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Abstract

Objective: The MitraClip from Abbott is FDA approved intracardiac implantable device for 

transcatheter edge-to-edge repair (TEER). Despite a few previously published studies, there is 

limited safety data for its use in clinical practice, hence, we designed this study using data 

obtained from a safety nationwide database to demonstrate the safety profile of MitraClip.

Methods: The first two of the five authors independently queried all reported adverse events from 

the United State Food and Drug Administration [FDA] Manufacturer and User Facility Device 

Experience [MAUDE] registry from January 2014 to December 2020. The primary end point was 

trend in reported fatal events obtained from this database. The secondary end points included the 

causes of reported nonfatal reports from the MAUDE registry. The trend of reported fatal events 

was assessed using the Cochran Armitage trend test over the period of the study.
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Results: During the study period, subjects included 3370 patients whose MitraClip-associated 

adverse events were reported and captured by MAUDE registry. Of these, 211 were fatal and 3159 

nonfatal events. Fatal event reports resulted deaths and reported nonfatal events were from injuries 

and device system malfunction. This study demonstrated an initial upward trend from 2014 to 

2015 then a subsequent statistically significant downward trend in reported fatal events from 2015 

to 2020 (Cochran-Armitage test P = 0.039). The peak proportion of reported fatal events occurred 

in 2015, (n = 44; representing 1.25% of reported adverse events) and lowest proportion of 

reported fatal events took place in 2020 (n = 19; representing 0.56% of reported adverse events). 

The most reported nonfatal events were from malfunctioning of MitraClip system (n = 1170; 

representing 37% of reported nonfatal events), new unremarkable repolarization abnormalities on 

periprocedural EKG (n = 864; representing 27% of reported nonfatal events), leaflet rupture (n = 

651; representing 21% of reported nonfatal events), and cardiogenic shock (n = 170; representing 

5% of reported nonfatal events).

Conclusions: This analysis of the MAUDE Registry indicated, especially within the confines 

of this study’s limitations and poor data quality of information, an apparent downward trend of 

reported fatal events over the study period. Even though conclusive attributions cannot be made 

regarding this important finding, perhaps, this points to early evidence of a potential institutional 

or operator learning curve with this device. However, in view of the inferior quality of the data 

accrued from the MAUDE Registry, more high-precision studies are needed to better understand 

these changes, as the utility of MitraClip, becomes more established in clinical practice.
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1. Introduction

Mitral regurgitation (MR) is the most common valvular heart disease in the United States 

[1], affecting more than 2 million people [1,2]. Its yearly mortality rate is about 3% for 

moderate primary mitral regurgitation and about 6% for severe disease, despite guideline-

directed medical therapy (GDMT) [2]. This is true for patients aged 65 years and over [2]. 

In fact, it is the second most common form of Valvular heart disease needing surgery in 

all of Europe [3]. Historically, surgery is considered the treatment of choice for primary 

mitral regurgitation, the only modality proven to improve symptoms [4] and prevent heart 

failure [2], despite inconclusive clinical evidence on mortality benefit [5,6]. There is, 

however, a subset of patients who were considered prohibitive risk for surgical intervention, 

and as such, were left to their demise, in the setting of limited therapeutic options. The 

EVEREST II (Endovascular Valve Edge-to-Edge Repair Study) trial provided one of the 

initial evidence of transcatheter edge-to-edge repair in the improvement of clinical outcomes 

for patients with primary mitral regurgitation who were considered high risk for surgery 

[7]. Furthermore, the COAPT (Cardiovascular Outcomes Assessment of the MitraClip 

Percutaneous Therapy for Heart failure Patients with Functional Mitral Regurgitation) trial 

also proved that transcatheter edge-to-edge repair using MitraClip resulted in a 32% absolute 

reduction in hospitalizations and a 16% absolute reduction in all-cause mortality in patients 

with symptomatic heart failure and severe secondary mitral regurgitation [8]. Clinical 
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practice guidelines now recommend transcatheter edge-to-edge repair with MitraClip for 

severely symptomatic patients (NYHA class III or IV) with primary severe MR who 

are high or prohibitive surgical risk with a life expectancy of at least 1 year (class 2A) 

[9]. Transcatheter Edge-to-Edge Repair (TEER) is also considered reasonable in carefully 

selected symptomatic patients with chronic severe secondary MR with left ventricular 

systolic dysfunction (LVEF<50%) despite GDMT and those with appropriate valvular 

anatomy (class 2A) [9].

Since the approval of MitraClip by the United State Food and Drug Administration [FDA], 

there have been limited safety data published outside the setting of clinical trials in the 

US. To the best of our knowledge, two previously published MAUDE reports were from 

Benjamin et al. and Mahabir et al. in 2018 and 2020 respectively. In the Benjamin et al. 

report, they concluded that the natural language processing technology that sorted through 

raw MAUDE data, allowed the identification of most common Trans catheter aortic valve 

replacement (TAVR) and MitraClip associated events. However, when the reported event 

rates from the MAUDE database were compared with rates from Transcatheter Valve 

Therapy (TVT) registry, they were not statistically different [12]. Furthermore, Mahabir 

et al. showed that while injuries reported to the FDA steadily increased over the first 4 

year after approval of MitraClip, device- or procedure- related death reported accrued more 

slowly, corroborating a potential learning curve with the device [13]. Thus, we analyzed the 

Manufacturer and User Facility Device Experience [MAUDE] registry to report our findings 

of the safety profile of TEER using MitraClip over a longer period of seven year post FDA 

approval.

2. Material and methods

The MAUDE is a registry administered under the auspices of the FDA, consisting of 

mandatory reports of adverse events from manufacturers and dealers of medical devices in 

the United States. It also allows for discretionary reporting of these events by healthcare 

providers, patients, and users of these devices [10]. These adverse events include device-

associated injuries, malfunctions, and death. Data from the MAUDA registry is freely 

available to general public. The first two of five authors independently queried the MAUDE 

registry for all fatal and nonfatal MitraClip- associated adverse events from January 2014 to 

December 2020 using following search filters: product code “NKM,” (FDA assigned code 

for MitraClip) and product class “Mitral Valve Repair Devices”. The primary end point 

was trend in reported fatal adverse event. The secondary end points included the causes of 

reported nonfatal reports. Cochran-Armitage trend analysis was applied to number of fatal 

adverse events to assess a statistically significant trend over the period of study.

3. Results

During the study period between January 2014 to December 2020, 3370 unique adverse 

events from FDA approved transcatheter implantable device, MitraClip were obtained. 

Reports of All cause adverse events were 482(14.3% of the reported adverse events over 

the study period) in 2014, which apparently decrease to 417(12.37% of the reported adverse 

events over the study period) in 2015. Thereafter, reports of All cause adverse events 
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appeared to increase to 518(15.37% of the reported adverse events over the study period) 

in 2018. They subsequently trended downwards to 465(13.80% of the reported adverse 

events over the study period) in 2020 (Fig. 1). Trend analysis using Cochran-Armitage 

testing was applied, however, this showed that the apparent trend seen was not statistically 

significant over the seven years of the study (P = 0.507). An analysis of reported All-cause 

adverse events, revealed a total of 211 reported fatal events, representing 6.26% of reported 

All-cause reports during the study period. A trend depiction of the fatal events using the 

Cochran-Armitage trend testing showed a downward trend of deaths from a peak 1.31% of 

reported All-cause adverse events (n = 44 deaths) in 2015 to a trough of 0.56% of reported 

All-cause adverse events (n = 19 deaths) in 2020, P = 0.039. (Fig. 2). Non-fatal events were 

from device-associated injury reports and MitraClip device malfunctions. A total of 3159 

reported non-fatal events were recorded which represented 93.74% of reported All cause 

adverse events and consisted of 1989(62.96% of reported non-fata events) device-associated 

injuries and 1170(37.04% of reported non-fata events) MitraClip device malfunctions. The 

Most commonly reported nonfatal events were caused by malfunctioning of MitraClip 

system representing 37% of reported nonfatal events (n = 1170), new unremarkable 

repolarization abnormalities on periprocedural EKG, 27% of reported nonfatal events (n 
= 864), leaflet rupture 21% of reported nonfatal events (n = 651), and cardiogenic shock 5% 

of reported nonfatal events (n = 170). (Fig. 3).

4. Discussion

In this study of a national Database of reported adverse everts following MitraClip 

procedure, the apparent trend of reported fatal events showed a progressive decrease in 

reported MitraClip-related deaths from peak number of 44 to 19 during the study period (P 
= 0.039, using Cochran-Armitage test). This represented more than 50% decrease in these 

reported events over the last 5 years from 2015 to 2020. This apparent downward trend of 

reports of fatal events may likely point to, perhaps, a potential operator and institutional 

learning curve which may, perhaps, be due to improved proficiency in the placement of 

these devices especially, in the later years compared to the earlier years of its approval. 

Mahabir and colleagues also reported this potential institutional or operator learning curve 

with MitraClip as they showed device- or procedure- related death reports accrued more 

slowly during the first 4 years of its FDA approval in light of the incomplete and poor data 

quality obtained from MAUDE [13]. This trend is likely to continue into the foreseeable 

future.

The apparent downward trend of reported All-cause events from the high reported number 

of events in the early years following FDA approval of the device, compared with the latter 

is difficult to interpret in the context of decreasing trends in procedural deaths. This may 

perhaps be attributed to flaws in device engineering likely to be improved in the latest 

iteration of the device. This must be interpreted in its proper context as the trend analysis 

using Cochran-Armitage testing showed no statistically significant trend over the period 

of the study. Furthermore, Benjamin et al. also showed that Natural language processing 

technology was able to identify the most common reported MitraClip-related and TAVR-

related events using MAUDE registries. However, there was no statistical difference in event 

rate when MAUDE obtained results were compared to those of TVT database [12].
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In the EVEREST II trial, the two most reported adverse events in the MitraClip group were 

new onset Atrial fibrillation and Acute Kidney Injury, when compared to the surgical arm 

[7,11]. These were all patient related injuries, however, in this study, the topmost causes of 

non-fatal events were attributed to the malfunction of the mitraClip device. Most of these 

malfunctions, though, not fatal, were because of incomplete coaptation of the mitral valve 

leaflets, failure of the delivery mechanism of the device, and difficulty with positioning 

of the device. This may indicate engineering flaws. These engineering flaws may like to 

be corrected by more refined iterations of the old version of earlier MitraClip device. 

Overall, the future outlook of the MitraClip looks very favorable, especially in the setting of 

decreasing trends of reported device-related death and its application in clinical practice is 

likely to be more commonplace.

4.1. Study limitations

The limitation of the study stems largely from the nature of the data gleaned from the 

MAUDE Registry. Since the generation of these reports partly relies on voluntary reporting 

from patients and customers, some important safety events are likely to be omitted and 

not reported. Hence skewing any result obtained from studies with data obtained from 

the MAUDE Registry. Additionally, some of the adverse events reported are likely to be 

reported multiple times, especially, when manufacturers, providers and patients all report the 

same event. Furthermore, some long-term adverse events are likely to be omitted, or under 

reported in this passive self-reporting database. Results from this study should be interpreted 

in its proper contexts. Since the MAUDE registry does not provide records of all MitraClip 

device utilization in the country, prevalence, rates, and incidence of any entity cannot be 

extrapolated from the reported events in the MAUDE database. Finally, the veracity of the 

data obtained are not authenticated by any independent bodies, as the FDA only collects the 

reports of adverse events reported but does not verify their validity.

5. Conclusion

In the Era of post- COAPT trial, the utility and clinical application of TEER is likely 

to expand to include other subsets of Mitral regurgitation patients. This analysis of the 

MAUDE Registry indicated, especially within the confines of this study’s limitations and 

the inferior quality of MAUDE-derived data, an apparent downward trend of reported fatal 

events over the study period. Even though conclusive attributions cannot be made regarding 

this important finding, perhaps, this points to early evidence of a potential institutional 

or operator learning curve with this device. As more interventionalists and institutions 

continue to perform these procedures, they are likely to obtain valuable experience with the 

implantation of the MitraClip in a safe and effective manner leading to improved outcomes. 

Manufacturers are also likely to improve the engineering of the MitraClip further improving 

the safety profile of the device. However, in view of the incomplete and poor quality of 

data accrued from the MAUDE Registry, more high precision studies are needed to better 

understand these changes, as the utility of MitraClip, become more established in clinical 

practice.
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Fig. 1. 
Yearly percentage of total All-Cause Adverse Events reported to the United States Food and 

Drug Administration [FDA] Manufacturer and User Facility Device Experience [MAUDE] 

database for MitraClip, 2014–2020.
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Fig. 2. 
Trend of Reported MitraClip associated fatal events (expressed as a percentage of all 

reported events) reported to the United State Food and Drug Administration [FDA] 

Manufacturer and User Facility Device Experience [MAUDE] database for MitraClip, 2014–

2020.
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Fig. 3. 
Nonfatal Events (expressed as a percentage of all reported nonfatal events) reported to the 

United States Food and Drug Administration [FDA] Manufacturer and User Facility Device 

Experience [MAUDE] database for MitraClip, 2014–2020.
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