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Aim: This study evaluated how the presence of right-sided heart disease (RSHD), other valve disease (OVD)
and heart failure (HF) impacts healthcare utilization in patients with tricuspid valve disease (tricuspid re-
gurgitation [TR]). Materials & methods: Of the 33,686 patients with TR: 6618 (19.6%) had TR-only; 8952
(26.6%) had TR with HF; 12,367 (36.7%) had TR with OVD but no HF; and 5749 (17.1%) had TR with RSHD
only. Results: The presence of RSHD, OVD or HF in patients with TR was independently associated with
increased annualized hospitalizations, hospital days and costs relative to patients with TR alone. Conclu-
sion: All three co-morbidities were associated with increased healthcare utilization, with HF showing the
greatest impact across all measures.
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Tricuspid regurgitation (TR) is a prevalent valvular disorder in the USA and most frequently occurs when dilation of
the right ventricle results in the backward flow of blood through the tricuspid valve into the right atrium [1-4]. Several
conditions that cause right-ventricle dilation are associated with TR. These include heart failure (HF) diastolic,
systolic, combined or unspecified, right-sided heart disease (RSHD) defined as patients with right ventricular
dysfunction (RVD), chronic obstructive pulmonary disease (COPD), idiopathic pulmonary arterial hypertension
(IPAH) or atrial fibrillation (AF), patients with other valve disease (aortic or mitral) [4-7).

Severe TR is independently associated with high morbidity and mortality but patients are frequently asymp-
tomatic and therefore the focus of treating this condition is primary based on symptoms [2,3,7-13]. Consequently,
TR is often overlooked until it progresses in severity. Current guidelines recommend that surgery to treat severe TR
be performed concomitantly with left-sided heart valve surgeries (4,5,7,13-15]. As a result, TR surgery is infrequently
performed as a standalone procedure compared with other forms of cardiac surgery [16].

Currently, Topilsky ez al. estimate TR prevalence at: approximately 0.55% in the USA, which is adjusted for
age and sex [17]. However, the complex pathology of TR and its associated conditions could result in its under-
recognition and make it difficult to assess the true prevalence [6,7,9,13,15]. Additionally, confounders likely delay
treatment for TR, despite poor prognosis, which increases healthcare utilization [5,18,19].

A recent study by Cork ez al. investigated the healthcare burden of TR patients with and without HE, concluding
that irrespective of the presence of HE, clinically significant TR is associated with an increase in healthcare utilization
and expenditures [6]. An increase in utilization was seen, however, when both diseases (TR and HF) were present.
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This study, builds upon Cork by seeking to quantify the incremental economic burden of several different
associated conditions in the presence of TR, not just HE Therefore, the objective of this study was to use real-
world data from Optum’s de-identified, all-payer, integrated database of United Healthcare claims and Humedica
electronic health records (EHRs) to evaluate how the presence of HF (diastolic, systolic, combined or unspecified)
and RSHD without HE (RVD, COPD, IPAH or AF) and OVD without HF or RSHD impact healthcare utilization
in patients with TR.

Methods

Data source

This study used data from the Optum® Integrated File, which contains data from both claims and EHRs for
patients across the USA [20]. The combination of claims and clinical data offers a more comprehensive view of
the patient’s journey and interaction within the healthcare system. Optum’s Integrated Claims — Clinical dataset
combines adjudicated claims data with Optum’s EHR data. Optum’s longitudinal clinical and claims repository
from Optum Analytics is derived from more than 50 healthcare provider organizations in the USA that include
more than 700 hospitals and 7000 clinics, treating more than 103 million patients receiving care in the USA. The
Integrated dataset, which leverages a proprietary Optum algorithm that uses both salting and cryptographic hashing,
links both claims and clinical data for approximately 24M matched individuals. The Integrated dataset includes
historical, linked administrative claim data from pharmacy claims, physician claims and facility claims, with EHR
information, inclusive of medications prescribed and administered, lab results, vital signs, body measurements,
diagnoses, procedures and information derived from clinical notes using Natural Language Processing [20]. Optum
data provide a continuum of treatment and cost including medications by therapeutic area, provider notes with
treatment rationale and cost by procedure and condition. All data used to perform this analysis were de-identified
and accessed in compliance with the Health Insurance Portability and Accountability Act. As a retrospective analysis
of a de-identified database, the research was exempt from Institutional Review Board review under 45 Code of

Federal Regulations 46.101(b)(4).

Inclusion/exclusion criteria

Adults 18 years or older in the Optum® Integrated File were included for analysis if they had a minimum of
one diagnosis code (ICD10: 136.1 nonrheumatic tricuspid valve insufficiency) for tricuspid insufficiency between
October 2015 and June 2019 without a record of end-stage renal disease, valve prolapse or primary organ disease.
Patients were also required to have 12 months of continuous health plan enrollment before their first TR diagnosis
and 1 month of continuous enrollment post-TR diagnosis. The 1-month post-TR diagnosis was used as a landmark
period to capture TR severity. No continuous enrollment was applied to the outcome period and because patients
had varying follow-up times, all outcomes were annualized per patient year.

Cohort definitions
The impact of severe TR on mortality among patients with HF is known [21]. However, the impact of TR associated
with other conditions (RSHD and OVD) remains unknown. Conventional wisdom assumes that HF should
account for the majority of a patient’s clinical burden, so we constructed a hierarchical cohort classification of
TR patients as follows: All patients with TR were categorized based on whether or not there was a record of HF
(diastolic, systolic, combined or unspecified) before or 1 month (landmark period) following TR diagnosis. For
those patients with no record of HE, they were further subdivided first by presence of OVD and next by presence
of RSHD at baseline or landmark if OVD was absent.

RSHD was defined as one or more of the following conditions: RVD, COPD, IPAH or AE Based on this
hierarchy four cohorts emerged: TR-only (reference group); TR with HF; TR with OVD (no HF); and TR with
RSHD only (no OVD or HF).

Severity

Patients were categorized as having severe TR disease with pulmonary hypertension plus presence of either ascites,
edema or hepatic insufficiency before or 1 month following (landmark period) TR diagnosis. Patients were also
considered to have severe TR if they had a record of TR surgery during the landmark period, or if TR was quantified
as moderate or severe in EHR physician notes of the Humedica database.
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Outcomes

Outcomes included all-cause hospitalizations, cardiovascular (CV)-related hospitalizations, total hospital days and
the percentage change in total expenditures. All outcomes were annualized to reflect the total outcome in the
post period divided by the number of years of follow-up. All count outcomes (hospitalizations and total hospital
days) were rounded to the nearest whole number to employ Poisson and negative binomial count-regression
methodologies.

Statistical analysis

Zero-inflated methodology was used due to excess number of zeros (>50%) for each count outcome. Both zero-
inflated Poisson and negative binomial regression models were created to model all-cause hospitalizations, CV-related
hospitalizations and total hospital days. Final models were determined by using diagnostics for overdispersion. Least
square means were calculated to show the estimated outcomes given the model results.

Due to the inherent right-skewness of cost data, total expenditures were modeled using gamma log link regression
models. For the total expenditure models, relative counts were reported comparing each cohort to the reference
group (TR-only) because of restrictions on reporting dollar amounts using Optum data. All models adjusted for
the following covariates: age, sex, race, Elixhauser Comorbidity Index (ECI) (22 score and TR severity. Region,
payor and income were not included in modeling because each was found to be nonsignificant, or were related
to other variables already included (e.g., payor and age). Confidence intervals were reported for each model, with
any confidence interval including or crossing one considered statistically not significant. All statistical analyses were
performed using SAS software version 9.2-9.4 (SAS Institute, Inc., NC, USA).

Results

Of the 33,686 patients who met all inclusion criteria, 6618 (19.6%) had TR-only; 8952 (26.6%) had TR with
HF; 12,367 (36.7%) had TR with OVD but no HF; and 5749 (17.1%) had TR with RSHD only (no HE no
OVD) (Figure 1). The TR with HF cohort had the highest mean (SD) ECI score (11.5 [3.7]) of the four cohorts.
Mean standard deviation (SD) ECI scores for the cohorts without HF ranged from 5.7 (3.0) to 8.1 (3.3) (Table 1).
The TR with HF cohort was also the oldest and had the highest percentage of patients with severe TR with a mean
(SD) age of 73 (11.9) years and 662 (7.4%) patients with severe TR. The TR-only cohort was the youngest and
had the fewest number of patients with severe TR, with a mean (SD) age of 61 (17.1) years and 32 (0.5%) patients
with severe TR.

Multivariable models estimated that the TR with HF cohort also had the highest rate of annualized all cause
([0.74]; 95% CI: 0.53-1.04) and CV-related ([0.75]; 95% CI: 0.53-1.05) hospitalizations (Figure 2A & B).
Patients with TR-only had the lowest annualized hospitalization rates ([0.54]; 95% CI: 0.39-0.77) for all-cause;
([0.50]; 95% CI: 0.35-0.71) for CV-related. Within each cohort, all-cause and CV-related hospitalization rates
were similar. In the TR with HF cohort, average annual CV-related hospitalizations were slightly more frequent
compared with the cohorts without HE Annualized hospital days were modeled and results are shown in Figure 3.
The TR with HF group had the most days ([7.1]; 95% CI: 6.1-8.3), followed by TR without HF with RSHD
([6.4 days]; 95% CI: 5.4-7.4) and OVD ([6.0 days]; 95% CI: 5.2-7.0), respectively. The TR-only group has the
least average annualized days at ([5.5]; 95% CI: 4.7-6.4).

Compared with patients with TR-only, annualized all-cause expenditures were significantly higher for all other
cohorts with added co-morbidities (Figure 4). Patients with TR and HF had the highest percent difference in
annual costs relative to the TR-only group ([15.0%]; 95% CI: 9-21%) higher costs and those without HE Patients
with TR and RSHD but no HF or OVD had ([13.0%]; 95% CI: 7-18%) higher costs than TR-only and those
with TR and OVD, but no HF had ([6%]; 95% CI: 2—-10%) higher costs versus TR-only.

When TR severity was included as a covariate in the annualized hospital days and the expenditure models, it was
found to be statistically significant.

Discussion

This retrospective database analysis of patients with clinically significant TR found that the presence of HF resulted
in a larger annualized healthcare burden when compared with patients without HE, regardless of additional co-
morbidities or severity. We observed that both all-cause and CV-related hospitalizations were highest for the TR
with HF cohort compared with the other three cohorts without HE. Our results are consistent with the recent
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Diagnosis of TR; no
exclusion criteria

n = 33,686
I
I |
Cohprt 1: TR with HF No record of HF on or
Patient has HF on or before diagnosis of TR
before diagnosis of TR n =24,734
n = 8952
I
I |
|| TR with HF and no OVD Cohort 2: TR with
n=1662 OVD but no HF No record of OVD on or
Record of OVD on or before diagnosis of TR
before diagnosis of TR n=12,367
n=12,367
. I
| TR with HF and OVD [ |

n=7290

Cohort 3: TR with
RSHD only
Record of RSHD on or
before diagnosis of TR
n =5749

Cohort 4: TR only
no record of RSHD on
or before diagnosis of TR
n=6618

Figure 1. Attrition diagram.
HF: Heart failure; OVD: Other valve disease; RSHD: Right-sided heart disease; TR: Tricuspid regurgitation.

retrospective analysis by Cork er 4/, which also found that the annualized healthcare burden of patients with
clinically significant TR and HF was greater than those with TR alone (].

Their study examined data from the IBM® MarketScan® Research Databases over 5 years and found that
patients with TR and HF had an annualized healthcare burden of 0.59 for all-cause hospitalizations (about three
inpatient hospitalizations every 5 years) compared with 0.41 for patients with TR alone and 0.20 for patients with
neither HF nor clinically significant TR. The annualized burden of all-cause hospitalizations in this analysis was
slightly higher, but this study used data over 11 years (0.74 annualized all-cause hospitalization burden for the TR
and HF cohort [about eight hospitalizations every 11 years] compared with 0.54 for the TR-only cohort). We also
observed that RSHD and OVD resulted in a greater annualized burden of all-cause and CV-related hospitalizations,
regardless of HE. However, the presence of HF in patients with TR still had the largest influence on the healthcare
burden and associated expenditures.

Similarly, the TR plus HF group had the longest annualized hospital days (7.1) compared with the other cohorts,
although RSHD and OVD were, again, found to have independent effects on annualized days relative to the
TR-only group (6.4 and 6.0 days relative to 5.5 days, respectively). These findings were also consistent with the
Cork et al. (6] study, albeit slightly larger (4.31 hospital days for patients with TR and HF vs 3.13 days for patients
with TR alone). These findings suggest that whether or not TR was cause or consequence of RSHD, OVD or HE
its presence was clinically important and had financial ramifications.

We also found that the presence of any associated condition — RSHD, OVD or HF — increased annualized
all-cause expenditures compared with patients with TR alone. HF had the most significant impact on overall
expenditures, with a percent change of 15%. Unfortunately, we could not calculate total dollar amounts because
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Table 1. Patient characteristics by cohorts.
Characteristics, TR with HF (n = 8952) TR with OVD but no HF (n = 12,367) TR with RSHD only (no HF, no OVD; TR-only (no HF, no OVD, no RSHD;

no. (%)* n = 5749) n =6618)
Age (years)

— Mean (SD) 73 (11.9) 66 (15.9) 71 (12.1) 61 (17.1)
— Median (IQR) 76 (66-83) 69 (56-78) 73 (64-81) 62 (49-74)
Sex

- Male 4451 (49.7) 5388 (43.6) 2634 (45.8) 2754 (41.6)
- Female 4489 (50.1) 6972 (56.4) 3112 (54.1) 3860 (58.3)
Unknown 12 0.1) 7 (0.1) 3 (0.1) 4 (0.1)
Race

— Caucasian 7130 (79.6) 10,005 (80.9) 4861 (84.6) 5144 (77.7)
—Black 1043 (11.7) 1053 (8.5) 399 (6.9) 654 (9.9)
— Asian 75 (0.8) 281 (2.3) 94 (1.6) 187 (2.8)
- 704 (7.9) 1028 (8.3) 395 (6.9) 633 (9.6)
Other/Unknown

Region

— Northeast 846 (9.5) 2702 (21.8) 858 (14.9) 1844 (27.9)

— Midwest 4164 (46.5) 5003 (40.5) 2575 (44.8) 2428 (36.7)

- South 3086 (34.5) 3859 (31.2) 1912 (33.3) 1947 (29.4)

— West 626 (7.0) 531 (4.3) 290 (5.0) 241 (3.6)

— Unknown 230 (2.6) 272 (2.2) 114 (2.0) 158 (2.4)
Payor

— Commercial 3829 (42.8) 7428 (60.1) 2839 (49.4) 4589 (69.3)

— Medicare 5121 (57.2) 4936 (39.9) 2908 (50.6) 2028 (30.6)

— Unknown 2 (0.0) 3 (0.0) 2 (0.0) 1 (0.0)
Income? #

— Mean (SD) 42,981 (10.6K) 44,468 (12.3K) 43,569 (11,2K) 45,255 (13.2K)

— Median (IQR) 40,383 (36.3-48.6K) 41,792 (36.3-49.3K) 41,676 (36.3-49.3K) 42,694 (36.3-49.3K)
Severity

—Severe TR 662 (7.4) 123 (1.0) 91 (1.6) 32 (0.5)
ECl score

— Mean (SD) 11.5 (3.7) 6.8 (3.4 8.1 (3.3) 5.7 (3.0)

- Median (IQR) 1" (9-14) 6 (4-9) 8 (6-10) 5 (3-8)

T All values reported as no. (%) unless otherwise specified.

fsample sizes are reduced, as not everyone reported their income. Values for the four cohorts from left to right are 8666; 11,995; 5602 and 6393.

ECI: Elixhauser Comorbidity Index; HF: Heart failure; IQR: Interquartile range; OVD: Other valve disease; RSHD: Right-sided heart disease; TR: Tricuspid regurgitation; SD: Standard
deviation.

of restrictions using Optum’s data. However, previous studies have shown that annualized expenditures of patients
with TR and HF were greater than those with TR alone (342,255 vs $29,985, respectively) (6.

Limitations

These results should be interpreted with caution for several reasons. We recognize that TR was ascertained through
sources of automated data that rely on coding. This could have been biased in terms of over- or undercoding.
We could only control for known confounders and lacked the ability to control for unknown confounders,
ideally by randomization, stratification and matching. Statistical modeling was used to control for the potential
confounding effect of known variables with between-group differences. While statistical models controlled for
several factors, models could not control for some variables that are not included in an administrative database,
such as echocardiography results. Proxies in automated data were relied upon that suggested significant TR without
having the quantitation of TR from imaging data. The use of proxies could have significantly reduced the proportion
of patients with severe TR, and our data analysis should not be interpreted as a prevalence study. A strength of the
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Figure 2. Estimated number of annualized hospitalizations by cohort. (A) Estimated number of annualized
hospitalizations: all-cause. (B) Estimated number of annualized hospitalizations: cardiovascular-related.
Multivariable models adjusted for age, sex, race, Elixhauser Comorbidity Index score and tricuspid regurgitation
severity.

CV: Cardiovascular; HF: Heart failure; OVD: Other valve disease; RSHD: Right-sided heart disease; TR: Tricuspid
regurgitation.

present study, however, is that the data reflect real-world patient characteristics and outcomes across the country
from different hospitals and physicians as compared with evidence from controlled clinical trials.

Conclusion
The presence of RSHD, OVD or HF in patients with TR are all independently associated with an increase in
annualized hospitalizations (all-cause and CV-related), hospital days and costs relative to patients with TR alone.
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9.0
8.0
7.0
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TR with HF TR no HF no OVD TR no HF with OVD TR no HF no OVD no
with RSHD RSHD

Figure 3. Estimated annualized hospital days by cohort. Multivariable models adjusted for age, sex, race, Elixhauser
Comorbidity Index score and tricuspid regurgitation severity.
HF: Heart failure; OVD: Other valve disease; RSHD: Right-sided heart disease; TR: Tricuspid regurgitation.

1.25+

1.20+

1.154
1.10
1.05]
1.00
0.95-]
0.90-!

TR with HF TR no HF no OVD with RSHD TR no HF with OVD

Figure 4. Estimated percent change in annualized all-cause expenditures (reference group: tricuspid
regurgitation-only). Multivariable models adjusted for age, sex, race, Elixhauser Comorbidity Index score, and TR
severity.

HF: Heart failure; OVD: Other valve disease; RSHD: Right-sided heart disease; TR: Tricuspid regurgitation.

Regardless of additional conditions, HF has the most significant impact on the annualized healthcare burden of

patients with TR.
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Summary points

e Tricuspid regurgitation (TR) is a prevalent valvular disorder in which blood flows backward through the tricuspid
valve into the right atrium because the right ventricle is not closing properly.

e Severe TR is associated with high morbidity and mortality, but may be overlooked and undertreated as a result of
its complex pathology and its associated conditions.

e The impact of co-morbid heart failure (HF) and severe TR has been established, but the impact of TR in the
presence of other commonly associated conditions that cause right-ventricle dilation has not.

e This analysis quantifies the incremental economic burden of conditions such as HF, right-sided heart disease
(RSHD) and other valve disorders (OVD) in the presence of TR.

e Using real-world data from Optum’s de-identified, all-payer, integrated database of United Healthcare claims and
Humedica electronic health records, a hierarchical cohort was constructed consisting of: TR-only (reference
group); TR with HF; TR with OVD (no HF); and TR with RSHD only (no OVD or HF).

e The outcomes used to measure healthcare utilization and expenditures were all-cause hospitalizations,
cardiovascular-related hospitalizations and hospital days.

e All models adjusted for the following covariates: age, sex, race, Elixhauser Comorbidity Index score and TR
severity.

e RSHD and other valve diseases were found to have a higher annualized healthcare burden than the TR-only
group, with RSHD having a stronger impact than other valve diseases.

e Consistent with recent studies, the presence of HF in TR patients had the largest influence on healthcare
utilization and expenditures.

e Taken together, these findings suggest that whether TR is cause or consequence of RSHD, OVD or HF, its presence
is clinically important and has financial ramifications.
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