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Mortality

Patricia A. Pellikka =/, MD; Ratnasari Padang ', MBBS, PhD; Christopher G. Scott
Shannon M. E. Murphy “&, MA; Rosalind Fabunmi, PhD; Jeremy J. Thaden “*/, MD

, MS;

BACKGROUND: Many patients with symptomatic severe aortic stenosis do not undergo aortic valve replacement (AVR) despite
clinical guidelines. This study analyzed the association of managing provider type with cardiac specialist follow-up, AVR, and
mortality for patients with newly diagnosed severe aortic stenosis (SAS).

METHODS AND RESULTS: We identified adults with newly diagnosed sAS per echocardiography performed between January
2017 and March 2019 using Optum electronic health record data. We then selected from those meeting all eligibility criteria
patients managed by a primary care provider (n=1707 [25%)]) or cardiac specialist ((=5039 [75%)]). We evaluated the associa-
tion of managing provider type with cardiac specialist follow-up, AVR, and mortality, as well as the independent association
of cardiac specialist follow-up and AVR with mortality, within 1year of echocardiography detecting sAS. A subgroup analysis
was limited to patients with symptomatic sAS. Patient characteristics and comorbidities at baseline were used for covariate-
adjusted cause-specific and multivariable Cox proportional hazard models assessing group differences in outcomes by man-
aging provider type. An adjusted Cox proportional hazard model with additional time-dependent covariates for follow-up and
AVR was used to assess these practices’ association with mortality. Within 1year of echocardiography detecting sAS, data
revealed that primary care provider management was associated with lower rates of cardiac specialist follow-up (hazard ratio
[HR], 0.47 [95% Cl, 0.43-0.50], P<0.0001) and AVR (HR, 0.58 [95% ClI, 0.53-0.64], P<0.0001) and with higher 1-year mortality
(HR, 1.45 [95% ClI, 1.26-1.66], P<0.0001). Cardiac specialist follow-up and AVR were independently associated with lower
mortality (follow-up: HR, 0.55 [95% CI, 0.48-0.63], P<0.0001; AVR: HR, 0.70 [95% ClI, 0.60-0.83], P<0.0001). Results were
similar for patients with symptomatic sAS. All analyses were adjusted for baseline patient characteristics and comorbidities.

CONCLUSIONS: For patients newly diagnosed with sAS, we observed differences in rates of cardiac specialist follow-up and
AVR and risk of mortality between primary care provider- versus cardiologist-managed patients with sAS. In addition, a lower
likelihood of receiving follow-up and AVR was independently associated with higher mortality.
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ease that demonstrates increasing prevalence
with advancing age.! Of adults >65years, the in-
cidence rate of severe AS (SAS) was 4.4% per year.>3
Symptoms were present in 68% of patients with sAS,?
for whom aortic valve replacement (AVR) is generally
recommended.* When left untreated, only one third

Aortic stenosis (AS) is a common form of valve dis-

of patients with sAS will survive 5years.® Despite the
association of untreated sAS with poor long-term sur-
vival, prior research indicates that a considerable pro-
portion of patients with sAS do not receive appropriate
therapeutic intervention.6=° Deficient or delayed care
can have severe consequences, including increased
rates of hospitalization, worsening heart failure, and
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CLINICAL PERSPECTIVE
What Is New?

Using a large data set of patients with newly
diagnosed severe aortic stenosis by echocar-
diography, we found differences in rates of spe-
cialist follow-up, aortic valve replacement, and
mortality between patients managed by a pri-
mary care provider versus a cardiologist.

e (Cardiologist management was associated
with higher rates of cardiac specialist follow-
up and aortic valve replacement, which were
independently associated with lower mortality;
improved 1-year survival rate was observed
among patients with severe aortic stenosis re-
ceiving cardiologist-driven care.

What Are the Clinical Implications?

e These findings underscore the need for educa-
tion and other interventions targeting clinicians
receiving echocardiography reports that could
greatly improve compliance with American
College of Cardiology/American Heart Association
guidelines, potentially increasing rates for car-
diac specialist follow-up, aortic valve replace-
ment, and survival for patients with newly
diagnosed severe aortic stenosis.

Nonstandard Abbreviations and Acronyms

ACC American College of Cardiology
AHA American Heart Association
AVR aortic valve replacement

sAS severe aortic stenosis

death.>'%-'The reasons for this deficit are not entirely
understood, especially because the advent of tran-
scatheter AVR has made AVR more accessible, even
for patients who are considered high risk and unsuit-
able for surgical AVR."® Among potentially appropriate
candidates for AVR, common reasons for surgery not
being performed include patient refusal,'* misinterpre-
tations of symptom or lesion severity,'® patient race'®
and sex,” perception of excessive surgical risk,'® and
challenges to local accessibility of treatment.'”® The
type of provider managing a candidate for AVR may
also influence whether a patient undergoes valve inter-
vention. According to current 2020 American College
of Cardiology (ACC)/American Heart Association (AHA)
guidelines, referral to a cardiac specialist is a critical
step in the management pathway for all patients with
sAS (Class 1 recommendation, Level of Evidence: C).4
However, recent studies suggest that certain types of
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managing providers, such as primary care providers
(PCPs), may be less familiar with guidelines regarding
referral for cardiac specialist follow-up.'*We performed
a retrospective analysis based on electronic health re-
cord (EHR) data to understand how managing provider
type might affect the clinical management and survival
of patients with newly diagnosed sAS. Distinguishing
patients by managing provider type, we evaluated dif-
ferences in rates of follow-up evaluation by a cardiac
specialist, AVR (transcatheter AVR or surgical AVR), and
1-year mortality. We also assessed the independent
association of follow-up and AVR with 1-year mortal-
ity. We hypothesized that PCPs and cardiac specialists
might have different approaches to sSAS management
that could ultimately affect patient outcomes.

METHODS

Data Source

This retrospective study used de-identified, patient-
level, EHR data from the Optum EHR database.?® The
Optum EHR database includes standardized and in-
tegrated data from more than 50 health care provider
organizations in the United States, not limited to data
from the Optum health care provider network, and col-
lectively represents more than 2000 hospitals and 7000
outpatient clinics. Optum EHR data capture clinical di-
agnoses and procedure codes from the ambulatory
and inpatient setting and offers select structured data
for patient laboratory and radiographic results. Patient
data can be tracked across multiple health care pro-
viders, allowing for the longitudinal evaluation of clini-
cal outcomes over time. Optum EHR data are payor
agnostic and include all payors, including Medicare.
Optum has been the data source for several recent
studies investigating disparities in AVR rates based on
differences in patient sex'” and race,'® as well as clini-
cian variability.?! The data that support the findings of
this study are available from the corresponding author
upon reasonable request.

As this was a noninterventional, retrospective, ob-
servational study that collected de-identified data for
patients who met eligibility criteria, informed consent
was not required from patients under an institutional
review board exemption status. All aspects of this
study were conducted in compliance with the Health
Insurance Portability and Accountability Act of 1996
regulations and the act’s Omnibus Rule of 2013.

Study Population

This study included adults (>18years old) with newly
diagnosed sAS per echocardiography performed be-
tween January 2017 and March 2019, as determined
from Optum EHR data. Defining criteria for sAS were
a mean pressure gradient >40mmHg, aortic valve
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area <1.0cm?, or peak velocity >4.0m/s and a current
or prior diagnosis code indicating AS. Symptomatic
sAS was defined as a heart failure diagnosis per
International Classification of Diseases, Tenth Revision
(ICD-10) code, >2 unique symptoms of sAS, or the
same symptom of sAS on multiple dates, occurring
within 6 months before echocardiography detect-
ing sAS. Symptom categories included chest pain or
pressure, dyspnea with exertion, dyspnea without ex-
ertion, and presyncope or syncope; these symptoms
were identified based on natural language processing
of physician notes rather than via ICD-70 code.

To ensure longitudinal completeness of data,
study participants must have been enrolled in an in-
tegrated delivery network?? and had at least 1 out-
patient or pharmacy encounter or evidence of death
(per Optum EHR data) during the 1-year follow-up
period. Study participants must have been managed
by a PCP (general practice, primary care, preventive
medicine, family medicine, internal medicine, geriat-
ric medicine) or cardiac specialist (cardiology, inter-
ventional cardiology, cardiothoracic surgery). These
definitions were used to identify both managing and
follow-up providers. Patients managed by midlevel
providers were not included in the study owing to
ambiguity regarding the definition of midlevel provid-
ers in the data set.

Exclusion criteria were as follows: prior sAS di-
agnosis based on echocardiography, International
Classification of Diseases, Ninth Revision (ICD-
9)/ICD-10 code indicating any prior valve procedure,
death occurring on the same day as the echocardi-
ography detecting sAS, and AVR within 3days of
echocardiography (a possible indication of a prior SAS
diagnosis not captured in EHR). Patients were also
excluded if there was no evidence of an outpatient/
pharmacy encounter or death within 1year before and
1year after echocardiography. The data in the year be-
fore echocardiography were necessary to identify the
managing provider and the data in the year after echo-
cardiography were necessary to assess outcomes.

Identifying the Managing Provider

A cardiac specialist was identified as the managing
provider if Optum EHR data indicated an outpatient
visit with 1 of the aforementioned cardiac specialist
types in the year before echocardiography. A PCP was
identified as the managing provider if Optum EHR data
indicated an outpatient visit with 1 of the aforemen-
tioned PCP provider types, and no cardiac specialist
visit, in the year before echocardiography. Managing
provider roles were limited to the discharging, admit-
ting, attending, billing, performing, and consulting
physician.
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Outcomes

This study evaluated the association of managing pro-
vider type with cardiac specialist follow-up, AVR (surgi-
cal AVR or transcatheter AVR), and mortality, as well
as the independent association of cardiac specialist
follow-up and AVR with mortality, within 1 year of echo-
cardiography newly detecting sAS. Study outcomes
reflect data collected throughout the 1-year follow-up
period, beginning 1 day after echocardiography de-
tecting sAS.

Statistical Analysis

Patient demographic characteristics, clinical charac-
teristics, and Elixhauser comorbidities at baseline, re-
ported by managing provider type, were used to assess
baseline group differences. The Elixhauser comorbidi-
ties are a comprehensive set of comorbidity measures
associated with substantial increases in mortality and
other clinical outcomes and developed for use with
administrative data for a wide range of diseases.?32°
Comparison of baseline group differences in patient
demographic characteristics, clinical characteristics,
and comorbidities were based on Mann-Whitney U
tests (continuous characteristics; variance reported
with interquartile range) and Fisher’s exact tests (binary
characteristics). All outcome models were covariate
adjusted for age, sex, region, race (White/under rep-
resented racial or ethnic groups), payor, and sympto-
matic status (Table 1) and for 28 comorbidity indicators
from the Elixhauser Comorbidity Index?? (Table 2).

For the outcomes of cardiac specialist follow-up
and AVR by managing provider type, a cause-specific
hazard model was used for both adjusted cumula-
tive incidence function plotting and measurement of
differences in instantaneous risk between the PCP-
managed and cardiac specialist-managed groups. For
the outcome of mortality by managing provider type, a
multivariable Cox proportional hazard model was used
for adjusted cumulative hazard plotting and for mea-
surement of group differences. A subgroup analysis
was limited to patients with symptomatic sAS.

A multivariable Cox proportional hazard model with
additional time-dependent covariates for cardiac spe-
cialist follow-up and AVR was used to assess these
practices’ independent association with mortality and to
determine whether they mitigated any observed associ-
ation between managing provider type and mortality. For
all models, the assumption of proportional hazards was
assessed using Kaplan—Meier curves, visual inspection
of plots of the Schoenfeld residuals over time, and cor-
relations of the residuals with time (Data S1, Figures S1
through S3). None of the plots showed a major violation
of the proportional hazards assumption, and the cor-
relations were all within O to +/- 0.1.
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Table 1. Baseline Patient Characteristics for Patients With Severe Aortic Stenosis
Managed by cardiac
Characteristic Total Managed by PCP specialist P value*
No. patients 6746 1707 (25.3%) 5039 (74.7%) n/a
Age in y, median (interquartile range) 78.0 (70-85) 79.0 (70-85) 77.0 (69-84) <0.0001
Male sex 3590 (53.2%) 845 (49.5%) 2745 (54.5%) 0.0004
Under represented racial or ethnic groups 334 (5.0%) 79 (4.6%) 255 (5.1%) 0.5187
Region
Midwest 3566 (52.9%) 1121 (65.7%) 2445 (48.5%) <0.0001
Northeast 1177 (17.4%) 138 (8.1%) 1039 (20.6%) <0.0001
South 1376 (20.4%) 323 (18.9%) 1053 (20.9%) 0.0823
West 627 (9.3%) 125 (7.3%) 502 (10.0%) 0.0010
Payor
Commercial 2243 (33.2%) 519 (30.4%) 1724 (34.2%) 0.0039
Medicare 3960 (58.7%) 1054 (61.7%) 2906 (57.7%) 0.0031
Medicaid 140 (2.1%) 27 (1.6%) 113 (2.2%) 0.7576
Other 298 (4.4%) 75 (4.4%) 223 (4.4%)
Uninsured 105 (1.6%) 32 (1.9%) 73 (1.4%)
Symptomatict 5165 (76.6%) 1236 (72.4%) 3929 (78.0%) <0.0001

For risk adjustment, Medicaid, Other, and Uninsured were combined into a single “Other” category. PCP indicates primary care provider.

*P values for baseline group differences were based on Mann-Whitney U test (age) and Fisher’s exact tests (binary characteristics).

fSymptomatic severe aortic stenosis was defined as a heart failure diagnosis per International Classification of Diseases, Tenth Revision (ICD-10) code, >2
unique symptoms of severe aortic stenosis (sAS), or the same symptom of sSAS on multiple dates, occurring within 6 months before echocardiography detecting
sAS. Symptom categories included chest pain or pressure, dyspnea with exertion, dyspnea without exertion, and presyncope or syncope.

For testing the association of managing provider
type on each outcome, a P value of <0.017 was consid-
ered statistically significant after applying a Bonferroni
correction for multiple comparisons based on testing 3
outcomes. Further subgroup analyses and adjustment
for time-dependent covariates were planned only if
the primary analyses were statistically significant; thus
P<0.017 was also applied to these additional analyses
based on the hierarchical testing approach. Missing
values for sex (<0.1%), race (3%), and region (2%)
were imputed with the mode. Missing values for payor
(18%) were imputed with Medicare for age >65 and
Commercial for age <65. All analyses were conducted
using SAS version 9.4.

RESULTS

Population

A total of 6746 patients were analyzed in this study,
with 1707 (25%) managed by a PCP and 5039 (75%)
managed by a cardiac specialist (Figure 1). About half
(51%) of cardiologist-managed patients also saw a
PCP in the year before sAS detection by echocardi-
ography. Key characteristics of the total study popula-
tion included a median age of 78.0 (interquartile range
70-85) years, 3590 (53%) male, 6412 (95%) White,
and 3566 (53%) of Midwest geography (Table 1). Of
the total study population, 5165 (77%) were consid-
ered to have symptomatic sAS, with 1236 (24%) of this

subpopulation managed by a PCP and 3929 (76%)
managed by a cardiac specialist (Table 1). Differences
were observed between PCP-managed and cardiac-
specialist managed patients for several Elixhauser co-
morbidities (Table 2). Of 19 comorbidities for which a
statistically significant difference was observed, 4 co-
morbidities (ie, arrhythmias, congestive heart failure
[heart failure with reduced or preserved ejection frac-
tion], peripheral vascular disease, pulmonary circula-
tion disorders [pulmonary vessel disease, pulmonary
embolism, pulmonary hypertension, and cor pulmo-
nale]) were more prevalent among cardiac specialist-
managed patients (Table 2).

Association of Managing Provider Type
With Cardiac Specialist Follow-Up, AVR,
and Mortality

PCP management was associated with lower rate of
occurrence of cardiac specialist follow-up (hazard ratio
[HR], 0.47 [95% CI, 0.43-0.50], P<0.0001; Figure 2)
within 1year of sAS detection by echocardiography.
Moreover, PCP management was associated with a
lower rate of AVR (among those still at risk) (HR, 0.58
[95% CI, 0.53-0.64], P<0.0001; Figure 3). Finally, 1-year
mortality was higher for PCP-managed patients (HR,
1.45 [95% ClI, 1.26-1.66], P<0.0001; Figure 4). These
associations persisted when analysis was limited to
patients with symptomatic sAS (follow-up: HR, 0.46
[95% ClI, 0.42-0.50], P<0.0001; AVR: HR, 0.57 [95%
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Table 2. Baseline Patient Elixhauser Comorbidities for Patients With Severe Aortic Stenosis

Managed by cardiac
Elixhauser comorbidity Managed by PCP specialist P value*
Elixhauser count of comorbidities’: Median (interquartile 5(3-8) 5(3-8) 0.3785
range)
Cardiac arrhythmias 641 (37.6%) 2436 (48.3%) <0.0001
Congestive heart failure (heart failure with reduced ejection 527 (30.9%) 1943 (38.6%) <0.0001
fraction or preserved ejection fraction)
Hypertension (complicated) 449 (26.3%) 1375 (27.3%) 0.4493
Hypertension (uncomplicated) 1356 (79.4%) 3911 (77.6%) 0.1195
Peripheral vascular disorders 412 (24.1%) 1532 (30.4%) <0.0001
Blood loss anemia 59 (3.5%) 139 (2.8%) 0.1580
Deficiency anemia 181 (10.6%) 413 (8.2%) 0.0030
Coagulopathy 136 (8.0%) 416 (8.3%) 0.7592
Pulmonary circulation disorders 208 (12.2%) 828 (16.4%) <0.0001
Chronic pulmonary disease 517 (30.3%) 1239 (24.6%) <0.0001
Diabetes (complicated) 427 (25.0%) 985 (19.5%) <0.0001
Diabetes (uncomplicated) 563 (33.0%) 1500 (29.8%) 0.0138
Lymphoma 36 (2.1%) 76 (1.5%) 0.1002
Metastatic cancer 33 (1.9%) 78 (1.5%) 0.2727
Solid tumor without metastasis 212 (12.4%) 492 (9.8%) 0.0025
Fluid and electrolyte disorders 388 (22.7%) 824 (16.4%) <0.0001
Hypothyroidism 380 (22.3%) 868 (17.2%) <0.0001
Liver disease 85 (5.0%) 240 (4.8%) 0.7437
Obesity 441 (25.8%) 1092 (21.7%) 0.0004
Paralysis 21 (1.2%) 37 (0.7%) 0.0676
Other neurological disorders 168 (9.8%) 313 (6.2%) <0.0001
Peptic ulcer disease 37 (2.2%) 73 (1.4%) 0.0467
(excluding bleeding)
Drug abuse 32 (1.9%) 76 (1.5%) 0.3151
Alcohol abuse 33 (1.9%) 109 (2.2%) 0.6262
Depression 290 (17.0%) 584 (11.6%) <0.0001
Psychoses 25 (1.5%) 31 (0.6%) 0.0017
Renal failure 483 (28.3%) 12083 (23.9%) 0.0003
Rheumatoid arthritis/collagen vascular diseases 128 (7.5%) 295 (5.9%) 0.0178
AIDS/HIVT 2 (0.1%) 9(0.2%) 0.7407
Abnormal weight loss 123 (7.2%) 227 (4.5%) <0.0001

PCP indicates primary care provider.

*P values for baseline group differences were based on Mann-Whitney U test (Elixhauser score) and Fisher’s exact tests (individual comorbidities).

fComorbidity not used for risk adjustment.

Cl, 0.51-0.64], P<0.0001; mortality: HR, 1.52 [95% CI,
1.32-1.76], P<0.0001). All analyses were adjusted for
baseline patient characteristics and comorbidities.

Association of Cardiac Specialist Follow-
up and AVR With Mortality

After adjusting for baseline patient characteristics and
comorbidities, cardiac specialist follow-up and AVR
were independently associated with lower risk of mortal-
ity (follow-up: HR, 0.55 [95% ClI, 0.48-0.63], £<0.0001;
AVR: HR, 0.70 [95% CI, 0.60-0.83], P<0.0001). After
additional adjustment for cardiac specialist follow-up
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and AVR as time-dependent covariates, management
by a PCP was still associated with higher risk of mor-
tality, although to a lesser degree (HR, 1.20 [95% CI,
1.04-1.38], P=0.0129).

DISCUSSION

Among 6746 adults with newly diagnosed sAS, after
adjustment for baseline patient characteristics and
comorbidities, we found significantly lower rates of
cardiac specialist follow-up evaluation and AVR for pa-
tients managed by a PCP as compared with a cardiac
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N=27207 Patients with sAS® detected by echocardiography
(January 2017 to March 2019%)

l' ={ N=11058 Prior sAS echocardiography result

| N=16 149 No prior sAS echocardiography result |
« N=1359 Not enrolled in integrated delivery network

} P+ N=6598 Lack of data continuityin year before/after*
| « N=814 Not managed by PCP or cardiac specialist

N=7378 ManagedbyPCP or cardiac specialist

« N=7 Less than 18 years old
»+ N=612 AVR within 3 days of echocardiography detecting sAS
« N=13 Not alive at start of follow-up®

+ v

N=1707 Newly-diagnosed sAS N=5039 Newly-diagnosed sAS
(25%) managed by PCP* (75%)  managed by cardiac specialist’

Figure 1. Consort diagram.

AVR indicates aortic valve replacement; PCP, primary care provider; and sAS, severe aortic stenosis.
aDefining criteria for sAS were a mean pressure gradient >40mmHg, aortic valve area <1.0 cm?, or
peak velocity >4.0 m/s; and a current or prior diagnosis code indicating aortic stenosis. PPatients were
included if the date of aortic stenosis diagnosis by International Classification of Diseases, Tenth Revision
(/ICD-10) code was at any point on or before the date of echocardiography detecting sAS. °Lack of data
continuity was defined as no evidence of an outpatient/pharmacy encounter or death within +1 year
of echocardiography detecting sAS. 9Follow-up period: 1 to 365days after echocardiography detecting
sAS. °A PCP was identified as the managing provider if Optum EHR data indicated an outpatient visit
with 1 of the study’s selected PCP provider types, and no cardiac specialist visit, in the year before
echocardiography detecting sAS. ‘A cardiac specialist was identified as the managing provider if Optum
EHR data indicated an outpatient visit with 1 of the study’s selected cardiac specialist types in the year
before echocardiography detecting sAS.

specialist. PCP-managed patients were less likely to most severe stage of sAS (Stage D) according to cur-
undergo AVR even when the analysis was limited to rent 2020 ACC/AHA guidelines and for whom AVR is
patients with symptomatic sAS, which represents the ~ recommended with very few exceptions.* PCP-led

PCP vs.Cardiac Specialist
HR, 0.47 (95% CI, 0.43-0.50, P<0.0001)

Probability

0.0

T T T T
0 90 180 270 365

Time to Cardiac Specialist Visit after Diagnosis of Severe AS (Days)

Managing Provider Cardiac Specialist — — — PCP

Figure 2. Association of cardiac specialist follow-up with managing provider type for
patients with severe aortic stenosis.

Plot based on adjusted Cumulative Incidence Function and HR based on cause-specific hazard
model. Covariates include age, sex, White race, region, payor, 28 Elixhauser comorbidity
indicators, symptomatic indicator, and year of severe aortic stenosis diagnosis. The colored
shading around each curve represents the 95% CI. AS indicates aortic stenosis; HR, hazard ratio;
and PCP, primary care provider.
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Probability

1.0 -

PCP vs.Cardiac Specialist
08 HR, 0.58 (95% CI, 0.53-0.64, P<0.0001)
0.6 —

——

Time to AVR (Days)

)
N -
N

180 270

Managing Provider

Cardiac Specialist — — — PCP

Figure 3. Association of aortic valve replacement with managing provider type for

patients with severe aortic stenosis.

Plot based on adjusted Cumulative Incidence Function and HR based on cause-specific hazard
model. Covariates include age, sex, White race, region, payor, 28 Elixhauser comorbidity
indicators, symptomatic indicator, and year of severe aortic stenosis diagnosis. The colored
shading around each curve represents the 95% CI. AVR indicates aortic valve replacement; HR,

hazard ratio; and PCP, primary care provider.

management of sAS was also associated with higher
risk of mortality, regardless of patients’ symptom status.

Cardiac Specialist Follow-Up and Aortic
Valve Replacement

Primary care providers play a crucial role in patient
care. Their initial clinical evaluation frequently is key
to discovering underlying cardiovascular disease and
it should be noted that 51% of cardiologist-managed
patients also saw a PCP in the year before echocar-
diogram confirmation of sAS. Meanwhile, follow-up
evaluation by a specialist provider represents an op-
portunity for in-depth assessment of concerning find-
ings by an expert in the field. Specialists usually receive
years of additional training regarding identification and
best practice management of diseases associated
with their practice. A key component of this training is
gaining familiarity with clinical management guidelines.
According to current 2020 ACC/AHA guidelines, refer-
ral to a cardiac specialist is a critical step in the clinical
management pathway for all patients with sAS (Class 1
recommendation, Level of Evidence: C).* Evaluation by
a cardiac specialist provides the best opportunity for
accurate assessment of patient disease severity and
symptomatology, although variability in the manage-
ment of patients with SAS among cardiologists has been
described.?® As the guidelines for SAS management

J Am Heart Assoc. 2022;11:e025164. DOI: 10.1161/JAHA.121.025164

are largely based on these findings, accurate charac-
terization of a patient’s clinical presentation is key to
appropriate management and good outcomes. Visiting
with a cardiac specialist may also empower patients to
participate in fully informed decision-making regarding
their condition, as specialists may have greater experi-
ence with issues warranting consideration, such as the
natural history of untreated sAS and AVR procedural
risks.?®

Among many benefits, follow-up evaluation by a
cardiac specialist can improve determination of val-
vular lesion severity, which is underestimated in up to
22% of patients with sAS and may warrant treatment
with AVR.?"~2° Underestimation of sAS is especially
common in patients with low-flow, low-gradient AS be-
cause of difficulties in classifying the severity of their
disease.®® This may result in nonreferral for (or delayed
performance of) AVR procedures that enhance sur-
vival for these patients when compared with medical
management alone.®! Underscoring the importance of
follow-up evaluation, our study found cardiac special-
ist follow-up to be associated with lower risk of 1-year
mortality for patients with sAS, with or without adjust-
ment for managing provider type.

There is much discussion in the literature regard-
ing the effect of symptom status on clinical outcomes
for patients with sAS.%233 Qur study found similar re-
sults between all patients with sAS and patients with
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0.25 -
PCP vs.Cardiac Specialist
0.20 | HR, 145 (95% CI, 1.26-1.66, P<0.0001)
oy
= 0.15 -
S
]
£
£ 010
0.05 —
0.00 T T T T
0 90 180 270 365
Time to Death (Days)
Managing Provider Cardiac Specialist — — — PCP
Day 0 20 180 270 365
Cardiac 5039 4775 4602 4478 4349
Specialist
PCP 1707 1544 1474 1426 1375

Figure 4. Association of mortality with managing provider type for patients with severe

aortic stenosis.

Plot based on adjusted cumulative hazard risk and HR from multivariable Cox proportional
hazard model. Covariates include age, sex, White race, region, payor, 28 Elixhauser comorbidity
indicators, symptomatic indicator, and year of severe aortic stenosis diagnosis. The colored
shading around each curve represents the 95% Cl. HR indicates hazard ratio; and PCP, primary

care provider.

symptomatic sAS, suggesting that even in the pres-
ence of symptoms, PCP-managed patients were less
likely to be referred for specialist care, were less likely
to receive AVR treatment, and were associated with
higher risk of mortality. Collaboration across care
teams to ensure follow-up with a cardiac specialist,
and access to potentially lifesaving AVR, is thus a key
component of appropriate clinical management for pa-
tients with sAS, regardless of symptomatic status.
Previous studies indicate that rates of referral for car-
diac specialist follow-up vary widely for sAS patients
with an indication for AVR.'534-% This variability is likely
multifactorial. Patients with sAS and symptoms of angina
(as opposed to symptoms of heart failure or syncope)
and high aortic valve pressure gradient (as opposed to
low gradient despite small aortic valve area) have been
found to receive referrals more frequently.3® Higher refer-
ral rates have also been found for patients with sAS and
ischemic heart disease or prior pacemaker therapy, as
well as patients with sAS and evidence of medical futil-
ity, suggesting an influence of known cardiovascular dis-
ease and patient complexity on the desire for specialty
care.® Another potential contributor to wide-ranging
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referral rates may be the presence of certain patient
comorbidities. To address this gap in the literature, we
collected detailed information (and adjusted) for the
presence of 28 cardiovascular and noncardiovascular
Elixhauser comorbidities among study participants. We
also conducted a subgroup analysis for patients with
few (<3) comorbidities as determined by the Elixhauser
score (n=2049 or 30% of the total study population). The
results in patients with minimal comorbidities were simi-
lar to the total study population (Table S1).

Our study found noncardiovascular and nonpul-
monary comorbidities to be more prevalent in the
PCP-managed group, raising the possibility that signs
or symptoms of these conditions might interfere with
detection of sAS (or other cardiac pathology) and, ulti-
mately, cardiac specialist referral. Future work is needed
to evaluate whether patients with sAS and certain co-
morbidities are more likely to have PCP or cardiac
specialist managing providers or experience different
rates of referral for specialist evaluation. Variability in
referral rates thus has many drivers. Aspects of both
the patient and provider influence whether appropriate
follow-up and treatment occur.
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Mortality

Many studies have evaluated the impact of AVR on
the mortality of patients with sAS and symptomatic
sAS, with receipt of AVR consistently associated with
enhanced survival for patients in whom it is recom-
mended.3"38 Consistent with prior work, our study
found a significant association between AVR and re-
duced risk of 1-year mortality. Through its novel evalu-
ation of the relationship between managing provider
type and mortality, our study also found that cardiac
specialist-managed patients with sAS have a 45%
lower risk of mortality than their PCP-managed coun-
terparts. Given the different contexts in which they
perform patient care, PCPs and cardiac specialists
may understandably have variable approaches to sAS
management. Part of this variation can be attributed
to differential approaches affecting cardiac special-
ist follow-up and AVR practices, but reasons for the
remaining variation have yet to be explained. Indeed,
the degree of association between managing pro-
vider type and risk of mortality was reduced, although
not eliminated, after controlling for cardiac specialist
follow-up and AVR (HR, 1.45 before adjustment; HR,
1.20 after adjusting for cardiac specialist follow-up
and AVR).

Adherence to Clinical Guidelines

Several actions have been taken to improve adher-
ence to ACC/AHA guidelines, including a proposal for
guideline-based alerts within echocardiography reports
indicating sAS®® and the inclusion of guideline-based
statements by interpreting physicians within echocar-
diography reports noting other cardiac pathology.*°
These efforts have focused on system-, provider-, and
patient-level interventions, with varying levels of impact
on patient outcomes.*' This study suggests that educa-
tional interventions targeting clinicians receiving echo-
cardiography reports could greatly improve compliance
with ACC/AHA guidelines, potentially increasing rates
for cardiac specialist follow-up, AVR, and survival for
patients with newly diagnosed sAS.

Study Limitations

Our study has several limitations. First, inherent chal-
lenges of using Optum EHR data include the potential
incompleteness of patient longitudinal data. We have
mitigated this limitation by including only patients en-
rolled in integrated delivery networks and excluding
patients with lack of data continuity (ie, no evidence
of an outpatient encounter or death) within +1year of
echocardiography detecting sAS.

A second potential study limitation is overestima-
tion of the cardiac specialist follow-up rate for car-
diac specialist-managed patients if they returned to
their managing provider for follow-up evaluation. This
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limitation would not apply to the follow-up rate for
PCP-managed patients. Similarly, the data set did not
include data on referrals, so we used completed vis-
its as a proxy for referrals. However, there are many
known challenges that affect the specialty-referral pro-
cess in the United States, which should be examined
in future studies.*? Third, we relied on ICD codes to
define the comorbidities used for adjustment, including
heart failure used to identify symptom status, which
may have underestimated the true prevalence of these
conditions in our study population.*® Fourth, our re-
sults are representative of patients who received care
at all sites participating in the Optum EHR offering,
which may not be generalizable nationwide or to dis-
similar patient populations. However, the Optum EHR
database supports a large provider network that is not
restricted to the Optum Care Network; it is electronic
medical record and payor agnostic. Finally, there are
important variables that are unavailable in this data
set, which have the potential for residual confound-
ing. For example, we were able to adjust our analysis
for patient regions, but the data set did not allow for
adjustment based on other socioeconomic barriers to
referral, such as rural settings and ability to take time
off work. It will be important to confirm these results
in other data sets that can provide additional patient
information.

CONCLUSIONS

In studying a nationwide, US-based cohort of patients
with newly diagnosed sAS, we found significant vari-
ability in rates of SAS management practices and risk
of mortality based on managing provider type. Patients
managed entirely by PCPs, as compared with cardiac
specialists, were less likely to receive follow-up evalu-
ation by a cardiac specialist and AVR (key compo-
nents of ACC/AHA guidelines for sAS management)
and demonstrated higher mortality at the end of the
1-year follow-up period. Considering the independent
association found for both cardiac specialist follow-
up and AVR with reduced risk of 1-year mortality, this
study highlights the critical importance of appropriate
follow-up care in achieving optimal clinical outcomes
for patients with sAS. Our findings underscore the im-
portance of a collaborative approach to sAS patients,
including partnership between PCPs and cardiac spe-
cialists to optimize patient care and evaluation, as well
as initiatives to align clinical practices more closely with
ACC/AHA management guidelines. Further studies are
warranted to examine if these results are generalizable
to other populations.

ARTICLE INFORMATION
Received December 22, 2021; accepted May 18, 2022.



Pellikka et al

Affiliations

Department of Cardiovascular Medicine (P.A.P., R.P,, J.J.T.) and Department
of Quantitative Health Sciences (C.G.S.), Mayo Clinic, Rochester, MN; and
Edwards Lifesciences, Irvine, CA (S.M.M., R.F)).

Acknowledgments

The authors thank Nicole Green, MD, Emily Farrar, PhD, and Sibyl Munson,
PhD of Boston Strategic Partners, Inc. for their editorial contributions and
assistance with article preparation. (Authors Shannon Murphy, MA and
Christopher Scott, MS had full access to all data used in the study and take
responsibility for its integrity and the data analysis.)

Sources of Funding

This study was funded by Edwards Lifesciences, Inc. Additional funding to
support statistical analysis was available to Dr Pellikka as the Betty Knight
Scripps Professor of Cardiovascular Disease Clinical Research, Mayo Clinic.

Disclosures

Patricia Pellikka reports research support funding (paid to Mayo Clinic) from
the American Society of Echocardiography Foundation, GE Healthcare,
Ultromics, and Lantheus. Ratnasari Padang and Christopher Scott have no
disclosures to report. Shannon Murphy—reports employment at Edwards
Lifesciences and current equity holdings. Rosalind Fabunmi— reports em-
ployment at Edwards Lifesciences and current equity holdings. Jeremy
Thaden— reports consulting fees (paid to Mayo Clinic) from Medtronic.

Supplemental Material
Data S1

Table S1

Figures S1-S3

Reference 44

REFERENCES

1. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-
Sarano M. Burden of valvular heart diseases: a population-based study.
Lancet. 2006;368:1005-1011. doi: 10.1016/S0140-6736(06)69208-8

2. Durko AP, Osnabrugge RL, Van Mieghem NM, Milojevic M, Mylotte D,
Nkomo VT, Pieter KA. Annual number of candidates for transcathe-
ter aortic valve implantation per country: current estimates and future
projections. Eur Heart J. 2018;39:2635-2642. doi: 10.1093/eurheartj/
ehy107

3. Owens DS, Bartz TM, Buzkova P, Massera D, Biggs ML, Carlson SD,
Psaty BM, Sotoodehnia N, Gottdiener JS, Kizer JR. Cumulative bur-
den of clinically significant aortic stenosis in community-dwelling older
adults. Heart. 2021;107:1493-1502. doi: 10.1136/heartjnl-2021-319025

4. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F,
Jneid H, Krieger EV, Mack M, McLeod C, et al. 2020 ACC/AHA guideline
for the management of patients with valvular heart disease: executive
summary: a report of the American College of Cardiology/American
Heart Association joint committee on clinical practice guidelines.
Circulation. 2021;143:€35-e71. doi: 10.1161/CIR.0000000000000932

5. Strange G, Stewart S, Celermajer D, Prior D, Scalia GM, Marwick T, lliton
M, Joseph M, Codde J, Playford D. Poor long-term survival in patients
with moderate aortic stenosis. J Am Coll Cardiol. 2019;74:1851-1863.
doi: 10.1016/j.jacc.2019.08.004

6. Otto CM. Heartbeat: guidelines versus reality for patients with se-
vere aortic stenosis. Heart. 2019;105:1683-1685. doi: 10.1136/
heartjnl-2019-316074

7. Steeds RP, Potter A, Mangat N, Frohlich M, Deutsch C, Bramlage P,
Thoenes M. Community-based aortic stenosis detection: clinical and
echocardiographic screening during influenza vaccination. Open Heart.
2021;8:6001640. doi: 10.1136/0penhrt-2021-001640

8. Thoenes M, Bramlage P, Zamorano P, Messika-Zeitoun D, Wendt D,
Kasel M, Kurucova J, Steeds RP. Patient screening for early detection of
aortic stenosis (AS)-review of current practice and future perspectives.
J Thorac Dis. 2018;10:5584-5594. doi: 10.21037/jtd.2018.09.02

9. Frey N, Steeds RP, Rudolph TK, Thambyrajah J, Serra A, Schulz E, Maly
J, Aiello M, Lloyd G, Bortone AS, et al. Symptoms, disease severity
and treatment of adults with a new diagnosis of severe aortic stenosis.
Heart. 2019;105:1709-1716.

J Am Heart Assoc. 2022;11:e025164. DOI: 10.1161/JAHA.121.025164

20.

21.

22,

23.

24,

25.

26.

Managing Provider Type and Severe AS Management

Ahmed A, Sorajja P, Garberich RF, Farivar RS, Harris KM, Gossl M.
Association of guideline adherence for serial evaluations with sur-
vival and adverse clinical events in patients with asymptomatic se-
vere aortic stenosis. JAMA Cardiol. 2017;2:1141-1146. doi: 10.1001/
jamacardio.2017.2952

Everett RJ, Clavel MA, Pibarot P, Dweck MR. Timing of intervention
in aortic stenosis: a review of current and future strategies. Heart.
2018;104:2067-2076. doi: 10.1136/heartjnl-2017-312304

Kang DH, Park SJ, Lee SA, Lee S, Kim DH, Kim HK, Yun SC, Hong
GR, Song JM, Chung CH, et al. Early surgery or conservative care for
asymptomatic aortic stenosis. N Engl J Med. 2020;382:111-119. doi:
10.1056/NEJMoa1912846

Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svensson LG, Kodali S,
Webb JG, Mack MJ, Douglas PS, Thourani VH, et al. 5-year outcomes
of transcatheter aortic valve replacement compared with standard
treatment for patients with inoperable aortic stenosis (PARTNER 1): a
randomised controlled trial. Lancet. 2015;385:2485-2491. doi: 10.1016/
S0140-6736(15)60290-2

Dharmarajan K, Foster J, Coylewright M, Green P, Vavalle JP, Faheem
O, Huang PH, Krishnaswamy A, Thourani VH, McCoy LA, et al. The
medically managed patient with severe symptomatic aortic stenosis in
the TAVR era: patient characteristics, reasons for medical management,
and quality of shared decision making at heart valve treatment centers.
PL0S One. 2017;12:e0175926. doi: 10.1371/journal.pone.0175926
Tang L, Gossl M, Ahmed A, Garberich R, Bradley SM, Niikura H, Witt
D, Pedersen WR, Bae R, Lesser JR, et al. Contemporary reasons and
clinical outcomes for patients with severe, symptomatic aortic steno-
sis not undergoing aortic valve replacement. Circ: Cardiovasc Interv.
2018;11(e007220). doi: 10.1161/CIRCINTERVENTIONS.118.007220
Brennan MJ, Leon MB, Sheridan P, Boero IJ, Chen Q, Lowenstern A,
Thourani V, Vemulapalli S, Thomas K, Wang TY, et al. Racial differ-
ences in the use of aortic valve replacement for treatment of symp-
tomatic severe aortic valve stenosis in the transcatheter aortic valve
replacement era. J Am Heart Assoc. 2020;9:e015879. doi: 10.1161/
JAHA.119.015879

Lowenstern A, Sheridan P, Wang TY, Boero I, Vemulapalli S, Thourani
VH, Leon MB, Peterson ED, Brennan JM. Sex disparities in patients
with symptomatic severe aortic stenosis. Am Heart J. 2021;237:116—
126. doi: 10.1016/j.ah}.2021.01.021

Yeung M, Kerrigan J, Sodhi S, Huang PH, Novak E, Maniar H, Zajarias
A. Racial differences in rates of aortic valve replacement in patients with
severe aortic stenosis. Am J Cardiol. 2013;112:991-995. doi: 10.1016/j.
amjcard.2013.05.030

Guerbaii RA, Fustier G, Ennezat PV, Ringle A, Trouillet C, Graux P,
Vincentelli A, Tribouilloy C, Marechaux S. Asymptomatic aortic stenosis:
an assessment of patients’ and of their general practitioners’ knowl-
edge, after an indexed specialized assessment in community practice.
PL0S One. 2017;12:e0178932. doi: 10.1371/journal.pone.0178932
Wallace PJ, Shah ND, Dennen T, Bleicher PA, Crown WH. Optum labs:
building a novel node in the learning health care system. Health Aff
(Millwood). 2014;33:1187-1194. doi: 10.1377/hlthaff.2014.0038
Thourani VH, Brennan JM, Edelman JJ, Chen Q, Boero IJ, Sarkar RR,
Murphy SME, Leon MB, Kodali SK. Treatment patterns, disparities, and
management strategies impact clinical outcomes in patients with symp-
tomatic severe aortic regurgitation. Structural Heart. 2021;5:608-618.
doi: 10.1080/24748706.2021.1988779

Al-Saddique A. Integrated delivery systems (IDSs) as a means of re-
ducing costs and improving healthcare delivery. J Healthc Commun.
2018;3:19. doi: 10.4172/2472-1654.100129

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures
for use with administrative data. Med Care. 1998;36:8-27. doi: 10.1097/
00005650-199801000-00004

Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC,
Saunders LD, Beck CA, Feasby TE, Ghali WA. Coding algorithms for de-
fining comorbidities in ICD-9-CM and ICD-10 administrative data. Med
Care. 2005;43:1130-1139. doi: 10.1097/01.mIr.0000182534.19832.83
Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, Januel JM,
Sundararajan V. Updating and validating the Charlson comorbidity
index and score for risk adjustment in hospital discharge abstracts
using data from 6 countries. Am J Epidemiol. 2011;173:676-682. doi:
10.1093/aje/kwq433

Kambhampati S, Ashvetiya T, Stone NJ, Blumenthal RS, Martin SS.
Shared decision-making and patient empowerment in preventive cardi-
ology. Curr Cardiol Rep. 2016;18:49. doi: 10.1007/s11886-016-0729-6

10


https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1093/eurheartj
https://doi.org/10.1093/eurheartj
https://doi.org/10.1136/heartjnl-2021-319025
https://doi.org/10.1161/CIR.0000000000000932
https://doi.org/10.1016/j.jacc.2019.08.004
https://doi.org/10.1136/heartjnl-2019-316074
https://doi.org/10.1136/heartjnl-2019-316074
https://doi.org/10.1136/openhrt-2021-001640
https://doi.org/10.21037/jtd.2018.09.02
https://doi.org/10.1001/jamacardio.2017.2952
https://doi.org/10.1001/jamacardio.2017.2952
https://doi.org/10.1136/heartjnl-2017-312304
https://doi.org/10.1056/NEJMoa1912846
https://doi.org/10.1016/S0140-6736(15)60290-2
https://doi.org/10.1016/S0140-6736(15)60290-2
https://doi.org/10.1371/journal.pone.0175926
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007220
https://doi.org/10.1161/JAHA.119.015879
https://doi.org/10.1161/JAHA.119.015879
https://doi.org/10.1016/j.ahj.2021.01.021
https://doi.org/10.1016/j.amjcard.2013.05.030
https://doi.org/10.1016/j.amjcard.2013.05.030
https://doi.org/10.1371/journal.pone.0178932
https://doi.org/10.1377/hlthaff.2014.0038
https://doi.org/10.1080/24748706.2021.1988779
https://doi.org/10.4172/2472-1654.100129
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1093/aje
https://doi.org/10.1007/s11886-016-0729-6

Pellikka et al

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

J Am Heart Assoc. 2022;11:e025164. DOI: 10.1161/JAHA.121.025164

van Geldorp MW, van Gameren M, Kappetein AP, Arabkhani B, de
Groot-de Laat LE, Takkenberg JJ, Bogers AJ. Therapeutic decisions
for patients with symptomatic severe aortic stenosis: room for improve-
ment? Eur J Cardiothorac Surg. 2009; 35:953-957. doi: 10.1016/j.
ejcts.2009.01.043.

Alsidawi S, Khan S, Pislaru SV, Thaden JJ, EI-Am EA, Scott CG, Morant
K, Oguz D, Luis SA, Padang R, et al. High prevalence of severe aortic ste-
nosis in low-flow state associated with atrial fibrillation. Circ Cardiovasc
Imaging. 2021;14:¢012453. doi: 10.1161/CIRCIMAGING.120.012453
Badran AA, Vohra HA, Livesey SA. Unoperated severe aortic stenosis:
decision making in an adult UK-based population. Ann R Coll Surg Engl.
2012;94:416-421. doi: 10.1308/003588412X13171221591817

Clavel MA, Magne J, Pibarot P. Low-gradient aortic stenosis. Eur Heart
J. 2016;37:2645-2657. doi: 10.1093/eurheartj/ehw096

Micali LR, Algargoosh S, Parise O, Parise G, Matteucci F, de Jong M,
loanna Moula A, Tetta C, Gelsomino S. Patient survival in severe low-
flow, low-gradient aortic stenosis after aortic valve replacement or con-
servative management. J Card Surg. 2021;36:1030-1039. doi: 10.1111/
jocs.16209

Kanamori N, Taniguchi T, Morimoto T, Shiomi H, Ando K, Murata K, Kitai
T, Kawase Y, Izumi C, Miyake M, et al. Asymptomatic versus symptom-
atic patients with severe aortic stenosis. Sci Rep. 2018;8:10080. doi:
10.1038/541598-018-28162-x

Malouf J, Le Tourneau T, Pellikka P, Sundt TM, Scott C, Schaff HV,
Enriquez-Sarano M. Aortic valve stenosis in community medical prac-
tice: determinants of outcome and implications for aortic valve replace-
ment. J Thorac Cardiovasc Surg. 2012;144:1421-1427. doi: 10.1016/j.
jtcvs.2011.09.075

Dua A, Dang P, Shaker R, Varadarajan P, Pai RG. Barriers to surgery in
severe aortic stenosis patients with class | indications for aortic valve
replacement. J Heart Valve Dis. 2011;20:396-400.

Bach DS. Prevalence and characteristics of unoperated patients with
severe aortic stenosis. J Heart Valve Dis. 2011;20:284-291.

Kirby AM, Kruger B, Jain R, O’Hair DPGranger BB. Using clinical
decision support to improve referral rates in severe symptomatic

37.

38.

39.

40.

41.

42.

43.

44,

Managing Provider Type and Severe AS Management

aortic stenosis: a quality improvement initiative. Comput Inform Nurs.
2018;36:525-529. doi: 10.1097/CIN.0000000000000471

Campo J, Tsoris A, Kruse J, Karim A, Andrei A-C, Liu M, Bonow RO,
McCarthy P, Malaisrie SC. Prognosis of severe asymptomatic aortic ste-
nosis with and without surgery. Ann Thorac Surg. 2019;108:74-79. doi:
10.1016/j.athoracsur.2019.01.031

Brown ML, Pellikka PA, Schaff HV, Scott CG, Mullany CJ, Sundt TM,
Dearani JA, Daly RC, Orszulak TA. The benefits of early valve replace-
ment in asymptomatic patients with severe aortic stenosis. J Thorac
Cardiovasc Surg. 2008;135:308-315. doi: 10.1016/j.jtcvs.2007.08.058
Barnhart GR, Martin RP, Thomas JD, McCarthy PM. The need for echo-
cardiography alerts for aortic stenosis: the time has come. J Am Soc
Echocardiogr. 2020;33:355-357. doi: 10.1016/j.ech0.2019.11.005
Sanders GP, Yeon SB, Grunes J, Seto TB, Manning WJ. Impact of a
specific echocardiographic report comment regarding endocardi-
tis prophylaxis on compliance with American Heart Association rec-
ommendations. Circulation. 2002;106:300-303. doi: 10.1161/01.
CIR.0000025240.64148.F1

Glasgow L, Ashok M, Porterfield D, Morris L, Zheng Z-J. Understanding
options to reduce disparities in cardiovascular disease through com-
parative effectiveness research. Patient-Centered Outcomes Research
Institute. https://www.pcori.org/sites/default/files/PCORI-Landscape-
Review-Understanding-Options-to-Reduce-Disparities-in-Cardiovasc
ular-Disease-Dec-2013.pdf. 2013. Accessed 27 April 2022.

Mehrotra A, Forrest CB, Lin CY. Dropping the baton: specialty
referrals in the United States. Milbank Q. 2011;89:39-68. doi:
10.1111/j.1468-0009.2011.00619.x

Kaspar M, Fette G, Guder G, Seidlmayer L, Ertl M, Dietrich G, Greger H,
Puppe F, Stork S. Underestimated prevalence of heart failure in hospital
inpatients: a comparison of ICD codes and discharge letter information.
Clin Res Cardiol. 2018;107:778-787. doi: 10.1007/s00392-018-1245-z
Software packages: Schoen. Department of Quantitative Health
Sciences Mayo Clinic Research. Updated September 05, 2018.
Accessed February 21, 2022. https:/bicinformaticstools.mayo.edu/
research/schoen/

11


https://doi.org/10.1016/j.ejcts.2009.01.043
https://doi.org/10.1016/j.ejcts.2009.01.043
https://doi.org/10.1161/CIRCIMAGING.120.012453
https://doi.org/10.1308/003588412X13171221591817
https://doi.org/10.1093/eurheartj
https://doi.org/10.1111/jocs.15209
https://doi.org/10.1111/jocs.15209
https://doi.org/10.1038/s41598-018-28162-x
https://doi.org/10.1016/j.jtcvs.2011.09.075
https://doi.org/10.1016/j.jtcvs.2011.09.075
https://doi.org/10.1097/CIN.0000000000000471
https://doi.org/10.1016/j.athoracsur.2019.01.031
https://doi.org/10.1016/j.jtcvs.2007.08.058
https://doi.org/10.1016/j.echo.2019.11.005
https://doi.org/10.1161/01.CIR.0000025240.64148.F1
https://doi.org/10.1161/01.CIR.0000025240.64148.F1
https://www.pcori.org/sites/default/files/PCORI-Landscape-Review-Understanding-Options-to-Reduce-Disparities-in-Cardiovascular-Disease-Dec-2013.pdf
https://www.pcori.org/sites/default/files/PCORI-Landscape-Review-Understanding-Options-to-Reduce-Disparities-in-Cardiovascular-Disease-Dec-2013.pdf
https://www.pcori.org/sites/default/files/PCORI-Landscape-Review-Understanding-Options-to-Reduce-Disparities-in-Cardiovascular-Disease-Dec-2013.pdf
https://doi.org/10.1111/j.1468-0009.2011.00619.x
https://doi.org/10.1007/s00392-018-1245-z
https://bioinformaticstools.mayo.edu/research/schoen/
https://bioinformaticstools.mayo.edu/research/schoen/

SUPPLEMENTAL MATERIAL



Data S1. Supplemental Methods
Proportional Hazard Assumption Testing

We conducted proportional hazards assumption testing using: 1) Kaplan-Meier curves, 2) visual
inspection of plots of the Schoenfeld residuals over time, and 3) correlations of the residuals with
time (Figures S1-S3). The 2™ and 3™ tests were conducted based on the Mayo Clinic’s SCHOEN
Macro for SAS.* None of the plots showed a major violation of the proportional hazards
assumption, and the correlations were all within 0 to +/- 0.1.



Table S1. Subgroup analysis for patients with few comorbidities.

Total Study Population Subset with Few Comorbidities*
(n=6,746) (n=2,049, 30% of Total)

Cardiac Specialist 5 47 9504 C1 (043, 0.50), p<0.0001  OR=0.44, 95% CI (0.39, 0.51), p<0.0001

Follow-up
AVR OR=0.58, 95% CI (0.53, 0.64), p<0.0001  OR=0.44, 95% CI (0.37, 0.53), p<0.0001
Mortality OR=1.45, 95% CI (1.26, 1.66), p<0.0001  OR=1.53, 95% CI (1.09, 2.16), p=0.0141

* Based on an Elixhauser Score <=3, which was selected to capture the bottom quartile. Subgroup includes 509 (25%) managed
by a PCP and 1540 (75%) managed by a cardiac specialist.

Abbreviations: AVR, aortic valve replacement; CI, confidence interval; OR, odds ratio; PCP, primary care provider



Figure S1. Kaplan-Meier and Schoenfeld residual plots for cardiac specialist follow-up.
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Rank for Variable Time to Cardiac Specialist Follow-up

Schoen Macro Correlation of Covariates with Time to First Cardiac Specialist Visit:
All correlations within =/-0.1
Managing Provider Correlation=-0.06060, p<0.0001




Figure S2. Kaplan-Meier and Schoenfeld residual plots for aortic valve replacement

(AVR).
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Rank for Variable Time to AVR

Schoen Macro Correlation of Covariates with Time to AVR:

All correlations within =/-0.1
Managing Provider Correlation=-0.06829, p=0.0002

Abbreviations: AVR, aortic valve replacement; PCP, primary care provider



Figure S3. Kaplan-Meier and Schoenfeld residual plots for mortality.
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Rank for Variable Time to Death

Schoen Macro Correlation of Covariates with Time to Death:
All correlations within =/-0.1
Managing Provider Correlation=-0.07539, p=0.0156

Abbreviation: PCP, primary care provider
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