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Abstract: We present the results of a combined approach for transapical aortic valve replacement and
minimally invasive coronary artery bypass grafting (taTAVI-MIDCAB) in patients with combined
aortic stenosis and coronary artery disease. Background: For patients presenting with aortic stenosis
and coronary artery disease, a simultaneous procedure addressing both diseases is recommended to
reduce operative risk. In high-risk patients with hostile femoral or coronary axis, taTAVI-MIDCAB
can be an alternative minimally invasive approach, offering the benefits of left interior mammary
artery to left anterior descending coronary artery (LIMA-LAD) grafting. Methods: From 2014 to
2022, 10 patients underwent taTAVI-MIDCAB for combined coronary and severe aortic stenosis in
the hybrid operation theater at our institution. We assessed perioperative outcomes and follow-
up outcomes. Results: The median age was 83 years (81 to 86). The procedure was successfully
performed in all patients without conversion to sternotomy. The median length of hospital and
intensive care unit stay was 9 days (7 to 16) and 2.5 days (1 to 5), respectively. The median flow over
the coronary artery bypass was 31 (22 to 44) mL/min, with a pulsatility index (PI) of 2.4 (2.1 to 3.2).
Mild paravalvular leak occurred in 2 patients (10%). There were no neurological events nor acute
kidney injury. Pacemaker implantation was required in 1 patient (10%). Conclusions: Simultaneous
surgical coronary revascularization and interventional valve implantation in the setting of a hostile
femoral and coronary axis appears to be safe and beneficial.

Keywords: TAVR; MIDCAB; intervention; cardiac surgery

1. Introduction

Since the first aortic valve replacement using a homograft in 1962 [1], aortic valve
surgery has undergone remarkable development. The relentless innovation in this field
has led to less invasive open-heart surgery, as well as interventional techniques. Originally
conceptualized in the late 1980s [2], Transcatheter Aortic Valve Implantation (TAVI) rapidly
gained popularity in the treatment of severe aortic stenosis (AS). Nowadays, it is a class IA
recommendation for patients over 75 years of age, for high-risk patients, or for patients
unsuitable for open-heart surgery according to the 2021 guidelines of the European Society
of Cardiology (ESC) [3]. As of today, the vast majority of TAVI is usually implanted via a
percutaneous transfemoral access. However, in cases where the femoral axis is prohibited,
trans-subclavian, transcarotid, or transapical approaches are feasible and may be considered
for patients not suited for surgery [3,4].

To complete the preoperative assessment, coronary angiography is recommended in
patients undergoing TAVI. In the presence of coronary artery disease (CAD) with stenosis
over 70%, peri-interventional myocardial revascularization should be performed in order
to reduce procedural risk [3]. In parallel to the advent of interventional techniques in
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the treatment of severe AS, myocardial revascularization has also evolved toward less
invasive approaches over recent decades, with the development of percutaneous coronary
interventions (PCI), in addition to minimally invasive coronary artery bypass grafting
(CABG) [5,6]. Despite the appeal for fully catheter-based therapies of coronary artery
disease, CABG remains the treatment of choice in diabetes, reduced left-ventricular function,
complex lesion anatomy, left main disease, and three-vessel disease [7]. Furthermore,
minimally invasive strategies for coronary revascularization have been proposed. The
minimally invasive direct coronary artery bypass grafting (MIDCAB) is performed via a
left anterior minithoracotomy and allows for revascularization of lesions of the left anterior
descending artery and the circumflex artery [8,9].

Consequently, for patients with combined AS and coronary artery disease, careful
assessment of patient- and procedure-related factors should be conducted in order to
provide optimal patient care. Interdisciplinary decision making should be strived for in
the context of the heart team. In recent years, a novel approach to combined aortic and
coronary artery disease composed of transapical TAVI and MIDCAB (taTAVI-MIDCAB)
has been proposed and has proven to be safe and feasible [10–12]. In a retrospective study,
TAVI-MIDCAB showed slightly poorer outcomes when compared with transfemoral TAVI
and percutaneous coronary intervention [13]. However, this study was not primarily
designed to analyze taTAVI-MIDCAB but consisted of a group of taTAVI with either off-
pump coronary artery bypass grafting (OPCAB) or MIDCAB. Consequently, the generally
scarce evidence and lack of randomized data do not allow us to draw definitive conclusions
for the role of taTAVI-MIDCAB in the treatment of patients with combined aortic and
coronary artery disease.

In this retrospective single-center study, we aim to analyze in-hospital and follow-up
outcomes of patients undergoing taTAVI-MIDCAB from 2014 to 2022 at our institution.

2. Materials and Methods

A retrospective, single-center analysis was performed at the University Hospital of
Basel, Switzerland. We included ten patients who underwent taTAVI-MIDCAB for concomi-
tant severe AS and CAD from May 2014 to September 2022. Perioperative patients’ charac-
teristics were collected routinely using the institutional prospectively maintained quality
management software (Dendrite Clinical Systems, V1.7), and were regularly checked for
completeness and consistency. Follow-up data were obtained from patients medical records.
Perioperative and postoperative outcomes were defined according to valve academic re-
search consortium 3 criteria [14]. Data were presented as mean and standard deviation,
median and interquartile range, or number and %. Statistical analyses were performed by
a biostatistician (BG).

2.1. Patient Selection

Patients with severe AS and significant CAD involving the left anterior descending
artery treated with taTAVI-MIDCAB were included. The diagnosis of severe AS was
made according to the 2021 ESC/EACTS Guidelines for the Management of valvular heart
disease [3]. Significant CAD was defined as stenosis over 70% in the coronary angiogram.
In each case, the patients diagnosis, comorbidities, and suitability for either surgical or
interventional therapy were discussed in the context of an interdisciplinary heart team. In
our cohort, the anatomy of patient’s coronary, femoral, and iliac arteries played a key role in
patient selection. In the era of interventional cardiac therapy, high-risk patients with severe
AS and concomitant CAD are—up to a certain degree—treated in a fully percutaneous
manner, combining transcatheter aortic valve implantation and PCI. However, there is a
small proportion of patients with unsuitable vascular anatomy for a transfemoral TAVI.
Furthermore, some patients are not amenable for PCI due to a hostile coronary anatomy
(e.g., chronic total occlusion, aneurysmatic dilatation, or multiple, heavily calcified stenoses).
In certain clinical scenarios, patients combine complex femoral and coronary anatomy. In
our cohort, those factors predominantly drove the decision to perform taTAVI-MIDCAB.
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One patient suffered from inflammatory skin affections in the groin. Justification for taTAVI
is depicted in Table 1.

Table 1. Reasons for performing taTAVI-MIDCAB for each patient.

Patient Number Coronary
Anatomy

Kinking of
Femoral Vessels

Femoral
Calcification Other

1 X X X
2 X
3 X
4 X X
5 X
6 X X
7 X X
8 X X
9 X X
10 X

This table shows the reasons underlying the heart team’s decision to recommend taTAVI-MIDCAB rather than
tfTAVI with PCI in our cohort. Other: seborrheic dermatitis of the groin.

2.2. Surgical Technique

All procedures are performed in the hybrid operation theater. First, the heart apex is
marked using transthoracic echocardiography. The surgical access is performed via a left-
sided anterior minithoracotomy (Figure 1). Generally, the thorax is entered via the 4th or 5th
intercostal space and the left internal mammary artery (IMA) is dissected in skeletonized
fashion using the ThoraTrak retractor (Medtronic, Inc., Minneapolis, MN, USA) (Figure 1).
If needed, a segment of the great saphenous vein can be simultaneously endoscopically
harvested. After completion of the left IMA take-down, the end-to-side anastomosis
between the left IMA and the left anterior descending artery (LAD) is performed using an
8-0 prolene running suture (Figure 2).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW  4  of  10 
 

 

 

Figure 1. Left-sided anterior minithoracotomy. 

 

Figure  2.  Exemplary  intraoperative  situs:  end-to-side  anastomosis  between  the  left  IMA  (black 

arrow) and the left anterior descending artery (green arrow), as well as T-graft anastomosis using a 

great saphenous vein (blue arrow) segment. 

3. Results 

3.1. Preoperative Patients Characteristics   

From May  2014  to  September  2022,  ten  patients  underwent  taTAVI-MIDCAB  for 

concomitant severe aortic stenosis and coronary artery disease. The median (SD) age was 

83 years [81 to 86] and 50% were female. All patients had significant stenosis of the left 

anterior descending artery. In one case, percutaneous coronary intervention (PCI) of the 

right  coronary  artery was performed preoperatively. The majority  (70%, n  =  7) of  the 

patients had symptoms of dyspnea NYHA III to IV. The mean pressure gradient over the 

Figure 1. Left-sided anterior minithoracotomy.



J. Clin. Med. 2023, 12, 6890 4 of 10

J. Clin. Med. 2023, 12, x FOR PEER REVIEW  4  of  10 
 

 

 

Figure 1. Left-sided anterior minithoracotomy. 

 

Figure  2.  Exemplary  intraoperative  situs:  end-to-side  anastomosis  between  the  left  IMA  (black 

arrow) and the left anterior descending artery (green arrow), as well as T-graft anastomosis using a 

great saphenous vein (blue arrow) segment. 

3. Results 

3.1. Preoperative Patients Characteristics   

From May  2014  to  September  2022,  ten  patients  underwent  taTAVI-MIDCAB  for 

concomitant severe aortic stenosis and coronary artery disease. The median (SD) age was 

83 years [81 to 86] and 50% were female. All patients had significant stenosis of the left 

anterior descending artery. In one case, percutaneous coronary intervention (PCI) of the 

right  coronary  artery was performed preoperatively. The majority  (70%, n  =  7) of  the 

patients had symptoms of dyspnea NYHA III to IV. The mean pressure gradient over the 

Figure 2. Exemplary intraoperative situs: end-to-side anastomosis between the left IMA (black arrow)
and the left anterior descending artery (green arrow), as well as T-graft anastomosis using a great
saphenous vein (blue arrow) segment.

After completion of the graft, run-off is controlled with transit time flow measurement
(TTFM) [15]. Fluoroscopy is installed, the femoral artery is punctured for the mere guide
wire to be inserted, and a pig-tail catheter is placed in the aortic root for angiographic
visualization. Felt-pledgeted purse-string sutures are then placed around the apex and
consequently punctured to allow for placement of the taTAVI delivery system. The valve is
then positioned and deployed under fluoroscopic and echocardiographic monitoring.

3. Results
3.1. Preoperative Patients Characteristics

From May 2014 to September 2022, ten patients underwent taTAVI-MIDCAB for
concomitant severe aortic stenosis and coronary artery disease. The median (SD) age was
83 years [81 to 86] and 50% were female. All patients had significant stenosis of the left
anterior descending artery. In one case, percutaneous coronary intervention (PCI) of the
right coronary artery was performed preoperatively. The majority (70%, n = 7) of the
patients had symptoms of dyspnea NYHA III to IV. The mean pressure gradient over the
aortic valve was 39 mmHg [29 to 47] and the mean valve area was 0.55cm2 [0.38 to 0.83].
The median preoperative STS Mortality and EuroSCORE2 risk scores were 9.1% [7.3 to
10.3] and 9.7% [7.4 to 17.7], respectively. Preoperative patients’ characteristics are depicted
in Table 2.

Table 2. Preoperative patients’ characteristics.

Patient Characteristics Total (N = 10)

Female sex 5 (50%)
Age (years) 83 [81 to 86]

Body Mass Index (kg/m2) 24 [23 to 31]
Hypertension 9 (90%)

Hypercholesterolemia 5 (50%)
Diabetes 5 (50%)

Smoking history
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Table 2. Cont.

Patient Characteristics Total (N = 10)

Never smoked 6 (60%)
Ex-smoker 3 (30%)
Unknown 1 (10%)

Angina
CCS 0 2 (20%)
CCS 1 6 (60%)
CCS 2 0 (0%)
CCS 3 1 (10%)
CCS 4 1 (10%)

Dyspnea
NYHA 1 3 (30%)
NYHA 2 0 (0%)
NYHA 3 5 (50%)
NYHA 4 2 (20%)

Extracardiac arteriopathy 90 (90%)
Pulmonary artery systolic pressure

Normal (<31 mmHg) 3 (30%)
Moderate (31–55 mmHg) 3 (30%)

Unknown 4 (40%)
Atrial fibrillation 5 (50%)

Previous cerebrovascular event 1 (10%)
Chronic pulmonary disease 1 (10%)

Left main CAD 5 (50%)
CAD with over 50% narrowing 10 (100%)

LAD 10 (100%)
Circumflex 3 (30%)

RCA 8 (80%)
Preoperative PCI 1 (10%)

Syntax II Score (%) 23 [13 to 34]
Creatinine clearance [mL/min] 42 [32 to 54]

Porcelain Aorta 4 (40%)
Aortic mean pressure gradient (mmHg) 39 [29 to 47]

Mean valve area (cm2) 0.55 [0.38 to 0.83]
Left Ventricular Ejection Fraction (%)

<35 1 (10%)
35–50 7 (70%)
>50 2 (20%)

Aortic regurgitation more than moderate 1 (10%)
STS Score Mortality (%) 8.3 [6.2 to 10]

STS Morbidity and Mortality (%) 26 [22 to 37]
Logistic EuroSCORE (%) 26 [16 to 40]

EuroSCORE2 (%) 11 [7.4 to 18]
Data are presented as median and interquartile range or number and %. CCS, Canadian Cardiovascular Society;
NYHA, New York Heart Association; CAD, Coronary Artery Disease; LAD, Left Anterior Descending; RCA,
Right Coronary Artery; STS, Society of Thoracic Surgeons.

3.2. Procedural Data

In all ten patients, a single left-sided minithoracotomy was used as surgical access.
In 90% (n = 9), an Edward Sapien 3 valve (Edwards Lifesciences Corp., Irvine, CA, USA)
was implanted. To perform MIDCAB, the left internal mammary artery (IMA) was used
in 100% of the patients. In 90% (n = 10), one anastomosis was performed, while in one
case, 2 anastomosis were performed using the left IMA and the great saphenous vein. The
median operation time was 231 [225 to 251] minutes. In one case, postoperative PCI of
ramus circumflexus was performed. Other stenosis were treated conservatively, according
to the recommendation of the heart team. Procedural data are depicted in Table 3.
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Table 3. Procedural data.

Procedural Data Total (N = 10)

Access
Left-sided minithoracotomy 10 (100%)
Distal coronary anastomosis

1 9 (90%)
2 1 (9%)

Graft
Left IMA 10 (100%)

Long/great SV 1 (9%)
Median flow over bypass (mL/min)

Pulsatility Index
31 [22 to 44]

2.4 [2.1 to 3.2]
Prosthesis type

JenaValve 1 (9%)
Edwards Sapien 9 (90%)

Prosthesis size (mm)
23 2 (20%)
25 1 (10%)
26 4 (40%)
29 3 (30%)

Conversion to sternotomy 0 (0%)
Operative time (min) 231 [225 to 251]

Staged postoperative PCI 1 (10%)
Data are presented as median and interquartile range or number and %. IMA, Internal Mammary Artery; SV,
Saphenous Vein.

3.3. Postoperative Outcomes

The procedure was performed successfully in 100%. There was no periprocedural
cerebral complication, as well as no myocardial infarction and no bleeding at the site of
thoracotomy. However, bleeding complications occurred in two patients (20%) comprising
one case of epistaxis without the need for blood transfusion (Type 1 bleeding complication
according to the VARC3 classification [14]) and one case of hematoma leading to revision
after great saphenous vein harvesting (Type 3 bleeding complication according to the
VARC3 classification [14]). In one case, postoperative permanent pacemaker implantation
was required due to 3rd grade atrioventricular block grade. In-hospital mortality was
0%. The mean pressure gradient over the newly implanted valve was 8.6mmHg [8.0 to
13.0]. The length of intensive care unit (ICU) and hospital stay was 2.5 days [1.0 to 5.0] and
9.0 days [7.0 to 16], respectively. Postoperative outcomes are depicted in Table 4.

Table 4. Postoperative outcomes.

Postoperative Outcomes Total (N = 10)

Periprocedural MI 0 (0%)
Neurological complications 0 (0%)

Delirium 3 (30%)
Bleeding (VARC3)

Type 1 1 (10%)
Type 2 0 (0%)
Type 3 1 (10%)
Type 4 0 (0%)

Rethoracotomy 0 (0%)
Acute kidney injury 0 (0%)

New pacemaker 1 (10%)
In-hospital mortality 0 (0%)

Mean pressure gradient (mmHg) 8.6 [8.0 to 13.0]
Paravalvular leak
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Table 4. Cont.

Postoperative Outcomes Total (N = 10)

No 8 (80%)
Mild 2 (20%)

Moderate 0 (0%)
Severe 0 (0%)

New postoperative atrial fibrillation 3 (30%)
Length of ICU stay (days) 2.5 [1.0 to 5.0]

Length of hospital stay (days) 9.0 [7.0 to 16]
Data are presented as median and interquartile range or number and %. MI, Myocardial Infarction; VARC3, Valve
Academic Research Consortium 3 [14]; ICU, Intensive Care Unit.

3.4. Follow-Up Data

Clinical follow-up was available for all patients. The median follow-up time was
332.5 [203.25 to 406] days. Mortality at follow-up was 20% (n = 2) and occurred at 3.8
and 4.2 years. There was no case of myocardial infarction or cerebral ischemic event.
Echocardiographic follow-up was available in 64% (n = 7) after 267 [131 to 376 days]. The
median left ventricular ejection fraction was 52.5% [46.25 to 58]. The mean pressure gradient
over the newly implanted prosthesis was 8.6 mmHg [8 to 13] and there was one case of
paravalvular leak (10%). Note that in one case of a patient with immediate postoperative
paravalvular leak, no follow-up echocardiography was available at the time of the analysis.
Follow-up data are depicted in Table 5.

Table 5. Follow-up data.

Follow-Up Data Total (N = 10) Time to Event

Available follow-up 10 (100%)
Follow-up time, days 332.5 [203.25 to 406]

Mortality 2 (20%) 3.8 year, 4.2 year
Myocardial infarction 0 (0%)

Stroke 0 (0%)
Reintervention linked to index operation 0 (0%)
Available echocardiographic follow-up 7 (64%)

Mild paravalvular leak * 1 (14%)
Echocardiographic follow-up time, days 267 [131 to 376]

Left ventricular ejection fraction, % 52.5 [46.25 to 58]
Mean aortic prosthesis gradient 8.6 [8 to 13]

Data are presented as median and interquartile range or number and %. AF, Atrial Fibrillation; CAD, Coronary
Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; MUST-Score, Sternum malunion prediction scale;
NYHA, New York Heart Association. * Calculated on the basis of n = 7 patients with available follow-up.

4. Discussion

In this retrospective, observational, single-center study, we provide some of the first
real-world data on a minimal invasive approach for the treatment of combined severe AS
and CAD using transapical aortic valve replacement and minimally invasive coronary
artery bypass grafting (taTAVI-MIDCAB). Specifically, we focused on patients in which the
anatomy of coronary and femoral arteries presented complex lesions, thus making a fully
percutaneous approach extremely unadvisable (Table 1). In our analysis, this technique
showed to be safe and feasible in all of the patients. We report no in-hospital mortality,
no perioperative myocardial infarction, and no perioperative stroke. After a mean follow-
up time of 332.5 [203.5 to 406] days, mortality was 20% (n = 2), with no stroke and no
reintervention linked to the index operation.

The combination of transapical aortic valve implantation and minimally invasive
coronary artery bypass grafting for patients suffering from severe aortic stenosis and
coronary artery disease has been proposed in previous studies [11,13]. When compared
to surgical aortic valve replacement and coronary artery bypass grafting via sternotomy
or transfemoral aortic valve implantation and percutaneous coronary intervention, this
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approach bore higher in-hospital mortality and 12-months posthospital mortality [13].
However, as Baumbach et al. [13] rightfully mention, their study lacked randomization,
resulting in a heterogenous patient population between the groups reflecting real-world
data on the use of this technique. Furthermore, in the study by Baumbach et al., no
difference was made between patients treated with minimally invasive coronary artery
bypass grafting vs. off-pump coronary artery bypass grafting.

In our cohort, we investigated the perioperative outcomes of patients treated only
with taTAVI-MIDCAB. In all of the cases, the interdisciplinary heart team opted for taTAVI-
MIDCAB due to the complex anatomy of patients’ femoral arteries, coronary arteries, or
both. Indeed, this cohort is composed of high-risk patients with a mean EuroSCORE and
STS-Score of 11% [7.4 to 18] and 8.3% [6.2 to 10], respectively. While technically feasible,
the highly predicted perioperative risk of this patient cohort made it prohibitive to perform
open-heart surgery. Furthermore, the complex vascular anatomy precluded for a fully
percutaneous approach, which is why taTAVI-MIDCAB was proposed by the heart team.

In all of the cases, the procedure was performed successfully. First, MIDCAB was
performed with a mean flow over the bypass of 31 [22 to 44] mL/min. Thereafter, taTAVI
was successfully implanted in all patients via the same access. This high success rate is
encouraging considering the high perioperative risk of this patient cohort.

The postoperative outcomes showed no myocardial infarction or stroke and only
two (20%) cases of minor bleeding according to the VARC-3 criteria [14]. There was
one case of new pacemaker implantation due to atrioventricular block grade III, which
is on par with the available literature describing a rate of new pacemaker implantation
ranging from 9 to 26% after transfemoral TAVI [16] and 6.2 to 8.5% [17,18] after taTAVI.
However, it is important to mention that the small number of patients in our cohort
preclude to draw definite conclusions on the rate of postoperative pacemaker implantation
after taTAVI-MIDCAB.

Follow-up was available for 100% (n = 10) of the patients in our cohort. After a
mean follow-up time of 332.5 [203.25 to 406 days], mortality was 20% (n = 2). No patient
had to undergo reintervention linked to the index operation. In patients with available
echocardiographic follow-up, the mean pressure gradient was 8.6 [8 to 13] mmHg, and
one (14%) case of mild paravalvular leak was diagnosed. The results are encouraging and
show that taTAVI-MIDCAB might represent at least a viable mid-term option for high risk
patients combining coronary artery disease and severe AS with complex coronary and
femoral arteries anatomy.

In the era of highly specialized medicine with evolving techniques and the increasing
number of comorbidities of cardiac surgery patients [19–21], this analysis shows the im-
portance of interdisciplinary teamwork to provide the best possible patient care. Indeed,
cases such as those presented in this report are highly complex in nature and require direct
collaboration between anesthesiologists, cardiologists, and cardiac surgeons, not only in
the conference room but also in the hybrid operating theater.

Limitations

Despite these encouraging results, this study has several limitations. First, this single-
center observational analysis lacks randomization and comparison to other therapeutical
approaches and focuses on high-risk patients with pronounced coronary and femoral arter-
ies pathologies. Despite this methodological aspect, this study provides real-world data on
a patient cohort that is difficult to integrate in a prospective, randomized analysis. Second,
the small number of patients included does not allow us to draw definitive conclusions
regarding the perioperative outcomes. Finally, even though follow-up was obtained for
100% of the patients, the mean follow-up time was less than a year. Consequently, fur-
ther studies with longer follow-up times are needed to analyze the long-term results of
taTAVI-MIDCAB.
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5. Conclusions

In high-risk patients, particularly in those with hostile femoral and coronary axis,
transapical aortic valve implantation combined with minimally invasive coronary artery
grafting represents a safe and feasible therapy for patients not suited for open-heart surgery
or fully percutaneous approaches. Perioperative outcomes show low rates of major adverse
cardiovascular and cerebral events, despite high preoperative risk scores. This technique
could represent a viable option in the era where cardiac surgery patients show an increasing
number of comorbidities and should be the focus of further studies with larger cohorts to
assess its role in today’s cardiology and cardiac surgery landscapes.
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