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Abstract

Background: This study sought to investigate health and healthcare disparities in the
management of severe mitral regurgitation with transcatheter edge-to-edge repair using MitraClip
and how racial differences impact resource utilization and costs.

Methods: We retrospectively analyzed the National Inpatient Sample (NIS) for patients who
underwent Transcatheter Edge-to-Edge Repair (TEER) using MitraClip between 2016 and 2018.
The patients were stratified into four racial cohorts and study outcomes included high resource
utilization (HRU), periprocedural complications, and total procedural costs. High resource
utilization (HRU) was defined as length of stay (LOS) =7 days or a nonhome disposition
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at discharge. Multivariate logistic regression models were utilized to determine independent
predictors of HRU.

Results: 17,100 weighted TEER patients were segregated by race: Caucasian (7= 13,270),
others (n=1510), African Americans, AA (n= 1245) and Hispanics (7= 1075). More African
Americans and Hispanics had TEER at Urban facilities (P < 0.001), which were teaching hospitals
as well (P < 0.001) but were less likely to be covered by public insurance options -Medicare

or Medicaid (P < 0.001). More AA (52.2 %) and Hispanics (27.6 %) were likely to be in

the lowest median annual income quartile versus Caucasians (19.2 %) (£=0.003). AA and
Hispanics had higher resource utilization (HRU), prolonged length of stay, nonhome disposition
at discharge, higher procedural costs and periprocedural complications versus Caucasians. The
logistic regression model revealed acute kidney injury (AKI) and actual procedural costs as
independent predictors of HRU in both African American and Hispanic groups.

Conclusion: Significant Health and healthcare disparities do exist among underrepresented,
racial minority patients undergoing transcatheter edge-to-edge repair in the US. These disparities
were associated with higher resource utilization and actual costs in patients with mitral
regurgitation treated with TEER.
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Introduction

Mitral regurgitation (MR) is the most common valvular heart disease in the United States,
affecting >2 million people [1]. Cardiac surgery is considered the standard of care in the
treatment of symptomatic severe primary mitral regurgitation [2,3]. Recently, Transcatheter-
edge-to-edge repair (TEER) using MitraClip was approved and incorporated into the
practice guidelines as a reasonable option for patients with primary severe MR who are

at high or prohibitive surgical risk with at least 1-year life expectancy [4]. TEER has also
found utility as a reasonable consideration in the management of patients with secondary
severe mitral regurgitation with left ventricular ejection fraction of 20-50 % on maximally
tolerated Goal Directed Medical Therapy (GDMT) with clinical benefits sustained through 3
years after percutaneous MitraClip placement [4,5].

Racial disparities in the utilization and mortality outcomes of TEER have been suggested in
a previous analysis of a nationwide database which showed Caucasian patients had higher
in-hospital mortality compared with African Americans [6]. However, a recent Cohort-based
observational study using the National Inpatient Sample showed that African American
patients experienced a higher rate of in-hospital death, but a similar overall rate of post-
procedural adverse events when compared to Caucasian patients. It also alluded to the
negative impact of Lower income levels on clinical outcomes in underrepresented minority
TEER patients [7]. While comparative clinical outcomes following TEER in different
ethnicities and racial groups have been shown, the impact of race on resource utilization
and procedural cost has not been well established. We analyzed racial disparities among
severe mitral regurgitation patients treated with TEER using MitraClip and identified how
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these dissimilarities led to high resource utilization (HRU). HRU was defined as a prolonged
length of hospitalization greater or equal to 7 days or nonhome disposition at discharge [8].
Results from this analysis may have far-reaching implications in recent efforts to reduce
overall costs in the current healthcare economy.
2. Methods

The National inpatient sample (NIS) was the data source utilized for this retrospective
observational analysis. The NIS is the largest widely accessible registry of inpatients in

the United States. This registry is maintained through a Federal-State-industry partnership
under the auspices of the Agency for Healthcare Research and Quality (AHRQ). It contains
clinical data from >7 million admissions annually representing over 35 million actual
hospitalizations [9]. Institutional Review Board approval was not required as the registry
contained de-identified patient information and is publicly accessible.

We analyzed the NIS from 2016 to 2018 for patients who underwent Transcatheter Edge-to-
Edge Repair (TEER) with MitraClip using the ICD-10 procedure code 02UG3JZ. 17,100-
weighted study subjects who underwent TEER were included in the analysis while 67
patients with missing data were excluded from the study. The final study subjects were
stratified into four Ethnic/Racial cohorts: Caucasians, African Americans (AA), Hispanics,
and others (Asians, Pacific Islanders, and Native Americans). The baseline features extracted
included median age, sex, race, associated comorbidities (Diabetes mellitus, hypertension,
obesity, coronary artery disease, chronic heart failure, chronic lung disease, and chronic
renal failure), Charlson co-morbidity categories, median household income according to
patient’s zip code extrapolated from census data, insurance type, hospital characteristics.

The principal outcome of interest was HRU, a surrogate for the composite of prolonged
hospital stay greater or equal to 7 days or nonhome disposition at discharge [10]. Secondary
endpoints were actual procedural costs, length of stay, non-home discharge location,
periprocedural complications including acute coronary syndrome, vascular injury, stroke,
acute kidney injury, stroke, acute kidney injury, acute kidney injury requiring dialysis, use
of mechanic circulatory supportive devices, pacemaker placement and a composite of any of
these procedural complications.

3. Statistical analysis

We described baseline characteristics and outcomes within each ethnic/racial cohort, using
descriptive statistics and analyzed utilizing the Kruskal Wallis H method. A multivariate
logistic regression model was utilized to determine independent variables which successfully
predicted HRU within each cohort. A stepwise regression evaluation was used to select the
variables.

Variables used for the multivariate logistic regression model, included Age, female gender,
associated comorbidities (Diabetes mellitus, hypertension, obesity, coronary artery disease,
chronic heart failure, chronic lung disease, and chronic renal failure), insurance status,

median annual income, hospital bed size, teaching hospital status, hospital regions, hospital
location, perioperative acute coronary syndrome, vascular injury, acute kidney injury, acute
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kidney injury requiring renal replacement therapy, mechanical circulatory support, and
pacemaker placement. The reference cohort was the Caucasian group. Associations were
deemed significant if the p-value was <0.05. Statistical analyses were performed using
STATA software: version 17 (Stata/BE 17, StataCorp College Station, TX, USA).

4, Results

Among 17,100 study subjects who underwent TEER between 2016 and 2018, 13,270 were
Caucasians (77.6 %), 1510 were others (8.8 %), 1245 were African Americans (7.3 %),

and 1075 were Hispanics (6.3 %). The racial minority cohort was significantly younger
when compared with the Caucasian cohort. The gender distribution showed that the African
American and Hispanic categories had female majorities of 57 % and 50.7 % while the
others and Caucasians had female minorities of 49.9 % and 46.3 %. The comorbidity burden
was heterogeneously distributed across the racial groups. Of note, the minority groups had
a higher comorbidity burden of Charlson comorbidity index of 3 or greater with African
Americans having the highest percentage of 74.1, followed by Hispanics (64 %), others
(56.8 %), and Caucasians (52.0 %). Comorbidities that were significantly different across
the groups, included diabetes mellitus (£ < 0.001), obesity (P < 0.001), coronary artery
disease (P < 0.001), chronic lung disease (P = 0.025), and chronic renal failure (P < 0.001).

The Hispanic cohort had the highest proportions with a history of diabetes mellitus (44.2
%). African Americans had the highest proportion of obesity (19 %), while Caucasians

had the highest percentage of patients with a history of coronary artery disease (72.2 %).
African Americans had the highest percentage of chronic lung disease (29.3 %) and chronic
renal failure (47.3 %). This study revealed a heterogenous distribution of median annual
income, a surrogate of socioeconomic status, across the four racial groups. Essentially, the
ethnic minorities were in the lowest median annual income level when they were compared
with the Caucasian cohort. The African American group had 52.2 % in the lowest socio-
economic group, followed by Hispanics (27.6 %), Caucasians (19.2 %), and others (18.5 %)
(Table 1). Furthermore, the minority cohorts largely, underwent TEER in large bed-sized,
urban hospitals, when compared with the Caucasian group. 84.7 % of Hispanics, 80.1 % of
others, and 77.5 % of African Americas patronized hospitals with large bed sizes for the
management of severe mitral regurgitation via TEER, compared with 74.3 % of Caucasians.

All the minority groupings underwent TEER in urban hospitals (100 %) compared with
Caucasians (99.6 %). Caucasians (0.4 %) were the only racial group that was seen in rural
settings. African Americans were largely concentrated in the South (50.6 %), followed

by Hispanics (45.9 %), and Caucasians (35.8 %). Others were more likely to present to
hospitals in the West (37.1 %).

The primary outcome of interest, HRU, was significantly different across the groups (P

= 0.003). African Americans (22.5 %), Hispanics (20.5 %), and others (15.9) were more
likely to have high resource utilization when compared with Caucasians (14.9 %). The
secondary outcomes of our study were also statistically different in length of stay (P<
0.001), nonhome disposition at discharge (P < 0.001), actual procedural costs (P < 0.001),
periprocedural acute coronary syndrome (P < 0.001), AKI (P < 0.001), AKI requiring
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dialysis (P < 0.001), and composite perioperative complications (P < 0.001). The racial
minority patients (African Americans, Hispanics, and others) had higher rates of these
periprocedural complications. Hispanics and African Americans were more likely to be
discharged to nonhome locations (24.5 % and 20.9 %) versus Caucasians (16.9 %). Racial
minority cohorts, African Americans, Hispanics, and others had higher actual procedural
costs ($25,218 + 15,743, $25,415 + 16,816, and $27,443 + 14,952 respectively), when
compared to Caucasians ($22,516 + 12,683) Additionally, Hispanics, African Americans,
and others had longer length of stay (7.1, 5.5 and 4.8 days respectively), while the
Caucasians had 4.3 days of hospitalization. Pacemaker placement (P = 0.055), mechanical
circulatory support (P=0.091), stroke (P= 0.064), and vascular injuries (P= 0.072) were
not different among the groups (Table 2).

The multivariate logistic regression model used, showed that AKI and actual procedural
costs were independent predictors of HRU following TEER in all patients in the study.
When the model was applied to the TEER Caucasian patients, AKI and actual procedural
costs predicted HRU. Similarly, the logistic regression analyses applied to the African
American patients also showed that AKI and actual procedural costs were strongly
associated with HRU (Fig. I). The multivariate logistic regression model applied to both
the Hispanic and other cohorts did not yield any associations (Fig. 2).

5. Discussion

Our study showed that there exist health and healthcare disparities among patients with
severe mitral regurgitation who underwent TEER in the United States. Essentially, racial
minority TEER patients reported a higher rate of perioperative complications which
translated into higher resource utilization and actual procedural costs.

There was a substantial underrepresentation in access of these minority patients who
underwent TEER with MitraClips for the management of patients with both primary and
secondary severe mitral regurgitation. This disparity in access to innovative technologies in
the management of structural heart disease has been reported in previous studies [6,7,11,12].
Furthermore, this study demonstrated that minority patients were significantly younger
with higher baseline comorbidities when compared with Caucasian patients. This was
further corroborated by a previous observational analysis which showed that among 7940
transcatheter mitral valve repair (TMVR) from 2012 to 2016, Caucasians were significantly
older (77.7 + 10.8 vs. 67.2 + 14.28, p < 0.001) when compared their African American
counterparts [6]. Elbadawi et al. also showed higher rates of chronic illnesses, such

as diabetes, CKD, chronic lung disease, chronic anemia, and prior ICD placement [6].
Considering this high burden of comorbidities in underrepresented racial minority patients, it
is safe to state that these are the patients who are more likely to benefit from TEER as their
overall profile may increase their surgical risks as compared with Caucasian patients.

We also showed that minority TEER patients had disproportionately high resource
utilization (HRU) and procedure costs, with worse periprocedural complication rates when
juxtaposed with their Caucasian colleagues. These attributions are supported by previous
reports from the American Heart Association, which forecasted that the total costs of
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cardiovascular diseases in minority patients are anticipated to exceed those of Caucasians in
the next thirteen years [13]. As the focus on heart care begins to shift efforts from curative
measures to preventive strategies, this healthcare cost can be alleviated as the burden to curb
to rising prevalence of cardiovascular disease including valvular heart disease such as mitral
regurgitation. Even though some of these racial disparities may be attributed to genetic
differences and other social determinants of health, these preventive efforts are monumental
in the management of the cardiovascular disease [14].

In a cohort-based observational study of the national inpatient sample, Sparrow et al. showed
racial and ethnic disparities in TEER outcomes, aged-adjusted race and ethnic minorities
were less underrepresented in clinical events as compared to Caucasian patients, with lower
income levels having a negative impact on in-hospital outcomes [7]. Additionally, in another
retrospective analysis, Alkhouli et al. observed no significant differences in the adjusted
hospital mortality or key complications between patients of Caucasian, African American,
and Hispanic ethnicity following three structural heart disease interventions, transcatheter
aortic valve replacement, transcatheter aortic valve replacement, transcatheter mitral valve
repair or left atrial appendage occlusion. They also showed no difference in cost between
Caucasian and African American patients [11]. Our study is one of few analyses to show
that racial disparities may have an impact on healthcare resource utilization and costs.

This is the first study that assessed the impact of race on increased healthcare resource
utilization by looking at the length of stay and non-home discharge disposition, including
actual operative costs, which is a significant component of overall healthcare cost, in the
realm of transcatheter edge-to-edge repair with MitraClips.

6. Limitations

This analysis, as with all other observational studies, is not without limitations. Unmeasured
variables and other confounders may affect some of the associations described in this
study. An important limitation of this study stems from the nature of the NIS database,

as results from this study may be subject to coding and documentation errors. Data

used for this analysis was without granular echocardiographic information, including left
ventricular systolic and diastolic, regurgitant fraction and volume, regurgitant orifice area,
and quantitation of the severity of regurgitant jet. All of which may potentially have

an impact on in-hospital clinical outcomes in studies such as our analysis. Despite the
unavailability of these parameters, analysis of large registries such as the National inpatient
sample (NIS) database provide key insights into the understanding of the current real-world
practice and serves as hypothesis-generating tools in the field of structural interventional
cardiology and other areas of important research.

Lastly, our study primarily reported in-hospital outcomes without long-term follow-up data.
The strength of this analysis is highlighted in the large size of the study population,
including the nationally representative nature of the subjects included in the study.
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7. Conclusion

In conclusion, we demonstrated that racial minority groups undergoing TEER for severe
mitral regurgitation, even though, were younger had a higher burden of comorbid maladies
at baseline. These minority groups also had low socio-economic status. These disparities
were associated with poor clinical outcomes, periprocedural complications rates, and
ultimately HRU. Further research is needed to uncover the factors that underpin these
disparities in health and healthcare resource utilization in the realm of transcatheter edge-to-
edge repair and more importantly, strategies to bridge these gaps in healthcare delivery in the
United States.
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Fig. I.

Forest plot showing the multivariate logistic regression analyses for variables associated
with HRU including independent predictors of high resource utilization among TEER
patient in Caucasian and African American cohorts.
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Fig. 2.

Forest plot showing the multivariate logistic regression analyses for variables associated
with HRU including independent predictors of high resource utilization among TEER
patient in Hispanic and other groups.
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