
TAVR in Low-Population Density Areas: Assessing Healthcare 
Access for Older Adults with Severe Aortic Stenosis.

Abdulla A Damluji, MD, PhD, MPH1,2,*, Michael Fabbro II, DO3,*, Richard H Epstein, MD3, 
Stefan Rayer, PhD4, Ying Wang, PhD4, Mauro Moscucci, MD, MBA5, Mauricio G Cohen, 
MD6, John D Carroll, MD7, John C Messenger, MD7, Jon R Resar, MD2, David J Cohen, MD, 
MSc8, Matthew W Sherwood, MD, MHS1, Christopher M O’Connor, MD1, Wayne Batchelor, 
MD, MHS1

1Inova Center of Outcomes Research, Inova Heart and Vascular Institute, Falls Church, VA;

2Division of Cardiology, Johns Hopkins University, Baltimore, MD;

3Department of Anesthesiology, University of Miami, Miami, FL;

4Bureau of Economic and Business Research, University of Florida, Gainesville, FL;

5University of Michigan, Ann Arbor, MI;

6Cardiovascular Division, University of Miami, Miami, FL;

7Division of Cardiology, University of Colorado School of Medicine, Aurora, CO;

8University of Missouri-Kansas City School of Medicine, Kansas City, MO.

Abstract

Background: Restricting TAVR to centers based on volume thresholds alone can potentially 

create unintended disparities in healthcare access. We aimed to compare the influence of 

population density in state of Florida in regard to access to TAVR, TAVR-utilization rates, and in-

hospital mortality.

Methods and Results: From 2011–2016, we used data from the AHCA to calculate travel time 

and distance for each TAVR-patient by comparing their home address to their TAVR-facility ZIP-

code. Travel time and distance, TAVR rates, and mortality were compared across categories of low 

to high population density (population per sq. mi of land). Of the 6,531 patients included, the 

mean (SD) age was 82 (9) years, 43% were female and 91% were Caucasian. Patients residing in 

the lowest category (<50/sq.mi) were younger, more likely to be men, and less likely to be a racial 

minority. Those residing in the lowest category density faced a longer unadjusted driving distances 

and times to their TAVR center (Mean extra-distance(miles) = 43.5 (95% CI 35.6–51.4); p<0.001; 

Mean extra-time(min) = 45.6 (95% CI 38.3–52.9), p<0.001). This association persisted regardless 
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of the methods used to determine population density. Excluding uninhabitable land, there was a 7-

fold difference in TAVR utilization rates in the lowest vs. highest population density regions (7 vs. 

45 per 100,000, p-for-pairwise-comparisons<0.001) and increase in TAVR in-hospital mortality 

(adjusted OR 6.13, 95%CI 1.97–19.1, p< 0.001).

Conclusions: Older patients living in rural counties in Florida face (1) significantly longer travel 

distances and times for TAVR, (2) lower TAVR utilization rates, and (3) higher adjusted TAVR 

mortality. These findings suggest that there are trade-offs between access to TAVR, its rate of 

utilization and procedural mortality, all of which are important considerations when defining 

institutional and operator requirements for TAVR across the country.
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INTRODUCTION

The relationship between volume and outcomes has long been a focus of surgical research, 

and recommendations derived from these findings are now appearing in expert consensus 

statements.1, 2 Support for the creation of “centers of excellence” and initiatives such as the 

“take the volume pledge”1 have been proposed in order to limit certain high-risk surgical 

procedures to centers and operators with a minimum threshold of case numbers. Similar 

recommendations have recently appeared in expert consensus statements on the institutional 

requirements for transcatheter aortic valve replacement (TAVR).3 These recommendations 

are based on studies demonstrating a modest but significant improvement in outcomes in 

high volume TAVR facilities as compared with low volume centers.4, 5

Prior work has described the consequences of restricting certain procedures to centers based 

on volume-outcome relationships and highlighted the creation of access disparities.2 These 

disparities are often exaggerated in regions with low-population densities or mixed racial 

and socioeconomic status, and can be further exaggerated in areas with higher 

concentrations of older individuals.6–9 In acknowledgement of these barriers, the 

Department of Health and Human Services has required individual states participating in 

managed care plans to set time and distance standards for specialty care services to ensure 

timely access for specialized healthcare services.6, 10 This requirement has been especially 

important in states like Florida, where uninsured and underinsured rates are high, and the 

costs of care are soaring.11, 12 While no standard metrics for access to TAVR procedures 

(e.g. time or distance) have been established, the recent TAVR consensus statement does 

recognize that some centers performing less than the annual minimum will need to be 

maintained in order to meet the needs of underserved populations.3

In light of these expert statements and the inherent challenges of delivering healthcare across 

states like Florida, the maintenance of optimal procedural outcomes without compromising 

healthcare access remains an active area of debate. This is an especially difficult issue for 

cardiovascular procedures like TAVR that require a high degree of technical expertise and a 

multidisciplinary team of healthcare professionals. To further explore these relationships, we 

examined (1) differences in both travel time and distance, (2) TAVR utilization rates and (3) 
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in-hospital TAVR mortality rates across the broad spectrum of Florida county population 

densities from low to high (i.e. rural vs. urban).

METHODS

The data that support the findings of this study will not be made available to other 

researchers because of restrictions in the data use agreement to conduct this research.

Study Population

The population for this study was derived from data provided by the Florida Agency for 

Health Care Administration inpatient database. The Florida Agency for Health Care 

Administration was created in 1992 to set standards for health policy and healthcare 

planning in the state of Florida. To achieve this goal, an inpatient database was created, and 

a mandatory reporting system was established for all participating hospitals, which was 

required to maintain the license to provide healthcare services in the state.13, 14 The 

reporting system consists of 72 data elements, which are captured in a deidentified fashion, 

including zone improvement plan (ZIP) codes for each patient’s primary residence and 

TAVR center, primary and secondary diagnostic codes, current procedural terminology 

(CPT) codes, and outcome measures including in-hospital mortality, length of stay, and 

healthcare costs during each inpatient visit. For the purposes of this study, all consecutive 

adult patients who underwent TAVR procedures from 2011 to 2016 in the state of Florida 

were identified using ICD-9 (35.05 and 35.06) and ICD-10 codes (02RF3).

For each TAVR patient, demographic data including age, gender, race/ethnicity, primary 

residency, and TAVR center ZIP codes were recorded. Quality metrics including time from 

hospital admission until TAVR procedure were collected, hospital length of stay, and 

discharge status were reported. For each patient, the time (minutes) and distance (miles) 

from primary residence to the TAVR center where the procedure was performed were 

calculated using the patient’s home ZIP code and TAVR facility ZIP code (see below for 

details). Census data for the county of each patient’s primary residence were obtained from 

the Bureau of Economic and Business Research at the University of Florida in Gainesville. 

Each county in the state was then categorized according to 5 different levels of population 

density (population per square mile) from the lowest to the highest category.

Definitions of Population Density

To examine multiple descriptors of population densities, four different definitions were 

examined according to the standards set by the Bureau of Economic and Business Research 

at the University of Florida.15 The most common way to examine population density is by 

dividing the total number of the population of an area by the total land area, but because the 

state of Florida has large uninhabited blocks of land (forests, parks, wetlands, and 

nonresidential land), the appropriate method to examine population densities in different 

counties is an area of debate. To account for these complexities, 4 definitions for population 

densities have been described:15 (1) total population census for each county per square mile; 

(2) total population census for each county per square mile after excluding zero population 

census blocks (i.e. uninhabited land including forests, parks, wetlands, and nonresidential 
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land); (3) median population census for each county per square mile of total land (i.e. this is 

a measure of an average population density at the smallest level of census geography); and 

(4) 95% population census for each county per square mile of total land (i.e. this is a 

measure of how dense the urban cores are).15

Using data from the 2010 United States census, and the published standards on land areas 

for each county, Rayer and Wang calculated and displayed the population density for every 

county using each of the four methods. The investigators then assigned each county to the 

appropriate population density category from lowest to highest. A color-coded map for each 

method was created displaying each county in one of five colors based on the specific 

category of population density (Figures 1). Each of these 4 definitions allowed potential 

comparisons in demographic characteristics and social determinates of health in vulnerable 

populations residing in the state of Florida.

Calculation of Age Standardized TAVR Rates

We used the 2000 U.S. Standard Population for calculating the age standardized rates.16 To 

get the overall age standardized rate for each county within each density category, the rates 

for the four age groups (<65, 65–74, 76–84, and 85) were multiplied by the 2000 national 

proportions. Two caveats about the rate calculation should be discussed: First, the TAVR 

data are for 2011–2016 while the census data used are for April 1, 2010. As a consequence, 

there is a mismatch in age of at least one year between the two data sources; for example, if 

a patient had the procedure done in 2014, that patient would have been four years younger in 

2010, which could result in placing them in an incorrect age bracket. Second, the TAVR data 

were collected over a period of six years, and we are currently using that six-year total when 

calculating the rates. This results in inflated rates. To illustrate this concept, if TAVR data 

had only been available for 2011–2014, the resulting rates would have been about one third 

lower, which is incorrect. The point of using procedures performed over a multi-year period 

is to get a larger and more useable sample, not to get higher rates. So, to get appropriate 

rates for the 2011–2016 period during which the TAVR procedures were performed, we used 

the sum of all TAVR procedures over the study period (2011–2016) as the numerator and 

calculate the sum of the population estimates for the same period (2011–2016) as the 

denominator. This procedure was performed for each definition of population density in the 

state of Florida (See Supplementary Tables 1–3).

Calculation of Driving Times and Distances

The average driving time (minutes) and distances (miles) were calculated using the Google 

Distance Matrix application programming interface (API).17 The Distance Matrix API is a 

service that provides travel distance and time based on the recommended route (based on 

historical data) between the start and end destination, which in this case was the global 

positioning system coordinates corresponding to the ZIP code of the patient’s primary 

residence and facility’s street address, respectively.18 The application allows for developers 

to code for the computation of travel distance and time for multiple points within Google 

Maps, such as ZIP codes. Routes used for distance and time did not consider real-time traffic 

conditions. Both time and distance were used for comparison; however, some evidence 

shows time comparisons is a better measure over straight-line distances in areas with 
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increased rurality.19 The institutional review board at the University of Miami Miller School 

of Medicine determined that this study represents non-human subjects research.

Statistical Analysis

The population density was first examined using the simplest definition, the total number of 

the population of the county area by the total land area in Florida (Figure 1). Baseline 

demographics, year of the procedure, hospital level-data, and inpatient outcomes were 

compared for all patients who underwent TAVR in Florida from 2011 to 2016 based on 

population density categories. Descriptive statistics, including frequencies and proportions 

for binary and categorical variables, and mean with standard deviation for continuous data 

were presented. Comparisons were performed using either chi-squared test, or analysis of 

variance, as appropriate. From 2011 to 2016, we presented the age standardized TAVR rate 

for all definitions of population density. To examine the association between different 

definitions of population density and hospital mortality after TAVR we performed a 

multivariable logistic regression model adjusting for age, gender, and elixhauser comorbidity 

index.

Utilizing a linear trend estimation, the distance from the patient’s primary residence to the 

TAVR center was compared for each category of total land population density relative to the 

area with highest population density in the state. These comparisons were repeated for each 

of the four definitions of the population density.20 In a similar fashion, the difference in the 

travel time by car (minutes) was estimated for each category of population density as 

compared to people residing in areas with the highest population densities adjusting for age, 

gender, and Elixhauser comorbidity index. We then plotted the mean number of TAVR 

procedures per 100,000 people according to population density defined as: (1) the total 

number of people per square mile of total land; and (2) the total number of people per square 

mile of land after excluding uninhabited territories (i.e. forests, parks, wetlands, and 

nonresidential land). Within each definition, we performed an analysis of variance (ANOVA) 

test to compare the differences in the overall TAVR utilization rate within each category of 

population density. To test for multiple pairwise comparisons, we used a Bonferroni method 

with an alpha of 0.05 divided by the number of pairwise comparisons.

To examine the time and distance required for participants to reach high volume TAVR 

centers, a sensitivity analysis excluding low volume facilities that performed on average <50 

TAVR procedure/year over two consecutive years was performed. In similar fashion, a linear 

trend estimation was used to compare the differences in travel distance (miles) and travel 

time (minutes) between each category of population density and those residing in the highest 

population density areas.20 To illustrate where each TAVR center is located in relation to 

population densities in the state of Florida, we plotted the hospital that offer TAVR 

procedures according population density defined as total number of people per square mile 

of land after excluding uninhabited land. The analyses described above were then repeated 

using the alternative population density definitions as a sensitivity analysis. A two-sided p-
value of <0.05 was considered statistically significant. All analyses were performed using 

STATA 15MP (StataCorp, College Station, Tx). No extramural funding was used to support 

this work.
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Results

During the study period from 2011 to 2016, 6,559 discharges following TAVR procedures 

were identified. There were 28 duplicate entries that were identified and excluded, rendering 

a final sample size of 6,531 TAVR patients. Of these, the total number of patients who 

received TAVR within each category of total land population density was: <50: 101, 50–99: 

242, 100–249: 740, 250–249: 2,704: >750: 2,744. Demographic characteristics of the study 

population were examined and compared by category of total land area population density 

(Table 1). The mean (SD) age was 82 (9) years, 96% were ≥65 years of age, 83% ≥75 years 

of age, 43% were female, and 91% Caucasian. The majority of patients who received TAVR 

in areas with population density of 100–249 and 250–749 people/square mile were 

Caucasians, while ethnic minorities resided in either highly populated areas or regions with 

the lowest population densities. Patients residing in the lowest category were younger and 

more likely to be men than those residing in high population density areas. Of the 6,531 

TAVR procedures performed during the study period, the majority were performed in 2015 

and 2016 with a rapid increase in the utilization rate since 2011 (Table 1). While all 

categories of population density showed a rapid increase in the later years of study, patients 

residing in the lowest categories had fewer TAVR procedures compared to those in the 

highest population density counties (Table 1). The majority of patients in low population 

density regions were treated in large hospital systems (mean hospital beds = 752 beds) and 

most TAVR centers were located in the areas with the highest population density.

The age standardized rates for total land population density of the state of Florida is 

presented in Table 2. The age standardized rates look rather similar across the five density 

categories and across the other density classifications (Supplementary Tables 1–3). The 

association between population density and hospital mortality after TAVR were presented in 

supplementary table 4. Patients residing in low-population density areas (according to total 

land and excluding zero blocks definitions) had higher mortality, as compared to patients 

residing in high population density areas (Total Land: OR 2.31, 95% CI 1.02 – 5.23, 

p=0.043; Zero Block: 6.13, 95% CI 1.97– 19.1). This association was similar when 

restricting the analysis to high-volume TAVR centers (Supplementary Table 4)

The location of TAVR centers in relation to population density per square mile excluding 

uninhabited land is presented in Figure 2. On average, the mean distance traveled for the 

entire cohort was 33 miles for an average travel time of 42 minutes. Patients residing in low 

population density areas had significantly longer travel distances and times compared with 

those who lived in higher density areas. Overall, unadjusted in-hospital TAVR mortality rate 

was low (Hospital Mortality: 2.66%; 95% CI: 2.2 to 3.1), however the higher mortality was 

observed in for patients who lived in low-density areas (Table 1). The age- and sex-adjusted 

hospital mortality among patients residing in the low population density areas remained 

higher than those residing in high population density areas (Mortality: <50: 5% (95% CI: 

0.1–10.2) vs. high-population density area 1% (95% CI: 0.7–7.4), p-value=0.015). More 

patients were discharged home and patients were less likely to go to rehabilitation or acute 

care facility when they resided in low population density areas.
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As compared to the highest population density areas, patients living in low population 

density areas had an average unadjusted travel distance 43.5 (95% CI: 35.6 to 51.4) miles 

further and 45.6 (95% CI: 38.3 to 52.9) minutes longer (Table 3). Comparing patients in 

intermediate density areas to those who reside in low density areas, these travel distances 

and times were smaller. These differences in the estimated travel distance and time from the 

patient’s primary residence to the TAVR center were consistent regardless of the definition 

of population density (Table 3). When the analysis was limited to only high-volume centers 

(defined as centers performing over 50 procedures/year), the same trends were observed 

across the definitions of population density (Table 4). The rate of TAVR utilization is 

presented by two definitions of population density: (1) the total number of the population 

divided by the total land area of county; and (2) the total number of population divided by 

total land after excluding uninhabited blocks of land (i.e. zero land: forests, parks, wetlands, 

and nonresidential land). After excluding uninhabited land, the rate of utilization of TAVR 

procedures per 100,000 people was lowest in areas with low population density areas with a 

substantial increase as the population density increases (TAVR utilization low [<50] vs. high 

[≥750] population density: 7 vs. 45 TAVR procedures/100,000 people, p-value < 0.001) 

(Figure 3).

Discussion

In this study, we compared TAVR travel times and distances, TAVR utilization rates and 

TAVR mortality across the spectrum of population densities in the state of Florida from 2011 

to 2016. The main findings of this study are: (1) the majority of TAVR centers in the state of 

Florida were located in high population density areas; (2) there were stark differences in 

travel time and distance for TAVR patients residing in the lowest population density counties 

compared to the highest, (3) after excluding uninhabited land in the state of Florida, TAVR 

utilization rates varied 7-fold according from low to high population density areas; (4) TAVR 

mortality varied minimally for patients who are living in low versus high population density 

regions; and (5) higher proportion of low population density patients are discharged directly 

home, which may also reflect lack of geographic access to rehabilitation center/skilled 

nursing facility.

In previous work evaluating healthcare utilization among older patients, travel distances 

exceeding 10 miles from the patient’s residence to healthcare facility or centers located 

outside the patient’s “activity space” were associated with reduced rate of healthcare 

utilization.9 In this context, an additional increase in the drive time from the patient primary 

residence to the healthcare facility of 45–60 minutes for patients residing in the lowest 

population density areas, likely represent a significant access barrier for the older patients 

typically considered for TAVR procedures. Although the rate of growth of TAVR utilization 

over the study period was rapid and comparable to national estimates, the rate of adoption 

was slowest in the lowest population density areas in Florida.21, 22 Combined with the lower 

overall rate of TAVR procedures/100,000 of populations, these findings may speak to a 

broader issue of underdiagnosing and undertreating diseases like severe symptomatic aortic 

stenosis in lower population density areas. We have shown that there are differences in racial 

and ethnic distribution of older patients who received TAVR across different areas of 

population density. Rural communities with low-population densities or poor underserved 
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urban areas may have a lack of high-quality primary care, which results in underutilization 

of specialized cardiac care and cardiovascular imaging. These problems in disease detection 

or diagnosis can in part explain the racial and ethnic differences observed in older patients 

undergoing TAVR procedures.23

The location of TAVR centers when it comes to population densities is critical to serve 

populations at risk for restricted healthcare access. We determined that highly specialized 

cardiac centers that provide TAVR services are located mainly in high population density 

areas. While relatively large healthcare systems exist in low population density areas, proper 

planning on how to distribute these highly specialized cardiac centers is lacking. The 

American Association for Thoracic Surgery, American College of Cardiology, Society for 

Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons have 

suggested a minimal standard for TAVR procedures to maximize quality outcomes and 

minimize procedure related complications. The rapid growth of TAVR centers in areas of 

high population density relative to low population density areas can create an imbalance in 

healthcare services by regions and geography. This imbalance in cardiac care was previously 

shown in centers offering percutaneous coronary interventions.24 For example, the state of 

Nevada has a high prevalence of coronary artery disease burden, but the number of PCI 

centers in proportion to the population is significantly lower than a comparable states with a 

similar population.24

The age standardized TAVR rates tend to be highest in the second lowest density category 

(except for the 95th percentile classification), but in general the rates are quite comparable. 

Where they vary, that seems to be more due to small sample sizes at lower densities rather 

than reflecting substantive differences. There is much less variation between the four density 

classifications at the two highest density categories (the range is only 0.2 for the highest 

density category and 0.7 for the second highest) compared to the two lowest density 

categories (the range is 1.8 for the lowest and 1.7 for the second lowest).

Financial barriers to establish TAVR programs in low-population density areas exist. While 

surgical aortic valve replacement has great financial benefits for most hospitals,25 there are 

financial disincentives for smaller, rural hospitals to establish TAVR programs. Diagnosis-

related group payments vary widely, and these payments are lowest for more rural, non-

teaching hospitals.26 With lower reimbursement rates for TAVR in rural regions, the “halo 

effect” associated with structural heart disease procedures cannot make up for this financial 

disincentive. It should be noted that many rural hospitals in the United States are designated 

as “critical access hospitals”. These hospitals are not reimbursed via the inpatient 

prospective payment systems, but rather paid according to what Centers for Medicare and 

Medicaid Services deem to be 101% of reasonable costs

The costs associated with opening a TAVR programs (e.g. hybrid operating room or high-

quality computed tomography) also weigh heavily on hospitals above other needs for their 

community. Other financial factors that preclude TAVR centers in low-population density 

areas include the competitive healthcare market and the emergence of large healthcare 

system that aim to consolidate high-end cardiovascular service lines in urban hospital 

systems in high population density areas. The differential utilization of TAVR procedures 
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may not only be TAVR-specific, but the concept can potentially be applied to all procedural 

care. Future research should study this differential utilization of other cardiovascular 

procedures (e.g. coronary artery bypass graft surgery) by population density. If similar 

findings are found, this will point out to the overall lack of medical and advanced procedural 

resources in areas of low population densities.

As TAVR guidelines aim to establish minimum standards to achieve the highest quality 

through volume thresholds these disparities in access to care can be exaggerated by 

imposing limits on expansion. In states with high health care costs, large uninsured patient 

populations, and access barriers, such as Florida, limiting care to specific centers has been 

controversial as reflected in current concerns over Certificate of Need (CON) laws.11, 12, 27 

Supporters of CON repeal, which already has minimal CON requirements, cite inflated costs 

and limited access as reasons for repealing these types of laws and recommendations. 

Expanding access by appropriate planning of TAVR centers targeting low density areas can 

mitigate problems related to disparity and healthcare access. The recent Centers for 

Medicare and Medicaid Services coverage determination for hospitals without TAVR 

experience included a minimum of 50 surgical aortic valve replacement operations in the 

prior year. For surgeons without TAVR experience, the volume threshold is at least 100 

career open heart surgeries and that for interventional cardiologist include a minimum of 

100 structural heart disease procedures in a lifetime or 30-left sided structural procedures per 

year. While we believe that these quality metrics are important to ensure safe outcomes, it 

may restrict access for certain patients in low-population density areas. From health policy 

perspective, healthcare access should be discussed to decrease healthcare disparities created 

by volume requirements.

It should be noted that despite the differences in the distribution of TAVR centers by 

population density, racial, and ethnic factors, the U.S. has more TAVR programs per 

population than any other country. This expansion of TAVR programs was driven by 

different factors including industry, hospitals/physicians, and patient advocacy groups. 

While there were real efforts to extend TAVR services to cover populations in need, 

concerns were raised regarding large profit margins and market acquisition, hospital 

requesting accreditation without meeting the minimum quality metrics for establishment of 

TAVR programs, and industry funding for advocacy groups that makes the appropriate 

planning for TAVR centers more challenging. The National Coverage Decisions are needed 

to establish a network of treatment centers that meet reasonable standards to provide high-

quality care and healthcare access that is equivalent to other specialized services. Guidelines 

should reflect the balance between quality standards and healthcare access for communities 

at risk for under diagnosis and under treatment of aortic valve disease. While creative 

solutions like ride-sharing platforms could be used to improve access, this approach has 

produced mixed results in the primary care setting.28 Other creative solutions to address 

healthcare access include the establishment of local primary valvular heart disease care 

centers in low-population density areas to promote and improve screening, diagnosis, and 

prognostication of valvular heart disease and that will ultimately lead to higher referral to 

specialized TAVR centers in urban areas. If pre-procedural work-up and post-procedure care 

can be done competently at the local level and if telemedicine can allow meetings with 
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TAVR center personnel for those living in low-population density areas, then the need to 

travel to a TAVR center may become a one-time occurrence.

Limitations

There are limitations to this retrospective analysis. First, calculating travel times with 

applications like the Google Matrix distance does not take into consideration potential traffic 

congestion, which may not represent the traffic conditions at the time the patient is traveling 

for their procedure. For this reason, we considered both distance and time in our analyses.29 

Second, we used the population density estimates derived from 2010 census data that were 

validated by Rayer and Wang and reported previously.15 The population has grown in the 

years between 2010 and 2016. While the updated census data can produce slightly different 

population estimates, the relative population density of the counties in the state of Florida 

did not change substantively over that time interval. Further, the method used to examine 

population density in the state of Florida is an area of debate because of the large 

uninhabited land in the state. In order to avoid this limitation, we presented the data utilizing 

all 4 definitions of population that were previously described. Third, it plausible that 

sophisticated patients who need TAVR procedures may travel many miles to get to a TAVR 

program that is nationally “ranked”. While this can result in bias, many patients from this 

socioeconomic status likely reside in urban area rather than rural counties with low-

population densities. These socioeconomic factors (e.g. education levels and income) could 

be major determinants of TAVR outcomes. However, current and future planned generation 

of risk-adjustment algorithms do not include these factors in risk calculation and future 

studies should consider these factors when evaluating health outcomes in older patients after 

TAVR procedures. It should be noted that while there was a difference in the unadjusted 

mortality rate by population density, clinical and socioeconomic variables that confound the 

relationship between population density and mortality may still exist. Fourth, we assume that 

TAVR was “appropriate” in everyone who received the procedure. Setting minimal standards 

for institutions can theoretically result in “overutilization” of TAVR procedures, an 

important problem when evaluating healthcare access versus quality. Fifth, CPT codes are 

frequently used in outpatient datasets to identify procedures. In this inpatient dataset, 

ICD-10 could not be validated against CPT codes for TAVR (33361–69) because patients are 

deidentified and linkage with outpatient data was not possible. Sixth, evaluation of density 

from demography and population perspective can performed as either continuous or ordinal 

categorical variable. Although there were about 6,531 TAVR procedures over that six-year 

period in the state of Florida, the relevant variable for the density analysis is the county, 

because that is where density was measured. We could have used zip code data instead, 

which would have provided more cases for the density analysis, but there would still be too 

few procedures for many areas to calculate reasonably stable rates. Thus, we chose to 

aggregate county-level data into broader density brackets. Lastly, TAVR utilization data 

available for analysis include only those patients who received TAVR. Data on patients who 

should receive TAVR, but did not, are not available in the inpatient database. Examination of 

underutilization of TAVR in low-population density areas should be addressed in future 

research.
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Conclusion

Floridians living in more rural counties face significantly longer travel distances and times 

for TAVR, much lower TAVR utilization rates and higher TAVR procedural mortality. This is 

of particular importance for vulnerable elderly for whom these phenomena may create 

disparities in care. The inherent trade-offs between access to TAVR, its rate of utilization and 

procedural mortality are all important considerations when determining institutional and 

operator requirements for TAVR across the country.
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What is known?

• Restricting cardiovascular procedures, including transcatheter aortic valve 

replacement (TAVR), to centers based on volume-outcome relationships can 

create healthcare access disparities.

What the study adds?

• The majority of TAVR centers in the state of Florida were located in high 

population density areas and there were stark differences in travel time and 

distance for TAVR patients residing in the lowest population density counties 

compared to the highest.

• After excluding uninhabited land in the state of Florida, TAVR utilization 

rates varied 7-fold according from low to high population density areas.

• Higher proportion of low population density patients are discharged directly 

home, which may also reflect lack of geographic access to rehabilitation 

center/skilled nursing facility.

• Floridians living in more rural counties face significantly longer travel 

distances and times for TAVR, much lower TAVR utilization rates and higher 

TAVR procedural mortality.
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Figure 1. 
A. Population density per square mile for Florida counties using total land area, 2010. 

Population data was derived from the 2010 United States Census.

Figure 1. B. Population density per square mile for Florida counties excluding census 

blocks with zero population, 2010. Zero population land was defined as uninhabited land 

including forests, parks, wetlands, and nonresidential land.

Figure 1. C. Population density per square mile for Florida counties using median census 

block density, 2010. The median census block density is a measure of an average population 

density at the smallest level of census geography.

Figure 1. D. Population density per square mile for Florida counties using 95th percentile 

census block density, 2010. The 95th percentile census block is a measure of how dense the 

urban cores are.
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Figure 2. 
Transcatheter aortic valve replacement centers in Florida by population density. Population 

density per square mile for Florida counties excluding census blocks with zero population, 

2010. Zero population land was defined as uninhabited land including forests, parks, 

wetlands, and nonresidential land.
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Figure 3. 
Transcatheter aortic valve replacement utilization rate by population density in Florida from 

2011 to 2016. Population density was defined as (1) Total land: population per square mile 

for Florida counties using total land area, 2010; (2) Population density per square mile for 

Florida counties excluding census blocks with zero population, 2010. Zero population land 

was defined as uninhabited land including forests, parks, wetlands, and nonresidential land. 

Population data was derived from the 2010 United States Census. Population density was 

treated as an ordinal categorical variable and p for trend applies for both TAVR utilization 

rates.
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