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Abstract

:

Background and aim: Recent randomized data comparing percutaneous mitral valve repair (PMVR) versus optimal medical treatment in patients with functional MR (FMR) seemed to highlight the importance of the learning curve not only for procedural outcomes but also for patient selection. The aim of the study was to compare a contemporary series of patients undergoing PMVR using a second-generation Mitraclip device (Mitraclip NT) with previous cohorts treated with a first-generation system. Methods: This multicenter study collected individual data from 18 centers between 2012 and 2017. The cohort was divided into three groups according to the use of the first-generation Mitraclip during the first (control-1) or second half (control-2) or the Mitraclip NT system. Results: A total of 545 consecutive patients were included in the study. Among all, 182 (33.3%), 183 (33.3%), and 180 (33.3%) patients underwent mitral repair in the control-1, control-2, and NT cohorts, respectively. Procedural success was achieved in 93.3% of patients without differences between groups. Major adverse events did not statistically differ among groups, but there was a higher rate of pericardial effusion in the control-1 group (4.3%, 0.6%, and 2.6%, respectively; p = 0.025). The composite endpoint of death, surgery, and admission for congestive heart failure (CHF) at 12 months was lower in the NT group (23.5% in control-1, 22.5% in control-2, and 8.3% in the NT group; p = 0.032). Conclusions: The present paper shows that contemporary clinical outcomes of patients undergoing PMVR with the Mitraclip system have improved over time.
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1. Introduction


Percutaneous mitral valve repair (PMVR) with the Mitraclip system has been growing over the last years. With more than 200,000 implants worldwide, the therapy seems to be settling down as one of the available tools for mitral regurgitation (MR) treatment in several reference centers. Initial data from the randomized EVEREST II trial [1,2] and other international registries showed consistent and promising results with the use of Mitraclip for functional (FMR) and degenerative MR (DMR) patients [3,4,5,6,7]. However, recent data from the MITRA-FR [8] and COAPT trials [9], two randomized trials comparing Mitraclip versus optimal medical treatment in FMR patients, showed opposite results. Whereas MITRA-FR showed no clinical benefit with the use of Mitraclip, COAPT showed a significant reduction in mortality and congestive heart failure (CHF) admissions. In fact, clinical improvement after PMVR is related to several factors such as the clinical status of the patient before the intervention, the presence of comorbidities, or the MR degree before and after the procedure [10,11]. All these factors, somehow linked to the overall learning curve of the procedure, seemed to differ between these two randomized trials and might explain the differences in clinical outcomes.



PMVR with Mitraclip is a demanding procedure that requires advanced interventional and imaging skills. The device has experienced some technical improvements intended to ease its use, improve MR reduction, and reduce the number of complications [12]. In addition, patient selection seems to be moving to those that can present a higher benefit from MR correction such as those with a non-terminal cardiac condition [13,14]. For all these reasons, overall outcomes after Mitraclip implantation seem to be improving during the last years. The present paper aims to compare a contemporary series of patients undergoing Mitraclip with a second-generation device (NT system) with a previous cohort treated with first-generation Clip (MitraClip1G). The present manuscript tries to explore if the implemented design improvements in the NT system along with the growing experience and patient selection have had a relevant impact on clinical and echocardiographic outcomes.




2. Materials and Methods


2.1. Study Population


This multicenter study collected individual data from the Spanish Mitraclip Registry. Patients who underwent PMVR with Mitraclip between 2012 and 2017 from 18 centers in Spain were included in the registry. For the purpose of our study, the cohort was divided according to the use of the first-generation Mitraclip (control group) or the Mitraclip NT system (NT cohort). In addition, in order to evaluate the specific effects of the learning curve, the control group (first-generation Mitraclip) was divided into two halves on the basis of the date of implantation (control-1 and control-2).



The indication for MitraClip was agreed upon by a multidisciplinary team comprising cardiologists, cardiac imaging experts, cardiac surgeons, and anesthetists. Demographics, baseline and procedural characteristics, left-ventricular ejection fraction LVEF, and clinical/echocardiographic outcomes at follow-up results were prospectively collected in an online dedicated, shared, and prospective database at each participating center. Most of the procedures were performed under general anesthesia and guided by transesophageal echocardiogram (TEE) and fluoroscopy/angiography. Periprocedural complications were noted during the index hospitalization. The study was conducted in accordance with the institutional ethics committee of each participating center, and all patients provided signed informed consent for the procedure. In order to balance follow-up data among groups, all events were analyzed up to 12 months after the index procedure.




2.2. Post-Procedural Care


Antithrombotic management was based on an individualized protocol. Patients receiving warfarin or direct oral anticoagulants prior to clip placement continued on an identical warfarin regimen after the intervention. In the remainder of patients, single or dual antiplatelet treatment was prescribed according to local consensus; however, in general, acetylsalicylic acid (75–150 mg/day) was prescribed for 3–6 months and clopidogrel (75 mg/day) was prescribed for 4 weeks. Clinical and echocardiographic follow-up was performed at discharge, 3–6 months and 12 months post procedure.



Echocardiographic data at follow-up were reported by participating centers. Mitral regurgitation was graded according to the American Society of Echocardiography guidelines [1].




2.3. Endpoints and Definitions


We compared the study groups using the following endpoints: (1) primary composite endpoint: freedom from death, MR surgery after clip and hospital admission for CHF within the first year after the procedure; (2) procedural success: MR reduction to grade ≤2+ (moderate) after clip implantation [1,2]; (3) procedural time: time from anesthesia induction to the end of the procedure; (4) device time: time from the insertion of the delivery system to clip delivery system removal.




2.4. Statistical Analysis


Results are presented as the mean ± standard deviation for continuous normally distributed variables, as the median (interquartile range) for continuous non-normally distributed data, and as percentages for categorical data. Analysis of normality was performed with the Kolmogorov–Smirnov and Shapiro–Wilk tests. Categorical data and proportions were compared using a χ2 test or Fisher’s exact test as required. Comparisons of continuous variables were analyzed using an unpaired t-test and the Mann–Whitney U-test as appropriate. Survival analysis and survival curves were calculated using the Kaplan–Meier method, and a comparison was obtained with the log-rank test. Multivariable analysis was estimated using the Cox proportional hazards regression model. Considering the variable follow-up among patients, survival curves were constructed at 1 year follow-up as it was a meaningful timeline value, as well as had a sufficient number of patients to perform a valid analysis.



A p-value less than 0.05 was considered significant. All data were analyzed with R statistical software, version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).





3. Results


A total of 545 consecutive patients with MR who underwent PMVR with Mitraclip were included in the study. Among all, 182 (33.3%), 183 (33.3%), and 180 (33.3%) underwent mitral repair with the first-generation Mitraclip (control-1 and control-2 groups) and Mitraclip NT (NT cohort), respectively. No significant baseline clinical and echocardiographic differences were observed between both groups, but a higher proportion of females, older patients, atrial fibrillation, DMR, and higher Society of Thoracic Surgeons. (STS) score was identified in the NT group (Table 1).



Procedural characteristics are shown in Table 2. Patients in the NT group presented shorter device and procedural times, as well as a lower number of implanted clips. In addition, immediate residual MR after Mitraclip implantation was lower in the NT group. Procedural success was achieved in 93.3% of patients without differences between groups. Post-procedural in-hospital clinical outcomes and major adverse events did not statistically differ among groups, but there was a higher rate of pericardial effusion in the control-1 group (Table 3). Patients in the NT group presenter shorter hospital admissions as compared to those in the control group.



3.1. Clinical Follow-Up


After a median follow-up of 12 (6.9–12) and 6 (2.3–9.7) months in the control and NT group, respectively, 87% of the patients were alive (86.0% in control-1, 77.5% in control-2, and 96.7% in the NT group; p = 0.167). None of the patients in the NT group underwent mitral surgery at follow-up (1.6% in control-1, 1.6% in control-2, and 0% in the NT group; p = 0.436). The reason for mitral valve surgery at follow-up was the presence of a residual severe mitral regurgitation in all cases. Overall, 12.1% of patients required at least one hospital admission for CHF at 12 months. Importantly, patients in the NT group presented a trend toward a lower need for admissions than those in the control group (14.8% in control-1, 16.5% in control-2, and 5% in the NT group; p = 0.061). The composite endpoint of death, surgery, and admission for CHF was lower in the NT group (23.5% in control-1, 22.5% in control-2, and 8.3% in the NT group; p = 0.032) (Figure 1). When analyzing FMR and DMR patients separately, only those with FMR presented a trend toward significant differences in the composite endpoint among both control groups and the NT cohort.



In a multivariable analysis including the three clip groups, age, gender, MR etiology, atrial fibrillation, and STS score, the only group with higher death, surgery, or hospital admission for CHF at 12 months was the second half of the control group (hazard ratio (HR) 2.036; 95% confidence interval (CI) 1.013–4.091; p = 0.046).



From the clinical perspective, there was a relevant clinical improvement before and after the intervention (Figure 2). At 12 months follow-up, 78.5%, 73.4%, and 80.8% of the patients in control-1, control-2, and NT group, respectively, presented functional class 1 or 2 (New York Heart Association, NYHA) without significant differences between groups.




3.2. Echocardiographic Follow-Up


As shown in Figure 3, there was a significant reduction in the degree of MR before and after the implantation of Mitraclip. Nonetheless, despite a constant numerical difference in favor of a lower degree of MR in the NT group, no significant statistical differences at 3 and 12 months were observed. At 12 months, residual MR ≥3+ was present in 21.4% of patients in the NT group, 25.7% of patients in the control-1 group, and 35.5% of patients in the control-1 group.





4. Discussion


The main findings of the present study were as follows: (1) patients in the NT group presented a lower rate of the composite endpoint of death, surgery, and admission for CHF at 1 year; (2) procedural success was high in all groups without significant differences between them; (3) no differences in procedural MAEs were observed among groups; (4) residual MR after the procedure was lower in the NT cohort although this difference was not seen at 12 months.



Overall results for the main clinical outcomes are in agreement with previous published series and registries [3,4,5,6,7]. In the European Sentinel Registry [6], procedural success was achieved in 95% of cases, whereas in-hospital and 1 year mortality were 2.9% and 15.3%, respectively. At 1 year, 22.8% of patients had at least one admission for CHF and 6% of patients had severe (4+) residual MR. The Italian registry (GRASP) [3] reported a rate of 24.2% for the composite endpoint (death, surgery, and CHF admission) at 12 months with 25% of patients presenting a residual MR ≥3+ by this period. In the German registry (TRAMI) [4], procedural success was achieved in 94% and mortality rate was 20.3% at 1 year. The ACCESS European Union (EU) registry showed a mortality rate at 30 days and 12 months of 3.4% and 18.2%, respectively, and 21.1% of patients presented residual MR ≥3+ at 12 months. In contrast, our clinical outcomes clearly differed with those published in the MITRA-FR, a randomized trial in FMR patients comparing the first-generation Mitraclip and optimal medical treatment [8]. Surprisingly, the mortality (24.3%) and CHF admissions (54.6%) at 1 year almost doubled the reported rates in several international registries. Along with our results, MITRA-FR results probably reflected the pivotal role of patient selection in FMR patients [15]. In contrast to MITRA-FR, COAPT patients were on maximal medical treatment before the procedure, baseline MR severity was higher, LV enlargement was lower, and both acute and 12 month residual MR after Mitraclip were lower All these factors translated into better mortality (29.1%) and CHF admission (35.7%) rates at 24 months compared to optimal medical treatment alone [9].



The present manuscript tries to explore if the implemented design improvements in the NT system along with the growing experience and patient selection had a relevant impact on clinical and echocardiographic outcomes. Interestingly, a recent published registry of 231 patients (79 with the NT system) showed no differences in clinical and echocardiographic outcomes both in hospital and at 12 months follow-up [12]. In contrast, in our series, the NT cohort presented a lower rate of the composite of death, surgery, and admission for CHF at 1 year as compared to the control group. This difference was mainly driven by a reduction in the need for CHF admissions after the procedure and might translate not only the effects of device design improvement but also the learning curve for both procedural and patient selection aspects [11,15,16]. In fact, as shown in Table 1, the main difference in patient selection was the higher rate of DMR in the NT group. Although there were no differences among groups when analyzing only DMR patients, the higher proportion of DMR patients in the NT group may explain the better clinical outcomes in the whole cohort (DMR + FMR). In addition, immediate results after clip implantation showed a lower degree of residual MR with the NT system (Table 2) that, despite not being present at 12 months, may explain the aforementioned observations. Other factors that might reflect the technical design advantages of the NT system, as well as the learning curve, were the lower number of implanted clips and the shorter procedural and device times (Table 2). The specific impact of the learning curve was explored in the control group as patients were divided into two halves according to the date of procedure. As shown in Figure 1, the “learning curve” effect was not seen among the two halves of the control group as depicted by the lack of differences in the primary endpoint. Certainly, the actual impact of both patient selection and procedural learning curve on the study results is very hard to ascertain in a multicenter registry. In any case, regardless of the individual role of every factor (NT design, learning curve, and patient selection), the present paper provides the clinical and echocardiographic outcomes of a contemporary series (NT cohort) compared to a more classic one (control cohort). According to our results, clinical outcomes of patients undergoing mitral repair seem to be improving over the years. In the NT group, the rate of the composite endpoint was 8.3% at 1 year, whereas mortality, surgery, or CHF admissions were 3.3%, 0%, and 5% respectively.



There was a higher prevalence of patients with DMR in the NT cohort (25.9% versus 16.2% in controls). Importantly, the differences in the composite endpoint in favor of the NT group were mainly seen in FMR patients. It is known that patients with FMR and advanced CHF have a worse prognosis despite a successful intervention and this might be the reason why patient selection has changed in order to avoid patients with FMR and advanced cardiomyopathies [11]. In fact, the observed high rates of mortality and CHF admissions at 1 year with FMR in the MITRA-FR trial might somehow reflect the initial experience with the therapy in France [8].



This study had inherent limitations due to it being an observational study without an external adjudication event committee. The results were obtained from an online database prospectively collected in each participating center. No specific information on baseline and post-procedural medical treatment was available. However, this was a post hoc non-prespecified analysis and, even with multivariate analysis, some confounding factors could influence the results. In addition, there is a relevant difference in the number of patients at risk during follow-up among the first-generation and NT cohorts that might have had a potential impact on the final results. Lastly, since the number of cases differed between centers and some centers started the program after 2016, the “learning curve” effect among the control and NT groups might be unbalanced. Additionally, the absence of some specific anatomical or clinical variables regarding the potential differences in the selection of patients might have biased the interpretation of results.




5. Conclusions


The present paper shows that clinical outcomes of patients undergoing percutaneous mitral repair with the Mitraclip NT system could be better in comparison with control first-generation cohorts. Further series comparing initial and current experience will be needed to confirm our results.
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Figure 1. Freedom from death, surgery, and CHF admission. 
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Figure 2. Functional class New York Heart Association (NYHA) at follow-up. 
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Figure 3. MR severity at follow-up. 
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Table 1. Baseline characteristics.
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Total

N = 545

	
Control-1

N = 182

	
Control-2

N = 183

	
NT Cohort

N = 180

	
p






	
Age

	
72.7 ± 10.8

	
70.1 ± 11.5

	
73.9 ± 9.4

	
74.2 ± 10.9

	
<0.001




	
Gender male (n (%))

	
385 (70.6)

	
139 (76.4)

	
131 (71.6)

	
115 (63.9)

	
0.031




	
BMI (kg/m2) (n = 526/171/355)

	
27.2 ± 4.7

	
27.4 ± 5.0

	
26.6 ± 4.4

	
27.5 ± 4.5

	
0.154




	
BSA (n = 526/171/355)

	
1.81 ± 0.19

	
1.83 ± 0.21

	
1.80 ± 0.19

	
1.80 ± 0.18

	
0.104




	
Hypertension

	
373 (68.4)

	
118 (64.8)

	
126 (68.9)

	
129 (71.7)

	
0.372




	
Diabetes mellitus

	
181 (33.2)

	
55 (30.2)

	
63 (34.4)

	
63 (35.0)

	
0.570




	
COPD

	
119 (21.8)

	
43 (23.6)

	
38 (20.8)

	
38 (21.1)

	
0.771




	
Atrial fibrillation

	
300 (55.0)

	
88 (48.4)

	
101 (55.2)

	
111 (61.7)

	
0.039




	
Coronary artery disease

	
280 (51.4)

	
29 (15.9)

	
32 (17.5)

	
99 (55.0)

	
0.870




	
Recent myocardial infarction (<90 days)

	
29 (5.3)

	
6 (3.3)

	
10 (5.5)

	
13 (7.2)

	
0.249




	
Coronary artery bypass graft

	
89 (16.3)

	
29 (15.9)

	
32 (17.5)

	
28 (15.6)

	
0.870




	
Previous percutaneous intervention

	
189 (34.7)

	
58 (31.9)

	
65 (35.5)

	
66 (36.7)

	
0.605




	
STS score

	
4.3 (2.1–7.5)

	
3.8 (1.5–6.7)

	
4.2(2.2–7.5)

	
4.7 (3.0–8.3)

	
0.020




	
LVEF, %

	
39.1 ± 15.8

	
36.9 ± 15.3

	
39.6 ± 16.0

	
38.3 ± 15.7

	
0.071




	
sPAP

	
52 (41–62)

	
53 (42–65)

	
54 (44–61)

	
50 (40–62)

	
0.413




	
LVEDV (mL)

	
76 (51–151)

	
87 (58–182)

	
73 (49–141)

	
83 (55–155)

	
0.173




	
Regurgitant orifice area (mm2)

	
25.3 ± 26.3

	
28.9 ± 26.3

	
25.1 ± 26.7

	
21.5 ± 25.7

	
0.248




	
NYHA functional Class

	

	

	

	

	
0.026




	

	-

	
I







	
3 (0.6)

	
0

	
3 (1.7)

	
0




	

	-

	
II







	
50 (9.8)

	
25 (14.7)

	
11 (6.3)

	
14 (8.4)




	

	-

	
III







	
356 (69.7)

	
114 (67.1)

	
127 (73.0)

	
115 (68.9)




	

	-

	
IV







	
102 (20.0)

	
31 (18.2)

	
33 (19.0)

	
38 (22.8)




	
MR severity (n = 496/162/334)

	

	

	

	

	
0.771




	

	-

	
None







	
0

	
0

	
0

	
0




	

	-

	
Mild







	
0

	
0

	
0

	
0




	

	-

	
Moderate







	
2 (0.4)

	
1 (0.6)

	
0

	
1 (0.6)




	

	-

	
Moderate to severe







	
97 (19.6)

	
31 (18.6)

	
34 (20.4)

	
32 (19.8)




	

	-

	
Severe







	
397 (80.0)

	
135 (80.8)

	
133 (79.6)

	
129 (79.6)




	
MR etiology

	

	

	

	

	
0.003




	

	-

	
Functional







	
333 (66.5)

	
126 (75.0)

	
118 (69.0)

	
89 (54.9)




	

	-

	
Degenerative







	
97 (19.4)

	
26 (15.5)

	
29 (17.0)

	
42 (25.9)




	

	-

	
Mixed







	
71 (14.2)

	
16 (9.5)

	
24 (14.0)

	
31 (18.1)








BMI, body mass index; BSA, body surface area; COPD, chronic obstructive pulmonary disease; CHF, cardiac heart failure; LVEDV Left end diastolic volume; LVEF, left-ventricular ejection fraction; MR, mitral regurgitation; NYHA, New York Heart Association; sPAP, systolic pulmonary pressure; STS, Society of Thoracic Surgeons.
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Table 2. Procedural characteristics.






Table 2. Procedural characteristics.





	

	
Total

N = 545

	
Control-1

N = 182

	
Control-2

N = 183

	
NT Cohort

N = 180

	
p






	
Procedural success

	
454 (93.6)

	
155 (85.2)

	
156 (85.2)

	
143 (93.7)

	
0.237




	
Number of clips (mean ± SD)

	
1.47 ± 0.71

	
1.65 ± 0.71

	
1.54 ± 0.66

	
1.36 ± 0.61

	
<0.001




	
Device time (min)

	
80 (60–100)

	
100 (60–150)

	
80 (60–100)

	
60 (45–92)

	
<0.001




	
Procedural time (min)

	
131 (106–180)

	
150 (120–240)

	
120 (100–173)

	
120 (100–163)

	
<0.001




	
MR pre clip

	

	

	

	

	
0.221




	

	-

	
None







	
0

	
0

	
0

	
0




	

	-

	
Mild







	
0

	
0

	
0

	
0




	

	-

	
Moderate







	
1 (0.2)

	
1 (0.6)

	
0

	
0




	

	-

	
Moderate to severe







	
106 (21.2)

	
28 (16.4)

	
40 (23.8)

	
38 (23.5)




	

	-

	
Severe







	
394 (78.6)

	
142 (83.0)

	
128 (76.2)

	
124 (76.5)




	
MR post clip

	

	

	

	

	
0.003




	

	-

	
None







	
24 (4.8)

	
8 (4.7)

	
6 (3.6)

	
10 (6.3)




	

	-

	
Mild







	
278 (55.7)

	
78 (45.3)

	
96 (57.1)

	
104 (65.4)




	

	-

	
Moderate







	
166 (33.3)

	
73 (42.4)

	
58 (34.5)

	
35 (22.0)




	

	-

	
Moderate to severe







	
18 (3.6)

	
5 (2.9)

	
5 (3.0)

	
8 (5.0)




	

	-

	
Severe







	
13 (2.6)

	
8 (4.7)

	
3 (1.8)

	
2 (1.3)




	

	-

	
Mitral gradient pre-clip







	
0.61 ± 1.16

	
0.57 ± 1.33

	
0.60 ± 1.16

	
0.71 ± 1.17

	
0.349




	

	-

	
Mitral gradient post-clip







	
2.29 ± 1.82

	
2.27 ± 1.71

	
2.19 ± 1.86

	
2.52 ± 1.74

	
0.056








MR, mitral regurgitation.
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Table 3. In-hospital outcomes.






Table 3. In-hospital outcomes.





	

	
Total

N = 545

	
Control-1

N = 182

	
Control-2

N = 183

	
NT Cohort

N = 180

	
p






	
Partial or total clip detachment

	
8 (1.7)

	
2 (1.2)

	
3 (2.0)

	
3 * (1.9)

	
0.837




	
Cordal rupture

	
7 (1.5)

	
2 (1.2)

	
2 (1.3)

	
3 (1.9)

	
0.857




	
Cordal entrapment

	
5 (1.1)

	
2 (1.2)

	
2 (1.3)

	
1 (0.6)

	
0.810




	
Femoral pseudoaneurysm

	
7 (1.5)

	
3 (1.8)

	
2 (1.3)

	
2 (1.3)

	
0.903




	
Femoral arteriovenous istula

	
4 (0.8)

	
2 (1.2)

	
1 (0.6)

	
1 (0.6)

	
0.819




	
Transfusion

	
27 (5.7)

	
11 (6.7)

	
10 (6.5)

	
6 (3.9)

	
0.501




	
Vascular surgery

	
2 (0.4)

	
1 (0.6)

	
1 (0.7)

	
0

	
0.999




	
Pericardial effusion

	
12 (2.5)

	
7 (4.3)

	
1 (0.6)

	
4 (2.6)

	
0.025




	

	-

	
Medical treatment







	
8 (1.7)

	
4 (2.4)

	
0

	
4 (2.6)




	

	-

	
Pericardiocentesis







	
3 (0.6)

	
3 (1.8)

	
0

	
0




	

	-

	
Surgery







	
1 (0.2)

	
0

	
1 (0.6)

	
0




	
Air embolism

	
5 (1.1)

	
0

	
2 (1.3)

	
3 (1.9)

	
0.112




	
In-hospital death

	
11 (2.3)

	
5 (3.0)

	
5 (3.1)

	
1 (0.7)

	
0.199




	
Length of stay (days)

	
4 (2–7)

	
5 (3–7)

	
4 (2–6)

	
3 (2–6)

	
0.016








* Only one total leaflet clip detachment.
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