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Purpose: To identify racial/ethnic disparities in utilization rates, in-hospital outcomes and health care resource
use amongNon-HispanicWhites (NHW), African Americans (AA) and Hispanics undergoing transcatheter aortic
valve replacement (TAVR) in the United States (US).
Methods and results: The National Inpatient Sample database was queried for patients ≥18 years of age who
underwent TAVR from 2012 to 2014. The primary outcome was all-cause in hospital mortality. A total of
36,270 individuals were included in the study. The number of TAVR performed per million population increased
in all study groups over the three years [38.8 to 103.8 (NHW); 9.1 to 26.4 (AA) and 9.4 to 18.2 (Hispanics)]. The
overall in-hospital mortality was 4.2% for the entire cohort. Race/ethnicity showed no association with in-
hospitalmortality (P N .05). Though no significant differencewere found betweenAA andNHW in any secondary
outcome, being Hispanic was associated with higher incidence of acute myocardial infarction (aOR= 2.02; 95%
CI, 1.06–3.85; P = .03), stroke/transient ischemic attack (aOR= 1.81; 95% CI, 1.04–3.14; P = .04), acute kidney
injury (aOR= 1.65; 95% CI, 1.23–2.21; P b .01), prolonged length of stay (aOR= 1.18; 95% CI, 1.08–1.29; P b .01)
and higher hospital costs (aOR = 1.27; 95% CI, 1.18–1.36; P b .01).
Conclusion: There are significant racial disparities in patients undergoing TAVR in the US. Though in-hospital
mortality was not associated with race/ethnicity, Hispanic patients had less TAVR utilization, higher in-hospital
complications, prolonged length of stay and increased hospital costs.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Transcatheter aortic valve replacement (TAVR) has recently become
themainstay of treatment for many patients with severe aortic stenosis
(AS) that otherwise are considered at an inordinate risk to undergo sur-
gical replacement [1]. Nonetheless, following the historical trend of
Medicine, School of Medicine,
Box 365067, San Juan, Puerto

nandez-Suarez).
other novel advances in the cardiovascular field, TAVR clinical studies
have beenmainly focused on Caucasian populationswith limited repre-
sentation of minority groups [2,3]. Previous studies have shown that
along with African Americans (AA), Hispanics are a target of significant
cardiovascular disparities and burdened with a higher prevalence of
cardiovascular disease than their Caucasian counterparts [4].

With over 58,000 patients in the United States (US) undergoing
TAVR as an alternative to conventional surgical aortic valve replacement
(SAVR) as of 2016 [3], it is crucial to examine current utilization trends
with regards to TAVR use.

Recently published studies addressing racial disparities in patients
undergoing aortic valve replacement have mainly focused on the AA
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population [3,5]. However, little is known about TAVR use in Hispanics,
the largest minority group in the United States [6]. To answer this im-
portant question, we reviewed the Nationwide Inpatient Sample (NIS)
database to identify if any potential racial differences exist with regards
to clinical risk profiles, TAVR utilization rates, in-hospital outcomes, re-
source utilization, and cost of care between Non-Hispanic Whites
(NHW), AA, and Hispanics.

2. Materials and methods

Data was obtained from the 2012–2014 National Inpatient Sample
(NIS) database files. The NIS is a publicly available de-identified data-
base of hospital inpatient stays, sponsored by the Agency for Healthcare
Research and Quality as part of the Healthcare Cost and Utilization Pro-
ject [7]. It is the largest all-payer inpatient care database in the US and
approximates a 20% stratified sample of all discharges from community
hospitals in the 46 participating states. Discharge weights are provided
for each record and can be used to obtain national estimates. Each re-
cord represents a hospital stay and includes information on primary
and secondary discharge diagnoses and procedures, demographics, hos-
pital characteristics, expected payment source, total charges, discharge
status, length of stay (LOS), and comorbiditymeasures. A category 4 ex-
emption was granted by the local Institutional Review Board (Protocol
B0560118) of the University of Puerto Rico Medical Sciences Campus
(UPR MSC) to conduct the study.

The International Classification of Diseases, Ninth Edition, Clinical
Modification (ICD-9-CM) procedure codes was used to identify all pa-
tients aged ≥18 years undergoing TAVR (procedures codes 35.05 and
35.06) from January 2012 to December 2014 (N= 41,025) (Fig. 1). Re-
cords with missing data on race, in-hospital mortality, age or gender
were excluded from analysis. The final study population (N = 36,270)
was divided into 3 groups according to race/ethnicity: NHW (n =
33,355), African-American (n = 1480) and Hispanics (n = 1435).
Other races and/or ethnic groups were also excluded from our analysis.
A list of ICD-9-CM codes used for selection of the study population is
provided in Table S1 in the Data Supplement.

The followingbaseline characteristicswere used in our study: demo-
graphics (age, gender, primary expected payer, median household in-
come for patient's ZIP code, discharge disposition) and relevant
comorbidities [smoking, underweight, dyslipidemia, known coronary
artery disease (CAD), history of prior myocardial infarction (MI), percu-
taneous coronary intervention (PCI), coronary artery bypass grafting
(CABG), transient ischemic attack (TIA)/stroke, atrialfibrillation, carotid
artery disease, permanent pacemaker (PPM) implantation, implantable
Fig. 1. Flowchart for selectio
cardioverter defibrillator (ICDf) and dementia]. Other Elixhauser's co-
morbidities like heart failure, diabetes mellitus, hypertension, obesity,
peripheral vascular disease, renal failure, anemia, chronic pulmonary
disease, coagulopathy, hypothyroidism, liver disease, fluid and electro-
lyte disorders, cancer, pulmonary circulation disorder, alcohol abuse,
depression, drug-abuse, valvular disease, psychoses and neurological
disorders were also identified [8].

Hospital-level characteristics were bed size, hospital location, teach-
ing status and census region. A list of ICD-9-CM and Clinical Classifica-
tion Software codes used to identify comorbidities is included in
Table S1 in the Data Supplement.

Our primary outcome of interest was all-cause in-hospital mortality.
Secondary outcomes of interest were TIA/stroke, acute myocardial in-
farction (AMI), cardiogenic shock, cardiac arrest, major bleeding, vascu-
lar complications, new requirement for PPM, conversion to SAVR, AKI
and sepsis. Major adverse cardiovascular events (MACE) and net-
adverse cardiovascular events (NACE) were composite outcomes
which included all-cause in-hospital mortality, AMI, stroke/TIA with
the latter also including major bleeding and vascular complications.
Other evaluated secondary outcomes were length of stay (LOS) and
total hospital costs for patients surviving the hospitalization. Definitions
and ICD-9-CM codes for these outcomes have been used in previous
studies and are enlisted in Table S1 in the Data Supplement [9,10].
TAVR utilization rates were calculated based on number of TAVR proce-
dures adjusted for the total population of patients of a particular race/
ethnicity for each year. National population estimates for both the over-
all sample and older patients (≥75 years) were obtained from the US
Census Bureau [11].

National Inpatient Sample discharge weights were applied to all sta-
tistical analyses, as recommended by the Agency for Healthcare Re-
search and Quality [12], in order to obtain national estimates on each
outcome assessed in our study. Patients' baseline and hospital charac-
teristics, and TAVR approach (i.e., transapical or endovascular) were
assessed overall and according to racial group using descriptive statis-
tics. Differences between these groups were assessed on all these vari-
ables using Pearson Chi-squared test and adjusted Wald test, as
appropriate. Unadjusted and adjusted odds ratios (ORs)were estimated
using logistic regression and multinomial regression models to deter-
mine the magnitude of differences between racial groups for in-
hospital patient outcomes with two (i.e., binary) or more categories, re-
spectively. In addition, the magnitude of association (unadjusted and
adjusted ORs) between race/ethnicity and hospital cost as well as pa-
tients' length of stay were estimated through a Generalized Linear Re-
gression models with negative binomial distributions. For all these
n of the study sample.



Table 1
Baseline and hospital characteristics of TAVR patients.

Variables Overall
n =
36,270

Non-Hispanic
Whites
n = 33,355

African
Americans
n = 1480

Hispanics
n = 1435

P-value†

Age (in years),
mean ± SD

81.1 ±
8.5

81.3 ± 8.2 77.7 ±
10.8

78.8 ±
10.9

b.001

Women, % 47.9 47.4 60.8 44.3 b.001
Smoker, % 27.9 28.3 23.3 23.7 .05
Underweight, % 0.9 0.9 1.0 0.7 .93
Dyslipidemia, % 64.6 64.7 61.2 64.5 .45
Known CAD, % 71.2 71.7 61.5 70.0 b.01
Prior MI, % 13.0 13.2 10.5 10.1 .12
Prior PCI, % 18.5 18.8 12.8 17.4 .04
Prior CABG, % 22.2 22.9 7.4 22.0 b.001
Prior TIA/stroke, % 12.6 12.7 13.9 9.8 .32
Atrial fibrillation, % 44.8 46.2 25.0 32.4 b.001
Carotid artery disease, % 7.3 7.5 4.7 5.9 .17
Prior PPM, % 10.4 10.5 7.1 12.2 .10
Prior ICD, % 3.0 3.1 2.0 1.4 .17
Dementia, % 5.0 5.0 7.4 3.1 .07
Elixhauser
comorbidities, %
Heart failure 12.2 12.1 14.9 11.5 .35
Diabetes mellitus 34.4 33.4 43.9 47.0 b.001
Hypertension 79.6 79.4 82.4 81.9 .28
Obesity 14.0 13.7 21.0 13.6 b.01
Peripherovascular
disease

29.2 29.1 29.7 30.3 .89

Renal failure 35.2 34.3 51.0 40.1 b.001
Anemia 26.0 25.4 37.5 30.0 b.001
Chronic pulmonary
disease

33.4 33.8 28.7 31.0 .11

Coagulopathy 23.8 23.4 27.7 30.0 .01
Hypothyroidism 20.4 20.8 14.5 18.1 .02
Liver disease 2.4 2.4 3.4 2.8 .49
Fluid and
electrolyte disorder

25.9 25.6 32.1 27.5 .04

Cancer 3.6 3.7 3.4 3.1 .87
Neurologic disorder 6.3 6.4 5.7 4.9 .54
Psychoses 1.7 1.7 2.4 1.7 .71
PUD w/o bleeding 0.03 0.03 0.0 0.0 .93
Valvular disease 3.4 3.3 5.1 3.8 .21
Pulmonary
circulation disorder

3.9 3.8 4.7 3.8 .75

Alcohol abuse 1.2 1.2 1.0 0.7 .72
Rheumatoid
arthritis or collagen
disease

5.1 5.2 5.7 3.1 .34

Depression 7.2 7.4 4.7 6.6 .28
Drug abuse 0.3 0.3 0.3 0.4 .99

Mean no. of
Elixhauser
comorbidities,
mean ± SD

4.3 ±
2.2

4.3 ± 2.2 5.1 ± 2.5 4.7 ± 2.2 b.001

Hospital
characteristics
Primary payer, % b.001
Medicare 90.2 90.9 83.3 82.2
Medicaid 1.0 0.7 3.1 5.9
Private insurance 7.1 6.8 11.9 9.4
Self-pay 0.5 0.5 1.4 0.7
Other 1.1 1.1 0.3 1.8

Median household
income
(percentiles), %

b.001

0 to 25th 21.6 19.8 48.6 34.4
26th to 50th 25.0 25.3 19.7 22.1
51th to 75th 25.1 25.5 17.7 23.9
76th to 100th 28.3 29.4 14.0 19.6

Bed size, % .50
Small 4.7 4.9 2.0 4.2
Medium 17.2 17.2 17.2 16.4
Large 78.1 77.9 80.7 79.4

Hospital location, % .17
Urban

non-teaching
88.5 88.2 91.9 92.0

Table 1 (continued)

Variables Overall
n =
36,270

Non-Hispanic
Whites
n = 33,355

African
Americans
n = 1480

Hispanics
n = 1435

P-value†

Urban teaching 10.7 10.9 8.1 8.0
Rural 0.8 0.9 0.0 0.0

Hospital region, % b.001
Northeast 26.1 26.8 21.6 15.0
Midwest 19.0 19.5 21.6 3.5
South 36.5 36.0 46.6 37.3
West 18.4 17.7 10.1 44.3

Discharge
disposition, %

.64

Routine 33.6 33.4 36.5 36.2
Transfer - short

term hospital
0.8 0.8 0.7 1.7

Transfer - other
facility

29.2 29.5 26.7 24.4

Home health care 32.1 32.1 32.4 32.4
Against medical

advice
0.01 0.02 0.0 0.0

Other 4.2 4.2 3.7 5.2
TAVR access site, % b.001
Transapical 19.7 19.6 14.2 28.2
Endovascular 80.5 80.6 85.8 71.8

Abbreviations: CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous
coronary intervention; CABG, coronary artery bypass graft; TIA, transient ischemic attack;
PPM, permanent pacemaker; ICD, implantable cardioverter defibrillator; PUD, peptic ulcer
disease.

† Adjusted Wald Test and Pearson Chi-squared test were used to calculate P-values as
appropriate.

548 D.F. Hernandez-Suarez et al. / Cardiovascular Revascularization Medicine 20 (2019) 546–552
regression models, the NHWwere used as reference. Models that were
adjusted included the following covariates: age, gender, known coro-
nary artery disease, prior percutaneous coronary intervention, prior cor-
onary artery bypass graft, diabetes mellitus, renal failure, coagulopathy,
fluid and electrolyte disorder, coronary heart failure, hypertension, pul-
monary circulation disorder, depression, and cancer. The crude rates of
patients undergoing TAVR (per million) were estimated by year and ra-
cial group. Crude rates' annual percent changes (APC) were calculated
using Joinpoint Regression Models [13] to assess trends of TAVR use
among each studied group. Furthermore, patients' 30-days survival
was assessed by race/ethnicity thru Kaplan Meier and a Cox regression
model; proportional hazard assumption test was performed. Statistical
analyses were performed using Stata v.15 (College Station, Texas
77845 USA); P-values b .05 were considered statistically significant.
3. Results

A total of 36,270 TAVR were included in our study, which represent
the 88.4%of all TAVRperformed in theUS between2012 and 2014. Non-
Hispanic Whites accounted for the 92.0% of all procedures followed by
AA (4.1%) and Hispanics (3.9%). Compared to NHW, the minority sub-
groupswere significantly younger (Table 1). Gender stratification ofmi-
norities showed the AA women were a majority (60.8%) within their
race/ethnicity whereas men were more represented in the Hispanic co-
hort (55.7%). Comorbidity burden was distributed heterogeneously.
However, the AA and Hispanic cohorts were less likely to have known
coronary artery disease, history of prior PCI, prior CABG and Atrial Fibril-
lation. Compared to minorities, NHW were less likely to have diabetes
mellitus, renal failure, anemia and coagulopathies. No inter-racial differ-
ences were noted in cardiovascular comorbidities such as heart failure,
peripheral vascular disease, smoking, hypertension, dyslipidemia, his-
tory of prior myocardial infarction, prior stroke/TIA, valvular heart dis-
ease and carotid artery disease. Also, no differences were observed in
prior history of intracardiac devices placement like ICD/pacemaker be-
tween all these groups. Of notice, Hispanics had the highest proportion
of patients diagnosed with Diabetes Mellitus (47.0%) while AA (21.0%)
were more obese. Compared to NHW, AA and Hispanic populations



Fig. 2. Race/Ethnic variation in Utilization of TAVR in population aged: A) ≥18 years, and B) ≥75 years.
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had higher burden of Elixhauser comorbidities: 4.3% (NHW) vs 5.1%
(AA) vs 4.7% (Hispanics).

In terms of median household income, both AA and Hispanics had
the higher proportion of patients below the 50th percentile. Medicare
beneficiaries comprised the majority of TAVR patients across all races/
ethnicities with most of them seeking care at large urban non-
teaching hospitals. Geographically, about one-third of TAVR procedures
were performed in the southern US with AA predominance. Similarly,
Hispanics comprised ~45% of cases in thewestern USwith NHWdistrib-
uted evenly across the country. About one-third of patients were
discharged home postprocedure with no inter-race/ethnic differences.
In addition, although most patients underwent TAVR using an
endovascular approach in the three study subgroups, the transapical ap-
proach was more oftenly used in Hispanics.

A ~2.5 fold increase in the number of TAVR procedures done on an
annual basis was observed between 2012 and 2014 (Supplement
Tables S2, S3). TAVR performed per million population increased from
38.8 to 103.8 in NHW, 9.1 to 26.4 in AA, and 9.4 to 18.2 in Hispanics.
Of notice, both AA and Hispanics had the lowest rates of TAVR
Table 2
Odds ratios for in-hospital mortality among patients undergoing TAVR, by year and overall, acc

Years Non-Hispanic Whites
n = 33,355

African Am
n = 1480

2012a

In-hospital mortality, % 4.95 3.85
Unadjusted OR (95% CI) Ref. 0.75 (0.18;
Adjusted ORb (95% CI) Ref. 0.66 (0.15;

2013
In-hospital mortality, % 4.58 4.55
Unadjusted OR (95% CI) Ref. 0.99 (0.35;
Adjusted ORb (95% CI) Ref. 0.85 (0.28;

2014
In-hospital mortality, % 3.59 3.21
Unadjusted OR (95% CI) Ref. 0.89 (0.36;
Adjusted ORb (95% CI) Ref. 0.58 (0.23;

Overall (n = 35,805)
In-hospital mortality, % 4.17 3.72
Unadjusted OR (95% CI) Ref. 0.89 (0.48;
Adjusted ORb (95% CI) Ref. 0.70 (0.37;

Abbreviations: CI, confidence intervals; AA, African-Americans; OR, odds ratios.
Note: weighted data were used for all analyses.

a A total of 465 patientswerenot included in the analysis due to one additional stratum thatw
b Adjusted for demographics (i.e., age, gender), known coronary artery disease, prior percuta

(i.e., diabetes mellitus, renal failure, coagulopathy, fluid and electrolyte disorder, coronary hea
payer, median household income, hospital region, discharge disposition and TAVR access site.
procedures among the three study groups (Fig. 2A). In fact, for older pa-
tients (≥75 years), TAVR utilization in Hispanics showed no significant
annual percentage change (34.6% P N .05) (Fig. 2B).

The overall in-hospital mortality was 4.2% for the entire cohort. In-
hospital mortality was similar between NHW, AA and Hispanics across
the study years (Table 2) with overall mortality of 4.2% in NHW, 3.7%
in AAand 5.2% inHispanics. Still after adjusting for demographic charac-
teristics and TAVR access site, no significant differences were observed
among these groups from 2012 to 2014. The same results were
reproduced in a Cox's regression model where race/ethnicity showed
no association with in-hospital mortality at 30-days of stay (Fig. 3).

The in-hospital mortality for endovascular and transapical TAVR was
4.0% and 5.2% respectively in the overall group. There was no significant
differences in absolute in-hospital mortality among the three race/ethnic
groups in either transapical or endovascular cohorts (Table S4). However,
highermortality trendswere observed inminority subgroups for patients
undergoing transapical TAVR: NHW 4.9% vs AA 9.5% vs Hispanics 7.4%.

Comparison of multiple secondary outcomes between the study
subgroups showed a higher incidence of all secondary outcomes in the
ording to race/ethnicity.

ericans P-value Hispanics
n = 1435

P-value

– 4.62 –
3.22) .72 0.86 (0.28; 2.57) .90
2.94) .59 0.98 (0.33; 2.88) .97

– 7.78 –
2.79) .99 1.76 (0.80; 3.87) .16
2.53) .77 1.77 (0.75; 4.16) .19

– 3.79 –
2.19) .80 1.06 (0.39; 2.89) .91
1.46) .25 1.08 (0.41; 2.86) .88

– 5.23 –
1.64) .70 1.27 (0.74; 2.17) .39
1.32) .27 1.34 (0.79; 2.28) .28

as eliminated from theadjustedmodel as it did not containmembers of the subpopulation.
neous coronary intervention, prior coronary artery bypass graft, and certain comorbidities
rt failure, hypertension, pulmonary circulation disorder, depression, and cancer), primary



Fig. 3. Survival analysis of in-hospital mortality by race/ethnicity in patients undergoing TAVR.

550 D.F. Hernandez-Suarez et al. / Cardiovascular Revascularization Medicine 20 (2019) 546–552
minority subgroups compared to NHW (Table 3). Though no statisti-
cally significant difference were found between AA and NHW in any
secondary outcome, being Hispanic was associated with higher inci-
dence of AMI (aOR = 2.02; 95% CI, 1.06–3.85, P = .03), stroke/TIA
(aOR = 1.81; 95% CI, 1.04–3.14; P = .04), AKI (aOR = 1.65; 95% CI,
1.23–2.21; P b .01), sepsis (aOR = 2.34; 95% CI, 1.30–4.22; P b .01),
prolonged length of stay (aOR = 1.18; 95% CI, 1.08–1.29; P b .01) and
higher hospital costs (aOR = 1.27; 95% CI, 1.18–1.36; P b .01) during
hospitalization for TAVR.

4. Discussion

The paucity of data on racial disparities in patients undergoing TAVR
along with the limited representation of minority populations in TAVR
clinical trials, prompted our study to determine the effect of race/ethnic-
ity on TAVR utilization and in-hospital outcomes and in these patients.
To the best of our knowledge, this is the largest reported study compar-
ing racial differences for in-hospital outcomes in TAVR patients that has
included the Hispanic population. Our main findings are as follows:
1) Hispanic patients had less TAVR performed than both NHW and AA
with no significant increase in utilization from 2012 to 2014; 2) No
inter-race/ethnic differences were observed for in-hospital mortality
for patients undergoing TAVR; and 3) Hispanic patients had higher inci-
dence of adverse outcomes after TAVR as compared to NHW.

Since racial/ethnic disparities have been previously reported in re-
ferrals for aortic valve replacement [14,15], it was expected that pa-
tients from racial/ethnic minority groups had less TAVR utilization.
Certainly, we found that both AA and Hispanics had less proportion of
TAVR performed when compared to NHW. Given that both AA and His-
panicswere younger thanNHW, it could be argued that theyweremore
likely to be offered SAVR instead. However, an analysis of TAVR utiliza-
tion in older patients (≥75 years) showed the same tendency that for
the overall population. In fact, it seemed that older Hispanic patients
have not benefited from the increasing trend of TAVR procedures from
2012 to 2014 (APC: 64.4% inNHWvs. 51.6% in AA vs. 34.6% in Hispanics;
P b .05). This is of great concern given that Hispanics represent the larg-
est racial/ethnicminority group in theUS andhave a high burden of car-
diovascular disease [16,17].

Although the true prevalence of severe AS in different races or ethnic
groups for the study years is unknown, some trends have been
previously reported using the NIS database [18]. For the first year in-
cluded in our study (2012), Beydoun et al., described that compared
to NHW, both AA and Hispanics had a lower prevalence of AS (2.62%
vs 1.37% and 1.73% respectively). Prevalence variations among these
groups could account for the differences observed in TAVR utilization
in our study. However, we observed changes in TAVR utilization rates
among NHW and both AA and Hispanics that were higher than 70%
(Fig. 2A). The prior reported differences in AS prevalence [18] are not
high enough to justify such a significant disproportion in TAVR utiliza-
tion among NHW and Hispanics. It could therefore be suggested that
these differences represent a true racial disparity in TAVR utilization.
Nevertheless, more data on severe AS prevalence by race/ethnicity
needs to be obtained to better reveal the nature of these disparities.

Our observed in-hospital mortality was comparable to overall pre-
dicted mortality in STS/ACC TVT™ registry from 2012 to 2015 [19]. In
our study, though the minority groups had significantly different co-
morbidity burden, this was not reflected in the unadjusted or adjusted
race/ethnic-specific mortality rates. Report of the STS/TVT registry
shows a gradual but significant reduction in trend of in-hospital mortal-
ity, also reflected (but not compared) in our study. Thus, this suggests
that the decrease in mortality might stem from procedure optimization
and expertise more than the patient-related factors (age, race, etc.).

A recent analysis of 17,973 Medicare patients undergoing TAVR
showed no difference in 30-day or 1- or 2-year mortality or between
Black or Hispanic compared to NHW [20]. This was in contrast to the
findings of SAVR in the same study, where higher mortality was noted
in Black patients. Higher mortality in minorities has been well reported
in patients undergoing surgical procedures [21]. Thus, previous studies
have shown race to be an independent risk factor after non-valvular car-
diac surgeries which is not translated as straightforward in the surgical-
or catheter-related valvular procedures [22]. It remains unclear if this
difference is due to physicians, hospitals or selection bias.

Minha et al., in a single center study of 469 patients undergoing
TAVR showed similar mortality and periprocedural outcomes for Black
patients compared to Caucasians [2]. Despite lower incidence of severe
AS in Black patients [15], they have been shown to have lower chance of
being referred for SAVR despite similar severity of aortic disease and co-
morbidity profile. Reasons for discrepancy in the referral was either due
to patient declining the procedure [23] or being lost to follow up [24].
Our study confirms the similar inter-racial periprocedural outcomes,
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and thus patients should be referred earlier with proper education to
help improve cardiovascular care for minorities.

Hispanics have been previously identified to suffer worse peri-
procedural outcomes when seeking care for cardiac- or non-cardiac
Table 3
Odds ratios of secondary in-hospital outcomes among patients undergoing TAVR according to

Outcomes Overall
n = 36,270

Non-Hispanic Whites
n = 33,355

MACE
% 8.48 8.27
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

NACE
% 12.96 12.79
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Stroke/TIA
% 2.9 2.79
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

AMI
% 2.2 2.05
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

PPM placement
% 24.30 24.46
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Conversion to SAVR
% 0.43 0.45
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

AKI
% 18.6 18.06
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Cardiogenic shock
% 4.1 4.03
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Cardiac arrest
% 3.3 3.24
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Major bleeding
% 3.0 3.01
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Vascular complications
% 3.2 3.12
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Sepsis
% 2.6 2.38
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Length of staya,b,c

Median (IQR), days 6 (4–9) 6 (4–9)
Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Average hospital costb

Median (IQR), days 196,897
(145,428; 272,908)

194,954
(144,120; 270,490)

Unadjusted OR (95% CI) – Ref.
Adjusted OR (95% CI)c – Ref.

Abbreviations: CI, confidence intervals; OR, odds ratios;MACE,major adverse cardiovascular eve
adverse cardiovascular events (i.e., composite ofMACE,major bleeding and vascular complicatio
maker; SAVR, surgical aortic valve replacement; AKI, acute kidney injury.
Note: Weighted data were used for all analyses.

a Length of stay was reported in patients discharged alive.
b Negative Binomial RegressionModel was performed to determine differences between raci

of the data.
c Adjusted for demographics (i.e., age, gender), known coronary artery disease, prior percuta

(i.e., diabetes mellitus, renal failure, coagulopathy, fluid and electrolyte disorder, coronary hea
payer, median household income, hospital region, discharge disposition and TAVR access site.
issues [25], especially if undergoing low- to high risk surgical proce-
dures [26]. Alongwith AA, Hispanicswith AS have also less access to ad-
vanced cardiac procedures, cardiac referrals and follow up
appointments [3]. Though some studies [19,20] and our data shows
race/ethnicity.

African Americans
n = 1480

P-value Hispanics
n = 1435

P-value

10.47 – 11.15 –
1.30 (0.87; 1.94) .20 1.39 (0.94; 2.05) .10
1.14 (0.76; 1.73) .53 1.46 (0.99; 2.15) .05

14.53 – 15.33 –
1.16 (0.82; 1.64) .40 1.24 (0.88; 1.73) .22
1.03 (0.72; 1.46) .89 1.28 (0.91; 1.81) .15

4.05 – 4.53 –
1.47 (0.81; 2.67) .20 1.65 (0.96; 2.85) .07
1.50 (0.82; 2.74) .19 1.81 (1.04; 3.14) .04

3.38 – 4.18 –
1.67 (0.86; 3.23) .13 2.08 (1.09; 3.97) .03
1.39 (0.70; 2.74) .34 2.02 (1.06; 3.85) .03

20.95 – 24.04 –
0.82 (0.61; 1.10) .19 0.98 (0.73; 1.31) .88
0.81 (0.60; 1.09) .17 0.99 (0.74; 1.32) .93

0.0 – 0.35 –
– – 0.77 (0.11; 5.55) .80
– – 0.76 (0.10; 5.80) .79

21.62 – 27.18 –
1.25 (0.94; 1.66) .12 1.69 (1.29; 2.22) b.01
0.89 (0.65; 1.23) .49 1.65 (1.23; 2.21) b.01

4.73 – 5.23 –
1.18 (0.69; 2.03) .55 1.31 (0.77; 2.23) .32
0.91 (0.53; 1.57) .73 1.28 (0.74; 2.22) .37

3.72 – 5.23 –
1.15 (0.63; 2.10) .64 1.65 (0.97; 2.80) .07
0.94 (0.50; 1.74) .84 1.61 (0.95; 2.73) .08

3.04 – 2.44 –
1.01 (0.52; 1.96) .98 0.80 (0.37; 1.73) .58
0.80 (0.42; 1.54) .51 0.74 (0.33; 1.67) .47

3.38 – 4.18 –
1.09 (0.58; 2.04) .80 1.36 (0.75; 2.46) .32
1.06 (0.55; 2.03) .87 1.51 (0.84; 2.72) .17

3.38 – 5.57 –
1.43 (0.71; 2.88) .31 2.42 (1.41; 4.14) b.01
1.00 (0.46; 2.14) .99 2.34 (1.30; 4.22) b.01

6 (4–11) – 7 (4–12) –
1.12 (1.00; 1.26) .05 1.21 (1.09; 1.35) b.01
0.99 (0.89; 1.10) .87 1.18 (1.08; 1.29) b.01

200,373
(149,123; 273,066)

– 251,355
(189,508; 347,738)

–

1.02 (0.95; 1.10) .61 1.30 (1.18; 1.42) b.01
0.97 (0.91; 1.03) .31 1.27 (1.18; 1.36) b.01

nts (i.e., composite of all-causemortality,myocardial infarction and stroke/TIA); NACE, net
n); TIA, transient ischemic attack; AMI, acutemyocardial infarction; PPM, permanent pace-

al/ethnic groups; Pearson and Deviance statistics were performed to assess overdispersion

neous coronary intervention, prior coronary artery bypass graft, and certain comorbidities
rt failure, hypertension, pulmonary circulation disorder, depression, and cancer), primary
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that the number of TAVR procedures are comparable for Hispanics and
AA, no previous study has reported significant disparities of
periprocedural TAVR outcomes, length of stay and hospital costs for for-
mer separately. Thus, this study is currently the sole evidence/datapoint
adding clinically relevant information in TAVR outcomes for an impor-
tant minority group in the US. Interestingly, the controversial Hispanic
Paradox [27] does not appear to extend to TAVR patients, as it also failed
to hold true for postoperative outcomes after surgery [26]. Based on our
results, it remains unclear if any of the observed disparitiesmight be the
result of socioeconomic inequalities, inherent biases in healthcare pro-
vision, issues with regards to referrals to specialists, or language as
well as cultural barriers that limit the acceptance of such a procedure
by Hispanics.

Though the strength of this project lies on the sample size as well
as “real world” population-based information in relation to race/eth-
nicity, some limitations need to be addressed. First, information on So-
ciety of Thoracic Surgeons (STS) scores and key prognostic data, as
well as cause of death and long-term mortality, are not available in
the NIS database. Hence, we cannot determine the impact of STS
score on adverse cardiovascular outcomes and survival after hospital
discharge. Second, due to the large number of variables involved in
the database, there is a potential for coding errors which could bias
our study. However, miscoding of diagnosis, dates of medical interven-
tions, tests, or drug dispensing is unlikely due to their clinical and fi-
nancial relevance if we consider the impact of a correct coding on
claimed charges. Finally, given the observational design of our study,
residual measured, or unmeasured confounding might account for
some of our findings.
5. Conclusion

In this analysis of the NIS database from 2012 to 2014, important ra-
cial disparities were observed among patients undergoing TAVR. His-
panics were the racial group with less TAVR performed during the
study period. Though in-hospital mortality was not associated with
race/ethnicity; Hispanic patients had higher rates of in-hospital compli-
cations, prolonged length of stay and increased hospital costs. Further
studies are now warranted not only to better delineate these observed
racial differences; but also, to advance our understanding in terms of
the underlying pathophysiological causes and treatment strategies to
reduce these racial/ethnic disparities in TAVR patients.
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