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Abstract

OBJECTIVES: Analyses of fast-track (FT) processes demonstrated that low-risk cardiac surgical patients require minimal intensive care,
with a low incidence of mortality or morbidity. We investigated perioperative factors and their association with fast-track failure (FTF) in a
retrospective cohort study of patients undergoing minimally invasive mitral valve surgery.

METHODS: Patients undergoing minimally invasive surgical mitral valve repair for Carpentier type I or type II mitral regurgitation between
2014 and 2020 were included in the study. The definition of FTF consisted of >10 h mechanical ventilation, >24 h intensive care
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unit stay, reintubation after extubation and re-admission to the intensive care unit. Multivariable logistic regression analysis enabled the
identification of factors associated with FTF.

RESULTS: In total, 491 patients were included in the study and were analysed. Two hundred and thirty-seven patients (48.3%) failed the FT
protocol. Multivariable logistic regression analysis showed that a New York Heart Association classification >_III [odds ratio (OR) 2.05; 95%
confidence interval (CI) 1.38–3.08; P < 0.001], pre-existing chronic kidney disease (OR 2.03; 95% CI 1.14–3.70; P = 0.018), coronary artery
disease (OR 1.90; 95% CI 1.13–3.23; P = 0.016), postoperative bleeding requiring surgical revision (OR 8.36; 95% CI 2.81–36.01; P < 0.001)
and procedure time (OR 1.01; 95% CI 1.01–1.01; P < 0.001) were independently associated with FTF.

CONCLUSIONS: Factors associated with FTF in patients with Carpentier type I and II pathologies undergoing minimally invasive mitral
valve repair are a New York Heart Association classification III–IV at baseline, pre-existing chronic kidney disease and coronary artery
disease. Postoperative bleeding requiring rethoracotomy and procedure time were also identified as important factors associated
with failed FT.

Keywords: Fast track • Patient selection • Minimally invasive mitral valve surgery • Cardiac surgery • Outcome • Postoperative care

ABBREVIATIONS

CI Confidence interval
CPB Cardiopulmonary bypass
ERAS Enhanced recovery after surgery
FT Fast track
FTF Fast-track failure
ICU Intensive care unit
LVEF Left ventricular ejection fraction
MICS Minimally invasive cardiac surgery
MIMVS Minimally invasive mitral valve repair surgery
NYHA New York Health Association
OR Odds ratio

INTRODUCTION

Several institutions have improved their expertise in the field of
minimally invasive cardiac surgery (MICS) as new technologies
and approaches have developed [1]. Fast track (FT) and enhanced
recovery after surgery (ERAS) protocols are emerging and include
patients undergoing MICS [1–3]. Nevertheless, a drawback des-
pite FT protocols showing a positive trend for earlier postopera-
tive recovery is the lack of analysis of FT and ERAS protocols and
the fact that it remains under-practised [1]. The initial focal points
of FT processes were early extubation as well as reduced stays in
the intensive care unit (ICU) and postoperative management [2].

An additional goal of perioperative FT management to date is
to reduce the length of stay, which in turn reduces total financial
costs of hospitalization as well as patient morbidity [4]. In con-
trast to conventional protocols, studies have found that the risk
of postoperative mortality and serious complications such as
myocardial infarction, stroke or orotracheal reintubation is simi-
lar or even lower for FT procedures, providing an attractive pa-
tient care pathway [5–7].

Certain independent risk factors have been highlighted in the
search for optimal perioperative care, which may contribute to
fast-track failure (FTF) in cardiac surgery [8]. However, these risk
factors can vary after cardiac FT recovery depending on the pro-
cedure [9–12].

Our study was carried out specifically with minimally invasive
mitral valve repair (MIMVS) patients to focus on the increasing
significance of safe FT protocol handling. The objective of the
study was to identify factors associated with failed FT in patients
undergoing minimally invasive mitral valve surgery. The new

insights of this manuscript may improve postoperative care and
facilitate the allocation of patients to FT protocols.

PATIENTS AND METHODS

Ethics statement

The corresponding local ethics committee (Charité Medical
School, Berlin, Germany) approved the study, which complies
with the Declaration of Helsinki (ethical approval number: EA2/
175/20). Patient’s informed consent was waived due to the retro-
spective nature of the study.

Patient population

The period of patient inclusion in the study was from November
2014 to August 2020. Figure 1 describes the patient flow chart
and the respective eligibility criteria of the study and the respect-
ive eligibility for the FT protocol. Patients presenting with
Carpentier type I and/or type II mitral regurgitation undergoing
MIMVS were included in this single-centre retrospective cohort
study for final analysis. Concomitant left atrial appendage occlu-
sion, cryoablation (Cox-maze IV lesion set) and/or patent for-
amen ovale closure were not exclusion criteria. The follow-up
regarding investigated clinical end points was limited to the
intra-hospital stay of the index procedure, except for 30-day
mortality, which was obtained through electronic death registers.
Data were extracted from the prospectively compiled electronic
institutional database (‘RedCap’). Regarding the variables used for
regression analysis and those contributing to the primary out-
come measure, no data were missing. History of coronary artery
diseases refers either to previous percutaneous coronary inter-
vention or to coronary artery disease without indication for inter-
vention considering the degree of stenosis. The present cohort
did not include patients with a planned hybrid approach to treat
coronary artery disease using percutaneous coronary interven-
tion and MIMVS.

Surgical technique

The standard approach was through a 4-cm right lateral mini-
thoracotomy. Procedural aspects and technical details of MIMVS
have been described previously [13–18]. In brief, chest access is
gained through the 4th intercostal space. The ribs are spread either
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with a soft tissue retractor alone or in combination with a retract-
or. Pericardial opening is performed 3–4 cm anteriorly of the
phrenic nerve. Cardiopulmonary bypass (CPB) is applied through
femoral vessels, except for patients with contraindications for
retrograde femoral perfusion. Clamping of the ascending aorta
was performed using either a direct external transthoracic
clamping through the 3rd intercostal space or an endoclamp
(endo-aortic balloon occlusion technique) [19]. Following aortic
clamping, antegrade cardioplegia was administered either through
a needle in the ascending aorta or the respective line of the endo-
aortic clamping system. In patients with moderate aortic regurgita-
tion, a ProPlege catheter (Edwards Lifesciences, Irvine, CA, USA)
was used for retrograde cardioplegia through the coronary sinus.
All procedures were performed either video-assisted using a two-
dimensional 0� thoracoscope or totally endoscopically using a
three-dimensional 30� thoracoscope placed in the 2nd or 3rd
intercostal space, respectively.

Types of MIMVS strategies included implantation of neochor-
dae (pre-measured loops), cleft closure, complete ring annulo-
plasty, leaflet resection and edge-to-edge (Alfieri) repair
techniques. The procedure time, which is the time from skin inci-
sion to skin closure, was documented for all patients.

Perioperative anaesthetic management

All patients received MIMVS and anaesthesia using short-acting
anaesthetics such as Remifentanil (0.5–1 mg/kg/min) following the
clinical internal FT anaesthesia protocol. For hypnosis and muscle
relaxation propofol (1–2.5 mg/kg), alternatively etomidate
(0.5 mg/kg) and rocuronium (0.6–1 mg/kg) were used.

In terms of postprocedural analgesia, metamizole (15–20
mg/kg i.v.) and/or piritramide (0.15–0.2 mg/kg i.v.) were com-
bined with a one-time local intrapleural bupivacaine bolus
(0.25% 1 mg/kg � 0.4 ml/kg, max. 20 ml) [20]. Periprocedural
body temperature upon transfer to the postanaesthesia care unit
or peripheral ICU was aimed to be at 36.5�C. Finally, extubation

was performed after reaching adequate respiration with sufficient
oxygenation, preserved adverse effects reflex, body temperature
>35�C and balanced metabolic measures.

Definition of the primary outcome (fast-track
failure)

FTF was defined as (i) >10-h mechanical ventilation time,
(ii) >24-h ICU stay, (iii) reintubation after extubation and/or (iv)
re-admission to the ICU. The time for mechanical ventilation and
ICU stay referred to the index operation and do not represent
the cumulative time in case of reintubation or re-admission to
ICU. The patients included were stratified into those meeting cri-
teria for FTF and those who did not. Definitions regarding FTF
were selected based on previous studies [21].

Statistical analyses

Continuous variables are depicted as mean and standard devi-
ation. We omitted to use a two-stage concept with first testing
for normal distribution and then using a non-parametric test due
to the fact that the sample size of our study enables the assump-
tion for the approximation of normal distribution and a
two-stage concept could lead to a lack of power [22]. Categorical
variables are presented as frequencies with corresponding per-
centages. Univariable and multivariable logistic regression analy-
ses were performed to identify factors associated with FTF. We
first performed a univariable regression analysis assessing all vari-
ables depicted in Supplementary Material, Table S1. Variables
marked in bold were considered for the maximum model. The
final multivariable regression model was created following vari-
able selection using Akaike’s information criterion (Table 5).
Effect sizes for univariable and multivariable regression analysis
are expressed as odds ratio (OR) with corresponding 95% confi-
dence interval (CI). The variance inflation factor was calculated to

From November 2014 
through August 2020:

1,373 patients undergoing 
minimally invasive 

atrioventricular valve 
surgery

491 patients receiving 
Fast-Track MIMVS for 

Carpentier type I and/or II 
MR

INCLUSION CRITERIA:
� Patients undergoing MIMVS for Carpentier type I and/or II MR

Concomitant procedures that were not excluded:
� Left atrial appendage occlusion
� Cryoablation (Cox-Maze IV lesion set)
� Closure of Patent Foramen Ovale

Fast-Track-Failure eligibility criteria:
� >10 hours mechanical ventilation time, and/or
� >24 hours ICU stay, and/or
� re-intubation after extubation, and/or
� re-admission to the ICU

EXCLUSION CRITERIA:
� Patients with an a priori indication for mitral valve replacement
� Patients with a planned hybrid approach to treat CAD using PCI and 

MIMVS
� Carpentier type IIIb MR
� Concomitant tricuspid valve surgery
� Not eligible for Fast-Track-Protocol 

� Severe pulmonary hypertension
� Chronic obstructive pulmonary disease ≥ GOLD III
� Deemed not eligible due to other cardiovascular risk factors by

the interdisciplinary Heart-Team
� LV-EF < 50%

Successful Fast-Track
n=254 (51.7%)

Fast-Track-Failure
n=237 (48.3%)

Figure 1: Flow chart of patients included in this study for final analysis. FT: fast track; MICS: minimally invasive cardiac surgery; MIMVS: minimally invasive mitral valve
repair surgery.
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assess collinearity of the multivariable regression model. A two-
sided alpha level of 0.05 was considered to define statistical sig-
nificance. For statistical analyses, SPSS Statistics (version 25, IBM,
Armonk, NY, USA) and R (Version 4.0.2, The R Foundation,
Vienna, Austria) were used. The present report is in line with ‘The
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting ob-
servational studies’ [23]. The central image was created using a
commercial account of BioRender.

RESULTS

Baseline characteristics

From November 2014 to August 2020, 1373 patients underwent
minimally invasive atrioventricular valve surgery, of whom 491
patients received MIMVS. Baseline characteristics of the patient
population according to FTF are depicted in Table 1.

Operative variables

Intraoperative outcomes are summarized in Table 2. The most
frequently used mitral valve repair technique was ventricular im-
plantation of pre-measured neochords (loops) on the appropri-
ate papillary muscle and attaching them to the free edge of the
posterior mitral leaflet [72.9% (n = 358) for the overall cohort]. In
70 (14.3%) patients, loops were attached to the anterior mitral
leaflet. Isolated mitral valve ring annuloplasty was performed in
91 (18.5%) patients. The most commonly performed concomitant
procedures were cryo-ablation for atrial fibrillation (left atrial

Cox-maze IV lesion set) in 136 (27.7%) patients. The correspond-
ing OR for the respective covariates in association with FTF is
summarized in Table 2.

Postoperative outcome

Postoperative outcomes are summarized in Table 3.

Fast-track failure population

Overall, 237 patients (48.3%) were found to meet the above-
mentioned criteria for FTF with an ICU stay >24 h being the most
often represented cause with 65.4% (n = 155). Details for all other
components of the combined clinical end points are depicted in
Table 4.

Factors associated with fast-track failure

To identify pre-, intra- and postoperative factors associated with
FTF, a multivariable logistic regression was performed. As shown
in Table 5, multivariable logistic regression analysis showed that
New York Health Association (NYHA) class >_III (OR 2.05; 95% CI
1.38–3.08; P < 0.001), pre-existing chronic kidney disease (OR
2.03; 95% CI 1.14–3.70; P = 0.018), coronary artery disease (OR
1.90; 95% CI 1.13–3.23; P = 0.016), postoperative bleeding requir-
ing surgical revision (OR 8.36; 95% CI 2.81–36.01; P < 0.001) and
procedure time (OR 1.01; 95% CI 1.01–1.01; P < 0.001) were inde-
pendently associated with FTF. A body mass index of >30 kg/m2

could not be identified to be associated with FTF. The variance
inflation factor was below 5 for all covariates.

Table 1: Baseline characteristics and unadjusted odds ratio for fast-track failure

Overall Unadjusted OR fast-track failure P-Value

Variable n = 491 OR [95% CI]

Age (years) 62.4 (13.6) 1.01 [1.00–1.03] 0.005
Female sex 186 (37.9) 1.08 [0.75–1.55] 0.679
Body mass index (kg/m2) 26.0 (4.7) 1.04 [1.00–1.08] 0.050
BSA (m2) 1.9 (0.2) 0.83 [0.40–1.71] 0.615
NYHA III–IV 182 (37.1) 2.11 [1.46–3.07] <0.001
Atrial fibrillation 165 (33.6) 1.52 [1.04–2.21] 0.030
Previous stroke or TIA 14 (2.9) 1.07 [0.36–3.18] 0.895
Pulmonary hypertension 111 (22.6) 1.63 [1.07–2.51] 0.025
LVEF (%) 59.3 (5.9) 1.01 [0.98–1.04] 0.385
Tricuspid regurgitation

None/trace 304 (61.9) 1.22 [0.93–1.60] 0.152
Mild 148 (30.1)
Moderate 36 (7.3)
Severe 3 (0.6)

Aortic regurgitation
None/trace 441 (89.8) 1.11 [0.65–1.91] 0.698
Mild 47 (9.6)
Moderate 3 (0.6)
Severe 0 (0.0)

Chronic kidney disease 66 (13.4) 2.40 [1.41–4.22] 0.002
Coronary artery disease 85 (17.3) 2.00 [1.24–3.26] 0.005
Haemoglobin (mg/dl) 13.3 (2.5) 0.97 [0.90–1.04] 0.369
EuroSCORE II (%) 1.2 (2.8) 1.00 [0.93–1.08] 0.937

Continuous variables are presented as mean and standard deviation. Nominal and ordinal variables are presented as absolute numbers and corresponding per-
centages. Odds ratios and 95% confidence intervals for fast-track failure are depicted for all covariates.
BSA: body surface area; CI: confidence interval; EuroSCORE: European System for Cardiac Operative Risk Evaluation; LVEF: left ventricular ejection fraction; NYHA:
New York Heart Association; OR: odds ratio; TIA: transient ischaemic attack.
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DISCUSSION

Although not all patients are suitable candidates for MICS, this
technique is commonly employed and used on varying types of
heart disease. Compared with the traditional open median ster-
notomy approach, the potential advantages are manifold and in-
clude: reduced infection risk, reduced blood loss and pain,
reduced hospital stay leading to a faster return to normal life,
and notable cosmetic advantages [1, 24]. To capitalize fully on
these advantages for positive patient outcomes, MICS should be
performed alongside optimal perioperative management, includ-
ing FT protocols and ERAS [1].

By linking standardized patient care protocol with MICS, this
approach can in fact improve patient outcomes [1]. The

Table 2: Operative details and unadjusted odds ratio for fast-track failure

Overall Unadjusted OR fast-track failure P-Value

Variable n = 491 OR [95% CI]

Periareolar incision 76 (15.5) 0.85 [0.51–1.38] 0.503
Percutaneous cannulation 9 (1.8) 1.35 [0.35–5.50] 0.660
Endo-aortic clamping 115 (23.4) 1.17 [0.77–1.78] 0.457
PML neochords 358 (72.9) 0.85 [0.57–1.27] 0.440
AML neochords 70 (14.3) 1.74 [1.04–2.94] 0.035
Triangular resection 10 (2.0) 2.55 [0.70–11.92] 0.179
Isolated ring 91 (18.5) 1.24 [0.79–1.97] 0.344
LA ablation 136 (27.7) 1.41 [0.95–2.09] 0.092
LAA occlusion 12 (2.4) 0.53 [0.14–1.70] 0.302
PFO closure 48 (9.8) 0.61 [0.33–1.12] 0.119
Operative time (min) 150 (51) 1.01 [1.00–1.01] <0.001
CPB time (min) 101 (34) 1.01 [1.00–1.02] <0.001
Aortic X-clamp time (min) 66 (22) 1.01 [1.00–1.02] <0.001
Conversion to sternotomy 1 (0.2) n.a. n.a.
Second repair attempt 12 (2.4) 2.18 [0.68–8.27] 0.207
Residual MR

None/trace 467 (95.1) 1.68 [0.83–3.68] 0.166
Mild 21 (4.3)
Moderate 3 (0.6)
Severe 0 (0.0)

Continuous variables are presented as mean and standard deviation. Nominal and ordinal variables are presented as absolute numbers and corresponding per-
centages. Odds ratios and 95% confidence intervals for fast-track failure are depicted for all covariates.
AML: anterior mitral leaflet; CI: confidence Interval; CPB: cardiopulmonary bypass; LA: left atrium; LAA: left atrial appendage; MR: mitral regurgitation; n.a.: not ap-
plicable; OR: odds ratio; PFO: persistent foramen ovale; PML: posterior mitral leaflet; X-clamp: ascending aortic cross-clamping.

Table 3: Postoperative outcome

Overall Successful fast track Fast-track failure P-Value

Variable n = 491 n = 254 n = 237

Revision for bleeding 29 (5.9) 3 (1.2) 26 (11.0) <0.001
RBCs transfused 69 (14.1) 6 (2.4) 63 (26.6) <0.001
PLTs transfused 30 (6.1) 7 (2.8) 23 (9.7) 0.002
Myocardial infarction 4 (0.8) 0 (0.0) 4 (1.7) 0.115
Stroke 12 (2.4) 2 (0.8) 10 (4.2) 0.030
Low cardiac output 1 (0.2) 0 (0.0) 1 (0.4) 0.972
Pneumonia 17 (3.5) 7 (2.8) 10 (4.2) 0.523
New-onset atrial fibrillation 17 (3.5) 4 (1.6) 13 (5.5) 0.034
Hospital length of stay 7.1 (5.8) 6.2 (5.2) 8.2 (5.9) <0.001
30-Day mortality 2 (0.4) 0 (0.0) 2 (0.8) 0.448

All variables are presented as absolute numbers and corresponding percentages. Both RBCs and PLTs transfused refer to the transfusion of any units.
PLTs: platelets; RBCs: red blood cells.

Table 4: Individual factors of the combined clinical end
point fast-track failure (n = 237)

Components of the combined clinical endpoint fast-track
failure

Ventilation >10 h 142 (59.9)
ICU stay >24 h 155 (65.4)
Reintubation after extubation 19 (8.0)
Re-admission to ICU 18 (7.6)

Variables are depicted as absolute numbers and corresponding percen-
tages. Percentages are referred to the number of patients with failed fast
track (n = 237).
ICU: intensive care unit.

C
O

N
V

EN
TI

O
N

A
L

V
A

LV
E

O
P

ER
A

TI
O

N
S

5K.M. Van Praet et al. / European Journal of Cardio-Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article/62/4/ezac451/6693624 by D

eutsches H
erzzentrum

 Berlin user on 20 Septem
ber 2022



complexity of anaesthetic management present in FT cardiac
care comprises a number of features. The targeted and optimal
result of these procedures is early extubation and reduced hos-
pital stay leading to the further benefit of lower healthcare costs
[1]. A time-directed extubation protocol and the application of a
low-dose opioid-based general anaesthesia are components of
FT cardiac care and either one or indeed both can be used [1]. It
is important to point out that reported FTF events after cardiac
surgery range from 11% to 45.5% [1, 12, 25, 26]. This can be
explained by the different definitions of FTF and by patient selec-
tion [12]. Based on different institutional structures, a number of
different local FT protocols exist, resulting in various definitions
of a successful or unsuccessful FT concept [12].

We have discriminated between 4 elements of FTF in our
study: mechanical ventilation time, ICU stay, reintubation after
extubation and re-admission to the ICU. In our MIMVS series,
the clinical definition of success or failure of FT management in
combination with the 4 components revealed a high FTF rate,
prompting us to investigate the factors associated with failures.

According to Youssefi et al. [9], a calculated Glomerular
Filtration Rate (cGFR) of <65 ml/min/body surface area [9] was
the highest indicator for possible FTF. Constantinides et al. [26],
after analyzing 1084 patients undergoing FT cardiac surgery,
reported that in their contingent powerful indicators for possible
FTF were: urgent and complex surgery [26], raised serum creatin-
ine level, extracardiac arteriopathy, impaired left ventricular func-
tion with or without recent acute coronary syndrome and
preoperative intra-aortic balloon pump. It is the serum creatinine
level which stood out as the most significant independent indica-
tor for possible FTF in this complex analysis [26]. Furthermore,
regarding septuagenarians and octogenarians, Kogan et al. [27]
reported that preoperative renal impairment is an FTF risk factor.
These facts are also supported by our findings by showing the in-
dependent association of chronic kidney disease with FTF (OR
2.03; 95% CI 1.14–3.70; P = 0.018).

The next significant indication of possible FTF, after the cGFR, is
CPB time. Youssefi et al. [9], using their logistic regression model,
stated that FTF patients had average CPB times of 91 [73–110] min
and Kiessling et al. [28] reported a CPB time of >130 min as pre-
dictor of FTF. This is in contrast to our findings. The reason may be
the fact that we did not dichotomize CPB time prior to the inclu-
sion in the multivariable regression model. Concomitant surgical
interventions like cryoablation, which contribute to operative times
where therefore also indirectly reflected in the model and minim-
ize the risk of biasing effects on the results.

Kiessling et al. [28] were able to show that potential FTF risk
patients were those with preoperative NYHA classification >III.
Our findings coincide with their previously published work.

On the other hand, Haanschoten et al. [29] stated that left ven-
tricular ejection fraction (LVEF) < 35% was an important indicator
for FTF, although in their report only 0.5% of FT patients had an
LVEF of <35%. Insufficient LVEF (in 9.7% of their patients) can
also be found in a study by Constantinides et al. [26] as an FTF
risk. Our study only incorporated patients of Carpentier type I
and II mitral regurgitation. The mean LVEF of our cohort was
59.3% (±5.9%) with no significant differences between the groups.
The LVEF was not considered for further inclusion in the multi-
variable model based on the lack of association with FTF in the
univariable model.

The character of our study was retrospective yet we were still
able to establish a homogeneous patient cohort which included
the patient’s prior surgery, risk profiles and baseline characteris-
tics. In addition, our patient population was reduced to those
who underwent MIMVS, regardless of supplementary measures.
This was in contrast to a number of previous studies [12] which
concentrated on coronary bypass surgery or included a selection
of cardiac surgery approaches that were too broad or simply in-
comparable, holding up comparisons with too many definitions
of FTF. Regarding the success of FT in terms of ICU and ventila-
tion time, it is reliant on the scope of treatment provided and
this can differ; perhaps a conventional ICU versus a specialized
post-anaesthetic care ward [30]. The diversity of ICU dimensions
and recovery room sizes in surgery departments also plays an
important role and lessens the effect of overall study
comparability.

Clinical implications

The rate of FTF in our study cannot be overlooked and the po-
tential indications for FTF in terms of associated factors have
been proved to be NYHA status >_ III at baseline, pre-existing
chronic kidney disease and concomitant coronary artery disease.
Additional predictive factors have been shown to be postopera-
tive bleeding requiring surgical revision and overall procedure
time. It is important to emphasize that the rate of revision for
bleeding in this study is slightly higher compared to other reports
and is mainly driven by bleeding from the chest wall.
Furthermore, the stroke rate of 2.4% is also slightly elevated. The
reason for this fact might be due to the definition of stroke since
we also included patients with a temporary neurologic deficit
without CT radiological correlate, possibly induced by air embol-
ism during the procedure. Our study adds detailed insights into
factors associated with FTF in patients undergoing MIMVS due to
Carpentier Type I and II mitral regurgitation to the literature. It
may help clinicians in daily practice when stratifying patients for

Table 5: Multivariable regression analysis to identify variables associated with fast-track failure (n = 491)

Univariable Multivariable

OR [95% CI] P-Value OR [95% CI] P-Value

NYHA class >_III 2.11 [1.46–3.07] <0.001 2.05 [1.38–3.08] <0.001
Chronic kidney disease 2.40 [1.41–4.22] 0.002 2.03 [1.14–3.70] 0.018
Coronary artery disease 2.00 [1.24–3.26] 0.005 1.90 [1.13–3.23] 0.016
Operative time per minute 1.01 [1.00–1.01] <0.001 1.01 [1.01–1.01] <0.001
Revision for bleeding 10.3 [3.57–43.66] <0.001 8.36 [2.81–36.01] <0.001

CI: confidence interval; OR: odds ratio; NYHA: New York Heart Association.
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a potential inclusion in an FT protocol. However, further studies
addressing patients with more severe baseline risk profile or
mitral valve pathologies are highly warranted.

Limitations

We are aware that certain limitations in this study may be found
in a potential selection bias due to the single-centre retrospective
study design. Throughout the data set period of 2014–2020, small
changes in FT protocol and patient preselection of those who
underwent MIMVS were also made. The low rate of LAA-Clip ap-
plication in patients undergoing a concomitant MAZE procedure
due to atrial fibrillation comes along with an incomplete ablation
line and potentially with residual ectopic foci in the atrial ap-
pendage, which merits to be mentioned as a limitation of the
study. The present report is also limited by the fact that patients
with an a priori indication for mitral valve replacement or con-
comitant tricuspid valve surgery were not included in the ana-
lysis. As a consequence, conclusions are limited to patients with
Carpentier type I or type II mitral valve pathologies. The findings
of this study cannot be extrapolated to more complex patholo-
gies; they are applicable neither to patients treated with mitral
valve replacement nor to those with concomitant tricuspid valve
surgery. The benefits of an FT protocol to patients characterized
by a higher operative risk due to severe comorbidities or com-
plex valvular pathologies should be addressed in future ad-
equately powered studies.

CONCLUSION

Our work provides evidence that revision for bleeding, pre-
existing chronic kidney disease, coronary artery disease, pre-
operative NYHA >_III and overall operative time are associated
with FTF in patients with Carpentier type I and II mitral valve dis-
ease when treated through a minimally invasive access.
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