As previously mentioned, our center has recently begun using the new Multistation”
retractor (LSI Solutions, USA) in patients undergoing minimally invasive coronary revas-
cularization. This innovative tool enhances surgical exposure and access, facilitating the
harvesting of both the left and right internal mammary arteries (LIMA and RIMA) and
allowing for complex multivessel revascularizations through smaller incisions. The Retro-
Sterno™ paddle, which is placed through a small 1.5 cm subxyphoidal incision, provides
easier access to the RIMA through the left anterolateral thoracotomy, allowing its harvesting
both under direct vision or endoscopically.

Current evidence on the MIDCAB approach is somewhat limited due to a scarcity
of large prospective studies and randomized controlled trials, as well as variations in the
definitions of techniques and complications, coupled with suboptimal clinical follow-up
protocols [31]. Further studies are needed to better investigate the postoperative results of
MIDCAB surgery and its benefits compared to other coronary revascularization approaches.

Due to the demanding learning curve associated with the MIDCAB approach [32,33], it
is important to note that maintaining a high quality of the MIDCAB procedure is achievable
when it is carried out in high-volume centers, enabling surgeons to effectively sustain their
skills [12,32,34].

M

Limitations

This study presents limitations mainly related to its retrospective, observational, and
single-center design.

The population of the present study comprises patients with diverse disease severity,
ranging from single to multivessel coronary disease while also including mostly elective
as well as a few emergent cases, which may affect the long-term survival and compli-
cation rates. It should also be mentioned that the patient cohort of the present study
included a selected group of relatively low-risk patients and favorable baseline patient
characteristics, thus the reported results should not be generalized to all with coronary
artery disease. Moreover, our cohort presents the entire experience of our center also
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including the first cases. Taking into consideration the initial learning curve associated with
the implementation of every new interventional technique may have impacted our results.

5. Conclusions

MIDCAB offers a viable and effective option for surgical myocardial revascularization
with favorable long-term outcomes and minimal perioperative complications, particularly
in low-risk patients. Our findings support the efficacy and safety of MIDCAB, suggesting
its broader adoption in suitable candidates within high-volume centers. Further research
is needed to validate these findings through prospective, multi-center trials to overcome
limitations associated with retrospective analyses.
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Abstract: Objectives: In recent years, minimally invasive approaches have been used with increasing
frequency, even for more complex aortic procedures. However, evidence on the practicability and
safety of expanding minimally invasive techniques from isolated operations of the ascending aorta
towards more complex operations such as the hemiarch replacement is still scarce to date. Methods:
A total of 86 patients undergoing elective surgical replacement of the ascending aorta with (n = 40) or
without (1 = 46) concomitant proximal aortic arch replacement between 2009 and 2023 were analyzed
in a retrospective single-center analysis. Groups were compared regarding operation times, intra-
and postoperative complications and long-term survival. Results: Operation times and ventilation
times were significantly longer in the hemiarch replacement group. Despite this, no statistically
significant differences between the two groups were observed for the duration of the ICU and hospital
stay and postoperative complication rates. At ten-year follow-up, overall survival was 82.6% after
isolated ascending aorta replacement and 86.3% after hemiarch replacement (p = 0.441). Conclusions:
Expanding the indication for minimally invasive aortic surgery towards the proximal aortic arch
resulted in comparable postoperative complication rates, length of hospital stay and overall long-term
survival compared to the well-established minimally invasive isolated supracommissural ascending
aorta replacement.

Keywords: minimally invasive surgery; aortic surgery; ascending aorta replacement; proximal aortic
arch replacement; hemiarch replacement

1. Introduction

Over the last two decades, minimally invasive techniques have developed rapidly
in cardiac surgery, and the feasibility and safety of minimally invasive cardiac surgery
have been demonstrated for different cardiac procedures [1,2]. Likewise, minimally in-
vasive approaches have gained immense importance in aortic surgery as well and have
become the standard approach for limited operations of the aortic valve, aortic root and
ascending aorta in many centers [3-7]. For this, numerous techniques have been developed
including different types of upper hemisternotomies as well as sternal sparing thoracotomy
approaches [8-14]. Currently used surgical techniques and outcomes for minimally inva-
sive surgery of the ascending aorta have been described in detail in a recent review from
our working group [3]. In matched analyses, comparable results regarding safety outcomes,
mortality and hospital stay have been reported for minimally invasive aortic root and as-
cending aorta replacement compared to the standard full sternotomy techniques [8,9,12]. In
a recent study, Angerer et al. reported longer operation times but no differences in hospital
stay or long-term outcome in minimally invasive ascending aorta replacement compared
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to full sternotomy [15]. Following this development, the minimally invasive approach
has been continuously expanded to address more complex aortic pathologies through
limited access sites. As one of these techniques, surgical repair of more distal parts of the
ascending aorta and proximal aortic arch via upper hemisternotomies is now performed
with increasing frequency [16]. In the current literature, this technique is also referred to as
‘hemiarch replacement’ [17]. However, including replacement of the proximal aortic arch
in the repair distinctively increases the complexity of the operation compared to isolated
replacement of the ascending aorta alone. Since cross-clamping of the ascending aorta
proximal to the brachiocephalic trunk is not feasible for proximal aortic arch replacement,
hypothermic circulatory arrest is generally inevitable and selective cerebral perfusion has
to be established through minimally invasive access, which can be challenging depending
on the cannulation strategy and access technique [3,9,10].

Consequently, while the results of the now well-established minimally invasive proce-
dure to replace the aortic root and proximal ascending aorta are promising [7,8], further
clinical evidence is needed regarding the significantly more complex procedure of addi-
tional proximal aortic arch replacement. We here report a 15-year single-center experience
of expanding the minimally invasive approach towards the proximal aortic arch com-
pared to the well-established minimally invasive technique for isolated supracommissural
ascending aorta replacement.

2. Patients and Methods
2.1. Patients

Between June 2009 and May 2023, 86 consecutive patients underwent elective mini-
mally invasive ascending aorta replacement with or without concomitant proximal aortic
arch replacement at our tertiary care center. Patient data including preoperative charac-
teristics, intraoperative and postoperative course and complications as well as long-term
postoperative survival were collected prospectively in our institutional database and ana-
lyzed retrospectively for this study. Postoperative follow-up was performed during regular
visits in our outpatient clinic. Patients requiring concomitant aortic root or aortic valve
surgery were excluded from the study. The necessity for concomitant procedures of the
atrioventricular valves or coronary bypass grafting as well as emergency situations and
redo operations contraindicate the upper hemisternotomy approach in our institution.

2.2. Study Design and Variables

For a retrospective single-center analysis, the study population was divided into two
groups. The first group included all patients who received isolated minimally invasive
ascending aorta replacement, while the second group consisted of patients in which addi-
tional proximal aortic arch repair was performed. For sorting into the groups, the following
definitions were used: isolated ascending aorta replacement was defined as implantation
of a straight aortic graft with a proximal suture line positioned on or above the sinotubular
junction and a distal suture line located proximal to the brachiocephalic trunk within the
Ishimaru zone 0, facilitating continuous cross-clamping of the distal ascending aorta and
continuous body perfusion via direct aortic cannulation. In contrast, the distal suture line
of proximal aortic arch replacement was placed more distally between zone 0 in the outer
curvature and zone 1 in the inner curvature of the aortic arch to facilitate narrowing of the
proximal arch while avoiding reimplantation of the brachiocephalic trunk. In these cases
of hemiarch replacement, an open distal anastomosis is necessary, requiring hypothermic
circulatory arrest.

For this study, preexisting coronary artery disease was defined as any treated or
untreated flow-limiting coronary artery obstruction diagnosed by coronary angiography.
Chronic kidney disease was defined as a decreased glomerular filtration rate of less than
60 mL/min (1.73 m?) for at least 3 months [18]. Any prior surgical procedures involving
the heart or large intrathoracic vessels were summarized as cardiac preoperations. Chronic
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type A aortic dissection was defined as any aortic dissection involving the ascending aorta
persisting for more than 14 days after the initial intima rupture [19].

2.3. Surgical Techniques

For both isolated ascending aorta replacement and hemiarch replacement, an upper
J-shaped hemisternotomy to the third or fourth intercostal space was used. After applying
the sternal retractor, pericardial stay sutures were placed to enhance exposure, and hep-
arinization with a dose of 400-500 IU/kgBWT (body weight) was initiated. After reaching
an activated clotting time of >400 s, distal ascending aortic and direct right atrial cannu-
lation were performed in standard fashion. Venting was established through the main
pulmonary artery in this minimally invasive setting. Continuous carbon dioxide insuffla-
tion was initiated, extracorporeal circulation was started, the aorta was cross-clamped, and
cold blood cardioplegia was administered. For hemiarch replacement, cooling was initiated
with a target bladder temperature of 25 °C. The aorta was opened and resected proximally
until directly above the sinotubular junction. For isolated supracommissural ascending
aorta replacement, Terumo Aortic Gelweave® (Terumo Aortic, Inchinnan, UK) straight
aortic grafts were used, and distal and proximal anastomoses were made using running
Prolene® sutures (Prolene, Somerville, NJ, USA). For additional hemiarch replacement,
the Terumo Aortic Gelweave Anteflo® aortic grafts were used. The decision for or against
selective cerebral perfusion was based on the expected circulatory arrest time taking into
consideration anatomical features including accessibility of the distal anastomosis site and
quality of the aortic tissue. If necessary, antegrade cerebral perfusion via direct cannulation
of the brachiocephalic trunk (n = 15) or retrograde cerebral perfusion via the superior vena
cava (n = 5) was performed. For expected circulatory arrest times of less than 10 min, no
selective cerebral perfusion was used (1 = 20). The distal anastomosis for hemiarch replace-
ment was performed in an oblique fashion reaching from zone 0 in the outer curvature
to zone 1 in the inner curvature. After this, the arterial line of the extracorporeal circulation
was placed in the side branch of the Anteflo® prosthesis (Terumo Aortic, Inchinnan, UK),
and extracorporeal circulation was continued. Subsequently, the proximal prosthesio-aortic
anastomosis at the level of the sinotubular junction was performed. After careful deairing, the
patients were weaned from extracorporeal circulation in standard fashion in both groups.

2.4. Statistical Analysis

IBM SPSS Statistics 28 (IBM Corp., Armonk, NY, USA, 1989, 2021) was used for sta-
tistical analyses. The Kolmogorov-Smirnov test was used to test for normal distribution,
and normally distributed data are given as mean and standard deviation (SD). Median
and interquartile range (Q1-Q3) are used to present non-normally distributed data. Ho-
moscedasticity was tested using the Lavene test. The T-test or the Mann-Whitney test were
used to compare continuous variables. Categorial variables are shown as total numbers (1)
and percentages. The Kaplan—-Meier survival estimates including the log-rank test were
used to analyze survival. Differences were considered significant at p < 0.05.

3. Results

Proximal aortic arch replacement was performed in 40 (46.5%) of 86 patients included
in this study. With a median patient age of 69 years (IQR 64.4-75.4 years) vs. 64.5 (IQR
53.5-74.4, p = 0.029), patients in the hemiarch group were slightly older compared to the
isolated ascending aorta replacement group. Likewise, they more often had a positive
history of preexisting coronary artery disease, while bicuspid aortic valve morphology was
distinctively more frequent in patients undergoing isolated ascending aorta replacement
(23.5% vs. 7.5%, p = 0.04) (Table 1). While the indication for surgery in the vast majority
of patients in both groups was aortic aneurysm, each case of penetrating aortic ulcer and
chronic type A aortic dissection was present in the group that underwent proximal aortic
arch replacement.
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Table 1. Preoperative characteristics. COPD = chronic obstructive pulmonary disease. Values in bold
mark statistically significant differences with p < 0.05.

Characteristics Ascending Aorta Proximal Aortic Arch p-Value
Replacement (n = 46) Replacement (1 = 40)
Sex (male) 22 (47.8%) 14 (35.0%) 0.229
Age (years) 64.5 (53.5-74.4) 69.0 (64.4-75.4) 0.029
Coronary artery disease 6 (13.0%) 14 (35.0%) 0.016
Atrial fibrillation 5 (10.9%) 4 (10.0%) 0.895
Er‘fgir;f;y artery 3 (6.5%) 1(2.5%) 0.337
Persistent foramen ovale 2 (4.3%) 0 (0.0%) 0.182
Preoperative stroke 1(2.2%) 3 (7.5%) 0.242
Diabetes 2 (4.3%) 2 (5.0%) 0.886
Chonic kidney disease 1(2.2%) 3 (7.5%) 0.242
COPD 4 (8.7%) 4 (10.0%) 0.835
Bicuspid aortic valve 11 (23.5%) 3 (7.5%) 0.040
Aortitis 2 (4.3%) 1(2.5%) 0.641
Chronic aortic dissection 0 (0.0%) 1(2.5%) 0.281
Penetrating aortic ulcer 0 (0.0%) 1 (2.5%) 0.281
Cardiac preoperation 0 (0.0%) 1(2.5%) 0.281

Operation time and bypass time were significantly longer in the hemiarch group. Here,
the median hypothermic circulatory arrest time was 9.5 min (IQR 7.0-18.0 min). In one case
(2-5%) in the hemiarch group, conversion to full sternotomy was necessary due to bleeding
that was not controllable via the minimally invasive access point (Table 2).

Table 2. Intraoperative characteristics. Values in bold mark statistically significant differences with
p <0.05.

Characteristics Ascending Aorta Proximal Aortic Arch p-Value
Replacement (1 = 46) Replacement (1 = 40)

Concomitant cardiac procedure 3 (6.5%) 2 (5.0%) 0.764
Graft size (mm) 28 (26-30) 30 (28-30) 0.130
Operation time (min) 168 (143-204) 223 (207-243) <0.001
Bypass time (min) 77 (65-102) 123 (104-139) <0.001
Cross-clamp time (min) 47 (39-57) 51 (40-67) 0.301
Conversion to full sternotomy 0 (0.0%) 1(2.5%) 0.281

In the early postoperative course, ventilation time after proximal aortic arch replace-
ment was approximately twice as long as after isolated ascending aorta replacement
(20.4 = 7.0 vs. 10.3 £ 4.8 min, p = 0.009). Compared to that, the length of stay at the inten-
sive care unit and postoperative hospital stay differed less distinctively and did not reach
statistical significance (Table 3). Within the study population, no cases of postoperative
dialysis requirement or paraplegia and paraparesis were found in both groups.

The survival analysis revealed one in-hospital death (2.2%) in the isolated ascending
aorta replacement group as well as one death after discharge within the first postoperative
month (2.5%) in the hemiarch group (p = 0.920 for 30-day mortality). Median follow-up
time for long-term survival was 6.0 years. In the Kaplan—-Meier analysis, no significant
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differences between the two groups were found with an overall survival of over 80% after
10 years of follow-up in both groups (log rank = 0.441) (Figure 1).

Table 3. Postoperative characteristics. ICU = intensive care unit. Values in bold mark statistically
significant differences with p < 0.05.

Proximal Aortic

Characteristics ﬁ:;ﬁ;ﬁ;ﬁrﬁo&ti 16) lfzc(:; Replacement (n  p-Value
Ventilation time (hours) 10.3 +£4.8 204+ 7.0 0.009
ICU stay (days) 2.02+21 2.83+28 0.134
Hospital stay (days) 8 (7-11) 10 (8-13) 0.111
Reanimation (ventricular fibrillation) 1 (2.2%) 2 (5.0%) 0.476
Delirium 0 (0.0%) 2 (5.0%) 0.125
Atrial fibrillation 6 (13.0%) 5 (12.5%) 0.940
Re-thoracotomy 0 (0.0%) 2 (5.0%) 0.125
Tracheotomy 0 (0.0%) 1(2.5%) 0.281
Stroke 1(2.2%) 3(7.5%) 0.242

Overall survival
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Figure 1. Kaplan-Meier analysis of long-term overall postoperative survival after isolated ascending
aorta replacement (blue) or concomitant hemiarch replacement (green). Censored data are marked by
horizontal lines.

4. Discussion

The main findings of this study can be summarized as follows: (1) Both isolated
ascending aorta replacement and hemiarch replacement could be performed safely through
a minimally invasive access site with a low conversion rate to full sternotomy. (2) Expanding
the minimally invasive approach towards proximal aortic arch replacement prolonged the
ventilation time but did not significantly increase the duration of the ICU or hospital stay.
(3) In long-term follow-up, overall survival did not differ significantly between the two groups.
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The safety and feasibility of minimally invasive ascending aorta replacement either
alone or in combination with aortic valve or aortic root replacement has been demonstrated
in different studies over the last few years [8,9,12,14]. In a propensity score-matched
analysis of patients undergoing aortic valve replacement with supracommissural ascending
aorta replacement via a minimally invasive partial sternotomy compared to classical full
sternotomy, Haunschild et al. found similar results concerning safety and long-term
durability outcomes [8]. They reported an in-hospital mortality of 1.7% in the minimal
access group, which is within the range of our findings of an in-hospital mortality rate
of 2.2% for the isolated ascending aorta replacement group and 1.2% for the entire study
population. With these values, the early mortality after ascending aorta replacement in this
study is similar to previously published mortality rates for minimally invasive approaches
and within the range of the early mortality reported for ascending aorta replacement
through full sternotomy [8,20].

However, the above-mentioned studies were mainly focused on the replacement of
the proximal ascending aorta and did not involve hemiarch repair. Since replacement of the
proximal aortic arch requires an open distal anastomosis, hypothermic circulatory arrest
and not infrequently selective cerebral perfusion, first approaches for minimally invasive
aortic surgery were limited to the proximal ascending aorta. In this field, a relatively
broad basis of clinical evidence has been provided to date [3]. In contrast, chronologically
later expansion of the minimally invasive technique towards the proximal has mainly been
reported in the form of subgroup analyses with smaller case numbers among heterogeneous
study populations to date: here, Kaneko et al. reported a 9-year single center experience
of minimally invasive aortic valve and ascending aortic surgery [11]. Within their study
cohort of 109 patients, 8 patients underwent concomitant proximal aortic arch replacement.
In a combined subgroup analysis together with other concomitant procedures including
Bentall or David operations, they reported an early mortality of 3.7% with no cases of
conversion to full sternotomy. Although no specific subgroup analysis for proximal aortic
arch replacement was performed by Kaneko et al. due to the limited number of cases,
these results are consistent with our findings regarding postoperative complication rates.
However, we saw one conversion to full sternotomy in our hemiarch study population. For
long-term survival, they report a survival rate of approximately 80% after 10 years for their
entire study population, which is comparable to the overall survival rate for both groups in
the analysis presented here.

In another report by Deschka et al., 11 out of 50 patients undergoing minimally
invasive surgery of the aortic root and ascending aorta received concomitant proximal
aortic arch replacement [16]. While they report excellent short-term outcomes, they too
report comparatively long postoperative ventilation periods with a mean ventilation time of
29 h. This observation is consistent with our findings of comparatively long postoperative
ventilation times after proximal aortic arch replacement and may be due to prolonged
warming periods after hypothermic circulatory arrest.

In a more recent propensity score-matched analysis including a total of 36 patients,
Wau et al. compared minimally invasive techniques to classical full sternotomy for complex
procedures in the setting of aortic dissection [21]. In addition to hemiarch replacement, their
cohort also included 13 cases of total aortic arch replacement via upper hemisternotomy,
which were performed using the arch-first technique, involving reconstruction of the
supraaortic vessels prior to frozen elephant trunk implantation.

In this combined study population of different, more complex concomitant procedures,
they found similar postoperative complication rates compared to isolated ascending aorta
replacement or classical full sternotomy approaches; in-hospital mortality was overall
low with one death recorded in the hemisternotomy group. Here, cross-clamp times
were slightly longer in the hemisternotomy group. However, in their experience, the
length of ICU stay and hospital stay were even shorter when using the minimally invasive
approach. Our findings regarding the postoperative complication rates after hemiarch
replacement confirm these reports. Compared to isolated ascending aorta replacement,
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performing proximal aortic arch replacement did not result in higher rates of postoperative
complications or prolonged length of stay in our analysis.

5. Limitations and Conclusions

As this study is a retrospective single-center analysis, certain limitations need to be
considered including a possible selection bias. Additionally, urgent and emergent cases
were excluded from the analysis, and data obtained from the elective setting cannot be
extrapolated to more urgent procedures. Additionally, minimally invasive proximal aortic
arch replacement was not compared to hemiarch replacement via classical full sternotomy
in this study. Lastly, minor differences between the study groups may not have been
recorded or reached statistical significance due to the limited number of cases included in
the study, which furthermore prohibited subgroup analyses of different age groups within
the study population.

Expanding the indication for elective minimally invasive aortic surgery towards the
proximal aortic arch resulted in comparable postoperative complication rates, length of
hospital stay and overall long-term survival compared to the well-established minimally
invasive isolated supracommissural ascending aorta replacement. This evidence suggests
that even the more complex operation of hemiarch replacement requiring an open distal
anastomosis and circulatory arrest can be performed safely through a minimally invasive
access point with a similar outcome compared to isolated ascending aorta replacement.
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Abstract: We evaluated the feasibility of hybrid percutaneous coronary intervention (PCI) and min-
imally invasive mitral valve surgery (MIMVS) in patients with concomitant coronary and mitral
disease. Of 534 patients who underwent MIMVS at our institution between 2012 and 2018, those
with combined mitral and single vessel coronary pathologies who underwent MIMVS and PCI were
included. Patients were excluded if they had endocarditis or required emergency procedures. Pre-
procedural, procedural, and postprocedural data were retrospectively analyzed. In total, 10 patients
(median age, 75 years; 7 males) with a median ejection fraction (EF) of 60% were included. Nine
patients underwent PCI before and one after MIMVS. The success rate was 100% in both procedures.
There were no postoperative myocardial infarctions or strokes. Two patients developed delirium and
one required re-thoracotomy for bleeding. The median stay in intensive care and the hospital was 3
and 8 days, respectively. The 30-day survival rate was 100%. A hybrid PCI and MIMVS approach is
feasible in patients with mitral valve and single vessel coronary disease. In combined pathologies,
the revascularization strategy should be evaluated independent from the mitral valve pathology in
the presence of MIMVS expertise. Extension of this recommendation to multivessel disease should be
evaluated in future studies.

Keywords: mitral valve; minimally invasive; PCL; hybrid

1. Introduction

There is an increasing demand for minimally invasive mitral valve surgery (MIMVS)
because of the cosmetic benefits, shorter hospital stay, and avoidance of sternotomy and
its wound complications, making it a more desirable option than sternotomy. The aim
of MIMVS is to treat patients with mitral valve pathologies using a favorable surgical
approach [1,2]. However, the presence of a concomitant coronary pathology might influ-
ence the treatment strategy for both the coronary pathology and the mitral valve disease.
According to the European Society of Cardiology (ESC) and the European Association of
Cardiothoracic Surgery (EACTS) guidelines for myocardial revascularization, the choice of
revascularization strategy (percutaneous coronary intervention [PCI] vs. coronary artery
bypass grafting [CABG]) might be influenced by the presence of any indications of further
cardiac procedures, such as valve surgery [3]. Based on these recommendations, patients
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with concomitant mitral valve and coronary pathologies—who are candidates for con-
comitant surgical revascularization according to the latest ESC/EACTS guidelines—are
usually operated on via the median sternotomy to allow sufficient exposure of the coronary
arteries [3].

The guidelines do not differentiate between single, double, or triple vessel disease in
cases of concomitant valve surgery or between minimally invasive or classic approaches
for valve therapy. Single vessel disease, which can be treated sufficiently endovascularly, is
recommended to be treated surgically if concomitant valve surgery is to be performed [3].
Yet, this decision might be the leading indication for changing the surgical approach and
denying the patient a minimally invasive procedure. The feasibility of MIMVS and PCI
as a hybrid concept for patients with mitral valve and coronary pathologies is yet to be
investigated. The aim of this study was to present our institution’s initial experience with
this hybrid concept in patients with combined pathologies.

2. Materials and Methods
2.1. Patient Cohort

Between January 2012 and April 2018, 534 patients who underwent isolated or com-
bined MIMVS at our institution were screened for inclusion in this retrospective descriptive
study. Patients were included if they had a combined mitral pathology and an indication
for single vessel coronary revascularization and underwent hybrid therapy with MIMVS
and interventional therapy for coronary disease. Patients who underwent a non-planned
PCI or emergency procedures and those with endocarditis were excluded from the study.
The study was approved by the institutional review board.

2.2. Data Collection

All data were collected from the patient records. The pre-management patient data, de-
cision of the heart team, PCI, and operative procedural details as well as post-management
results were retrospectively collected and analyzed.

2.3. Statistical Analysis and Reporting

Continuous variables are presented as medians with interquartile ranges (IQRs).
Categorical variables are presented as absolute numbers. All statistical tests were performed
using SPSS v22.0 (IBM Inc., Armonk, NY, USA).

3. Results

Overall, 10 patients who met the inclusion criteria were included in the analysis.

3.1. Demographic and Medical Data

Tables 1 and 2 summarizes the patient demographic and medical data. The overall
median age was 75 years and seven patients were males. The median body mass index
was 29.4 (23.7-31.6) kg/m?2. The comorbidities included hyperlipidemia (1 = 7), renal
insufficiency (n = 4), and diabetes mellitus (n = 3). The median creatinine value in the
patient cohort was 1.08 mg/dl (0.84-1.87). None of the patients were on dialysis or had
chronic obstructive pulmonary disease (COPD), liver failure, or peripheral vascular disease.

The analysis of the cardiac data revealed a median left ventricular ejection fraction
(EF) of 60% (40-60%). Three patients had atrial fibrillation. All patients were of New York
Heart Association (NYHA) class 3. Two patients were of Canadian Cardiac Society (CCS)
class 2. All patients had mitral valve insufficiency with no stenosis and one patient had
tricuspid regurgitation. None of the patients had aortic valve or aortic diseases. There were
no cases of acute myocardial infarctions. Four patients had a past history of myocardial
infarction; one patient each had it within 1 month and 90 days before the procedure, while
two patients had it more than 90 days before the procedure. Two patients had a history
of CABG in 1993 and 2003, respectively, both of whom underwent totally arterial bypass
grafting to the left coronary system with no bypass grafting to the then non-diseased right
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coronary system that required intervention in the present study. Coronary angiography
confirmed patent bypass grafts. None of the patients had a previous mitral valve surgery.
The details of coronary findings are summarized in Table 1 and those of the mitral valve
pathology are summarized in Table 2.

Table 1. Preoperative data.

Variables Result
Demographic data

Age, years (IQR) 75 (64-81)

Males, n 7

Body mass index, kg/m? (IQR) 29.4 (23.7-31.6)
Risk factors

Arterial hypertension, n 9

Diabetes mellitus, n 3

Hyperlipidemia, n 7

History of smoking, n 1

Renal insufficiency, n 4

Previous cardiac surgery, n 2

EuroSCOREII, % (IQR) 8.1 (2.5-8.6)

STS score, % (IQR) 1.2 (0.7-3.1)
Cardiac data

NYHA class, median 3

Mitral valve insufficiency, n 10

Ejection fraction, % (IQR) 60 (40-60)

Tricuspid valve insufficiency, n 1

Pulmonary hypertension >60 mmHg,n 0

History of myocardial infarction, n 4

Atrial fibrillation, n 3

Pacemaker/AICD, n 1

Coronary data

Previously operated patients

LIMA to D1 and LAD, RIMA-T to M1,

Patient No.1 CABG intact grafts
Patient No.2 CABG LIMA to LAD, RIMA-T to M1, intact grafts
RCA as Target vessel for PCI both patients

Previously non-operated patients
RCA as Target vessel for PCI, n 1
LAD as Target vessel for PCI, n 3
1

D1 as Target vessel for PCI, n

RCX as Target vessel for PCI, n 3

Abbreviations: NYHA: New York Heart Association; AICD: automated implantable cardioverter defibrillator;
CABG: coronary artery bypass grafting; IQR: interquartile range; LIMA: left internal mammary artery; D1: the
first diagonal branch; LAD: the left anterior descending artery; RIMA-T: the right internal mammary artery as a
t-graft from the left internal mammary artery; M1: the first marginal branch of the circumflex artery; MIDCAB:
minimally invasive direct coronary artery bypass; RCA: right coronary artery; RCX: circumflex artery.
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Table 2. Preoperative EF and mitral valve pathology.

Patient No.  Preop. EF Mitral Valve Pathology

Mixed regurgitation due to atrial remodeling due to

1 60% - Long persistent atrial fibrillation (Carpentier type I) and
- A2 prolapse due to chordal elongation

Mixed regurgitation due to

- atrial remodeling due to paroxysmal atrial fibrillation

2 60% (Carpentier type I) and
- local Al prolapse due to chordal elongation
3 50% Primary regurgitation due to P3 flail due to P3 chordal rupture
Secondary regurgitation due to PML restriction due to LV
4 37% .
remodeling and ICM
5 40% Secondary regurgitation due to PML restriction due to LV
’ remodeling and ICM
6 599 Secondary regurgitation due to atrial remodeling due to long
? persistent atrial fibrillation (Carpentier type I)
Secondary regurgitation due to AML restriction due to LV
7 30% .
remodeling and ICM
8 60 Primary regurgitation due to P2 flail due to P2 chordal rupture
60 Primary regurgitation due to P2 flail due to P2 chordal rupture
10 60 Primary regurgitation due to Barlow disease with bileaflet

billowing and pronounced P2 prolapse due to chordal elongation

Abbreviations: AML: Anterior Mitral Leaflet; EF: left ventricular ejection fraction; A1, A2, P2, P3: anterior
and posterior segments of the mitral leaflets; LV: left ventricle; PML: posterior mitral leaflet; ICM: ischemic
cardiomyopathy.

3.2. Procedural Data
3.2.1. Coronary Intervention

Nine patients underwent PCI with stent implantation before the surgery. The median
time between PCI and MIMVS was 48 (IQR, 8-63) days. One patient who had previously
undergone cardiac surgery underwent the current coronary intervention 48 days after
the procedure. Overall, the procedural success rate was 100%. The stents used included
Coroflex, Coroflex Blue, Coroflex Blue Ultra, Coroflex ISAR (B. Braun Melsungen AG,
Melsungen, Germany), and Xience pro (Abbott Vascular, Santa Clara, CA, USA). There
were no periprocedural complications. All patients received dual antiplatelet therapy
with acetylsalicylic acid and clopidogrel. Table 3 summarizes the details of the coronary
interventions performed.

Table 3. Procedural data.

PCI before

Time

Patient or after Span Target Vessel Number Stent Type
No. of Stents
Surgery (Days)

1 Before 17 LAD Segment 6 1 80% Proxunal to DES — BMS (coroflex Blue 3.0/14
proximal to DES)

2 Before 8 RCA Segment 3 1 BMS (Coroflex Blue Ultra 2.5/14)

3 Before 21 D1 Segment 9 1 DES Coroflex ISAER 2.5/14
Segment 1: POBA 4.0 Balloon 10 bar due to previous

RCA multiple stent stenosis
4 Before 63 segments 2 Segment 2: DES Coroflex ISAR 4.0/15

Segment 3 DES Coroflex ISAR 2.75/19
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Table 3. Cont.

. PCI before Time
Patient Number
or after Span Target Vessel Stent Type
No. of Stents
Surgery (Days)
5 Before 66 RCX segment 12 1 DES (Xience pro 2.75/12)
6 Before 62 RCX segment 13 1 DES (Coroflex ISAR 3.0/19)
7 Before 61 LAD segment 6 1 DES (Coroflex ISAR 3.0/14)
9 After 48 RCA segment 2 1 BMS (Coroflex Blue 4.0/25)
10 Before 7 RCX segment 13 2 2x BMS (2x Coroflex 2.5/9)
11 Before 3 LAD segment 7 1 BMS (Coroflex 3.0/25)
Abbreviations: PCI: percutaneous coronary angioplasty; LAD: left anterior descending artery; RCA: right
coronary artery; D1: the first diagonal branch of LAD; RCX: circumflex artery; DES: drug eluting stent; BMS: bare
metal stent; POBA: plain old balloon angioplasty.
3.2.2. Surgical Procedure
MIMVS was performed as previously described [4]. In brief, the patient was brought
to the operation theatre, placed under general anesthesia, and intubated with a single-
lumen endotracheal tube. The patient was then put on cardiopulmonary bypass (CPB) via
femoral arterial and venous cannulae. In case of concomitant tricuspid valve surgery, a
second venous cannula was inserted into the right jugular vein. After dissecting pleural
adhesions, if present, via an anterolateral minithoracotomy, the CPB was initiated and
the heart and aorta were exposed. In eight patients, the aorta was cross-clamped with
a Valve Gate™ transthoracic aortic clamp (Geister, Tuttlingen, Germany) and antegrade
Bretschneider’s Custodiol® crystalloid cardioplegia (Dr. Franz Kohler Chemie, Bensheim,
Germany) was administered via the aortic root, followed by left atriotomy and exposure of
the mitral valve with a Valve Gate™ special minimally invasive atrial retractor (Geister,
Tuttlingen, Germany). In one patient with extensive intrapericardial adhesions and in one
of two patients who had previously undergone coronary surgery, cross-clamping of the
aorta was not possible due to excessive adhesions; therefore, atriotomy and mitral valve
exposure were performed in a beating heart. In these two patients, the heart was put into
ventricular fibrillation directly before introducing the mitral ring into the left atrium to
prevent an air embolism after achieving a competent valve. After completion of the mitral
valve repair, the left atrium was closed and the aortic clamp was removed (or the heart
defibrillated in the two aforementioned cases). This was followed by gradual weaning from
the cardiopulmonary bypass and wound closure after echocardiographic confirmation of
successful valve repair. Table 4 summarizes the surgical details of all the patients.
Table 4. Surgical data.
. Beating
Patient Redo Surgery . .
No Surgery Heart on DAPT Surgery Repair Technique
Surgery
1 No No No MV repair 32 mm Ring, A2-A3 plication
2 No No Yes MYV repair, Cryoablation ?2 R ng, Al-P1 edge-to-edge stitch, P1-P2
indentation closure
No No Yes MYV repair, Cryoablation 32 mm Ring, P2 triangular resection
4 Yes Yes Yes MV repair 36 mm Ring
5 No Yes Yes MV repair 30 mm Ring
6 No No Yes MV and T.V repatt 28 mm Ring, 34 mm tricuspid band
Cryoablation
7 No No Yes MV repair 32 mm Ring
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Table 4. Cont.

. Beatin
;;Ltlent Isis;igoery IS{:':; rgy (S)::rg‘:{’T Surgery Repair Technique
9 Yes No No MV repair 30 mm Ring, P2 triangular resection
10 No No Yes MYV repair, PFO—closure 34 mm Ring, P2 triangular resection
11 No No Yes MV repair 32 mm Ring, P2 triangular resection

Abbreviations: DAPT: double antiplatelet therapy; MV: mitral valve; TV: tricuspid valve; PFO: patent foramen ovale.

The median operative time was 230 (IQR, 200-255) minutes. The median CPB time
was 144 (IQR, 124-152) minutes. The median ischemic time in patients who underwent
aortic cross-clamping was 80 (IQR, 66-89) minutes. All valves were successfully repaired.
There were no cases of valve replacement. There was no conversion to sternotomy and no
intraoperative complications.

3.3. Postoperative Data Analysis

Table 5 summarizes the postoperative results. There was no case of postoperative
low cardiac output requiring inotropic support or mechanical support or of myocardial
infarction or postoperative stroke. Two patients developed postoperative delirium. One
patient underwent re-thoracotomy for bleeding. Blood transfusion was needed in one
patient perioperatively and in five patients during the postoperative period. One of the
three patients who underwent ablation regained sinus rhythm, while the other two demon-
strated persistent atrial fibrillation. No cases required permanent pacemaker implantation.
One patient with postoperative sepsis was successfully treated with antibiotics with no
further complications. The median ventilation time was 20 (IQR, 14-24) hours. The median
duration of stay in intensive care was 3 (IQR, 2—4) days and the median duration of hospital
stay was 8 (IQR, 8-11) days. There was no case of in-hospital mortality. The 30-day survival
rate was 100%.

Table 5. Postoperative results.

Variable Result
Postoperative myocardial infarction 0
Postoperative stroke 0
Postoperative delirium, n 2

Drain volume, mL (IQR) 1100 (850-1450)
Re-thoracotomy for bleeding, n 1
Perioperative blood transfusion, n 1
Postoperative blood transfusion, n 5
Ventilation time, hours (IQR) 10 (14-24)
ICU time, days (IQR) 3 (2-4)
Hospital stay, days (IQR) 8 (8-11)
30-day survival rate, % 100

Abbreviations: IQR: interquartile range.

4. Discussion

Prospective randomized trials did not demonstrate a survival benefit of MIMVS
over traditional surgery via sternotomy [1,2,5]. However, previous studies did report
better cosmetic results and shorter hospital stays with MIMVS over traditional surgery
via sternotomy [1,2]. As both factors are welcomed by both patients and clinicians, an
increasing number of patients with mitral valve pathologies are undergoing the procedure

85



J. Clin. Med. 2023, 12, 5553

via the minimally invasive approach [6-9]; over 50% of those who undergo isolated mitral
valve surgery in Germany do so via the minimally invasive approach [9].

Although the recent guidelines on valvular heart disease recommend the CABG
procedure in the presence of coronary heart disease (CHD) in patients with primary indi-
cations for aortic or mitral valve surgery, they recommend PCI in patients who undergo
catheter-based intervention of either valve [3,10]. These recommendations are understand-
able because the CABG procedure is favorable in patients who undergo sternotomy for
the valve surgery and PCI is favorable in those who receive treatment percutaneously.
Although previous reports have been published reporting favorable results of a hybrid
concept consisting of PCI and MIMVS in different patient cohorts with mitral valve and
coronary disease [11-14], there are no recommendations regarding the revascularization
strategy in patients who might undergo MIMVS in the presence of adequate expertise.

In this study, we evaluated the decision-making process and results of this hybrid
concept. The strategy of the heart team was to analyze CHD independent from the mitral
valve pathology. If CHD was to be treated endovascularly according to the recent guidelines
with no mitral valve pathology, this hybrid concept was suggested [3]. The rationale behind
this concept was to not deny the patient mitral valve repair via a favorable approach due to
coronary pathology that would have been otherwise treated endovascularly with expected
good results. Additionally, the rationale is also to facilitate the approach to the mitral
valve in re-do procedures after a previous CABG with patent grafts where avoiding re-
sternotomy is of special benefit to avoid graft injury. The results of this study demonstrate
that this concept is a viable option in the presence of adequate expertise in MIMVS. Based
on this study, we developed a simple decision-making flowchart to help in patient selection
(Figure 1).

Another important aspect is the sequence of the procedures. On one hand, it might be
surgically favorable to perform the surgical procedure before initiating double antiplatelet
therapy (DPAT) after endovascular therapy for CHD because randomized controlled trials
and retrospective studies have demonstrated higher rates of postoperative bleeding in
patients on DPAT [15-19]. On the other hand, it is crucial to ensure adequate coronary
perfusion before the surgery or at least ensure adequate myocardial protection with car-
dioplegia and avoid periprocedural myocardial infarction because previous publications
have demonstrated a higher rate of perioperative myocardial infarctions in patients whose
diseased coronary vessels were not addressed [20,21]. In our study cohort, we generally
opted to perform PCI first to also confirm the success of myocardial revascularization
before MIMVS.

Regarding the optimum timeframe between PCI and MIMVS, the heart team unfor-
tunately did not reach a consensus at the time of performing the procedures. Post-PCI
clopidogrel therapy was stopped 5 days before the surgery in patients who were operated
on after more than 30 days of PCI according to the ESC/EACTS guidelines [22]. In patients
with severe valvular symptoms who were operated on within 1 month of PCI, surgery was
performed under DAPT. Our analysis did not demonstrate higher bleeding tendency in these
patients. Furthermore, the analysis did not reveal periprocedural myocardial infarctions
or low cardiac output syndrome, which reflect adequate myocardial perfusion and protec-
tion. Therefore, we believe that it is advisable to first address the CHD to ensure successful
revascularization before surgery and to optimize myocardial protection during surgery.

The patients who had previously undergone CABG and were to undergo re-do surgery
represented a special cohort. In the first patient, the heart team preferred to perform the
mitral valve surgery first to avoid the bleeding tendencies in re-do situations. As the
surgical team did not face increased bleeding tendency in this patient, the second patient
underwent PCI first and then surgery, which was performed without complications. In
hindsight, while believing that PCI should precede MIMVS, we also believe that it is
advisable to plan PCI well before MIMVS to be able to safely stop DAPT before the surgery
to decrease the bleeding risk without highly increasing the risk of stent thrombosis.
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Decision making flowchart for
patients with CHD and mitral pathology

Paients with
CHD and Mitral
valve disease

MICS
Expertise
available?

Yes

CHD evaluation
according to ESC
guidelines

Single vessel
disease?

NO

disease with no
proximal LAD
pathology

YES.

Figure 1. Decision-making flowchart for patient selection. Abbreviations: CHD: coronary heart
disease; MICS: minimally invasive cardiac surgery; CABG: coronary artery bypass grafting; ESC:
European Society of Cardiology; LAD: left anterior descending artery; PCI: percutaneous coronary
intervention; MIMVS: minimally invasive mitral valve surgery.

This study has several limitations. It was a single center study that included a small
number of patients, and procedures were not randomly assigned. To our knowledge,
there are no previous studies that have evaluated the feasibility of hybrid PCI and MIMVS
in similar cohorts. Therefore, further studies with larger patient numbers are required
to corroborate the results of the present study and to draw more robust conclusions.
Furthermore, the patient management protocol did not adhere to a standardized protocol
regarding the timeframe between the procedures. Further studies should adhere to a
standardized timeframe to provide clearer recommendations. Nevertheless, MIMVS might
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be more tolerant of DAPT with less restrictive indications for surgery under DAPT. This is
yet to be confirmed in further studies.

5. Conclusions

A hybrid concept of PCI and MIMVS is feasible in patients with mitral valve pathology
and single vessel coronary disease and can be considered if the team members have sufficient
expertise in MIMVS. Future studies should also evaluate whether this recommendation is
feasible for patients with multivessel disease, so that for patients with combined mitral valve
and coronary pathologies, with the availability of adequate expertise in MIMVS, the choice of
revascularization strategy can be evaluated independent from the mitral valve pathology.

Based on the results of this report, in centers with expertise in MIMVS, the coronary
pathology and the choice revascularization strategy should be made independent from the
mitral valve pathology. In patients whose coronary pathology is suitable for PCI, a hybrid
PCI and MIMVS should be considered.
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Abstract: (1) Background and Objectives: Transcatheter aortic valve implantation is guideline-
recommended from the age of 75. However, this European guideline recommendation is based
on limited evidence, since no interaction between age and primary outcome has been found in
guideline-stated references. This study aimed to compare the short-term outcomes of minimally
invasive isolated aortic valve replacement in patients aged > 75 with those of younger patients;
(2) Patients and Methods: This retrospective cohort study included 1339 patients who underwent
minimally invasive isolated aortic valve replacement at our facility between 2014 and 2022. This
cohort was divided into two age-based groups: <75 and >75 years. Operative morbidity and mortality
were compared between groups. Further analysis was performed using propensity score matching;
(3) Results: After matching, 347 pairs of patients were included and analyzed. Despite the higher
EuroSCORE 1II in the >75 group (2.2 &+ 1.3% vs. 1.80 & 1.34%, p < 0.001), the 30-day mortality (1.4%
vs. 1.2%; p = 0.90) and major adverse cardiac and cerebrovascular events, such as perioperative
myocardial infarction (0.0% vs. 1.2%, p = 0.12) and stroke (1.4% vs. 2.6%, p = 0.06), were comparable
between both treatment groups; (4) Conclusions: Minimally invasive aortic valve replacement is
a safe treatment method for patients aged > 75. Our results indicate that the unilateral cut-off of
75 years is not a limiting factor for performing minimally invasive aortic valve replacement.

Keywords: surgical aortic valve replacement; minimally invasive aortic valve replacement; minimally

invasive surgery; outcomes; TAVI

1. Introduction

The 2021 European Society of Cardiology and European Association for Cardio-
Thoracic Surgery guidelines for the treatment of valvular heart disease recommend an age
cut-off of >75 years as a decision-making criterion for selecting therapeutic procedures for
severe aortic stenosis (AS) in favor of transcatheter aortic valve implantation (TAVI) [1]. The
Class I recommendation with level of evidence grade A is notable in this regard. Previous
clinical studies that form the basis of this recommendation relate to the PARTNER [2-4],
SURTAVI [5], Corevalve high-risk trial [6] and NOTION [7] trials. However, except for the
NOTION trial, where patients aged > 70 years were randomly assigned to surgical aortic
valve replacement (SAVR) or TAV], these studies did not primarily evaluate age-based
outcomes. Therefore, this recommendation on patient age has a high risk of methodological
error. Furthermore, an evidence-based answer to whether patients > 75 years derive a clear
benefit from the TAVI procedure remains elusive. Not to be neglected are the progressive
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advances in surgical techniques for isolated aortic valve replacement, which eventually led
to the development of minimally invasive aortic valve replacement (MIAVR). MIAVR is
increasingly being performed as an alternative to standard sternotomy to meet the rising
patient demand for faster postoperative recovery and improved quality of life. Therefore,
this study reports the short-term postoperative results and outcomes of MIAVR in patients
aged > 75 with a life expectancy of >5 years compared to younger patients.

2. Materials and Methods
2.1. Patient Population, Study Design and Ethics Statement

This study is a retrospective observational cohort analysis of consecutive patients
undergoing minimally invasive aortic valve surgery according to the inclusion criteria.
Data were collected from the hospital database. This study was reviewed and approved by
the local Ethics Board (EK—Nr. 298092012).

Generally, all patients being admitted with a symptomatic high-grade aortic valve
stenosis undergo a Heart Team decision process. During this decision-making process,
patients who are likely to have a life expectancy of <5 years due to their age or comorbidities
are usually assigned to a TAVI procedure. The remaining patients are primarily screened
for MIAVR. This prospective decision making is represented in the retrospectively analyzed
cohort, according to the flow chart depicted below (Figure 1). Sternotomy patients were
ruled out to exclude any selection bias.

(" 9174 patients )
Heart Center Database
Aortic Valve Replacement (AVR)
cohort
S (2014-2021) ) ( )
T Concomitant procedures
- ! ~N 2590 patients (28.2%)
J
6584 patients p
L ) Endocarditis, redo operation, emergency
! surgery
g R L 686 patients (7.5%) )
5898 patients - 3
\ ’ J TAVI
I 3727 patients (40.6%)
\ J
[ 2171 patients ] & N
: Full sternotomy
I 832 patients (9.1%)

S J
1339 patients
Isolated MIAVR age <75 Isolated MIAVR age 275
956 patients (10.4%) 383 patients (4.2%)

[ Propensity score matching ]

Isolated MIAVR age <75 Isolated MIAVR age 275
347 patients 347 patients

Figure 1. Flow diagram of the study population. Abbreviations: MIAVR, minimally invasive aortic
valve replacement.

Between 2014 and 2022, 2171 patients underwent elective isolated primary SAVR at
our facility due to degenerative aortic valve disease. Eight hundred thirty-two patients
who underwent full sternotomy were excluded. Therefore, this retrospective analysis
included 1339 patients who underwent isolated MIAVR. This cohort was divided into two
age-based groups: <75 years and >75 years. Demographic, clinical, surgical and short-term
postoperative outcome data were obtained from medical records retrospectively. Figure 1
shows the patient selection process as a flow chart.
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2.2. Surgical MIAVR Access Routes

Three different access routes for MIAVR are performed at our facility (Figure 2). The
choice of minimally invasive surgical approach was based on the surgeon’s preference and
the patient’s anatomic characteristics, which were assessed using electrocardiogram (ECG)-
gated computed tomography angiography of the thorax, abdomen and pelvis. The surgical
access routes consisted of upper partial sternotomy (UPS), right anterolateral thoracotomy
(RAT) and right lateral thoracotomy (RLA). In UPS, a 5-10 cm median skin incision is made
below the sternal notch, followed by a J-shaped division of the upper part of the sternum
up to the level of the third or fourth intercostal space. RAT involves a 5 cm skin incision
and dissection of the pectoralis and intercostal muscles and the right mammary artery
along the second intercostal space. RLA uses a 5 cm skin incision made along the right
anterior axillary line, followed by dissection of serratus anterior and intercostal muscle
and opening of the third or fourth intercostal space [8]. Regardless of the surgical access
route, extra-corporal circulation was established via the femoral vessels, placing antegrade
cardioplegia cannula in the ascending aorta and the left ventricular venting line via the
right superior pulmonary vein.

y/ \

/[ / \\,‘ \f:

2R
" \\\

o %

Figure 2. Surgical access routes. Upper partial sternotomy (green dashed line), right anterolateral
thoracotomy (blue dashed line), right lateral thoracotomy (red dashed line).

2.3. Statistical Analysis

Continuous data are expressed as mean =+ standard deviation (SD). Categorial vari-
ables are presented as numbers and percentages. All continuous variable data were checked
for normality using the Kolmogorov-Smirnov test with Lilliefors significance correction
(type I error = 10%). Normally distributed variables were tested for variance heteroscedas-
ticity using Levene’s test (type I error = 5%). Normally distributed variables with ho-
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mogeneous variance were compared between subgroups using independent two-sample
t-tests. Normally distributed variables with heterogeneous variance were compared us-
ing Welch'’s t-test. Non-normally distributed and ordinal variables were compared using
Mann-Whitney’s U-test. Dichotomous variables were compared using Fisher’s exact test.
Other categorical variables were compared using the X test (either exact or with Monte
Carlo simulation). For individual categories, deviations from the expected frequencies are
presented as adjusted residuals. Since the type I error was not adjusted for multiple testing,
the results of inferential statistics are descriptive only, and the use of the term “significant”
in the description of the study results always reflects only a local p < 0.05 but no error
probability below 5%.

A bias-reduced subset of the full data set was obtained by propensity score matching
of the following variables: sex, body mass index (BMI), preoperative left ventricular
ejection fraction (LVEF), estimated creatinine clearance according to the Cockcroft-Gault
equation (CRCL), preoperative New York Heart Association (NYHA) classification, diabetes
mellitus, pulmonary arterial hypertension, coronary artery disease, peripheral occlusive
arterial disease and chronic obstructive pulmonary disease (COPD). A maximum allowable
difference between two patients of 0.08 was defined to ensure good matches. The choice
of the caliper value of 0.08 was based on ensuring that the two groups being compared
are as similar as possible while also maximizing the number of matches. It was started
with a higher caliper value, which was gradually decreased until the balance between
the similarity (no statistically relevant differences between the propensity-score-matching
parameters regarding the groups) and the number of matches was satisfactory. Hence, the
stated caliper value was used for the matching. The standardized differences are shown
in Table 1. Figure 3 shows the covariate balance before and after adjustment. Statistical
analyses were performed using the open-source R statistical software (v.4.1.2).

Table 1. Standardized differences of the variables.

Before Matching After Matching
BMI (kg/m?) 0.152 0.055
Preoperative LVEF (%) 0.038 0.039
Estimated creatinine clearance (mL/min) 1.023 0.079
NYHAI 0.046 0.023
NYHA II 0.139 0.048
NYHA III 0.150 0.035
NYHA IV <0.001 0.029
Sex 0.170 0.075
Diabetes (no/yes) 0.167 0.048
Pulmonary hypertension (no/yes) 0.251 0.061
Coronary artery disease (no/yes) 0.380 0.012
Peripheral vascular disease (no/yes) 0.016 0.032
Chronic obstructive pulmonary disease (no/yes) 0.008 0.020
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Figure 3. The covariate balance before and after propensity score matching. The dashed line
represents the matching caliper of 0.08.

3. Results
3.1. Patient Baseline Characteristics

Between January 2014 and February 2022, 1339 patients underwent MIAVR and were
divided into two age-based groups based on a cut-off of 75 years, with 956 patients in
the isolated MIAVR < 75 group (mean age = 64.2 £ 8.1) and 383 patients in the isolated
MIAVR > 75 group (mean age = 77.3 £ 1.7). The sex distribution differed in the two
groups, with more males in the <75 group (65.2%) than in the >75 group (56.9%; p < 0.01).
Patients in the >75 group had a significantly higher mean calculated risk stratification
score for mortality (EuroSCORE II = 2.25 £ 1.31% and STS-PROM score = 1.91 £ 0.9%)
than those in the <75 group (1.38 £ 1.03 with p < 0.001 and 1.14 % 0.67 with p < 0.001,
respectively). They were also more likely to be NYHA class III or IV and to have more
comorbidities, such as arterial hypertension, diabetes mellitus, coronary artery disease,
pulmonary arterial hypertension, renal insufficiency, significant carotid artery stenosis
(stenosis > 50% measured according to the NASCET criteria) and atrial fibrillation. There
were significantly more smokers in the <75 group than in the >75 group.

We could propensity score match 347 patients from each group in the full cohort
according to the above-mentioned variables, so that both groups had similar baseline
characteristics. After the matching procedure, the main significant differences between the
<75 and >75 groups were age (77.2 £ 1.7 vs. 67.8 £ 5.9; p < 0.001), as expected, and under
the influence of age, the calculated risk stratification scores for mortality (EuroSCORE
1122+ 1.3% vs. 1.80 £ 1.34%, p < 0.001; STS-PROM score 1.9 £ 0.9% vs. 1.5 £+ 0.8%,
p < 0.001). Moreover, patients in the >75 group more frequently had arterial hypertension,
significant carotid stenosis and implanted permanent pacemakers than patients in the
<75 group. Patients with preoperative terminal-dialysis-dependent renal insufficiency
were significantly more common in the <75 group than in the >75 group. Other baseline
characteristics did not differ significantly after matching. The baseline characteristics of the
pre-matched and propensity-matched groups are shown in Table 2.
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3.2. Unadjusted Outcomes

Significantly more patients underwent MIAVR through the RAT surgical access route
in the >75 group (42.0%) than in the <75 group (34.6%; p < 0.05; Figure 4). There were no
significant differences in the use of the other two surgical access routes between groups. As
expected, mechanical valve prostheses were implanted more frequently in the <75 group
than in the >75 group (p < 0.05). However, significantly more rapid deployment biopros-
thetic valves (RDV) were implanted in the >75 group than in the <75 group (p < 0.05;
Figure 5). Among the procedural data, there was a significantly longer cardiopulmonary
bypass time (CPBT; 66.9 & 21.8 vs. 64.4 & 24.5; p = 0.02) and aortic cross-clamp time (ACCT;
46.8 £ 16.5 vs. 43.6 £ 14.8; p < 0.001) in the <75 group than in the >75 group (Figure 6).
The procedural and intraoperative data are summarized in Tables 3 and 4.

Table 3. Procedural and intraoperative data.

Pre-Matched Cohort Propensity-Score-Matched Cohort

Isolated Isolated Isolated Isolated
MIAVR < 75 MIAVR > 75 p MIAVR < 75 MIAVR > 75 p
(n = 956) (n = 383) (n = 347) (n = 347)
Surgical access route
-UPS, 1 (%) 307 (32.1) 114 (29.8) 110 (31.7) 107 (30.8)
-RAT, 1 (%) 331 (34.6) 161 (42.0) 0.03 * 117 (33.7) 142 (40.9) 0.10
-RLA, 1 (%) 318 (33.3) 108 (28.2) 120 (34.6) 98 (28.2)
Prosthesis size (mm), 23.9 £ 2.0 23.8 & 2.0 0.35 186 (53.6) 199 (57.3) 0.36
mean + SD
STST (min), mean + SD 171.2 £9.3 79.5 £13.9 0.44 167.5 £ 9.0 168.7 £ 9.4 0.09
CPBT (min), mean + SD 66.9 + 21.8 64.4 +24.5 0.02 * 794 + 154 79.9 +£13.9 0.24
ACCT (min), mean + SD 46.8 = 16.5 43.6 +14.8 <0.001 ** 283+49 28.0 4+ 4.2 >0.99
Prosthesis type *
- Mechanical, 1 (%) 105 (11.0) 1(0.3) 18 (5.2) 1(0.3)
- Bioprosthetic, 1 (%) 367 (38.4) 144 (37.6) <0.001** 131 (37.8) 131 (37.8) <0.001 **
-RDV, 1 (%) 483 (50.6) 238 (62.1) 198 (57.1) 215 (62.0)

Note: Bold and italic values indicate statistical significance: *, p < 0.05; **, p < 0.01; t see Table 3 for adjusted
residuals. As a consequence of the process of mathematical rounding, wherein percentages are rounded up or
down to the nearest tenth decimal place, minute deviations of up to 0.1% from the absolute value of 100% can
potentially manifest. Abbreviations: MIAVR, minimally invasive aortic valve replacement; UPS, upper partial
sternotomy; RAT, right anterolateral thoracotomy; RLA, right lateral thoracotomy; SD, standard deviation; STST,
skin-to-skin time; CPBT, cardiopulmonary bypass time; ACCT, aortic cross-clamp time; RDV, rapid deployment
bioprosthetic valve.

Table 4. Surgical access route and prosthesis type (adjusted residuals for deviations from expected
frequencies).

Pre-Matched Cohort Propensity-Score-Matched Cohort

Isolated Isolated Isolated Isolated
MIAVR < 75 MIAVR > 75 P MIAVR < 75 MIAVR > 75 P
(n = 956) (n = 383) (n =347) (n = 347)
Surgical access route
- UPS, asr 0.8 —0.8 >0.05 - - >0.05
- RAT, asr —2.5 2.5 <0.05 - - >0.05
-RLA, asr 1.8 108 (28.2) >0.05 - - >0.05
Prosthesis type
- Mechanical, asr 6.6 —6.6 <0.05 4.0 —4.0 <0.05
- Bioprosthetic, asr 0.3 —0.3 >0.05 0 0 >0.05
- RDV, n (%), asr —3.8 3.8 <0.05 -1.3 1.3 >0.05

Note: Bold values indicate statistical significance. Abbreviation: MIAVR, minimally invasive aortic valve
replacement; asr, adjusted standardized residuals.
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Figure 4. Distribution of surgical access routes within each treatment group. Abbreviations: UPS,
upper partial sternotomy; RAT, right anterolateral thoracotomy; RLA, right lateral thoracotomy. Note:
* p < 0.05 between groups. Note: As a consequence of the process of mathematical rounding, wherein
percentages are rounded up or down to the nearest tenth decimal place, minute deviations of up to
0.1% from the absolute value of 100% can potentially manifest.
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Figure 5. Distribution of aortic prosthesis type implanted within each treatment group. Note:
* p < 0.05 between groups. As a consequence of the process of mathematical rounding, wherein
percentages are rounded up or down to the nearest tenth decimal place, minute deviations of up to
0.1% from the absolute value of 100% can potentially manifest. The stacked column charts for the
isolated MIAVR >75 cohort in both prematched and matched groups exclude the extremely small
proportion (0.3% or 0.2% respectively) of mechanical valve prostheses. A graphical representation in
this scale of this small quantity is not meaningful.

The primary postoperative ventilation time was shorter in the <75 group than in the
>75 group (p = 0.04). Transfusion of packed red blood cells (PRBC) was performed less
frequently in the <75 group than in the >75 group. Postoperative acute kidney injury (AKI)
occurred more frequently in the >75 group (9.9%) than in the <75 group (4.9%; p < 0.001).
When classified by grade, AKI grade II or III occurred more frequently in the >75 group
(7.3%) than in the <75 group (3.8%; p = 0.01). Patients in the >75 group were significantly
more likely to develop postoperative delirium than patients in the <75 group. Postoperative
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new-onset atrial fibrillation (NOAF) was significantly more common in the >75 group than
in the <75 group. However, there were no significant differences in the 30-day mortality
rate (1.5% vs. 1.8%; p = 0.82) or incidence of postoperative major adverse cardio-cerebral
(MACCE) events, such as stroke (2.2% vs. 2.1%; p > 0.99), transient ischemic attack (0.9%
vs. 0.8%; p > 0.99) and perioperative myocardial infarction (MI), between groups (Table 5).
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Figure 6. Surgical section times. Note: * p < 0.05 between groups.

Table 5. Postoperative morbidity and mortality.

Pre-Matched Cohort Propensity-Score-Matched Cohort
Isolated Isolated Isolated Isolated
MIAVR < 75 MIAVR >75 p MIAVR < 75 MIAVR >75 p
(n = 956) (n = 383) (n = 347) (n = 347)
Ventilation time (hours)
- <12, 1 (%) 869 (91.0) 333 (87.2) 110 (31.7) 107 (30.8)
- <24, n (%) 57 (6.0) 33 (8.6) 0.04* 117 (33.7) 142 (40.9) 0.10
->24, 11 (%) 29 (3.0) 16 (4.2) 120 (34.6) 98 (28.2)
Respiratory failure t 1 (%) 41 (4.3) 19 (5.0) 0.56 19 (5.5) 17 (4.9) 0.86
ICU stay (days), mean + SD 21+28 21+21 0.17 24 +3.6 21+19 0.57
Hospital stay (days), mean + SD 99 +64 10.5 +£ 5.0 <0.001** 11.0=£8.0 105 £5.0 0.11
Transfusion (PRBC), mean 4+ SD 07+23 0.8 +3.6 0.02* 09+22 0.8 +£3.7 0.16
AKI, 1 (%) 47 (4.9) 38 (9.9) <0.001** 31 (9.0) 32(9.2) >0.99
AKI grade II or III, 1 (%) 36 (3.8) 28 (7.3) 0.01* 26 (7.5) 24 (6.9) 0.83
CVVH, n (%) 14 (1.5) 11 (2.9) 0.12 10 (2.9) 10 (2.9) >0.99
Conversion to sternotomy, 1 (%) 23 (2.4) 12 (3.1) 0.45 7 (2.0) 11 (3.2) 0.48
Rethoracotomy, 1 (%) 72 (7.5) 27 (7.1) 0.82 33 (9.5) 22 (6.4) 0.16
Impaired wound healing, 1 (%) 81 (8.5) 25 (6.5) 0.26 34 (9.8) 24 (6.9) 0.22
Postoperative delirium, n (%) 139 (14.6) 104 (27.2) <0.001** 66 (19.1) 93 (26.9) 0.02 *
Ischemic stroke, n 21 (2.2) 8(2.1) >0.99 9 (2.6) 5(1.4) 0.06
TIA, 1 (%) 9(0.9) 3(0.8) >0.99 5(1.4) 3(0.9) 0.73
PPM implantation, 7 (%) 61 (6.4) 27 (7.1) 0.33 30 (8.7) 25 (7.2) 0.68
NOAF, n (%) 117 (12.3) 70 (18.3) <0.01* 39 (11.3) 65 (18.8) <0.01*
Myocardial infarction, 1 (%) 10 (1.0) 0 (0.0) 0.33 4(1.2) 0(0.0) 0.12
30-day mortality, 1 (%) 14 (1.5) 13 (3.4) 0.82 4(1.2) 5(1.4) 0.90

Note: Bold and italic values indicate statistical significance: *, p < 0.05; **, p < 0.01; *, defined as primary
postoperative ventilation time >72 h, reintubation and tracheotomy. Abbreviations: MIAVR, minimally invasive
aortic valve replacement; AKI, acute kidney injury; CVVH, consecutive renal failure needing continuous veno-
venous hemofiltration; ICU, intensive care unit; PRBC, packed red blood cells; TIA, transient ischemic attack;
NOAF, new-onset atrial fibrillation; PPM, permanent pacemaker.
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The echocardiographic data obtained at discharge showed optimal prosthesis function
in all patients. The transaortic peak and mean pressure were reduced significantly and did
not differ between groups. Paravalvular regurgitation occurred at a similar frequency in
both groups (Table 6).

Table 6. Echocardiographic data (on admission and at discharge).

Pre-Matched Cohort Propensity-Score-Matched Cohort

Isolated Isolated Isolated Isolated

MIAVR<75  MIAVR>75 p MIAVR<75  MIAVR >75 p

(n = 956) (n = 383) (n = 347) (n =347)

. 2

Preoperative AVA (em?), 0.7 402 07402 0.34 07 +0.2 0.7+ 0.1 0.89
mean + SD
Preoperative Pmax (mmHg), 78.4 + 26.1 75.0 (21.8) 0.01* 77.3 4323 73.8 + 20.4 0.15
mean + SD
Preoperative Pmean (mmHg), 47.6 + 146 46.0 +15.0 0.01 * 46.7 +14.9 452 +14.1 0.12
mean + SD
Postoperative Pmax (mmHg), 248+ 8.1 245479 0.70 11.0 + 8.0 105 + 5.0 0.11
mean + SD
Postoperative Pmean (mmHg), 14.1 + 4.6 14.0 + 4.6 0.76 14.0 + 4.7 141 + 4.7 0.98
mean + SD
Paravalvular AR, n (%) 31 (3.3) 10 (2.6) 0.55 11 (3.2) 10 (2.9) >0.99
Paravalvular AR > II, 1 (%) 13 (1.4) 4(1.1) 0.30 2(0.6) 4(12) 0.68

Note: Bold and italic values indicate statistical significance: *, p < 0.05. Abbreviations: MIAVR, minimally
invasive aortic valve replacement; AVA, aortic valve area; Pmayx, peak aortic valve gradient; Pmean, mean aortic
valve gradient; AR, aortic regurgitation.

3.3. Outcomes of Propensity-Score-Matched Patients

After propensity score matching, we obtained 694 patients (347 pairs) for the matched
analysis. Consistent with the unadjusted analysis, mechanical valves were more frequently
implanted in the propensity-matched <75 group than in the >75 group (Figure 5).

Other procedural and intraoperative variables did not differ significantly between
propensity-matched groups. The detailed procedural and intraoperative data are shown in
Tables 2 and 3. The rates of postoperative delirium (26.9% vs. 19.1%; p = 0.02) and NOAF
(18.8 vs. 11.3; p = 0.01) were significantly higher in the propensity-matched >75 group than
in the <75 group. However, the 30-day mortality, MACCE and composite major morbidity
did not differ significantly between groups (Table 5). Echocardiographic data did not
differ significantly between groups (Table 6). The graphical overview of the postoperative
outcomes of propensity-matched groups is shown in Figure 7.
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Figure 7. Postoperative outcomes. Abbreviations: PPI, permanent pacemaker implantation; RF, respi-
ratory failure; NOAF, new-onset atrial fibrillation; CVVH, continuous veno-venous hemofiltration;
MI, myocardial infarction. Note: * p < 0.05 between groups.
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4. Discussion

As the indication for catheter-based valve procedures has expanded from high-risk
patients to increasingly intermediate- and low-risk patients, TAVI has fundamentally
changed the treatment regimen for patients with aortic valve stenosis. This trend found its
way into the 2021 ESC/EACTS guidelines, postulating an age threshold favoring TAVI in
patients >75 years [1]. The 2020 ACC/AHA guidelines go even further, discussing an age
threshold of 65 years [8].

Nevertheless, the results from the OBSERVANT trial and the GARY registry have
recently shown that TAVI patients have worse survival and a higher risk of serious cardiac
and cerebrovascular events at five years compared with SAVR [9,10]. Additionally, a recent
meta-analysis by Barili and colleagues demonstrated that “TAVI becomes a risk-factor for
all-cause mortality and the composite endpoint [of death or stroke] after 24 months and for
rehospitalization after 6 months” [11]. However, the ESC/EACTS guidelines also contain
an interesting statement—but only for the curious readers, whose interest goes beyond
the tables included. It is said therein that an age cut-off might be problematic, and in the
individual case, the patient’s life expectancy and the assumed durability of the catheter
heart valve must be weighed up [1].

Considering this statement, taken together with the data published by Barili and
colleagues—knowing that the average life expectancy of women and men aged 75 in
Europe is 12-15 and 10-12 years, respectively—one could argue that every patient who has
a life expectancy exceeding 5 years should undergo surgery, independent of their numeric
age [11,12].

These considerations overshadow the unilateral support for the guideline recommen-
dation in favor of TAVI for patients > 75 years or even 65 years. Most previous randomized
controlled clinical trials have compared SAVR with TAV], usually focusing on the assessed
surgical risk. Neither of these studies evaluated outcomes based on age, except for the
NOTION trial. Furthermore, no distinction was made between conventional and minimally
invasive access methods. We believe this is a methodical shortcoming. Recently, Wilbring
et al., from our working group, demonstrated in a large-scale propensity-matched trial that
transaxillary MIAVR was at least as safe as conventional SAVR using sternotomy but had
the advantages of shorter hospital stay, shorter ventilation times, fewer transfusions, shorter
ICU stay and bisected expected vs. observed mortality [13]. These results—with awareness
of the increasing patient demand for less trauma, less pain and faster recovery—cast a slur
on sticking to the classic sternotomy approach. It is quite understandable that in the age
of TAVI, no patient is really convinced of sternotomy. MIAVR can be a strong argument
in the discussion with a patient, as it is in Heart Team’s discussion. At our institution,
we advocate an institutionalized MIAVR strategy. This resulted in a 97.2% MIAVR rate
in isolated aortic valve surgery, abolishing sternotomy almost completely and helping
increase the number of SAVR procedures by around 20% from 2014 to 2022 [14].

Therefore, this study only reports the outcomes of isolated MIAVR in 1339 patients
divided into two age-based groups according to a 75-year cut-off, followed by a propensity-
score-matching analysis of 694 patients (347 pairs). No statistically significant difference in
30-day mortality was detected with either unadjusted or propensity-score-matched data.
However, the mortality risk stratification scores for 30-day mortality (EuroSCORE II and
STS-PROM) were significantly higher in the >75 group than in the <75 group. Similarly, no
significant differences were found in perioperative stroke, transient ischemic attack (TIA)
or Ml incidence. The surgical arm of the NOTION trial, with a mean EuroSCORE II of 2.0%
and mean age of 79 years in the full cohort, reported a notably higher 30-day mortality
rate (3.7%) and perioperative stroke incidence (3.0%) than our patients aged > 75 years. It
should be noted that the recording of perioperative stroke events in our study was com-
pletely independent of clinical symptom severity or graduation according to the modified
Rankin scale. Therefore, stroke event was assessed in case of any neurological deficits, and
the corresponding computed tomographic data were correlated.
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Previous studies identified older age as an independent NOAF predictor after
SAVR [15-17]. Consistent with the results of these studies, postoperative NOAF occurred
significantly more frequently in patients > 75 years of age in our study. Advanced age
is also an independent risk factor for postoperative delirium after cardiac surgery [18].
In accordance with these findings, the incidence of postoperative delirium was higher in
the >75 group than in the <75 group in both the pre-matched and propensity-matched
analyses.

In the pre-matched analysis, longer CPBT and ACCT were observed in the <75 group
than in the >75 group. The cause of this observation remains unclear in the present data,
especially since it was not reproduced in the propensity-score-matched analysis. The need
for blood transfusion was significantly higher in the >75 group than in the <75 group in the
unadjusted analysis. One possible reason for this could be the higher incidence of anemia
in older age [19]. However, this finding was not reproduced in the propensity-matched
analysis. The higher AKI rate in the pre-matched > 75 group than in the <75 group was also
not reproduced in the propensity-matched cohort. The higher AKI rate in the unadjusted
>75 group, most likely related to already decreased preoperative creatinine clearance, did
not differ significantly between the propensity-matched groups.

5. Limitations

This study has inherent limitations. First and foremost, despite its large cohort, this was
a single-center retrospective study with only short-term follow-up. Second, our propensity-
score-matching model might not have incorporated unknown but potentially relevant risk
factors and confounders. Another potential problem arises from the fact that matching
parameters were selected primarily based on surgical feasibility in minimally invasive aortic
valve replacement procedures, resulting in incomplete matching of baseline characteristics
(arterial hypertension, carotid artery stenosis, preoperative permanent pacemaker and
preoperative hemodialysis). Furthermore, these MIAVR results were achieved in a high-
volume expert center and cannot be extrapolated to all patients.

6. Conclusions

The aim and perspective of the present study are founded in the belief that TAVI is
a great therapy, which has profoundly changed the treatment of valvular heart disease.
Nonetheless, the decision-making process for TAVI or SAVR must be based on evidence.
While TAVI has gained recognition as an effective treatment for high-grade aortic valve
stenosis, we question the evidence-based data supporting the recommended age limit of
75 years. The present European guidelines suggest that an age threshold of 75 years is a long-
standing legitimate decision parameter, despite the lack of evidence for “75 years” [1,20,21].
In our study, we aimed to compare the short-term outcomes of MIAVR in two age groups,
specifically those below and above 75 years, rather than comparisons with a cohort of
patients who underwent TAVI. The focus was to investigate whether patients above 75 years
of age experienced any disadvantages in terms of short-term outcomes compared to the
younger group. Our study data clearly indicate that this was not the case. Therefore, in
addition to presenting our study findings, we aim to provoke a reconsideration of this
somewhat arbitrary age limit. In addition, this study may help improve the decision-
making process for or against SAVR.

A further aspect is that it was shown by means of hard endpoints, such as survival and
stroke, that MIAVR is at least not inferior to sternotomy. Furthermore, minimally invasive
techniques unarguably find wider patient acceptance because they meet the demand for
less trauma, less pain and better cosmesis. In counterpoint to TAV], it is imperative to
question the following thesis: given the well-documented advantages offered by modern
minimally invasive techniques for aortic valve replacement compared with sternotomy;
what justifies the hesitation to firmly establish minimally invasive aortic valve replacement
(MIAVR) as the prevailing standard?
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Overall, we hope to encourage the advancement of cardiac surgery and the develop-
ment of minimally invasive surgical approaches as suitable therapeutic options for older
patients. Although our study’s observation period was short, the results suggest that the
minimally invasive approach is justified for patients above 75 years of age as well.
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Abstract: Patient-centred outcomes have grown in popularity over recent years in surgical care
research. These patient-centred outcomes can be measured through the health-related quality of
life (HRQL) without professional interpretations. In May 2022, a study regarding patient-centred
outcomes up to 90 days postoperatively was published. Fourteen days after surgery, the HRQL
decreased and returned to baseline levels after 30 days. Next, the HRQL significantly improved
90 days postoperatively. However, this study only focuses on a short-term follow-up of the patients.
Hence, this follow-up study aims to assess the HRQL one year after totally endoscopic cardiac surgery.
At baseline, 14, 30, and 90 days, and one year after surgery, the HRQL was evaluated using a 36-item
short form and 5-dimensional European QoL questionnaires (EQ-5D). Using the 36-item short form
questionnaire, a physical and mental component score is calculated. Over the period of one year, this
physical and mental component score and the EQ-5D index value significantly improve. According
to the visual analogue scale of the EQ-5D, patients score their health significantly higher one year
postoperatively. In conclusion, after endoscopic cardiac surgery, the HRQL is significantly improved
90 days postoperatively and remains high one year afterward.

Keywords: quality of life; clinical outcomes; totally endoscopic cardiac surgery

1. Introduction

Research in the field of cardiac surgery predominantly focuses on reducing surgical
trauma and improving the post-operative complications [1]. Recently, new totally endo-
scopic techniques were developed including totally endoscopic aortic valve replacement
(TEAVR), endoscopic coronary artery bypass grafting (Endo-CABG), and mitral valve
surgery through video-assisted thoracoscopic surgery (MVATS) [2-6]. Besides endoscopic
AVR, transcatheter aortic valve implantation (TAVI) through the femoral artery has gained
popularity and may be a viable alternative [7]. The aforementioned techniques are not yet
state-of-the-art due to the technical difficulty and lack of clinical and patient-centred out-
come data. Health-related quality of life (HRQL) is a measure of patient-centred outcomes
that has gained importance in medical care. Through these outcome measures, the patient’s
health status can be determined without the interpretation of a physician, allowing for a
better understanding of how surgery affects the patient’s health [8]. The HRQL can be mea-
sured with questionnaires such as the short form 36 (SF-36) and the EuroQoL 5-dimension
(EQ-5D). These questionnaires may meet the criteria for adequate surgical quality of recov-
ery (QoR) measures [9]. There is a scarcity of prospective data on patient-centred outcomes,
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including HRQL and clinical results of these new totally endoscopic techniques. After our
previously published study, which focused on patient-centred outcomes until 90 days after
the surgery, the present study investigates the HRQL one year postoperatively [10]. In the
previous study, the HRQL decreased over 14 days after surgery, then it returned to baseline
levels at 30 days. After 90 days, the HRQL significantly improved. Our aforementioned
study only focuses on a short-term follow-up of the patients. Hence, this follow-up study
aims to assess the mid-term HRQL.

2. Materials and Methods
2.1. Study Design

This prospective longitudinal cohort study was authorized by Jessa Hospital’s local
ethics committee (registration number B243201836445), Belgium, and submitted for inclu-
sion to clinicaltrials.gov (NCT03902717). The Declaration of Helsinki was followed in this
trial, and all participants gave their written approval through an informed consent form.

Between November 2019 and October 2020, all patients undergoing totally endoscopic
cardiac surgery (TECS), TAVI, or standard open CABG were eligible to participate. The
TECS procedures included TEAVR, Endo-CABG, MVATS, and concomitant endoscopic
treatments. An age below 18 years, involvement in another experiment, prior heart surgery,
and conversion to sternotomy during the surgery were exclusion criteria. However, patients
planned for a CABG through sternotomy were included. The HRQL was assessed through
the SF-36 and EQ-5D questionnaires orally or over the phone. The different time points
were baseline (before the surgery), 14, 30, and 90 days, and one year after the surgery. The
study design was previously described [10].

2.2. Surgical Techniques

The description of the surgical techniques has been published before [2,6]. All proce-
dures were performed using endoscopic ports (5 mm), a utility port (2-3 cm), and peripheral
cardiopulmonary bypass (CPB).

2.3. Quality of Life

The two questionnaires used to assess the HRQL are the SF-36 and EQ-5D ques-
tionnaires [11,12]. The SE-36 includes eight domains, from which a physical and mental
component score (PCS and MCS) can be calculated. The means and standard deviations
from a reference population of people with ischemic heart disease in Belgium were used to
standardize the eight SF-36 scales [13]. All values above or below 50 are above or below
the average of the reference population. The higher the PCS and MCS score, the higher the
HRQL of the patient. The eight domains of the SF-36 include physical functioning, role
limitations due to physical health, pain, general health, role limitations due to emotional
problems, energy/fatigue, emotional well-being, and social functioning. An index value
for the EQ-5D is calculated based on a crosswalk value set (the general population of
the Netherlands, since no data are available for Belgium). This index value is calculated
from five dimensions: mobility, self-care, daily activities, pain/discomfort, and anxiety.
Additionally, patients rate their current health on a scale from 0 to 100 in the EQ visual
analogue scale (VAS).

2.4. Clinical Follow-Up

The clinical outcomes investigated in this trial were readmission, reoperation, major
adverse cardiac and cerebrovascular events (MACCE, including cardiac death, stroke,
myocardial infarction, and target lesion revascularization), and neurological complica-
tions (cerebrovascular accident (CVA) and transient ischemic attack (TIA)). Target lesion
revascularization is defined as a reintervention in the target vessel for CABG, and in the
valve procedures, a reintervention of the valve involved. Additional clinical outcomes
included graft failure, paravalvular leakage, permanent pacemaker (PPM) implantation,
pericarditis, and 30-day and one-year mortality. Pericarditis is defined as the presence
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Enrolment

Follow-up

of two of the following criteria: a pericardial friction rub, retrosternal chest pain, ECG
changes (wide-spread concave ST-segment elevation and PR-segment depression), and/or
pericardial effusion [14].

2.5. Statistical Analysis

The Shapiro-Wilk test was used to determine whether the data were normally dis-
tributed. Continuous variables were displayed as the median and interquartile range (IQR).
Numbers and associated percentages provided the description of categorical variables.
For non-parametric data, a Kruskal-Wallis test was used to compare the various surgical
techniques, and a chi-square test was applied for categorical variables. The differences
between the baseline and postoperative HRQL were examined using the Friedman and
Wilcoxon signed-rank tests. A Kaplan-Meier estimated survival plot was created for the
30-day and one-year mortality. A p-value smaller than or equal to 0.05 was considered
significant. All statistical analyses were performed using R: A language and environment
for statistical computing (R Core Team (2021), R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

Enrolment and follow-up numbers are displayed in a STROBE (strengthening the
reporting of observational studies in epidemiology) flow chart in Figure 1.

‘ Assessed for eligibility (1=349) ‘

Excluded (1=140)

- Declined to participate (n=42)

- Language barrier (n1=53)

- Re-operation (1n=24)

- Critical preoperative state (1=21)

Enrolled (#=209)

Endo-CABG: (n=99)
- Day 14: n=89

- Day 30: n=85

- Day 90: n=83

- One year: n=83

Open CABG (n=8) TEAVR (n=57) TAVI (n=8) MVATS (#=16) Concomitant surgeries (n=23)
- Day 14: n=8 - Day 14: n=52 - Day 14: n=8 - Day 14: n=14 - Day 14: n=17

- Day 30: n=8 - Day 30: n=49 - Day 30: n=8 - Day 30: n=13 - Day 30: n=16

- Day 90: n=7 - Day 90: n=48 - Day 90: n=7 - Day 90: n=12 - Day 90: n=16

- One year: n=7 - One year: n=46 - One year: n=7 - One year: n=14 - One year: n=16

Figure 1. STROBE (strengthening the reporting of observational studies in epidemiology) flow chart
of patient recruitment and follow-up. Endo-CABG: endoscopic coronary artery bypass grafting;
TEAVR: totally endoscopic aortic valve replacement; TAVI: transcatheter aortic valve implantation;
MVATS: mitral valve surgery through video-assisted thoracoscopic surgery.

3.1. Demographics

All subpopulations had similar outcomes except for the mean patient age in TEAVR
versus TAVI ((73.0 (65.0-76.0) years versus 85.5 (77.8-87.8) years, p < 0.001) and the mean
European system for cardiac operative risk evaluation (EuroSCORE) II in the open CABG
group versus the Endo-CABG group, where the former was significantly higher (3.5
(1.9-4.6) versus 1.3 (0.9-2.2), p = 0.021). Demographics and medical history are described
in Table 1 and in the previous manuscript [10].
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Totally endoscopic cardiac surgery
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3.2. Health-Related Quality of Life

Totally endoscopic cardiac surgery: In the overall TECS cohort, the physical component
score (PCS) of the SF-36 significantly changed after surgery (p < 0.001, Figure 2A). One
year after the surgery, the PCS did not further improve compared to 90 days (90 days: 61.6
(55.1-65.6), one year: 61.8 (55.7-63.0), p = 1, Figure 2A). In contrast to the PCS, the MCS
did not change significantly over the whole study period after TECS (Figure 2B). When
comparing one year with 14, 30, and 90 days, the MCS did significantly improve (one year:
57.1 (52.3-61.4); 14 days: 51.0 (39.8-61.4), p = 0.001; 30 days: 53.7 (42.7-62.1), p = 0.045;
and 90 days: 51.7 (39.6-61.0), p = 0.001) but compared to baseline values, there was no
significant improvement after one year (56.5 (45.3-61.5), p = 0.393, Figure 2B).

Physical functioning, pain, general health, emotional well-being, and social function-
ing all improved over time. On the other hand, role limitations due to physical and mental
health and the patient’s energy /fatigue did not differ significantly over the five time points.
Patients did not experience any role limitations due to mental health in any of the five time
points. Additionally, an improvement was seen in role limitations due to physical health,
pain, and social functioning between 90 days and one year (Figure S1).

In the overall TECS population, the EQ-5D questionnaire’s index score significantly
increased over time (p < 0.001). Compared to baseline values, a significant decline was
observed after 14 days (p < 0.001), followed by a return to baseline values at 30 days and
a significant increase at 90 days (p = 0.015), and the index score remained at these levels
after one year (0.9 (0.8;1.0), p < 0.001, Figure 3A). Additionally, the EQ-VAS and index score
results were similar to the evolution of the index score in the overall TECS populations
(Figure 3B).

Endoscopic coronary artery bypass grafting
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Figure 2. The physical and mental component scores (PCS and MCS) of the 36-item short form
(SF-36) questionnaire after totally endoscopic cardiac surgery (A,B), endoscopic coronary artery
bypass grafting (C,D), endoscopic aortic valve replacement (E,F), mitral valve repair or replacement
through video-assisted thoracoscopic surgery (VATS) (G, H), and concomitant surgeries (I,J). Data are
shown in truncated violin plots as medians and interquartile ranges. The reference line indicates the
mean of a reference population (ischemic heart disease in Belgium, red line). The bold significance
bar represents a Friedman analysis over the five time points. The other significance bars include
post-hoc analyses using a pairwise Wilcoxon signed-rank test. Significance is marked as * p < 0.05 and

**p < 0.001.
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Figure 3. The index value and visual analogue scale (VAS) of the European quality-of-life 5-
dimensional questionnaire (EQ-5D) after totally endoscopic cardiac surgery (A,B), endoscopic coro-
nary artery bypass grafting (C,D), endoscopic aortic valve replacement (E,F), mitral valve repair or
replacement through video-assisted thoracoscopic surgery (G,H), and concomitant surgeries (IJ).
Data are shown in truncated violin plots as medians and interquartile ranges. The bold significance
bar represents a Friedman analysis over the five time points. The other significance bars include
post-hoc analyses using a pairwise Wilcoxon signed-rank test. Significance is marked as * p < 0.05
and ** p < 0.001.

Coronary artery bypass grafting—The same significant improvements as the overall
TECS population were seen in the PCS until one year after the surgery in the Endo-CABG
patients (p < 0.001) with no further improvements between 90 days and one year (p =1,
Figure 2C). Following Endo-CABG, the MCS did not differ throughout the trial period
(Figure 2D). Compared to open CABG, the PCS and MCS were not significantly different
in the Endo-CABG group at different points in time (p = 0.396 and p = 0.128, respectively,
Figure 4A,B).

In the Endo-CABG subpopulation, an improvement in physical functioning and role
limitations due to physical health, pain, general health, and emotional well-being were
observed over the five time points. The role limitations due to mental health and the
patient’s energy/fatigue did not differ significantly over the five time points. In contrast to
the other domains, social functioning levels decreased (Figure S2).

Moreover, both the EQ-5D index value and VAS significantly improved over the whole
study period (p < 0.001 and p < 0.001) in the Endo-CABG subpopulation (Figure 3C,D). After
open CABG, only the VAS significantly improved (p = 0.009). No significant difference
can be observed in the EQ-5D index value and VAS when comparing open CABG to
Endo-CABG.

Aortic valve replacement—Similar to the overall TECS and Endo-CABG subpopula-
tions, significant improvements in PCS were seen until one year after the surgery in TEAVR
(Figure 2E) (p < 0.001), with no improvements between 90 days and one year.

When comparing TEAVR and TAVI, no significant difference in the PCS and MCS was
seen (p = 0.759 and p = 0.221, respectively, Figure 4C,D).

TEAVR patients significantly improved in physical functioning, pain levels, and
general health. The other domains of the SF-36 did not change over the different time
points. Moreover, social functioning is the only domain significantly better in the TEAVR
subpopulation compared to TAVI (p = 0.031, Figure S3). Additionally, the EQ-VAS and
index score results were similar in the TEAVR and TAVI subpopulations.

Totally endoscopic mitral valve surgery—Patients who underwent a MVATS encoun-
tered similar significant improvements in PCS (p = 0.028) with no improvements between
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90 days and one year. The MCS did not improve nor diminish over the whole study period.
Additionally, emotional well-being was the only SF-36 domain that improved (p = 0.030).

All other levels were high at all different time points (Figure 54).
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Figure 4. Comparison of the physical and mental component scores (PCS and MCS) of the short-form
36 (SF-36) questionnaire between endoscopic coronary artery bypass grafting (Endo-CABG) and open
CABG (A,B), between totally endoscopic aortic valve replacement (TEAVR) and transcatheter aortic
valve implantation (TAVI) (C,D), and between concomitant and non-concomitant (E,F). Data are
shown in truncated violin plots as medians and interquartile ranges. The reference line indicates the
mean of a reference population (ischemic heart disease in Belgium, red line). Significance is marked
as *p < 0.05.

On the other hand, the EQ-5D index value significantly improved over the five time
points (p = 0.009), while the VAS improvement was borderline not significant (p =0.059).

Concomitant surgeries—As in all previously described populations, the same sig-
nificant improvements in PCS were seen until one year after the concomitant surgeries
(p = 0.004), with no further enhancements between 90 days and one year. Additionally,
isolated TECS procedures compared to concomitant TECS showed no significant difference
between the two for the PCS and MCS (p = 0.273 and p = 0.716, respectively, Figure 3E,F).

Furthermore, the EQ-5D index value and VAS significantly improved during the study
after concomitant surgeries without any difference with single procedures.
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3.3. Clinical Follow-Up

The clinical outcomes during the one-year follow-up period are presented in Table 2.
In the overall TECS population, 28 (14.7%) patients were readmitted to the hospital 23.5
(15.8-53.8) days after the surgery, of which 8.9% were within 30 days. The reason for
these readmissions included pericarditis, pleural effusion, heart failure, atrial fibrillation,
hypotension, unstable angina, syncope, in-stent stenosis, and bradycardia. A reoperation
was needed in three (1.6%) patients, two for a tamponade, and one Endo-CABG patient also
required a TEAVR after 240 days. Furthermore, a MACCE occurred in 11 (5.8%) patients.
These included five (2.6%) patients suffering a cardiac death, one (0.5%) patient with a
myocardial infarction, and three patients with a stroke. Lastly, two patients needed a target
lesion revascularisation.

Table 2. Clinical outcomes during the follow-up period of one year in endoscopic coronary artery by-
pass grafting (Endo-CABG), conventional coronary artery bypass grafting (CABG), totally endoscopic
aortic valve replacement (TEAVR), transcatheter aortic valve implantation (TAVI), mitral valve repair
or replacement through video-assisted thoracoscopic surgery (MVATS), and concomitant procedures.

TECS Endo-CABG CABG TEAVR TAVI MVATS Concomitant
(n =193) (n=99) n=28) (n=57) n=8) (n=16) (n=23)
Readmission 28 (14.7) 18 (18.2) 0 7 (12.3) 0 2(12.5) 2(8.7)
Reoperation 3(1.6) 1(1.0) 0 1(1.8) 0 1(6.3) 0
MACCE 11 (5.8) 4 (4.0) 0 4(7.0) 0 0 3 (13.0)
- Cardiac death 5 (2.6) 0 0 2 (3.5) 0 0 3(13.0)
- M 1(0.5) 0 0 1(1.8) 0 0 0
- Stroke 3 (1.6) 2(2.0) 0 1(1.8) 0 0 0
- TLR 2(1.1) 2(2.0) 0 0 0 0 0
Neurological
- CVA 2 (1.0) 1(1.0) 0 1(1.8) 0 0 0
. TIA 2 (1.0) 2(2.0) 0 0 0 0 0
Graft failure 1(0.9) 1(1.0) 0 - - - 0
Paravalvular leakage 0 - - 0 3(37.5) 0 -
PPM implantation 10 (5.2) 2 (2.0) 0 7 (12.3) 1(12.5) 1(6.3) 0
Pericarditis 25 (13.1) 16 (16.2) 0 7 (12.3) 0 1(6.3) 1(4.3)
Mortality 10 (5.2) 2(2.0) 1(12.5) 3(5.3) 0 0 5(21.7)
- Inhospital 5 (2.6) 0 0 1(1.8) 0 0 4(17.4)
- 30-day 0 0 0 0 0 0 0
- Follow-up 5 (2.6) 2(2.0) 1(12.5) 2(3.5) 0 0 1 (4.4)

CVA: cerebrovascular accident; MACCE: major adverse cardiac and cerebrovascular event; MI: myocardial
infarction; PPM: permanent pacemaker implantation; TIA: transient ischemic attack; TLR: target lesion revascular-
ization.

Paravalvular leakage was not diagnosed in the TEAVR, MVATS, or concomitant TECS
subgroups. Within the TAVI subgroup, however, three patients developed a paravalvular
leakage. A PPM implantation was performed in ten (5.2%) TECS patients. Pericarditis was
diagnosed in 25 (13.1%) patients.

In total, 10 (5.2%) TECS patients died during the one-year follow-up period. Half
of them were during the hospital stay, and the other half were between 30 days and one
year. The estimated survival after one year for Endo-CABG, conventional CABG, TEAVR,
and concomitant procedures was 97.7%, 87.5%, 94.0%, and 64.4%, respectively (Figure 5).
Within the TAVI and MVATS subpopulations, none of the patients died.

113



J. Clin. Med. 2023, 12, 4406

Survival probability

0.8

06

04

0.2

Thirty day mortality (Kaplan-Meier) One year mortality (Kaplan-Meier)

- e e

I |

Survival probability

Endo-CABG Endo-CABG
® TEAVR ® TEAVR
® MVATS ® MVATS

® Concomitant 8 -1 ® Concomitant

- - T ' T T T T
15 20 25 30 0 100 200 300

Time (days) Time (days)

Figure 5. Estimated survival regarding the all-cause mortality (Kaplan-Meier) after 30 days and
one year for endoscopic coronary artery bypass grafting (Endo-CABG), totally endoscopic aortic
valve replacement (TEAVR), mitral valve repair or replacement through video-assisted thoracoscopic
surgery (MVATS), and concomitant procedures.

4. Discussion
4.1. Overall HRQL

This trial investigated the quality of life after totally endoscopic cardiac surgery after
a one-year follow-up. The SF-36 PCS and MCS did not change between 90 days and one
year during the follow-up period in all investigated populations. Additionally, in the
TECS population, the EQ-5D index value and VAS did not further improve after 90 days.
According to the first part of this study, 14 days after TECS, there is a reduction in overall
HRQL. Then, 30 days after the procedure, these levels revert to baseline, and at 90 days,
they significantly improve. In the procedure-specific groups, comparable outcomes were
seen. This indicates that the process of recovery takes place during the first three months
after surgery. The initial recovery phase is followed by a plateau phase of a good HRQL
during the year following the surgery.

Our results are consistent with the results of Moscarelli et al [15]. In their study, a
difference in EQ-5D between minimally invasive and conventional valve surgery was seen
at three months, while at one year, no difference was observed. When comparing our
quality-of-life results after TECS with the results of Moscarelli et al. after MICS, TECS
resulted in a higher index value (MICS: 0.6 &= 0.2 and TECS: 0.912 (0.8;1.0)) and VAS (MICS:
72.4 £ 12.6 and TECS: 80 (70;85)) at 90 days after surgery [15]. The faster immediate
recovery and faster re-establishment of the HRQL compared to conventional sternotomy,
as described by Moscarelli et al., was also observed by Nasso et al., who investigated
minimally invasive mitral valve repair [15,16]. The swift recovery process resulting in a
high HRQL at three to six months after surgery observed in these two studies and our
study may explain the lack of further improvement between 90 days and one year. A
systematic review of studies investigating the HRQL measured with the SF-36 and EQ-5D
after minimally invasive cardiac surgery indicated that, while both minimally invasive
and traditional cardiac surgery may benefit the patient, those receiving minimally invasive
cardiac surgery may recover more rapidly [17].

4.2. Clinical Follow-Up

At one year of follow-up after TECS, the clinical outcomes were promising. After
Endo-CABG, a MACCE was observed in only 4.0%. Two studies investigating conventional
CABG reported a MACCE rate of 5.1% and 7.7% [18,19]. In contrast, we did not observe
a MACCE in the conventional CABG subpopulation of this study. This finding can be
explained by the small sample size (1 = 8) of this subgroup. This explanation also applies to
the TAVI subgroup of this study (n = 8), in which no MACCE was seen also. Other studies
reported a MACCE rate of 12% and 18.2% after TAVI and a MACCE rate of 15.8% and 17.6%
after conventional open AVR [20,21]. In this trial, 7.0% of TEAVR patients experienced a
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MACCE. Moreover, the concomitant subpopulation had a higher occurrence of MACCE
(13.0%) but aligned with the literature (11.5%) [22].

Furthermore, the readmission rate within 30 days was 8.9%, which is in line with the
pooled 30-day readmission rate of 12.9% in the meta-analysis of Shawon et al. [23].

A PPM implantation was required in 5.2% of TECS patients. Especially after TEAVR,
PPM implantation (12.3%) was higher compared to the literature (2-7%). The high PPM
implantation rate observed in our study may be partially explained by a low threshold for
pacemaker implantation at our hospital. In the literature, a PPM rate of 15.5% and 16.2% is
reported after TAVI, which is still higher than in our TEAVR patients [20,21]. In this trial,
the PPM rate of TAVI patients was also 12.5%. However, this depends on the type of valve
prosthesis. In stented valves the PPM rate is significantly lower compared to sutureless
valves. In this study, in 23.6% of patients, a sutureless valve was implanted.

The one-year mortality rate in the overall TECS population of this study was 5.2%,
which is lower compared to other trials. After minimally invasive direct CABG, the reported
mortality rate of 10.8% after a median follow-up of 11 months is five times higher than
the observed mortality rate of 2.02% after Endo-CABG in our study [24]. Furthermore,
after surgical AVR, the one-year mortality rate in other studies varies from 6.7% to 13.6%,
compared to 5.3% in our study [20,25]. Regarding concomitant surgeries, the mortality rate
(21.7%) observed in our study was higher than in other studies (8.4% and 11.0%). This
observation may be partially due to the small sample size.

4.3. Limitations

In this study, the 30- and 90-day follow-up for most patients was during the COVID-19
pandemic, while the one-year follow-up was mainly afterwards. Presumably, the pandemic
may have influenced our results regarding social and psychological functioning. For
example, social functioning significantly improved after one year compared to 90 days.
Several patients indicated that their social functioning was low due to the pandemic and
not because of their health status.

Another limitation of this trial is the small sample size of the control groups (conven-
tional CABG and TAVI). This is caused by the rapid switch to TECS in our centre. At the
start of this trial, CABG was performed sporadically, and by the end of the trial, our centre
became a 100% TECS centre. Regarding TAVI patients, the inclusion was more difficult due
to the preoperative state of these patients. They were older, more fragile, and had more
comorbidities, so they refused to participate in this trial more frequently. This created a
huge selection bias between TEAVR and TAVI.

Lastly, the Hawthorne effect may always influence a trial with a questionnaire at
multiple time points. Some patients may have reported higher HRQL due to the learning
effect during the study period [26].

5. Conclusions

During the first three months after the surgery, the HRQL recovery process takes place.
Following the initial phase of recovery, a plateau of a good HRQL is seen over the course of
a year after surgery. The clinical follow-up during this period shows excellent morbidity
and mortality rates. Our results indicate that implementation of TECS in the standard of
care can have a positive effect on the HRQL and clinical outcomes after the surgery.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/jcm12134406/s1: Figure S1: Different domains of the Short
Form 36 (SF-36) questionnaire after totally endoscopic cardiac surgery.; Figure S2: Different domains
of the Short Form 36 (SF-36) questionnaire after totally endoscopic coronary artery bypass grafting;
Figure S3: Different domains of the Short Form 36 (SF-36) questionnaire after totally endoscopic aortic
valve replacement; Figure S4: Different domains of the Short Form 36 (SF-36) questionnaire after
mitral valve repair or replacement through video assisted thoracoscopic surgery; Figure S5: Different
domains of the Short Form 36 (SF-36) questionnaire after concomitant cardiac surgeries.
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