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Abstract

Objective: The dissemination of mitral valve repair as the first line treatment and the
introduction of MitraClip for patients who have a prohibitive risk for surgery has changed the
landscape of mitral valve intervention. The aim of this study is to provide current and
generalizable data regarding the trend of mitral valve interventions and outcomes from 2000-2016.

Methods: Patients =18 years of age who underwent mitral valve interventions were identified
using the National Inpatient Sample database. National estimates were generated by means of
discharge weights; comorbid conditions were identified using Elixhauser methods. All trends were
analyzed with JoinPoint software.

Results: A total of 656,030 mitral valve interventions (298,102 mitral valve replacement,
349,053 mitral valve repair, and 8,875 MitraClip) were assessed. No changes in rate of procedures
(per 100,000 people in the US) were observed over this period (annual percent change=-0.4, 95%
CL -1.1t0 0.3, P=0.3). From 2000-2010, the number of replacements decreased by 5.6% per year
(P<0.001), while repair increased by 8.4% per year from 2000-2006 (P<0.001) MitraClip
procedures increased by 84.4% annually from 2013-2016 (P<0.001). The burden of comorbidities
increased throughout the study for all groups, with the highest score for MitraClip recipients.
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Overall, length of stay has decreased for all interventions, most significantly for MitraClip. In-
hospital mortality decreased from 8.5% to 3.7% for all interventions with MitraClip having the
most substantial decrease from 3.6% to 1.5%.

Conclusion: Over a seventeen-year period, mitral valve interventions were associated with
improved outcomes despite being applied to an increasingly sicker population.

GRAPHICAL ABSTRACT
Trends in Mitral Valve Surgeries

656.030 mitral valve interventions from NIS (National Innatient Samnlel 2000-2016

2000 2005 2013 2016

Mitral Valve Repair
becomes Introduction of Rapid increase in

predominant valve MitraClip MitraClip
surgery

Increase in
Mitral Valve
Repair

]
|

3
|

Y
|
|

F-Y

o
|
|

N

In Hospital Mortality (% of Sugeries)
(-]
|
|
o
(ueipaw) 21035 AYpIGIoWO) JASNEYXF

L 1 L L 1 L L 1 L L 1 L 1 1 L 1 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

o
o

—n— Mortality - MV e Mortality - MitraClip — ECS- MV ~w— ECS - MitraClip

The landscape of mitral valve surgeries has changed over time and will continue to change with
the introduction of MitraClip. Moreover, the patients undergoing mitral valve surgeries have
changed as well. Patients undergoing surgery in 2016 are sicker with higher comorbidity burden
than patients undergoing surgery in 2000. Despite this however, outcomes from surgeries (LOS
and mortality) are better for all mitral valve surgeries.

MV = mitral valve; ECS = Elixhauser Comorbidity Score

INTRODUCTION

Valvular heart disease affects 1.8% of the United States population, with disorders of the
mitral valve (MV) being the most common. (1) Treatment for severe or symptomatic mitral
regurgitation (MR) was originally done by mitral valve replacement (MVR). Mitral valve
repair (MVr) was first reported by Lillehei in 1957 and the intervention was substantially
improved upon by Carpentier in 1983. (2) Currently, MVr is recommended as the first line
of therapy for those with MR. (3-5) Evidence supporting the use of MVr showed superior
short-term outcomes compared to MVR, although some studies suggest no long-term
difference. (6, 7) The incidence of MV disease increases from 0.5% before 44 years of age
to 9.3% after 75 years of age. (1) Given the significant age and comorbidities of the patients
affected by MR, surgery may not be an option for some patients. (1) Therefore, there is a
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large clinical need for new treatment modalities. In 2013, the Food and Drug Administration
(FDA) approved the MitraClip (Clip Delivery System) for patients with primary MR
determined to be at prohibitive risk for mitral valve surgery. MitraClip is a percutaneous
treatment that delivers a clip to approximate the leaflets to reduce MR. In a high surgical risk
cohort, it has been shown to decrease MR, improve clinical symptoms, and decrease left
ventricle dimensions. (8) MitraClip is currently the only FDA approved percutaneous mitral
valve repair device. The aim of this study is to determine the trends in MV interventions
overall, stratified by type, and to elucidate the trends in patient outcomes from 2000 through
2016.

METHODS

Database

Data was extracted from the National Inpatient Sample dataset (NIS), which is part of the
Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare
Research and Quality (AHRQ). The number of states participating in the NIS database has
increased from 28 in 2000 to 44 in 2016. Prior to 2012, the NIS was a 20% stratified sample
of nonfederal U.S. hospitals which included 100% of those discharges. Starting in 2012, the
NIS represents a 20% stratified sample of discharges from all U.S. community hospitals
from states participating in NIS. It is the largest publicly available all-payer inpatient health
care database in the United States and includes ~7 million hospitalizations per year. We
included all mitral valve procedure discharges that occurred between January 15t, 2000 and
December 315, 2016. The institutional review board determined that this study was
exempted from human research review.

Patient Population

All patients, 18 years or older, undergoing MVR, MVr, or MitraClip were identified using
ICD-9 (January 15t, 2000 through September 30t 2015) or ICD-10 (October 15t, 2015
through December 31%t, 2016) procedure codes listed in Supplemental Table 1. Patients
diagnosed with endocarditis or mitral stenosis were excluded. Comorbid conditions were
identified using Elixhauser methods as recommended for analysis of the NIS database. A
single comorbidity score (CS) was calculated from individual comorbidities based on a prior
published algorithm. (10, 11) Concomitant procedures were determined using the ICD-9 and
ICD-10 diagnosis and procedure codes listed in Supplemental Table 1. (12) Severity of
illness subclass and risk of mortality subclass were included in All Patient Refined
Diagnosis Related Groups (APR-DRGS), a severity measure developed using software from
3M Health Information Systems. APR-DRGs were not available for NIS prior to 2002.

Statistical Analysis

Statistical Analysis System (SAS V9.4, SAS Institute Inc., Cary, NC, US) was used for all
data extraction and analysis including the SAS survey procedures to control for the complex
sampling design. National estimates were generated using discharge trend weights, provided
by HCUP, and controlling for stratification and cluster (hospital) variables. To account for
changes in NIS design, NIS discharge trend weights were used as recommended. (9, 13) No
hospital or state level analysis was performed on the combined dataset due to the redesign of
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the NIS in 2012. (9) Geographic variation was reported by census regions. Census divisions,
were combined into four census regions to be consistent with prior to redesign version of
NIS (13).

We described the sample using univariate and bivariate analyses. Continuous variables were
presented as mean + 95% confidence limits (CL) or median [interquartile range (IQR)]
while categorical variables were expressed as percentages. Analysis of variance (ANOVA)
was used for continuous variables and the Rao-Scott chi-square test was used for categorical
variables. Statistical significance was set at 0.05. To account for changes in patients’
baseline characteristics during the study period, a survey logistic regression model was fit
with in-hospital mortality as the outcome. Year of intervention, age, sex, admission urgency,
comorbidity score, and concomitant procedures were included as covariates in this model.
As a confirmatory analysis the weighted multilevel model for survey data was fit using the
Glimmix procedure (14). Additionally, we performed a subgroup analysis of isolated mitral
replacement, mitral repair and MitraClip. The JoinPoint trend analysis software, developed
by the National Cancer Institute, was used to analyze trends over time and to calculate
annual percent change (APC).

Patient Characteristics

From 2000 to 2016, a total of 701,032 mitral interventions were performed. After exclusion
of endocarditis and stenosis cases, 656,030 (298,102 MVR, 349,053 MVTr, and 8,875
MitraClip) MV interventions were identified nationally (Table 1). No changes in rate of
procedures (per 100,000 people in the US age 18 and older) were observed for this time
period (APC=-0.4, 95% CL -1.1 to 0.3, P=0.3). Similar mean ages were observed in the
MVR and MVr groups (66.0 and 64.8, respectively), while the mean age of patients
undergoing MitraClip was higher (77.3, P<0.001). Females comprised the majority of MVR
surgeries but only the minority of MVr and MitraClip procedures; all three groups were
predominantly white. The majority of all three interventions were done during elective
admissions. Baseline comorbidities differed between the three groups, as shown in Table 1.
Patients undergoing MitraClip were sicker with a median CS score of 10.1, compared to 6.8
in the MVR group and 6.2 in the MVr group (P<0.001). By contrast, MVR appears to
comprise patients with the highest degree of severity of illness (SOI) and risk of mortality
(ROM).

Trends in Interventions

The composition of MV interventions changed significantly over time. From 2000-2010, the
proportion of MVR decreased an average of 5.6% per year (P<0.001), which stabilized post
2010 (Figure 1), while MVr had an average increase of 8.4% per year from 2000-2006
(P<0.001) at which point it then stabilized (APC=-1.6, 95% CL -3.5 to 0.4, P=0.01).
However, the proportion of MVR began to increase in 2008 when stratifying by concomitant
CABG (APC=2.9, P<0.001) (Supplemental Figure 1). MitraClip showed the most dramatic
increase among all MV interventions; from FDA approval in 2013 to 2016, MitraClip
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procedures as a proportion of MV surgeries increased an average of 84.4% annually
(P<.001).

Trends in Patient Characteristics

The burden of comorbidities for patients undergoing MV interventions increased from 2000
to 2016 (Table 2). Median CS for the entire cohort increased by 0.5 points per year from
2000-2002 (P=0.03) and 0.3 points per year from 2009-2016 (P<0.001) (Figure 2).
Moreover, the severity of disease as reflected by the ROM also increased (Figure 3). Among
patients who received MVR, the proportion classified as having “moderate” ROM decreased
(APC=-4.3, P<0.001) while those classified as “major” ROM increased (APC=2.9,
P<0.001). Change in ROM was even greater in the MVr group, where the proportion of
patients with “minor” or “moderate” ROM decreased (APC=-3.0, P<0.001; APC=-3.4,
P<0.001; respectively), while the APC of patients with “major” or “extreme” ROM
increased (APC=3.7, P<0.001; APC=8.7, P<0.001; respectively).

Trends in Outcomes

Length of stay (LOS) (Figure 4) and in hospital mortality (Figure 5) after MV interventions
improved over time. Overall, in-hospital mortality decreased from 8.5% to 3.7% for
procedures. LOS for interventions decreased from 8.8 days to 7.0 days. Albeit MVVR was
associated with the longest LOS and highest mortality rate, the median LOS (2008-2016)
decreased an average of 0.13 days per year (P<0.001) and the mortality rate (2000-2016)
decreased as well (APC=-3.3, P<0.001). MVr had consistently better performance measures
than MVR, with the median LOS decreasing an average 0.15 days per year (2005-2016)
(P<0.001) and the mortality rate decreasing from 2000-2016 (APC=-6.3, P<0.001).
MitraClip recipients’ LOS decreased from a median of 4.0 days in 2013 to a median of 1.8
days in 2016 (decreased an average 0.85 days/year, P=0.03). In hospital mortality for
MitraClip in 2013 was higher than MVr (3.6% versus 3.2%) but has decreased annually to
1.5% in 2016, which is 0.7% lower than MVTr. In-hospital mortality for isolated procedures
decreased from 5.9% to 4% for MVR, and from 2.5% to 1.3% for MVr during the periods
2000-2005 and 2012-2016, respectively. Concurrently, median LOS decreased from 8.4 to 8
days for MVR and 6.1 to 5.7 days for MVr (Table 2).

During the study period, risk adjusted in-hospital mortality after mitral valve interventions
decreased (OR=0.94, P<0.001). The decrease was more pronounced after MVr (with odds
decreasing by 8% annually) versus MVR (5% annually). Risk adjusted in-hospital mortality
for MitraClip decreased but not significantly (OR=0.84, 95% CL 0.59-1.18, P=0.32). These
results were confirmed by fitting weighted multilevel model (Appendix, Table 2).

Regional variations in the trend of MV interventions showed that all regions had an increase
in the prevalence of MVr, the greatest occurring in the Midwest; while all but the Midwest
had a decrease in the prevalence of MVVR (Supplemental Table 3). Mitraclip showed
substantial growth in all regions, but the proportion of MitraClip interventions remained a
relatively small percentage of all MV procedures in 2016 (8% in Northeast and 14% of
Midwest).
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DISCUSSION

Mitral regurgitation is the most common valvular disease in the United States. (1) Severe
MR results in progressive left ventricular dysfunction and congestive heart failure, which is
associated with >5% mortality annually. (15-17) Although medical management alleviates
symptoms, it does not halt the progression of the disease. (16) Therefore, current guidelines
recommend MVr as the first line of therapy for patient with grade 3 or higher MR and left
ventricular dysfunction. An acceptable alternative for patients who cannot undergo MVr is
MVR. (3-5) Given the age and comorbidity burden of patients with MR, there is still a
significant subset of patients with a prohibitive surgical risk. In 2013, the FDA approved
MitraClip for this cohort of patients. The advent of this technology combined with a
refinement of surgical technique has led to updates in guidelines and subsequent changes in
the MV surgery landscape. In this study, we elucidated the trends of surgical procedures,
patient characteristics, and hospital outcomes.

The American Heart Association (AHA)/American College of Cardiology (ACC)
recommend MVr over MVR when feasible (4), and our findings appear to fit these
guidelines. The number of MVR surgeries performed decreased while the number of MVr
surgeries increased, and MVr became the predominant MV surgery in 2005, which
continued through 2016. Additionally, MVR rates increased starting in 2008 and as of 2014
for the subgroup that received concomitant CABG. This is consistent with prior publications
that show MVR has better durability compared to MVTr in this subgroup. (18) In our study,
MV as a percentage of all MV procedures decreased an average 7.2% per year since the
introduction of the MitraClip in 2013 (P<0.001). As a percentage of all MV procedures,
MitraClip comprised 1.0% in 2013, but 10.2% by 2016, an average growth rate of 84.4% per
year (P<0.001). This indicates a favorable perception of this procedure and suggests a
substantial future of this approach to treating MR in patients with heart failure. Interestingly,
the total number of MV procedures did not significantly change with the advent of MitraClip
(P=0.3), contrary to what may have been expected. However, this probably reflects the fact
that MitraClip is not being performed on patients with prohibitive surgical risk but rather on
the highest risk patients that would have received treatment anyways, thereby not expanding
the ranks of those who would receive mitral repair. Other retrospective studies have also
noted that the patients receiving MitraClip may not be clinically distinct from the patients
undergoing traditional MV surgery and that some may be high surgical risk and not
necessarily prohibitive surgical risk. (19-21) Once the FDA has approved expansion of
MitraClip for patients with secondary MV regurgitation, which a recent trial supports, an
expansion of the total number of MV procedures will likely become apparent. (22)

We also observed significant differences in the baseline characteristics of patients receiving
different forms of MV interventions. Recipients of MVr were younger, predominantly male,
and had less comorbidities and severe disease compared with the MVR group. This aligns
with the AHA/ACC recommendation that MVr be considered as the first line of therapy and
MVR only be considered for severely symptomatic patients. (4) Additionally, our findings
are consistent with prior literature which supports elective MVR rather than MVr for older
and sicker patients (23, 24) MitraClip patients had the highest comorbidity burden compared
to MVR and MVr patients (CS=10.1 vs CS=6.8 and CS=6.2 respectively, P<0.001).
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MitraClip patients were also significantly older (MitraClip 77.3 versus MVR 66.0 and MVr
64.8, P<0.001).

The population receiving MV interventions changed over time as well. Patients undergoing
MYV intervention in 2016 were sicker than the patients undergoing MV intervention in 2000
(Central Image, Graphical Abstract). The prevalence of all reported comorbidities increased
in both MVR and MVr groups, along with the median CS. (25-27) This is likely due to
advancements in surgical technique allowing for operations to be performed on older
patients with more severe disease.

Despite the sicker patient population undergoing intervention, LOS and in-hospital mortality
improved from 2000 to 2016. LOS decreased significantly in all three groups, with
MitraClip notably lower than MVVR and MVr. The overall decrease in duration of stay may
be due to the following: better surgical technique, better post-operative care, and more
aggressive discharging. In-hospital mortality decreased for all surgical groups as well;
however, MitraClip did not reach statistical significance. This may be attributed to the
increase in elective surgery rates over time. Regardless, MitraClip maintained a lower
mortality rate than MVR and MVr despite a sicker cohort; in-hospital mortality rate after
MitraClip was 1.9% while MVVR and MVr had in-hospital mortality rates of 7.8% and 4.2%,
respectively (P<0.001). These results are supported by other studies that found early
mortality post MitraClip to be between 1.6-4.8%. (21, 28-30) This may be because a larger
percent of patients in the MitraClip cohort had elective interventions when compared to
other MV procedures. Panaich et al showed that elective procedures were associated with
lower rates of in hospital mortality compared to non-elective procedures. (30) Overall, MV
interventions, regardless of type, have annually improved outcomes while encompassing a
sicker population (Graphical Abstract). MitraClip, in particular, is associated with the best in
hospital outcomes while consisting of the sickest patient population.

This study is not without limitations. The broader ICD-9 codes used from 2000 through the
first three quarters of 2015 were switched to the more granular ICD-10 codes used in the last
quarter of 2015 and 2016. Additionally, there is no ICD diagnosis code to distinguish
between primary and secondary mitral regurgitation. The NIS database does not distinguish
between preoperative and postoperative diagnoses. To adjust for this, we employed the
Elixhauser comorbidity measure, which is maintained by HCUP and designed for
administrative data. Furthermore, clinical information such as percent of regurgitation and
left ventricle dilation were not available through the NIS database. There was also no data on
symptomatic outcomes and long-term clinical outcomes. Despite these limitations, the NIS
is the largest and most commonly used nationally representative database for trend analyzes
and incorporates patients of all insurances and ages.

CONCLUSION

In conclusion, the landscape of MV interventions has changed but the prevalence has not.
Despite being sicker at baseline, patients had better outcomes in 2016 than in 2000. For
many years, MVr had been the treatment standard, an increasingly prevalent treatment
modality associated with the lowest risk. The advent of MitraClip allows for a sicker patient
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population to seek surgical treatment and is associated with a shorter duration of stay and
lower in hospital mortality. With the expansion of MitraClip’s patient population, further
studies are needed to characterize trends for short-term and long-term outcomes in multiple

settings.
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CENTRAL MESSAGE

Although the mitral valve’s population in 2016 was sicker than in 2000, interventions
were associated with decreased in-hospital mortality and length of stay.
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PERSPECTIVE STATEMENT

Untreated severe mitral regurgitation results in left ventricular dysfunction and congestive
heart failure. The advent of MitraClip promises to change the landscape of mitral valve
intervention. Our study elucidates how the field has changed in the last two decades and
provides insight into the direction it may take in the future.
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Figure 1.

Trends in Mitral Valve Interventions from 2000-2016. A — Rate of Mitral Valve
Interventions per 100,000 US Population Age 18 and Older. B - Distribution of Mitral Valve
Interventions.

The

number of MVR surgeries decreased an average 5.1% per year from 2000-2010

(P<0.001) and then stabilized (APC=1.4, 95% CL [-2.5 to 5.5], P=0.5), while the number of
MVr surgeries increased an average 8.4% per year from 2000-2006 (P<0.001) and then
stabilized (APC=-1.6, 95% CL [-3.5 to 0.4], P=0.1). The number of MitraClip procedures
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increased an average 79.8% per year from its introduction in 2013 to 2016 (P<0.001).
However, the total number of surgeries did not significantly change (average 0.4% change
per year, P=0.3).
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Figure 2.
Trends in Median Elixhauser Comorbidity Score from 2000-2016

The Elixhauser Comorbidity Score (CS) for patients undergoing MVR increased 0.1 points
per year from 2000-2008 (P<0.001) and 0.4 points per year from 2009-2016 (P<0.001). In
patients receiving MVr, the CS increased 0.2 points per year from 2000-2016 (P<0.001). In
the MitraClip group, the CS trended toward increasing 0.1 points per year from 2013-2016
(P=0.86). The median CS for the cohort increased 0.5 points per year from 2000-2002
(P=0.03) and 0.3 points per year from 2009-2016 (P<0.001).

MVR = mitral valve replacement; MVr = mitral valve repair
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Figure 3.
Distribution of Risk of Mortality (Based on APR-DRG) for Patients Undergoing Mitral

Valve Intervention from 2002-2016 A — Mitral Valve Replacement; B — Mitral Valve Repair;
C — MitraClip

A: The proportion of MVR patients classified as having a “moderate” risk of mortality
decreased 4.3% per year (P<0.001) while the proportion of patients classified as having a
“major” risk of mortality increased 2.9% per year (P<0.001).

MVR = mitral valve replacement

B: The proportion of MVr patients with “minor” or “moderate” risk of mortality decreased
3.0% and 3.4% per year, respectively (P<0.001 for both), while the percentage of patients
with “major” or “extreme” risk of mortality increased 3.7% and 8.7% per year, respectively
(P<0.001 for both).

MVr = mitral valve repair

C: The proportion of patients with an “extreme” risk of mortality decreased 5.1% per year
(P=0.4).
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Figure 4.
Trends in Median Length of Stay from 2000-2016

The median length of stay (LOS) for MVR patients decreased 0.13 days per year from 2008
to 2016 (P<0.001). For MVr patients, this was a 0.15 days per year decrease from 2005 to
2016 (P<0.001). MitraClip was associated with a much shorter hospital course from its
inception and has decreased 0.85 days per year since (P=0.03).

MVR = mitral valve replacement; MVr = mitral valve repair
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Figureb.
Trends in In-Hospital Mortality Rate from 2000-2016

MVR had the highest in hospital mortality, peaking at just over 10.2% of procedures in 2002
but decreasing 3.2% per year from 2000-2016 (P<0.001). Mortality from MVr was its
highest in 2001 at 7.1% in 2001 and decreased 6.3% per year from 2000-2016 (P<0.001).
Mortality from MitraClip was around 3.6% when it was first introduced in 2013, but
decreased to 1.5% of surgeries in 2016.

MVR = mitral valve replacement; MVr = mitral valve repair
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Trend in in-hospital mortality and comorbidity score for mitral valve surgeries (2000-2016)
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Click here to access/download

Videoclip
JITCVS video.mp4

Video.
Trends in Mitral Valve Surgeries. The landscape of MV interventions has changed but the

prevalence has not. Despite being sicker at baseline, patients had better outcomes in 2016
than in 2000. The advent of MitraClip allows for a sicker patient population to seek surgical
treatment and is associated with a shorter duration of stay and lower in hospital mortality.
With the expansion of MitraClip’s patient population, further studies are needed to
characterize trends for short-term and long-term outcomes in multiple settings.
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Table 1.
Baseline Characteristics of Patients Who Underwent Mitral Valve Intervention from 2000 through 2016 by
Procedure Type
MVR (N=208102) MVr (N=349053) MitraClip (N=8875)  p
Age (Years), Mean [95% Cl] 64.7 [64.5-65.0] 64.4 [64.2-64.7] 77.0 [76.4-77.6] <.001
Gender (%) <.001
Male 45.8 59.1 52.8
Female 54.2 40.9 47.2
Race (%) <.001
White 63.0 66.1 72.7
Black 7.7 6.5 7.0
Hispanic 5.7 4.3 55
Asian/Pacific | lander 2.3 2.1 2.8
Native American 0.4 0.4 0.6
Other 2.9 2.7 31
Missing 18.1 18 8.3
Comorbid Conditions*(%)
Rheumatic Heart Disease 31.2 16.6 9.6 <.001
Congestive Heart Failure 51 445 69.9 <.001
Hypertension 48.4 51.3 66.3 <.001
Peripheral Vascular Disease 7.1 7.1 125 <.001
Chronic Lung Disease 21.3 17 26.3 <.001
Pulmonary Circulatory Disease 24 17.4 335 <.001
Diabetes Méellitus 14.4 14.3 17.6 0.002
Diabetes M ellituswith Complication 3.3 3.3 6.8 <.001
Obesity 7.9 7.6 8.8 0.12
Liver Disease 1.4 11 2.6 <.001
Chronic Kidney Disease 11.2 10.1 35.6 <.001
Anemia 12.7 125 211 <.001
Neurologic Disease 3.7 3.1 4.3 <.001
Hypothyroidism 9.3 8.2 17.8 <.001
Rheumatoid Arthritis 25 1.9 4.2 <.001
Alcohol Abuse 15 1.8 1 <.001
Drug Abuse 1 0.9 0.6 0.01
Depression 4.7 4.4 6.8 <.001
Elixhauser Comor bidity Score, Median [IQR] 6.8 [2.6-11.5] 6.2 [0.8-10.5] 10.1[6.2-14.3] <.001
Type of Admission (%)
Elective 61.4 66.8 75.9 <.001
Emergent/Urgent 38.6 33.2 24.1
Type of Procedures (%)
Isolate Mitral Valve 49.6 47.7 100
Concomitant CABG 28.5 34 0 <.001
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MVR (N=298102) MVr (N=349053) MitraClip (N=8875)  p

Concomitant Aortic Valve Replacement 11.8 8.6 0 <.001
Concomitant CABG and AVR 5.6 5.5 0

Concomitant Tricuspid Valve Replacement 0.2 0.3 0 <.001
Concomitant Procedureson the Aorta 14 2 0 <.001

Severity of 11iness (2002-2016 ) (%)

Minor 0 23.6 1.3 <.001
Moderate 23.3 10.6 52.1
Major 47.3 43.7 36.4
Extreme 29.4 221 10.3

Risk of Mortality (2002-2016 ) (%)

Minor 0.1 17.8 7.4 <.001
Moderate 47.2 37.9 46.3
Major 30.7 276 36.1
Extreme 219 16.6 10.3

Observed Outcomes

LOS (Days), Median [IQR] 9.7 [6.4-15.9] 7.6 [5.0-12.9] 2.2[0.9-5.0] <.001

Died During Hospitalization (%) 7.8 4.2 1.7 <.001
Isolated procedure

LOS (Days), Median [IQR] 8.3 [5.7-13.7] 5.9 [4.2-8.9] 2.2[0.9-5.0]

Died During Hospitalization (%) 5.0 17 1.8 <.001

*
Data was not available prior to 2002.

MVR = mitral valve replacement; MVr = mitral valve repair; CABG = coronary artery bypass surgery
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