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ABSTRACT
Background: Minimally invasive mitral valve surgery (MVS) via right mini-

thoracotomy has recently attracted a lot of attention. Minimally invasive MVS shows

postoperative results that are comparable to those of conventional MVS through

the median sternotomy as per various earlier studies.

Methods: Between 2000 and 2016, a total of 669 isolated mitral valve procedures for

isolated mitral valve regurgitation were performed. A propensity score-matched

analysis was generated for the elimination of the differences in relevant preoperative

risk factors between the cohorts and included 227 patient pairs. Only degenerative

mitral valve regurgitation was included. The aim of our study was to examine if the

minimally MVS is superior to the conventional approach through sternotomy based

on a retrospective propensity-matched analysis. The primary endpoints were early

mortality and long-term survival. The secondary endpoints included postoperative

complications.

Results: The in-hospital mortality rate was significantly higher within the

conventional sternotomy cohort (3.1%, n = 7 vs 0.4%, n = 1 for the minimally

invasive cohort; p = 0.032). The incidence of stroke and exploration for bleeding was

comparable. In contrast, the necessity for dialysis was significantly lower in the

minimally invasive cohort (p = 0.044). Postoperative pain was not significantly lower

in the minimally invasive MVS cohort (p = 0.862). While patients who underwent

minimally invasive MVS experienced longer bypass and cross-clamp times, their

lengths of stay in the intensive care unit and in the hospital, did not differ from the

conventionally operated collective (p = 0.779 and p = 0.516), respectively. The mitral

valve repair rate of 81.1% in the minimally invasive cohort was significantly superior

to that of the conventional approach, which was 46.3% (p < 0.0001). The one-, five-,

and 10-year survival rates were significantly higher in the minimally invasive cohort

compared to the conventional approach (96%, 90%, and 84% vs. 89%, 85%,

and 70%; log rank p = 0.004).

Conclusion: Despite prolonged cardiopulmonary bypass and cross-clamping times,

the minimally invasive MVS may be considered a safe approach that is equivalent
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to standard median sternotomy with lower early mortality and superior long-term

survival.

Subjects Cardiology, Surgery and Surgical Specialties

Keywords Anterolateral thoracotomy, Mitral regurgitation, Mitral valve surgery

INTRODUCTION
Mitral valve disease is the most common valvular heart disorder, while mitral valve

regurgitation is the most common pathology with a prevalence of 72% among all mitral

valve disorders in industrialized countries (Bothe & Beyersdorf, 2016; Nishimura et al.,

2016). Mitral valve repair is the gold standard for the treatment of degenerative mitral

valve regurgitation (Badhwar et al., 2012; Mazine et al., 2015; Miceli et al., 2015).

Minimally invasive mitral valve procedures were introduced into clinical practice in the

1990s and represent a standard approach at specialized centers for mitral valve surgery

(MVS). Various recent studies have demonstrated similar or superior outcomes after

minimally invasive MVS compared with MVS through conventional median sternotomy

(conv-MVS) (Atluri et al., 2016; Downs et al., 2016; Galloway et al., 2009; Walther, Falk &

Mohr, 2004). Despite longer cardiopulmonary bypass (CPB) and cross-clamp times in

mini-MVS, this approach led to comparable rates for early mortality, long-term survival

and freedom from redo surgery (Atluri et al., 2016; Goldstone et al., 2013; Sundermann,

Czerny & Falk, 2015). Furthermore, it was shown that in patients undergoing mini-MVS

the occurrence of postoperative complications like mediastinal bleeding, acute renal

failure, wound infection, atrial fibrillation, and pacemaker insertion was similar or lower

than that in patients undergoing conv-MVS (Atluri et al., 2016; Cheng et al., 2011;

Sundermann, Czerny & Falk, 2015).

The aim of this present study is to investigate the influence of the minimal invasive

approach through lateral thoracotomy on outcome and survival. For that, we

evaluated preoperative characteristics, operative data, postoperative events, and long-term

survival in our patient collective undergoing isolated MVS due to mitral valve regurgitation

from 2000 to 2016 in a non-high volume center for valve surgery. For comparingmini-MVS

vs conv-MVS a propensity score-matched analysis was generated based on age, sex,

co-morbidities, and preoperative clinical data. The clinical outcomes were investigated.

METHODS
Study population
During the period from 2000 to 2016, a total of 669 isolated mitral valve procedures for

isolated mitral valve regurgitation were recorded, among them 317 (47.4%) with a

minimally invasive approach through right mini-thoracotomy. Degenerative mitral valve

disease was the cause of mitral insufficiency in our matched cohort. The patients were

divided into two groups: those who underwent mini-MVS and those who underwent

conv-MVS via standard sternotomy; 227 pairs were generated.
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The matched groups were similar with regard to selected preoperative co-morbidities,

and the haemodynamic and demographic categories. All patients undergoing

concomitant procedures were excluded. Furthermore, we considered the causes of

mitral valve regurgitation; consequently, there was no statistical difference between the

cohorts. Postoperative outcomes and major complications such as death, stroke,

wound infection, reoperation for bleeding, re-intubation, blood product use, renal failure,

atrial fibrillation, hospital and ICU lengths of stay, and survival were analyzed. This

study was approved by the local ethics committee of the University of Heidelberg, medical

faculty (approval no.: S-516/2016). Furthermore, this study follows the ICMJE Privacy

and confidentiality guidelines. The participant consent and follow-up data were obtained

by letter correspondence and clinical visits.

Definitions
Early mortality was defined as death within 30 days after surgery or before discharge from

the hospital. Postoperative respiratory failure was defined as re-intubation or

tracheotomy. Postoperative stroke was defined as a new and permanent neurological

disability or deficit. Postoperative temporary renal failure was defined as new necessity for

dialysis during the hospital stay and as permanent renal failure if dialysis was necessary

at the time of discharge. Gastrointestinal complications included gastrointestinal

bleeding and visceral ischemia. Cardiac decompensation included New York Heart

Classification classes III and IV.

Statistical analysis
For comparison, the propensity score-matched groups were generated based on variables

including demographics, co-morbidities and haemodynamic values. The patients were

matched using a 1:1 nearest-neighbour algorithm. The statistical analyses were done using

IBM SPSS, version 24 (IBM Corp., Armonk, NY, USA). Categorical data are described as

percentages and continuous variables are presented as mean ± standard deviation or the

median with the 25th and 75th quartiles. Statistical significance was defined as p � 0.05.

The mean values were compared using t-Student test for normally distributed variables

and the Mann–Whitney U-test for variables that were not normally distributed.

Cumulative survival was described using the Kaplan–Meier method. Categorical variables

were compared using chi-square test or Fisher’s exact test.

Surgical technique
Our surgical approaches have been previously described in detail (Atluri et al., 2016;

Glauber et al., 2015;Miceli et al., 2015). For the conventional MVS, mostly the standard

median sternotomy with central bicaval cannulation was used. Briefly, the minimally

invasive MVS was performed through a right anterolateral thoracotomy, mostly in the

fourth intercostal space and femoral cannulation for cardio-pulmonary bypass was

used. Various mitral valve repair techniques were performed. For example, we used

ring annuloplasty, leaflet resection (quadrangular or triangular resection), neochordae

and commissuroplasty. For the mitral valve replacement, we used the biological
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prosthesis Hancock II, Perimount Magna prostheses or mechanical St-Jude medical

prostheses. In all cases transesophageal echocardiography was performed to evaluate

the surgical results.

RESULTS
Baseline characteristic
The median age of the patients in the matched-propensity analysis was 63 and 62 years

in the mini-MVS and the conv-MVS group, respectively (p = 0.765). The male gender

was predominant in both groups. The haemodynamic profiles of the matched patients

were comparable in both groups. The demographic characteristics and mitral valve

pathology grouped by Carpentier’s classification of the propensity-matched cohorts

are outlined in detail in Tables 1 and 2.

Clinical results
The in-hospital outcomes and complications are summarized in Table 3. In terms of

in-hospital mortality, there was a significant difference between the investigated

groups (mini-MVS: n = 1; 0.4% vs. n = 7; 3.1% in conv-MVS; p = 0.032). In the mini-

MVS group, strokes occurred in 1.8% (n = 4) vs 0.9% (n = 2) in the conv-MVS group

(p = 0.264). Furthermore, symptomatic transitory psychotic syndrome was observed in

Table 1 Baseline characteristics, propensity score-matched cohorts.

Characteristics Unmatched Sternotomy Mini-MVS p (Sternotomy vs mini-MVS)

n 669 227 227

Age, years (median; 25th to 75th percentile) 64; 54–72 63.0 62.0 0.765

Male 447 (66.8%) 151 (66.5%) 153 (67.4%) 0.842

Body mass index, kg/m2 (median; 25th to 75th percentile) 25.4; 23.1–28 25.4 25.3 0.827

Diabetes 80 (12%) 22 (9.7%) 32 (14.1%) 0.419

Hyperlipidemia 284 (42.5%) 94 (41.4%) 107 (47.1%) 0.059

Arterial hypertension 490 (73.2%) 164 (72.2%) 162 (71.4%) 0.574

Pulmonary hypertension 299 (44.7%) 96 (42.3%) 100 (44.1%) 0.705

COPD: Chronic obstructive pulmonary disease 44 (6.6%) 12 (2.6%) 8 (1.8%) 0.36

GFR: Glomerular filtration rate < 60 ml/min 149 (22.4%) 71 (31.3%) 71 (31.3%) 0.999

Smoking 203 (30.3%) 69 (30.4%) 71 (31.3%) 0.393

Sinus rhythm 568 (84.9%) 193 (85.0%) 196 (86.3%) 0.688

Ejection fraction �50% 436 (65.9%) 154 (67.8%) 163 (72.1%) 0.513

Ejection fraction 31–50% 162 (24.2) 53 (23.3%) 50 (22.1%)

Ejection fraction � 30% 42 (6.3%) 10 (4.4%) 6 (2.7%)

History of cardiac decompensation 171 (25.6%) 53 (23.3%) 46 (20.3%) 0.426

History of cardiopulmonary resuscitation 11 (1.6%) 6 (2.6%) 1 (0.4%) 0.098

Stroke preoperatively 22 (3.3%) 15 (6.6%) 3 (1.3%) 0.105

History of cardiac infarction 79 (11.8%) 26 (11.5%) 18 (7.9%) 0.265

Syncope 42 (6.3%) 14 (6.2%) 15 (6.6%) 0.596

History of percutaneous transluminal coronary angioplasty 66 (9.9%) 21 (9.3%) 14 (6.2%) 0.218
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28 patients (12.3%) in the mini-MVS group, which was similar to the incidence in the

conv-MVS group (n = 23; 10.1%; p = 0.457). Moreover, there were two cases (0.9%) of

myocardial infarctions after mini-MVS postoperatively, although these were without

statistical significance in comparison with conv-MVS (p = 0.562). Exploration due to

mediastinal bleeding did not differ significantly between the matched groups (p = 0.411).

The transfusion requirements were significantly lower in the minimally invasive matched

cohorts (p < 0.001). The incidence of postoperative respiratory failure requiring

Table 2 Mitral valve pathologies.

Carpentier-Classification Unmatched Sternotomy Mini-thoracotomy p

Only 1 27 (4%) 9 (4%) 10 (4.4%) 0.815

Only 2 119 (17.8%) 50 (22%) 39 (17.2%) 0.193

Only 3 22 (3.3%) 11(4.8%) 3 (1.3%) 0.03

Mixed 492 (73.5%) 156 (68.7%) 172 (75.8%) 0.09

Prosthetic valve 10 (1.5%) 1 (0.4%) 3 (1.3%) 0.315

Table 3 Postoperative outcomes, stratified by operative approach.

Characteristics Unmatched Sternotomy Mini-MVS p value

Mitral valve repair 397 (59.3%) 105 (46.3%) 184 (81.1%) <0.0001

30-day mortality 14 (2.1%) 7 (3.1%) 1 (0.4%) 0.032

Intraoperative mortality 3 (0.4%) 0.0 1 (0.4%) 0.368

Stroke 6 (0.9%) 2 (0.9%) 4 (1.8%) 0.264

Re-exploration 10 (1.5%) 4 (1.8%) 2 (0.9%) 0.411

Dialysis 36 (5.4%) 15 (6.6%) 6 (2.6%) 0.044

Myocardial infarction 5 (0.7%) 1 (0.4%) 2 (0.9%) 0.562

Mediastinitis 0 0.0 0.0

Wound infection 3 (0.4%) 1 (0.4%) 1 (0.4%) 1.000

Aortic dissection 0 0.0 0.0

Re-intubation 27 (4%) 9 (4.0%) 11 (4.8%) 0.647

Tracheotomy 22 (3.2%) 6 (2.6%) 5 (2.2%) 0.760

Pacemaker implantation 10 (1.5%) 4 (1.8%) 1 (0.4%) 0.177

Atrial fibrillation 215 (32.1%) 71 (31.3%) 74 (32.6%) 0.321

Low cardiac output 50 (7.5%) 18 (7.9%) 8 (3.5%) 0.422

Transient psychotic syndrome 76 (11.4%) 23 (10.1%) 28 (12.3%) 0.457

Phrenic nerve palsy 8 (1.2%) 2 (0.9%) 6 (2.6%) 0.154

Sepsis 28 (4.2%) 12 (5.3%) 6 (2.6%) 0.149

Pneumonia 53 (7.9%) 19 (8.4%) 11 (4.8%) 0.131

Cardiopulmonary resuscitation 16 (2.4%) 8 (3.5%) 6 (2.6%) 0.587

Gastrointestinal complications 25 (3.7%) 10 (4.4%) 5 (2.2%) 0.189

Postoperative pain in subjective 0–10 scale, median; 25th to 75th percentile 3; 1–5 3; 1–5 3; 1–5 0.862

Intensive care unit length of stay [days], median; 25th to 75th percentile 1; 1–3 1; 1–3 1; 1–3 0.779

Hospital length of stay [days], median; 25th to 75th percentile 13; 9–18 12; 9–18 13; 10–17 0.516

Length of the mechanical ventilation [hours], median; 25th to 75th percentile 17; 13–22 18.89 22.76 0.184
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re-intubation (p = 0.647) or tracheotomy (p = 0.760) were comparable and did not differ

significantly. Mini-MVS was at an advantage regarding acute renal failure with a

necessity for dialysis (n = 6; 2.6% for mini-MVS vs. n = 15, 6.6% for conv-MVS; p =

0.044). The incidence of sepsis and pneumonia was comparable between the matched

groups. The rate of pacemaker implantation did not differ between the analyzed groups

(p = 0.177). There were one thoracic wound infection without necessity of surgical

revision after the anterolateral thoracotomy, whereas one patient had severe wound

infection requiring surgical revision in the conventional group (p = 1.000). The intensive

care duration and the length of stay in hospital were comparable between the groups

(p = 0.779 and p = 0.516), respectively. Postoperatively, both groups presented

comparable median pain intensity rated on the visual analogue scale from 0 to 10: mini-

MVS had a score 3.4 vs 3.5 for con-MVS (p = 0.862). The incidence of phrenic nerve palsy

in both groups was comparable (p = 0.154).

Surgical results
In the mini-MVS group the median operation time was 282 min and the CPB time

was 178 vs. 200 min and 112 min in the conv-MVS cohort. These differences were

statistically significant (p < 0.001). The cross-clamp times were significantly longer in

the mini-MVS than in the sternotomy cohort (p < 0.001). Patients in the mini-MVS

group received mitral valve repair more frequently (81.1% vs. 46.3%; p < 0.001) despite

the same distribution of mitral valve apparatus defects (Table 2). No conversion to

sternotomy was necessary and there was no case of aortic dissection in our collective.

There were 218 patients (96.0%) who underwent mini-MVS and 12 patients (5.3%)

who underwent conventional sternotomy using femoral arterial cannulation (p < 0.001);

there was aortic cannulation in 18 cases (7.9%) for mini-MVS and in 214 cases (94.7%)

for conventional sternotomy (p < 0.001).

Crystalloid cardioplegia was used in all patients in the mini-MVS cohort and in 224

in the conventional cohort. Blood cardioplegia was used only in three cases of the

conventional cohort. Five patients (2.2%) in the mini-MVS cohort vs. 13 patients (5.7%)

in the conv-MVS group received intra-aortic balloon pump (p = 0.018), and only one

patient (0.4%) received extracorporeal membrane oxygenation in the conv-MVS group

(p = 0.317). The surgical data are described in Table 4.

Table 4 Operative data.

Characteristics Unmatched Sternotomy Mini-MVS p value

Cardiopulmonary bypass time [min], (median; 25th to 75th percentile) 142; 107–187 112; 90–141 178; 148–211 <0.001

Cross-clamp time [min], (median; 25th to 75th percentile) 88; 64–114 73; 58–92 108; 89–129 <0.001

Aortic cannulation 363 (54.3) 214 (94.7%) 18 (7.9%) <0.001

Femoral arterial cannulation 321 (48.1%) 12 (5.3%) 218 (96.0%) <0.001

Red blood cell units, total (median; 25th to 75th percentile) 0; 0–2 1; 0–3 0; 0–2 0.001

Intra-aortic balloon pump 36 (5.4%) 13 (5.7%) 5 (2.2%) 0.018

Extracorporeal life support 1 (0.1%) 1 (0.4%) 0.0 0.317
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Follow-up results
The survival data are illustrated in Fig. 1. The median follow-up time was 4.4 years. One-,

five-, and 10-year survival rates were 96%, 90%, and 84% after the minimally invasive

approach, and 89%, 85%, and 70% after the conventional sternotomy, respectively

(log rank p = 0.004, Breslow p = 0.004). In both the mini-MVS group and in the conv-

MVS group there were two valve-related re-operations in each group, (p = 0.881). In the

mini-MVS cohort the patients were operated on after 30 and 72 months and in the

cohort of the conventional approach after 24 and 38 months. At the final follow-up

interview, 51 patients (50.5%) were presented at New York Heart Association (NYHA)

Classes I and II after minimally invasive surgery which is correspondingly comparable

with the conv-MVS group (50.6%, n = 44; p = 0.727). Furthermore, both groups did

not differ with regard to exercise capacity (p = 0.153). During the follow-up time, five

patients had strokes in the mini-MVS cohort, while no stroke occurred in the conv-MVS

cohort, (p = 0.036). However, no patient suffered from myocardial infarction in the

mini-MVS group, although two patients in the conv-MVS group had myocardial

infarction in the follow-up period, (p = 0.124). The patients’ scar satisfaction regarding

the cosmetic results was comparable in the matched groups (p = 0.771). The follow-up

results are summarized in Table 5.

Figure 1 Survival curve. Full-size DOI: 10.7717/peerj.4810/fig-1

Mkalaluh et al. (2018), PeerJ, DOI 10.7717/peerj.4810 7/12

http://dx.doi.org/10.7717/peerj.4810/fig-1
http://dx.doi.org/10.7717/peerj.4810
https://peerj.com/


DISCUSSION
In our present study, we showed significantly lower early mortality with better long-term

survival rates in the mini-MVS cohort. Recent series were also able to demonstrate,

that mini-MVS can be performed without significant differences in mortality and

long-term survival compared with conventional MVS (Cheng et al., 2011; Goldstone et al.,

2013;Moscarelli et al., 2016a; Sundermann, Czerny & Falk, 2015). The elevated stroke rate

after mini-MVS as a consequence of peripheral cannulation or retrograde perfusion is

considered to be disadvantage of this approach (Bedeir et al., 2015). However, some newer

publications disprove these findings. Several studies showed no significant differences

regarding the incidence of stroke in comparison to both surgical approaches (Atluri et al.,

2016; Downs et al., 2016; Goldstone et al., 2013). Modi et al. reported a systemic meta-

analysis of six studies, that showed similar stroke rates between mini-MVS and the

conventional method (Modi, Hassan & Chitwood, 2008). In our propensity score-

matched analysis, there were also no differences in stroke rates between patients

undergoing mini-MVS and conventional sternotomy in the immediate postoperative

period. Surprisingly, the mini-MVS cohort developed more strokes in the long-term

follow-up than did the conventional cohort. Our follow-up data did not allow us

information about whether these strokes are complications of valve-related

anticoagulation.

Table 5 Follow-up data.

Characteristics Unmatched Sternotomy Mini-MVS p value

Median follow-up (years; 25th to 75th percentile) 4.2; 1.8–7.7 4.45; 1.96–10.24 4.44; 2.15–7.4 0.064

Answered to questionnaire 189 87 102

During follow-up:

Myocardial infarction 2 (1%) 2 (2.3%) 0.0 0.124

Stroke 5 (2.6%) 0.0 5 (4.9%) 0.036

Mitral valve replacement after repair 4 (2.1%) 2 (2.3%) 2 (2.0%) 0.881

Pacemaker implantation 2 (1%) 1 (1.1%) 1 (1.0%) 0.915

Implantable cardioverter defibrillator implantation 2 (1%) 2 (2.3%) 0.0 0.126

Heart transplantation 1 (0.6%) 0.0 1 (1.0%) 0.352

Congestive heart failure

NYHA class I or less 84 (44.4%) 40 (45.9%) 45 (44.1%) 0.727

NYHA class II 72 (38%) 34 (39.1%) 38 (37.6%)

NYHA class III 30 (15.9%) 11 (12.6%) 19 (18.8%)

NYHA class IV 3 (1.6%) 2 (2.3%) 1 (1.0%)

Exercise capacity

Good 145 (76.7%) 63 (72.4%) 82 (81.2%) 0.153

Reduced 43 (22.8%) 24 (27.6%) 19 (18.8%)

Satisfaction with cosmetic results 174 (92%) 80 (92.0%) 94 (93.1%) 0.771

One-year survival 93% 89% 96% 0.004

Five-year survival 85% 85% 90%

Ten-year survival 71% 70% 84%
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Furthermore, we observed prolonged CPB and cross-clamp times in the mini-MVS

cohort. These facts did not influence the early mortality. In contrast, patients undergoing

the mini-MVS approach suffered significantly less from renal failure requiring dialysis

and showed better early survival. Other authors underline these findings (Atluri et al.,

2016; Cheng et al., 2011; Downs et al., 2016; Goldstone et al., 2013; Sundermann, Czerny &

Falk, 2015). Bleeding events, respiratory failure, and wound infection frequencies are

comparable with the results of conv-MVS. Similar results were achieved in other

contemporary series (Atluri et al., 2016; Downs et al., 2016; Goldstone et al., 2013;

Sundermann, Czerny & Falk, 2015).

The indication for mini-MVS should be well thought out. Not all patients with isolated

mitral valve disease are ideal candidates for this approach. Contraindications are very

poor left ventricular ejection fraction, obesity, serious lung disease, chest wall depth, or

pleural adhesions (Glauber et al., 2015;Ward, Grossi & Galloway, 2013). All of these factors

must be carefully examined in decision making. In our collective, conversion to

conventional sternotomy was not necessary in any case. One of the main aims of

minimally invasive surgery is to improve cosmetic results and reduce pain intensity.

Cheng et al. showed in a meta-analysis improved patient’s scar satisfaction, meanwhile,

Svensson and colleagues showed less pain intensity within the first 24 h postoperatively

after the minimally invasive approach (Cheng et al., 2011; Svensson et al., 2010). Our

matched cohorts showed high satisfaction with the cosmetic results and comparable pain

intensity postoperatively in both groups. Previous series examined the influence of

minimally invasive surgery on the success of mitral valve repair; it led to similar or

superior repair rates. We achieved a remarkably higher mitral valve repair rate among

the mini-MVS cohort with 81.1% vs. 46.3% through the conventional approach

(Downs et al., 2016; Moscarelli et al., 2016b; Sundermann, Czerny & Falk, 2015). During

the follow-up time, the incidence of myocardial infarction was low and comparable in

both matched groups. However, the mini-MVS cohort showed significantly better

long-term survival. Most analyses showed comparable long-term survival after the mini-

MVS (Goldstone et al., 2013; Iribarne et al., 2012; Moscarelli et al., 2016a; Svensson et al.,

2010). With regard to mitral valve-related re-intervention, similar results were achieved

in our comparison. Recent literature underlines our findings (Downs et al., 2016;

Galloway et al., 2009; Sundermann, Czerny & Falk, 2015).

STUDY LIMITATION
The main limitation of our study is its retrospective design; however the follow-up

data were obtained prospectively. To our knowledge, this is one of few contemporary

propensity score-matched comparisons of MVS that is stratified by operative approaches.

Nevertheless, the results of our non-high volume center for MVS are comparable with

high-volume centers for MVS. We demonstrated excellent results with a median follow-up

time of 4.4 years after mini-MVS. However, the lack of echocardiographic data is an

important limiting factor of the follow-up. Furthermore, our data are limited by the lack

of consideration of surgeon expertise and operation date in the matching score

analysis. However, the expertise of surgeons may have changed over this extended
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period and the repair technique of mitral valve pathologies have also changed.

Furthermore, the better survival after mini-MVS could be translated as a result of higher

repair rates in this collective.

CONCLUSION
Despite the longer operative times, mini-MVS can be considered a safe and equivalent

alternative to conventional sternotomy. We were able to show superior short- and

long-term survival after mini-MVS. We also showed that mini-MVS leads to higher

repair rates with excellent long-term outcomes. One of the most important points in

our comparison was to eliminate the preoperative differences with the equal distribution

of mitral valve defects. Also in the setting, the minimally invasive approach was superior

with regard to the repair rates. Minimally invasive valve surgery offers various advantages

over the conventional approach. To compete with rapidly developing percutaneous

technologies, these results should encourage us to offer this technique even to elderly

patients. In summary, mini-MVS should be preferred if there is a suitable anatomy of

the mitral valve and the patient’s conditions enable this approach. Furthermore,

well-thought-out patient selection is very important for a successful outcome.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� SabreenMkalaluh conceived and designed the experiments, performed the experiments,

analyzed the data, contributed reagents/materials/analysis tools, approved the final

draft.

� Marcin Szczechowicz conceived and designed the experiments, performed the

experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared

figures and/or tables, approved the final draft.

� Bashar Dib analyzed the data, approved the final draft.

� Anton Sabashnikov analyzed the data, contributed reagents/materials/analysis tools,

prepared figures and/or tables, approved the final draft.

� Gabor Szabo analyzed the data, authored or reviewed drafts of the paper, approved the

final draft.

� Matthias Karck conceived and designed the experiments, performed the experiments,

analyzed the data, authored or reviewed drafts of the paper, approved the final draft.

� Alexander Weymann conceived and designed the experiments, performed the

experiments, analyzed the data, authored or reviewed drafts of the paper, approved

the final draft.

Mkalaluh et al. (2018), PeerJ, DOI 10.7717/peerj.4810 10/12

http://dx.doi.org/10.7717/peerj.4810
https://peerj.com/


Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body

and any reference numbers):

This study was approved by the local ethics committee of the University of Heidelberg,

medical faculty: S-516/2016.

Data Availability
The following information was supplied regarding data availability:

The raw data are provided in a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/

10.7717/peerj.4810#supplemental-information.

REFERENCES
Atluri P, Stetson RL, Hung G, Gaffey AC, Szeto WY, Acker MA, Hargrove WC. 2016. Minimally

invasive mitral valve surgery is associated with equivalent cost and shorter hospital stay when

compared with traditional sternotomy. Journal of Thoracic and Cardiovascular Surgery

151(2):385–388 DOI 10.1016/j.jtcvs.2015.08.106.

Badhwar V, Peterson ED, Jacobs JP, He X, Brennan JM, O’Brien SM, Dokholyan RS,

George KM, Bolling SF, Shahian DM, Grover FL, Edwards FH, Gammie JS. 2012.

Longitudinal outcome of isolated mitral repair in older patients: results from 14,604 procedures

performed from 1991 to 2007. Annals of Thoracic Surgery 94(6):1870–1879

DOI 10.1016/j.athoracsur.2012.05.105.

Bedeir K, Reardon M, Ramchandani M, Singh K, Ramlawi B. 2015. Elevated stroke risk

associated with femoral artery cannulation during mitral valve surgery. Seminars in Thoracic

and Cardiovascular Surgery 27(2):97–103 DOI 10.1053/j.semtcvs.2015.06.008.

Bothe W, Beyersdorf F. 2016. Modern mitral valve surgery. Der Internist 57(4):332–340

DOI 10.1007/s00108-016-0032-z.

Cheng DC, Martin J, Lal A, Diegeler A, Folliguet TA, Nifong LW, Perier P, Raanani E, Smith JM,

Seeburger J, Falk V. 2011. Minimally invasive versus conventional open mitral valve surgery:

a meta-analysis and systematic review. Innovations 6(2):84–103

DOI 10.1097/IMI.0b013e3182167feb.

Downs EA, Johnston LE, LaPar DJ, Ghanta RK, Kron IL, Speir AM, Fonner CE, Kern JA,

Ailawadi G. 2016.Minimally invasive mitral valve surgery provides excellent outcomes without

increased cost: a multi-institutional analysis. Annals of Thoracic Surgery 102(1):14–21

DOI 10.1016/j.athoracsur.2016.01.084.

Galloway AC, Schwartz CF, Ribakove GH, Crooke GA, Gogoladze G, Ursomanno P,

Mirabella M, Culliford AT, Grossi EA. 2009. A decade of minimally invasive mitral

repair: long-term outcomes. Annals of Thoracic Surgery 88(4):1180–1184

DOI 10.1016/j.athoracsur.2009.05.023.

Glauber M, Miceli A, Canarutto D, Lio A, Murzi M, Gilmanov D, Ferrarini M, Farneti PA,

Quaini EL, Solinas M. 2015. Early and long-term outcomes of minimally invasive mitral valve

surgery through right minithoracotomy: a 10-year experience in 1604 patients. Journal of

Cardiothoracic Surgery 10(1):181 DOI 10.1186/s13019-015-0390-y.

Mkalaluh et al. (2018), PeerJ, DOI 10.7717/peerj.4810 11/12

http://dx.doi.org/10.7717/peerj.4810#supplemental-information
http://dx.doi.org/10.7717/peerj.4810#supplemental-information
http://dx.doi.org/10.7717/peerj.4810#supplemental-information
http://dx.doi.org/10.1016/j.jtcvs.2015.08.106
http://dx.doi.org/10.1016/j.athoracsur.2012.05.105
http://dx.doi.org/10.1053/j.semtcvs.2015.06.008
http://dx.doi.org/10.1007/s00108-016-0032-z
http://dx.doi.org/10.1097/IMI.0b013e3182167feb
http://dx.doi.org/10.1016/j.athoracsur.2016.01.084
http://dx.doi.org/10.1016/j.athoracsur.2009.05.023
http://dx.doi.org/10.1186/s13019-015-0390-y
http://dx.doi.org/10.7717/peerj.4810
https://peerj.com/


Goldstone AB, Atluri P, Szeto WY, Trubelja A, Howard JL, MacArthur JW Jr, Newcomb C,

Donnelly JP, Kobrin DM, Sheridan MA, Powers C, Gorman RC, Gorman JH 3rd,

Pochettino A, Bavaria JE, Acker MA, Hargrove WC 3rd, Woo YJ. 2013. Minimally invasive

approach provides at least equivalent results for surgical correction of mitral regurgitation:

a propensity-matched comparison. Journal of Thoracic and Cardiovascular Surgery

145(3):748–756 DOI 10.1016/j.jtcvs.2012.09.093.

Iribarne A, Easterwood R, Russo MJ, Chan EY, Smith CR, Argenziano M. 2012. Comparative

effectiveness of minimally invasive versus traditional sternotomy mitral valve surgery in elderly

patients. Journal of Thoracic and Cardiovascular Surgery 143(4):S86–S90

DOI 10.1016/j.jtcvs.2011.10.090.

Mazine A, Vistarini N, Ghoneim A, Lebon JS, Demers P, Jeanmart H, Pellerin M, Bouchard D.

2015. Very high repair rate using minimally invasive surgery for the treatment of degenerative

mitral insufficiency. Canadian Journal of Cardiology 31(6):744–751

DOI 10.1016/j.cjca.2014.12.029.

Miceli A, Murzi M, Canarutto D, Gilmanov D, Ferrarini M, Farneti PA, Solinas M, Glauber M.

2015. Minimally invasive mitral valve repair through right minithoracotomy in the setting of

degenerative mitral regurgitation: early outcomes and long-term follow-up. Annals of

Cardiothoracic Surgery 4:422–427 DOI 10.3978/j.issn.2225-319X.2015.04.10.

Modi P, Hassan A, Chitwood WR Jr. 2008. Minimally invasive mitral valve surgery: a systematic

review and meta-analysis. European Journal of Cardiothoracic Surgery 34(5):943–952

DOI 10.1016/j.ejcts.2008.07.057.

Moscarelli M, Casula R, Speziale G, Athanasiou T. 2016a. Can we use minimally invasive mitral

valve surgery as a safe alternative to sternotomy in high-risk patients? Interactive CardioVascular

and Thoracic Surgery 22(1):92–96 DOI 10.1093/icvts/ivv275.

Moscarelli M, Fattouch K, Casula R, Speziale G, Lancellotti P, Athanasiou T. 2016b.What is the role

of minimally invasive mitral valve surgery in high-risk patients? A meta-analysis of observational

studies. Annals of Thoracic Surgery 101(3):981–989 DOI 10.1016/j.athoracsur.2015.08.050.

Nishimura RA, Vahanian A, Eleid MF, Mack MJ. 2016.Mitral valve disease—current management

and future challenges. Lancet 387(10025):1324–1334 DOI 10.1016/S0140-6736(16)00558-4.

Sundermann SH, Czerny M, Falk V. 2015. Open vs. minimally invasive mitral valve surgery:

surgical technique, indications and results. Cardiovascular Engineering and Technology

6(2):160–166 DOI 10.1007/s13239-015-0210-5.

Svensson LG, Atik FA, Cosgrove DM, Blackstone EH, Rajeswaran J, Krishnaswamy G, Jin U,

Gillinov AM, Griffin B, Navia JL, Mihaljevic T, Lytle BW. 2010. Minimally invasive versus

conventional mitral valve surgery: a propensity-matched comparison. Journal of Thoracic and

Cardiovascular Surgery 139(4):926–932.e1-2 DOI 10.1016/j.jtcvs.2009.09.038.

Walther T, Falk V, Mohr FW. 2004. Minimally invasive mitral valve surgery. Journal of

Cardiovascular Surgery 45:487–495.

Ward AF, Grossi EA, Galloway AC. 2013. Minimally invasive mitral surgery through right mini-

thoracotomy under direct vision. Journal of Thoracic Disease 5(Suppl. 6):S673–S679

DOI 10.3978/j.issn.2072-1439.2013.10.09.

Mkalaluh et al. (2018), PeerJ, DOI 10.7717/peerj.4810 12/12

http://dx.doi.org/10.1016/j.jtcvs.2012.09.093
http://dx.doi.org/10.1016/j.jtcvs.2011.10.090
http://dx.doi.org/10.1016/j.cjca.2014.12.029
http://dx.doi.org/10.3978/j.issn.2225-319X.2015.04.10
http://dx.doi.org/10.1016/j.ejcts.2008.07.057
http://dx.doi.org/10.1093/icvts/ivv275
http://dx.doi.org/10.1016/j.athoracsur.2015.08.050
http://dx.doi.org/10.1016/S0140-6736(16)00558-4
http://dx.doi.org/10.1007/s13239-015-0210-5
http://dx.doi.org/10.1016/j.jtcvs.2009.09.038
http://dx.doi.org/10.3978/j.issn.2072-1439.2013.10.09
http://dx.doi.org/10.7717/peerj.4810
https://peerj.com/

	Early and long-term results of minimally invasive mitral valve surgery through a right mini-thoracotomy approach: a retrospective propensity-score matched analysis ...
	Introduction
	Methods
	Results
	Discussion
	Study Limitation
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


