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Aim: To estimate undiagnosed aortic stenosis (AS) in the Medicare population. Methods: Patients enrolled
(2011-2014) were eligible. After criteria were applied, time zero was the first record of an echocardiogram
(ECHO) for the ECHO-AS cohort and randomly assigned for the no-ECHO cohort. The ECHO-AS cohort was
propensity matched to patients in the no-ECHO cohort, and survival analysis was performed. Results: Of
the 854,493 (25%) patients who received an ECHO, 1in 4 were diagnosed with AS. After propensity match-
ing, the no-ECHO cohort who died, almost half (49%) had a record of a cardiovascular event prior to their
death. The no-ECHO cohort had statistically significant (p = 0.003) higher risk of death than their ECHO-AS
counterparts. Conclusion: In the Medicare population, patients aged 65 years or older, with increased risk
factors for and symptoms common in AS patients, should be considered for diagnostic ECHOs.
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Moderate-to-severe valvular heart disease (VHD) is common in developed countries. VHD is present in about
5 million Americans, or 2.5% of the US population, and increases with age, affecting 4-9% of people aged
65-74 years and 12—-13% of people aged 75 years and older [1-3]. Aortic stenosis (AS), defined as a narrowing of
the aortic valve opening that restricts blood flow from the left ventricle to the aorta, is the most prevalent VHD
in western populations [4]. It is estimated to be present in 12.4% of the population aged 75 years and above in
Europe and North America, and its prevalence is expected to increase as the population ages, thereby increasing
the healthcare burden of VHD [2,4,5].

Missed diagnoses, undertreatment and high mortality rates, all contribute to the growing healthcare burden
associated with AS. Patients with VHD are often underdiagnosed because the disease may be asymptomatic,
underlying chronic conditions may mask symptoms, or, as is sometimes the case with elderly patients, physical
examinations may appear normal due to the effects of aging on the cardiovascular system [1,6]. Even if diagnosed,
many patients with severe, symptomatic AS do not undergo aortic valve replacement (AVR) [2,7-91. Those patients
with severe AS who do not get an AVR have survival rates as low as 50% at 2 years and 20% at 5 years [10].

Physical examination does allow for the detection of asymptomatic VHD; but, an echocardiogram (ECHO) is
the gold standard diagnostic tool used to assess the severity and evaluate the prognosis of VHDs [4]. However, not
all Medicare patients receive an ECHO, making it difficult to diagnose and evaluate the severity of VHD. The
objective of this study was twofold. First, investigators aimed to examine the rate of diagnostic ECHO testing in
the Medicare population. The second objective was to quantify the occurrence of potentially undiagnosed AS by
comparing outcomes of patients who were diagnosed with AS and received an ECHO to patients who did not
receive an ECHO nor had a diagnosis of VHD, but had similar comorbidity and symptom profiles to patients with
AS who received an ECHO. Analyses were conducted using the Medicare fee-for-service (FFS) database. Coding
for both transthoracic ECHOs and transesophageal ECHOs was used for the analysis (Supplementary Table 1).
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Methods

Data source

Data were derived from the Medicare Limited Dataset Standard Analytic Files for beneficiaries enrolled in FFS
Medicare from 1 January 2011, to 31 December 2014. These data contain detailed information from claims
submitted by providers, which include, but are not limited to, an encrypted beneficiary identifier, the identity
of the provider of the services, Medicare program payments and beneficiary responsibility, from and through
dates, and, where appropriate, admission and discharge dates. The data also contain information on the following
for institutional providers: the source of admission and discharge destinations (including death), International
Classification of Disease (ICD)-9 and ICD-10 diagnosis and procedure codes, revenue centers, Current Procedural
Terminalogy (CPT) and Healthcare Common Procedure Coding System (HCPCS) codes, and charges associated
with those services. A separate file provides annual demographic and enrollment information for all Medicare
beneficiaries.

Services that are covered by Medicare FES Parts A and B are reported by hospitals (inpatient and outpatient
basis), nursing facilities (postacute skilled services only), home health agencies, freestanding clinics, ambulatory
surgical centers, physicians and nonphysician practitioners, and medical equipment suppliers. Unfortunately, while
the Medicare claims database offers great coding detail, it does not provide electronic medical record detail, only
Medicare claims. Therefore, researchers did not have access to ECHO data. They could see if a patient had an
ECHO and what diagnoses they received but could not determine the severity of the diagnosis.

Defining the cohorts

Patients were considered for this study if they were enrolled in Medicare part A and B (5% Standard Analytic Files
Medicare FES) from 1 January 2011 to 31 December 2014. First, patients were divided into two cohorts: those
with a record of one or more ECHOs and a diagnosis of AS; and those with no record of an ECHO anytime in the
database and no diagnosis of VHD. Patients were excluded if any of the following criteria applied: a patient was
aged <65 years old at time zero; a patient had no record of an ECHO, but a diagnosis of VHD, valve procedure
or heart failure; a patient had an ECHO, but no diagnosis of valve disease; or a patient was enrolled <6 months
before time zero (see Supplementary Data for coding detail).

Next, researchers used propensity matching to refine the original two cohorts into two equally sized, comparable
groups. The ECHO-AS cohort was propensity matched to patients with no record of an ECHO using the baseline
characteristics, comorbid conditions and clinically relevant symptoms (syncope, dyspnea, angina, edema, fatigue
and palpitations) that were recorded at time zero. Time zero for the ECHO-AS cohort was defined as the first record
of a patient’s ECHO. Investigators used a Gaussian distribution of the mean and standard deviation of days from
enrollment to the record of the first ECHO from the ECHO-AS cohort to randomly assign time zeros for patients
in the no-ECHO cohort. After matching, patients from the two new, comparable cohorts of equal populations
and similar clinical profiles were followed in the database until a record of death; end of enrollment; or end of the
database.

Statistical analyses

This study is a descriptive, retrospective database analysis designed to quantify the rate of ECHO testing and
the occurrence of undiagnosed AS in the Medicare population. After propensity matching, a survival analysis was
performed using a Cox proportional hazards regression analysis, which calculated hazard ratios for time-to-death as
well as model covariates of interest: cardiac-related symptoms, age, sex and the Elixhauser Comorbidity Index [11].
Sample selection and creation of analytic variables were performed using the Instant Health Data platform (BHE,
MA, USA). Statistical analyses were undertaken with R, version 3.2.1 (R Foundation for Statistical Computing,
Vienna, Austria). This research involved secondary analyses of deidentified data and was therefore exempted from
institutional review.

Results

Of the total Medicare 5% FFS sample from 1 January 2011, through 31 December 2014 (3,383,990 patients),
2,529,497 (75%) had no record of receiving an ECHO anytime in the database (see attrition diagram in Figure 1).
For the 854,493 (25%) patients who had a record of one or more ECHOs, 136,672 (16%) met the additional
inclusion criteria of a diagnosis of AS; 6 months of continuous enrollment before time zero (the first instance of
their AS diagnosis); and being aged 65 years or older at the time of AS diagnosis (Figure 1). Notably, only 7644
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Figure 1. Attrition diagram.
AS: Aortic stenosis; ECHO: Echocardiogram.

Medicare 5% database
2011-2014
n = 3,383,990

Does patient have a
record of receiving an
ECHO?

Record of ECHO
(1 or more)
n = 854,493 (25%)

No record of ECHO
n = 2,529,497 (75%)

6 months continuous
enrollment before time
zero
n = 633,347

6 months continuous
enroliment before time
zero
n=1,610,689

Aged 65 years and over
n = 525,056

Aged 65 years and over
n = 1,254,821

Record of AS diagnosis
n= 136,672

No exclusion criteria
n=1,173,299
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Table 1. Patient demographics before matching.

ECHO-AS (n = 136,672)

Characteristic
Age, y, mean (SD)
Sex, no. (%):

- Female

- Male

Region, no. (%):
— Midwest

— Northeast
—South

— West

Elixhauser score, mean (SD)

78.0 (7.8)

73,175 (53.5)
63,496 (46.5)

28,294 (22.3)
28,367 (22.3)
49,108 (38.7)
21,286 (16.8)
5.97 3.1)

AS: Aortic stenosis; ECHO: Echocardiogram; SD: Standard deviation.

(5.6%) patients with a diagnosis of aortic valve disease had aortic valve replacement (AVR [surgical or transcather])
after diagnosis. The final sample size for each of the two cohorts of interest before matching was 136,672 patients

for the ECHO-AS cohort and 1,173,299 patients for the no-ECHO cohort.

For both cohorts, patients’ baseline characteristics before matching are provided in Table 1. Patients who received
an ECHO and had AS were older (average age of 78 years) and sicker (Elixhauser score of 5.97) than patients
without a record of an ECHO (average age of about 74 years; Elixhauser score of 1.34). Patients from the ECHO-

No-ECHO (n = 1,173,299)
73.6 (7.3)

661,479 (56.4)
511,820 (43.6)

253,425 (22.3)
212,771 (18.8)
396,144 (34.9)
272,247 (24.0)
1.34 (2.0)
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Table 2. Patient clinical symptoms at baseline before matching.

Symptoms, no. (%)
Angina

Dyspnea

Edema

Fatigue

Palpitations

Syncope

AS: Aortic stenosis; ECHO

ECHO-AS (n = 136,672)

No-ECHO (n = 1,173,299)

5614 (4.1) 2986 (0.3)
61,686 (45.1) 65,735 (5.6)
29,467 (21.6) 46,179 (3.9)
55,869 (40.9) 136,684 (11.6)
14,480 (10.6) 18,852 (1.6)
18,643 (13.6) 19,317 (1.7)

: Echocardiogram.

Table 3. Patient demographics, symptoms and Elixhauser comorbidity scores after matching.

Variables

Age, y, mean (SD)

Sex, no. (%):

- Female

- Male

Region, no. (%):

- Midwest

- Northeast

-South

- West

Symptoms, no. (%):

- Angina

— Dyspnea

- Edema

- Fatigue

- Palpitations

— Syncope

Average Elixhauser (SD)
AS: Aortic stenosis; ECHO

ECHO-AS (n = 21,609)
76.8 (7.12)

No-ECHO (n = 21,609)
74.6 (7.22)

11,198 (51.8) 11,657 (53.9)

10,411 (48.2) 9952 (46.1)
4774 (22.1) 5296 (24.5)
4373 (20.2) 4212 (19.5)
8449 (39.1) 8386 (38.8)
4013 (18.6) 3715(17.2)
692 (3.2) 652 (3.0)

8386 (38.8) 8363 (38.7)
3657 (16.9) 3683 (17.0)
8165 (37.8) 8639 (40.0)
2368 (11.0) 2632 (12.1)
2692 (12.5) 2817 (13.0)
4.46 (2.57) 4.62 (2.71)

: Echocardiogram; SD: Standard deviation.

AS cohort also had a much higher rate of symptoms than the no-ECHO cohort (Table 2). ECHO-AS patients
experienced dyspnea more than any other symptom (61,686 [45.1%]), followed by fatigue (55,869 [40.9%]).
Conversely, patients with no-ECHO experienced fatigue more than any other symptom (136,684 [11.7%]),
followed by dyspnea (65,735 [5.6%]). Angina was experienced the least by both cohorts (only 4.1% [5614] of
ECHO-AS patients and 0.3% of no-ECHO patients). As expected, the ECHO-AS cohort had higher rates for all
of the symptoms. Patients from the ECHO-AS cohort also had higher rates of atrial fibrillation, chronic obstructive
pulmonary disease (COPD), hypertension and stroke than their no-ECHO-no-AS counterparts. Over half of the
patients without a record of an ECHO (before matching) had no record of COPD, diabetes, stroke, heart failure,
hypertension or hyperlipidemia.

After propensity matching, 21,609 patients were assigned to each cohort. Patient demographics, clinical symp-
toms and the Elixhauser scores for each cohort after matching are shown in Table 3. Although the cohorts were
similar, small differences persisted; therefore, variables that remained significant after matching were included as
covariates in the Cox regression model. Of the 5291 (24.5%) patients in the no-ECHO cohort who died in the post
period, almost half (49%) had a record of a cardiovascular event before their death in the post period (Figure 2).
Results of the Cox regression are shown in Table 4. The no-ECHO cohort is statistically significant (p = 0.003) with
patients in the no-ECHO cohort at higher risk of death than their ECHO-AS counterparts. Statistically significant
symptoms, which increase the risk of death are also shown.
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No eventt 50

Arrhythmia 31

Stroke 17

Cardiac events

AMI 1

Stroke + AMI—| 1
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Figure 2. The rate of acute cardiac events in the postperiod for no-echocardiogram patients who died.

TNo event means that patients who did not receive an echocardiogram and died did not have a record of arrhythmia,
stroke, or AMI at any time in the post period. Of 3128 patients who did not receive an echocardiogram and died in
the post period, 1563 had no record of an acute cardiac event such as arrhythmia, stroke or AMI; 977 had an
arrhythmia; 530 had a stroke; 40 had an AMI; and 18 had both a stroke and an AMI.

AMI: Acute myocardial infarction.

Research Article

Table 4. Hazard ratios results of Cox regression for time to death.

Variable HR a

No-ECHO 1.07f 1.03-1.12
Age 1.08 1.08-1.09
Sex, male 1.36 1.31-1.42
Dyspnea 1.21 1.16-1.27
Edema 1.20 1.14-1.26
Fatigue 1.08 1.04-1.13
Elixhauser 1.19 1.19-1.20

T Hazard ratio is of interest.
Cl: Confidence interval; ECHO: Echocardiogram; HR: Hazard ratio.

Discussion
This study found that only 25% of patients from the Medicare 5% FFS sample aged 65 years and above from
2011 to 2014 received an ECHO. AS is associated with a large, growing healthcare burden (2,6, and ECHOs
are a key diagnostic tool when evaluating AS [4]. Baseline characteristics before matching indicated that patients
who received an ECHO and had AS were older and sicker than patients without a record of an ECHO, which
is a possible explanation for why the younger, healthier population did not receive ECHOs. However, AS is
often asymptomatic [6]. Of elderly patients in the USA aged 75 years and above with severe AS, 24.4% are
asymptomatic [2]. Patients may go years without developing symptoms; alternatively, mild or generic symptoms
may be mistaken for respiratory disease [6]. ECHOs can help differentiate respiratory conditions like COPD from
structural heart disease; and, exercise testing and stress echocardiography are also helpful when evaluating patients
with VHD [121. These supplemental tests are recommended to get a more complete picture of the disease and
uncover otherwise masked symptoms in patients with asymptomatic AS [12]. Most patients with asymptomatic
AS will develop symptoms within 5 years [13); and, once symptoms like exertional angina, syncope and dyspnea
develop, average survival rates for patients with severe AS decrease substantially, ranging from 2 to 5 years [9).
AVR has been shown to improve survival rates [14,15] and is indicated for patients with moderate and severe AS [1];
however, waiting too long to intervene may put excessive risk on patients. Unfortunately, a substantial number of
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patients do not have valve replacements, even though AVR is indicated for patients with severe AS [2,7,8,15]. The
literature suggests that patients may not undergo AVR or opt for a more conservative treatment path because of
comorbidities or patient preference, but more commonly, patients do not receive appropriate or timely care because
physicians under recognize symptoms, misappropriate symptoms (e.g., mistake AS for a respiratory illness), or
overestimate operative risks (including advanced age or left ventricular dysfunction) 7,9,15]. One study by Freed ez
al. 17 found that of 106 patients with severe AS, only 33 (31%) had undergone AVR and that the main reason
that patients with symptomatic severe AS did not have AVR was their symptoms were thought to be unrelated to
AS. Of the 73 patients who did not have AVR, 42 patients (58%) were asymptomatic but only 4% had undergone
exercise stress testing (another common diagnostic tool for recognizing symptoms related to AS). Freed ez al. also
found that within 15 months, 15 (14%) of the 73 patients who did not undergo AVR died.

Moreover, a multicenter survey by Bach (8] in 2011 found that, overall, many patients who would potentially
benefit from AVR were not evaluated properly for AS. Bach found that only about half of the patients with severe
AS were referred to a cardiothoracic surgeon (referrals were more likely if patients had angina, which this study
found to be an uncommon symptom) and only about 40% had AVR. Of the remaining patients who did not have
surgery, about a fourth were asymptomatic.

This study supports a theme in the literature that patients with VHD are commonly underdiagnosed and
undertreated because of a lack of testing [7] and timely referrals (8. While physical examinations and auscultation
do allow for the detection of asymptomatic VHD, ECHOs remain a key diagnostic tool in identifying VHD; yet,
only about 25% of Medicare FFS patients had an ECHO, and of the 5291 patients in the no-ECHO cohort who
died in the post period, almost half (49%) had a record of a cardiovascular event before their death in the post
period (Figure 2). While it is not possible to confirm that these patients had AS, they had cardiovascular disease,
which may have been treated correctly if those patients had received an ECHO.

The total Medicare parts A and B population in 2017 aged 65 years and older was estimated to be 49.8 million [16].
Of the 3,383,990 patients in the Medicare 5% FFS Database from 2011 through 2014, the initial sample for this
study, 74.7% (2,529,497) did not receive ECHO:s. If that percentage is applied to the total aged Medicare popula-
tion, then 37,224,977 people did not receive ECHOs. Table 2 shows that the most common clinical symptom at
baseline before matching among patients in the no-ECHO cohort is fatigue, affecting 11.6% (136,684/1,173,299)
of patients (fatigue is also common in the ECHO-AS cohort; only dyspnea affects a slightly higher percentage of
people). The least common symptom (in both cohorts) is angina, which is observed in 0.3% (2986) of no-ECHO
patients. So, at the most, 11.6% of the no-ECHO group would have a reason to have an ECHO and, at the least,
0.3% should have an ECHO. Taking 0.3 and 11.6% of the total aged Medicare population who did not receive
ECHO:s yields a minimum and maximum of 94,736 and 4,336,541 patients, respectively. This range represents
patients who, based on their symptoms, perhaps should have received ECHOs, but did not.

AS is most prevalent in the Medicare population, affecting 12.4% of people aged 75 years and above [21.
Increasing the frequency in which Medicare patients receive ECHOs will likely improve patient outcomes and help
diagnose AS more accurately and efficiently. The ability to effectively diagnose AS will become increasingly relevant
as the overall US population ages and the burden of disease increases [2,5]. Utilizing key diagnostic techniques
like ECHOs more frequently and effectively will help identify severe AS in the Medicare population, broadening
treatment options and improving clinical outcomes. If AS can be diagnosed earlier and more effectively, treatment
options and survival rates will improve, and the future impact on public health and healthcare-resource utilization
will likely decrease.

Data limitations
The limitations of this study are those that are inherent in retrospective claims-based data analyses, including
lack of generalizability to noninsured populations, clinical outcomes being imputed from data not prepared for
research purposes, and the under reporting of certain events and diagnoses. Administrative claims data are collected
for billing and reimbursement, not for coordinating medical care or conducting outcomes research. The data are
subject to coding errors and under reporting of clinical conditions that do not trigger a billable event. For example,
ICD-9 diagnosis codes have a specific code for rtheumatic AS; however, physicians typically code for AS under the
code for aortic valve disease. Therefore, both codes are incorporated into this analysis, which may introduce some
overlap with aortic valve diseases.

Additionally, we did not have electronic medical record detail, including laboratory results and physician notes.
We only had access to Medicare claims, which also meant that we could not assess ECHO data and the severity of
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the diagnosis. We only knew if a patient received an ECHO and what diagnoses they received. Therefore, specific
medical details could not be determined. This study was not a prospective randomized controlled clinical trial and
therefore may have confounding variables and inherent biases. Despite these shortcomings, administrative data
have been widely used to evaluate the association between treatments and clinical outcomes, particularly when a
portrayal of patient experience outside the controlled setting of the clinical trial is useful.

Conclusion

About 25% of patients in the Medicare population receive an ECHO, and aortic valve disease is diagnosed in about
one in four of those patients. After matching, almost 50% of patients without a record of an ECHO who died also
had a record of an acute cardiovascular event before their death. In the Medicare population, patients aged 65 years
or older with increased risk factors for AS like hypertension, diabetes, COPD and stroke should be considered for
a diagnostic ECHO.

Summary points

e This research title utilized data from January 2011 to December 2014 to evaluate the utilization of
echocardiograms (ECHO) in the Medicare population.

e Patients who received an ECHO and had a subsequent aortic stenosis (AS) diagnosis (ECHO-AS cohort) were
propensity matched to patients who did not receive an ECHO (no-ECHO cohort) but had similar comorbidities,
demographics and clinically relevant symptoms.

e ECHO-AS patients experienced dyspnea more than any other symptom (61,686 [45.1%]), followed by fatigue
(55,869 [40.9%]).

e Patients from the ECHO-AS cohort had higher rates of atrial fibrillation, chronic obstructive pulmonary disease,
hypertension and stroke than their no-ECHO counterparts.

e Of the patients in the no-ECHO cohort, who died in the post period, nearly half (49%) had a record of a
cardiovascular event prior to their death and the no-ECHO cohort had statistically significant (p = 0.003) higher
risk of death than their counterparts in the ECHO-AS cohort.

e In the Medicare population, patients aged 65 years or older, with increased risk factors for and symptoms
common in AS patients, should be considered for a diagnostic ECHO to detect AS.

e Increasing the frequency in which Medicare patients receive ECHOs will help diagnose AS more accurately and
efficiently.

e |dentifying AS in the Medicare population more frequently and efficiently will likely broaden treatment options
and improve clinical outcomes.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: https://www.futuremedicine.com/d
oi/suppl/10.2217/cer-2018-0071
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