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Abstract

BACKGROUND—Peak tricuspid regurgitant velocity (TRV) on transthoracic echocardiography 

(TTE) is a commonly obtained parameter and robust predictor of subsequent adverse clinical 

outcomes.

OBJECTIVES—The purpose of this study was to determine the predictors and clinical 

significance of TRV progression.

METHODS—We retrospectively linked consecutive outpatient TTE reports from our institution 

to 2005 to 2017 Medicare claims. Individuals with prior tricuspid surgery, endocarditis, tricuspid 

stenosis, missing TRV values, TTEs performed during inpatient hospitalization, or <2 TTEs were 

excluded.

RESULTS—A total of 4,572 patients (mean age 67.8 ± 11.9 years, 50.4% female) received 

13,273 TTEs over a median follow-up of 7.4 (IQR: 4.5–6.9) years. TRV increased by a mean 
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of 0.23 (95% CI: 0.22 to 0.23 m/s/y, P < 0.001) (range, 0.01–0.80 m/s/y). Older age, depressed 

left ventricular ejection fraction, diabetes, hypertension, hyperlipidemia, atrial fibrillation, heart 

failure, and chronic kidney disease were associated with faster progression (all P < 0.05). 

Accounting for 23 demographic, clinical, and TTE variables, faster TRV progression was 

associated with a stepwise increased risk of all-cause mortality (TRV progression quartile 4 vs 

1; adjusted HR: 2.17; 95% CI: 1.74–2.71; P < 0.001). Those with regression of TRV (n = 384 

[8.4%]) had a lower mortality risk (adjusted HR: 0.40; 95% CI: 0.28–0.57; P < 0.001).

CONCLUSIONS—In this large, multidecade study of Medicare beneficiaries with serial TTEs 

performed in the outpatient setting, the mean rate of TRV progression was 0.23 m/s/y. Older age, 

left heart disease, and adverse metabolic features were associated with faster progression. Faster 

progression was associated with a graded risk for all-cause mortality.
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Pulmonary hypertension (PH), whether primary or secondary in nature, is an independent 

predictor of mortality.1–3 The presence of a resting mean pulmonary artery pressure even 

marginally above the upper limit of normal is a driver of hospitalizations and mortality 

across a wide variety of medical comorbidities.4 Consequently, screening for PH is essential 

for early diagnosis and management, and transthoracic echocardiography (TTE) is the 

modality of choice for screening.5 Echocardiographic assessment of the peak tricuspid 

regurgitant velocity (TRV) allows for calculation of a tricuspid regurgitant gradient utilizing 

the modified Bernoulli equation with a consequent estimation of the pulmonary artery 

systolic pressure (PASP).

While abnormal resting values of TRV are associated with increased all-cause mortality 

and higher rates of adverse cardiovascular outcomes, limited information is available on 

expected changes in TRV with serial echocardiography, the association between changes 

in TRV and baseline demographic and clinical factors, and the independent association of 

changes in TRV demonstrated via serial echocardiography on survival. Such information 

may be valuable for identifying individuals with rapid progression in PH and to elucidate 

potentially modifiable factors that contribute to rapid progression.

Consequently, we performed a retrospective, multidecade analysis of a large cohort 

of patients referred for TTE to: 1) describe rates of progression in TRV with serial 

echocardiography; 2) assess for any associations of demographic and clinical factors with 

TRV progression; and 3) evaluate for any independent association between TRV change and 

all-cause mortality.

METHODS

STUDY POPULATION.

We previously linked TTE reports from the Beth Israel Deaconess Medical Center and 

4 community-based affiliated satellite sites to Medicare fee-for-service claims as part of 

the Echocardiography and Health Services Optimization study. Details of this study have 
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previously been published.6 Briefly, as part of routine care at Beth Israel Deaconess Medical 

Center and affiliated sites, from July 6, 2000, to September 4, 2018, TTE findings and 

measurements were stored in an electronic data set which was previously directly linked 

to 100% Medicare claims from January 1, 2003, to December 31, 2017. Among linked 

individuals (N = 64,063), we selected 45,725 individuals who received their initial TTE from 

January 1, 2005, to December 31, 2017, to allow for 2 years of historical claims to derive 

clinical covariate information for all included individuals and verify consistent Medicare 

enrollment.

In this study, we related a patient’s demographic, clinical, and echocardiographic 

characteristics at the time of an individual’s initial TTE to subsequent progression of 

the TRV. Individuals with a prior tricuspid valve repair or replacement, tricuspid valve 

endocarditis (present or historical), tricuspid stenosis (defined as a mean transvalvular 

tricuspid gradient of ≥5 mm Hg) at the time of initial TTE were excluded. Additionally, 

patients were excluded if they had <2 TTEs over the study period, missing values for TRV, 

or had TTEs performed as an inpatient (to avoid capturing transient changes in TRV that 

could occur with altered hemodynamics from acute illness). The study was approved by the 

Beth Israel Deaconess Medical Center Institutional Review Board with a waiver of informed 

consent. The data supporting this study are not available for review due to prior data use 

agreements with the Centers for Medicare and Medicaid Services.

COVARIATES AND OUTCOMES.

All TTEs were performed according to American Society of Echocardiography 

guidelines.7 Demographic, anthropometric, and echocardiographic variables are described 

in Supplemental Table 1 and were recorded at the time of initial TTE. Peak TRV was 

determined using standard protocols, as the peak velocity on continuous-wave spectral 

Doppler interrogation of the tricuspid valve (Central Illustration).8

Comorbidities were assigned using Medicare Chronic Conditions Warehouse indicator 

variables,9 which use validated algorithms based on a combination of inpatient and 

outpatient codes in the 2 years prior to the index TTE to ascertain the presence or absence 

of comorbid diseases, including tobacco use, diabetes mellitus, history of acute myocardial 

infarction, hypertension, hyperlipidemia, chronic obstructive pulmonary disease (COPD), 

chronic kidney disease (CKD), history of ischemic stroke, atrial fibrillation, and heart 

failure. All-cause mortality was obtained via linkage to the Medicare Beneficiary Summary 

File and information was complete for all individuals. Information on subsequent tricuspid 

valve replacement was obtained from review of institutional records.

STATISTICAL ANALYSIS.

Follow-up time was determined as the time from the index TTE date to the end of the 

study period (ie, December 31, 2017) or date of death. Categorical variables were displayed 

using counts and percentages and continuous variables as mean ± SD and compared 

across categories of PH (TRV ≤2.8 m/s and >2.8 m/s) using Fisher exact tests and t-tests, 

respectively. To model progression of the TRV, we constructed a linear mixed effects model 

with TRV as the response variable and both a fixed effect and a random intercept and slope 
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for time since the index TTE. This mixed effects modeling approach both accounts for 

differences in baseline TRV between individuals and for differences in the time intervals 

between TTEs in estimating rates of TRV change over time.

We subsequently estimated individual random effects for time and added these values to the 

marginal slope for the time variable to obtain the conditional predicted slope for time, which 

represents an individual’s annual rate of TRV progression. A histogram was created to 

display the distribution of the conditional predicted slope for the time variable. We evaluated 

the conditional predicted slope for time stratified by baseline characteristic. In the linear 

mixed effects model, we evaluated a multiplicative time x baseline covariate interaction 

term to assess the impact of these baseline characteristics on TRV progression rate. Using 

this approach, we are able to evaluate the average rate of TRV progression within clinical 

subgroups (eg, hypertension, hyperlipidemia, etc) as well as test for whether rates of TRV 

progression are significantly different across clinical subgroups. Linear regression was used 

to model TRV progression rate as a function of number of baseline comorbidities.

Subsequently, among those with TRV progression (ie, conditional predicted TRV 

progression slope >0), the conditional predicted slope for time was divided into quartiles, 

representing quartiles of TRV progression rates. Kaplan-Meier curves were constructed 

for time to all-cause mortality by TRV progression rate quartile and compared using 

the log-rank test. Cox proportional hazards models were used to estimate the hazard 

ratio for quartile membership and time to death, both unadjusted and adjusting for all 

available baseline characteristics (age, sex, presence of suboptimal image quality, body 

mass index, systolic and diastolic blood pressure, left ventricular ejection fraction (LVEF), 

mitral regurgitation severity, tricuspid regurgitation severity, peak TRV, presence of right 

ventricular dilation, presence of right ventricular dysfunction, presence of a pacemaker 

or implantable cardioverter-defibrillator, diabetes mellitus, hypertension, hyperlipidemia, 

CKD, smoking, acute myocardial infarction, COPD, ischemic stroke, atrial fibrillation, 

and heart failure). As a sensitivity analysis, we evaluated differences in time to all-cause 

mortality between those with a decrease or increase in TRV over the study period using 

similar survival methods. Schoenfeld residuals were used to confirm the proportionality 

assumption. Alive individuals were censored on the last study date. Missing covariate data 

were categorized in analyses. All analyses were conducted in JMP v15.0 (SAS Institute) 

with a 2-tailed P value <0.05 to define statistical significance.

RESULTS

OVERALL RESULTS.

Of 45,725 individuals with linked Medicare claims initially considered for inclusion, 64 

(0.03%) were excluded due to prior tricuspid valve replacement or repair, 15 (0.03%) were 

excluded due to the presence of infective endocarditis on the index TTE, 13,004 (28.4%) had 

<2 TTEs, 23,665 (51.8%) had TTEs performed as an inpatient, 4,405 (9.6%) had missing 

TRV values, and no individuals were excluded due to the presence of tricuspid stenosis. A 

total of 45,725 individuals (99.8%) and 13,273 index and follow-up TTEs were ultimately 

included (mean age 67.8 ± 11.9 years, 50.4% female; Figure 1). Among these subjects, 19 

(0.04%) had a tricuspid valve replacement or repair performed during the follow-up period 
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at a median of 7 (IQR: 3–11) days after baseline TTE. The median time between TTEs was 

490 (IQR: 287–960) days.

Individuals with existing PH, as defined by baseline TRV of >2.8 m/s, were older, more 

frequently female and had a greater prevalence of right atrial (RA) dilation, right ventricle 

(RV) dilation, and RV dysfunction (all P < 0.001) (Table 1). Individuals with PH also had 

a slightly lower LVEF, greater degrees of moderate or greater valvular regurgitation, higher 

E/e’ ratios and a greater prevalence of comorbidities, including the presence of a pacemaker 

or an implantable defibrillator, diabetes mellitus, hypertension, hyperlipidemia, CKD, heart 

failure, and atrial fibrillation (all P < 0.001) (Table 1).

OVERALL PROGRESSION RATES.

A total of 384 individuals (8.4%) had a decrease in TRV over time. Among those with TRV 

progression (N = 4,188), the mean rate of TRV progression was 0.23 m/s/y, 95% CI 0.22 to 

0.23 m/s/y, P < 0.001. The estimated individual rates of TRV progression ranged from 0.01 

m/s/y to an increase of 0.80 m/s/y (Figure 2).

PROGRESSION RATES ACCORDING TO BASELINE COMORBIDITIES.

Rates of TRV progression were greater in individuals >75 years of age, with baseline RA 

length >5.1 cm, those with a TRV >2.8 m/s at baseline and those with an LVEF <50% (all 

interaction P < 0.05) (Table 2). Apart from smoking, COPD, and history of acute myocardial 

infarction, TRV progression was greater in those with comorbidities (Table 2). There was 

an unadjusted 0.01 (95% CI: 0.008–0.012) m/s/y increase in TRV associated with each 

additional comorbidity (P < 0.001) that persisted despite adjustment for age and sex.

RELATIONSHIP OF PROGRESSION AND SURVIVAL.

Those with baseline PH had an overall greater risk of mortality (32.6% vs 18.2% in those 

with a TRV of ≤2.8 m/s; unadjusted HR: 2.11; 95% CI: 1.86–2.41; P < 0.001) (Supplemental 

Figure 1). Over a median 7.4 (IQR: 4.5–6.9) years of follow-up, a total of 947 individuals 

with TRV progression (22.6%) died at a median 4.2 (IQR: 2.4–6.6) years after the index 

TTE. The individual rates of TRV progression were divided into quartiles. A total of 12.7% 

individuals died in quartile 1 (0–0.17 m/s/y), 16.3% in quartile 2 (0.18–0.22 m/s/y), 25.6% 

in quartile 3 (0.23–0.28 m/s/y), and 35.8% in quartile 4 (>0.28 m/s/y) (Table 3 and Figure 3, 

log rank P < 0.001).

On an unadjusted basis (Table 3), compared to quartile 1, mortality risk increased stepwise 

with increasing TRV progression quartiles, (quartile 2; HR: 1.45; 95% CI: 1.16–1.82: P = 

0.0013; quartile 3; HR: 2.50; 95% CI: 2.03–3.08; P < 0.001; quartile 4; HR: 3.44; 95% CI: 

2.82–4.19; P < 0.001). Using a dichotomous cutoff, a TRV progression >0.23 m/s/y was 

associated with increased mortality risk (HR: 2.45; 95% CI: 2.15–2.81; P < 0.001).

On an adjusted basis (Table 3) and accounting for 23 demographic, clinical, and TTE 

variables (Supplemental Table 2), when compared to quartile 1, a similar pattern of 

increased mortality was observed (quartile 2; adjusted HR [aHR]: 1.41; 95% CI: 1.12–1.78; 
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P = 0.003; quartile 3; aHR: 1.95; 95% CI: 1.57–2.43; P < 0.001; quartile 4; aHR: 2.17; 95% 

CI: 1.74–2.71; P < 0.001).

Among the 3,508 individuals with a baseline TRV of <2.8 m/s, a TRV progression rate of 

>0.23 m/s/y was associated with an increased risk of mortality (unadjusted HR: 2.13; 95% 

CI: 1.81–2.50; P < 0.001) (Supplemental Figure 2).

SENSITIVITY ANALYSIS.

Among those with a decrease in TRV over the study period (N = 384), 36 (9.4%) died at a 

median of 5.8 (IQR: 4.1–8.7) years after TTE compared to 945 (22.6%) of those with TRV 

progression (Figure 4) (unadjusted HR: 0.31; 95% CI: 0.22–0.43; P < 0.001). This effect 

persisted despite adjustment for 23 demographic, clinical, and TTE variables (Supplemental 

Table 3) (aHR: 0.40; 95% CI: 0.28–0.57; P < 0.001).

DISCUSSION

In this large, multidecade study of Medicare beneficiaries with serial TTEs performed in the 

outpatient setting, the average rate of TRV progression was 0.23 m/s/y but ranged from 0.01 

to 0.80 m/s/y. Rates of TRV progression were higher in older individuals and those with 

cardiometabolic diseases (eg, diabetes, hypertension, hyperlipidemia, CKD) or left-sided 

heart disease (eg, depressed LVEF, atrial fibrillation, heart failure). Despite multivariable 

adjustment for 23 demographic, clinical, and TTE factors including baseline TRV, there 

was a stepwise graded increase in mortality risk with increasing TRV progression rate. 

Compared to those with TRV progression, those with TRV regression (eg, a decrease in 

TRV) had a substantially lower risk of all-cause mortality. In total, these findings suggest 

that TRV progression is independently associated with significantly worsened survival, 

underlining the value of serial TRV measurements in monitoring PH.

To our knowledge, only one prior study, by Santosh et al,10 has evaluated the 

echocardiographic progression of estimated PASP. This study retrospectively evaluated 

67 patients with end-stage renal disease undergoing TTEs 1 to 4 years apart. The mean 

increase in PASP was 2.41 mmHg per year, but higher rates of change were predicted 

by E/e’, a marker of worsened diastolic dysfunction, diabetes, and left-sided valvular 

heart disease. Santosh et al10 found that those with higher PASP had a higher rate of 

incident RV dysfunction. In the current study, including individuals across the spectrum of 

cardiometabolic diseases, the overall rate of TRV progression was substantially lower (0.23 

m/s/y, roughly equating to 0.21 mm Hg/y assuming a stable RA pressure). This observed 

rate of progression reflects the average rate of change, only among those with progression, 

and thus the average change in TRV in the overall cohort is likely lower. Moreover, we noted 

significant heterogeneity in TRV progression rates from 0.01 to 0.8 m/s/y. Overall, this rate 

of change is lower but consistent with observations in the study by Santosh et al.10

While those individuals with baseline renal dysfunction had greater overall progression 

than those without (mean increase of 0.26 m/s/y), the substantially lower change over time 

observed in the current study suggests that TRV progression may be more muted in a larger, 

more diverse population. Nevertheless, in the current study, we confirm the association 
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between baseline cardiometabolic disease—specifically hypertension, hyperlipidemia, 

diabetes, and CKD, which are all risk factors for diastolic dysfunction—and faster TRV 

progression. Moreover, in our cohort subjects with baseline increased RA length and RV 

basal diameters, reflective of adverse right heart hemodynamics, were more likely to have 

PH based on their baseline TRV values. Furthermore, increased RA length was associated 

with more rapid TRV progression as well.

In addition to cardiometabolic risk factors, the current study identifies baseline age as 

associated with TRV progression. It has been shown previously in cross-sectional invasive 

hemodynamic studies11 that the aging process is associated with increases in PASP, 

including among those without echocardiographic or clinical diseases and may be associated 

with decreased survival.12 These changes in PASP with age are felt to be related to loss 

of distensibility over time, noted on histologic studies.13–15 We also found that older 

individuals more frequently had higher PASP values at baseline as well as a faster rate 

of change in TRV than younger individuals. We additionally identify evidence of left-sided 

heart disease (ie, atrial fibrillation, depressed LVEF, and heart failure) as associated with 

faster TRV progression which may be explained by the higher postcapillary pressures (eg, 

pulmonary capillary wedge pressure or left atrial pressure) in these patients.

Despite the inherent limitations as a proxy for PASP, the current study underlines the value 

of serial echocardiographic surveillance of TRV. Specifically, there was a graded relationship 

between TRV progression and risk of all-cause mortality which persisted despite adjustment 

for 23 clinical and echocardiographic variables, including baseline TRV and right ventricular 

dilation or dysfunction. Those in the highest quartile or progression (>0.28 m/s/y) had 

a 2.2-fold increased risk of mortality compared to those in the lowest quartile (0–0.17 

m/s/y). Moreover, those who had a decrease in TRV over the study period had a 60% 

lower risk of all-cause mortality than those with an increase in TRV which persisted despite 

identical multivariable adjustment. While the exact causal mechanisms remain uncertain 

currently, these findings suggest that TRV progression may independently and meaningfully 

impact survival. As such, serial TTEs may have a role in identifying rapid progressors for 

prognostication and intensification of resources. Moreover, many (but not all) risk factors for 

TRV progression are potentially modifiable (eg, hypertension, hyperlipidemia, diabetes, etc) 

through targeted risk factor control. Thus, while this remains to be tested and thus remains 

speculative, it is plausible that risk factor control may mitigate the increased mortality risk 

observed in this population. Lastly, it is unclear whether progression of TRV could be used 

to identify those at higher risk of developing PH prior to observing a TRV >2.8 m/s, though 

this remains an intriguing topic for future study. In the current study, TRV progression >0.23 

m/s/y was associated with a 2.1-fold increased risk of mortality among those with a baseline 

TRV ≤2.8 m/s, thus reinforcing that TRV progression may be prognostic regardless of the 

absolute value of TRV.

STUDY LIMITATIONS.

Despite multiple strengths of the current study, including the large number of included 

individuals and duration of follow-up, spanning several decades, there are several limitations 

to note. As a single-center study, these results should be confirmed in an external cohort. 
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Participants were all Medicare enrolled at the time of TTE. Though Medicare beneficiaries 

represent the largest share of those receiving TTEs nationally, results nonetheless cannot 

be readily extrapolated to a non-Medicare or younger population. Though those referred 

for TTE may differ from those not referred, the shortage of serial longitudinal TTE data 

in existing population-based cohorts where referral bias is absent, makes it otherwise 

challenging to evaluate longitudinal changes in TRV. While the modeling technique 

employed accounts for more frequent imaging among sicker patients, it cannot account 

for changes in TRV that are unobserved (ie, those without follow-up intervals) and thus 

may bias slightly toward a faster rate of progression. Notably, those receiving TTEs during 

an inpatient hospitalization were excluded to reduce the effect of short-term changes in 

hemodynamics with acute illness and only more stable ambulatory patients were included. 

Barring exclusions, all-comers were included in the cohort to maximize the generalizability 

of results while simultaneously evaluating differences in TRV progression within a variety 

of clinical subgroups including commonly encountered conditions such as heart failure, 

CKD, and COPD. We did not specifically exclude individuals with primary PH, though 

these are likely to represent a small minority of included individuals given the mean age 

of the sample. Though interval tricuspid valve replacement or repair may impact estimates, 

the rate of tricuspid valve surgery was so low (0.04%) that this is unlikely to influence the 

observed results. However, it was not possible to ascertain if medical treatments (eg, diuretic 

use, goal directed medical therapy for heart failure, pulmonary vasodilators, etc) were 

initiated which could have influenced the observed TRV. Furthermore, it was not possible 

to distinguish those with end-stage renal disease requiring renal replacement therapy from 

those with CKD.

While there may have been technical differences in echocardiographs used over the study 

period, the fundamental techniques and precision of TRV measurement have remained 

substantially unchanged since inception. Invasive hemodynamic assessment of PASP was 

not feasible and thus conclusions must be considered within the context of the limitations 

of TRV as a measure of pulmonary vascular function. Due to inherent inaccuracies in 

estimation of RA pressure, the analysis focused on TRV rather than estimated PASP. We 

utilized a TRV >2.8 m/s to define baseline PH, but it is possible that a different cutoff may 

better identify mortality risk and propose this as a topic for future investigation. As TRV 

progression was defined as conditional predicted slope >0, it is possible that the confidence 

limits for the conditional predicted slope cross zero, though this likely represents a small 

portion of the included population. Furthermore, it is possible that some individuals may 

experience TRV progression prior to death that was unobserved as they did not receive a 

second TTE. Thus, these results should be considered exploratory and are conditional on 

survival to receive a second TTE. Moreover, the current analysis assumes TRV progression 

is linear, though this assumption should be tested in future investigations. Lastly, while 

relevant in a minority of cases, the use of TRV to estimate PASP is not accurate in the setting 

of pulmonic stenosis.

CONCLUSIONS

In this large, multidecade study of Medicare beneficiaries with serial TTEs performed in 

the outpatient setting, the average rate of progression in TRV was 0.23 m/s/y but ranged 
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from a decrease of 0.01 m/s/y to an increase of 0.8 m/s/y. TRV progression was more rapid 

in older individuals and those with cardiometabolic diseases (eg, diabetes, hypertension, 

hyperlipidemia, CKD) and those with left-sided heart disease (eg, depressed LVEF, atrial 

fibrillation, heart failure). Progression of TRV was associated with a graded stepwise 

independent increased risk of all-cause mortality and those with TRV regression had a lower 

mortality risk than those with progression. These findings indicate a possible role for serial 

TTEs to monitor TRV progression to identify high-risk individuals.
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ABBREVIATIONS AND ACRONYMS

CKD chronic kidney disease

COPD chronic obstructive pulmonary disease

LVEF left ventricular ejection fraction

PASP pulmonary artery systolic pressure

PH pulmonary hypertension

RA right atrium

RV right ventricle

TRV tricuspid regurgitant velocity

TTE transthoracic echocardiogram
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE 1:

While TRV on TTE is a powerful clinical risk factor, the importance of serial changes in 

TRV over time remains unclear.

COMPETENCY IN MEDICAL KNOWLEDGE 2:

In this large, multidecade study of outpatient receiving TTEs, baseline cardiometabolic 

risk factors were associated with faster TRV progression which was independently linked 

to mortality risk.

TRANSLATIONAL OUTLOOK:

These findings indicate a possible role for serial TTEs for TRV monitoring and further 

investigation into whether risk factor control can mitigate TRV progression.
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FIGURE 1. Flowchart of Included and Nonincluded Patients
Displayed is a flowchart demonstrating the number of individuals included and excluded 

from the study sample and reasons for exclusion. Of 45,725 individuals with transthoracic 

echocardiograms (TTEs) linked to Medicare Fee-for-service claims, 2005 to 2017, 64 

(0.1%) were excluded due to prior tricuspid valve replacement or repair, 15 (0.03%) were 

excluded due to the presence of endocarditis on the individual’s baseline TTE, 13,004 

(28.4%) were excluded due to receiving fewer than 2 TTEs, 23,665 (51.8%) were excluded 

due to having TTEs performed as an inpatient, 4,405 (9.6%) were excluded due to missing 

TRV values, and no individuals were excluded due to presence of tricuspid stenosis. This 

resulted in a final sample size of 4,572 individuals.
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FIGURE 2. Distribution of Estimated Peak Tricuspid Regurgitant Velocity Progression Rate
Displayed is a histogram demonstrating the distribution of the number of individuals (y-axis) 

with each peak tricuspid regurgitant velocity progression rate (x-axis). Only individuals 

with progression of the tricuspid regurgitant velocity are included. The estimated rate of 

progression of the peak tricuspid regurgitant velocity is the conditional predicted slope for 

time as estimated by the linear mixed effects model.
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FIGURE 3. Time to All-Cause Mortality by Peak Tricuspid Regurgitant Velocity Progression 
Rate Quartile
Displayed is a Kaplan-Meier curve demonstrating the time from the baseline 

echocardiogram to the occurrence of all-cause mortality according to quartile of peak 

tricuspid regurgitant velocity progression rates. The proportion surviving at each time point 

is shown on the y-axis and the number of years since the baseline echocardiogram is 

shown on the x-axis. The red line represents those in the slowest progression rate quartile 

(0–0.17 m/s/y), the green line represents those in quartile 2 (0.18–0.22 m/s/y), the blue line 

represents those in quartile 3 (0.23–0.28 m/s/y), and the orange line represents those in the 

highest quartile of progression rate (>0.28 m/s/y). The number of individuals in the risk set 

at 2-year intervals is provided below the x-axis. The log-rank P value for comparison of time 

to all-cause mortality across quartiles was <0.001.
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FIGURE 4. Time to All-Cause Mortality Among Those With Progression vs Regression of 
Tricuspid Regurgitant Peak Velocity
Displayed is a Kaplan-Meier curve demonstrating the time from the baseline 

echocardiogram to the occurrence of all-cause mortality comparing groups with progression 

(ie, an increase) vs regression (ie, a decrease) in the tricuspid regurgitant peak velocity 

(TRV). The proportion surviving at each time point is shown on the y-axis and the number 

of years since the baseline echocardiogram is shown on the x-axis. The red line represents 

those with TRV progression and the blue line represents those with TRV regression. The 

number of individuals in the risk set at 2-year intervals is provided below the x-axis. Shaded 
areas represent the 95% confidence interval for Kaplan-Meier estimates. The log-rank 

P-value for comparison of time to all-cause mortality between groups was <0.001.
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CENTRAL ILLUSTRATION. Progression of Tricuspid Regurgitant Velocity on 
Echocardiogram
Peak tricuspid regurgitant velocity (TRV) on transthoracic echocardiogram is a robust 

predictor of adverse outcomes but the influence of serial changes in TRV is uncertain. In 

this large, multidecade cohort, TRV progression occurred at a rate of 0.23 m/s/y on average 

but ranged from an increase of 0.01 to 0.80 m/s/y. Faster TRV progression was associated 

with older age, depressed left ventricular systolic function, and baseline cardiometabolic risk 

factors. Accounting for 23 demographic and comorbidity variables, those in the top quartile 

of TRV progression (>0.28 m/s/y) had a 2.2-fold increased risk of mortality compared to 

those in the bottom quartile. Regression of TRV was associated with decreased mortality.
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TABLE 2

Rates of TRV Progression According to Baseline Characteristics

Levels N Rate of Progression of Tricuspid Regurgitant Velocity (m/s/y) P Valuea

Age (y) ≤75 3,023 0.22 ± 0.09 <0.001

>75 1,165 0.26 ± 0.09

Sex Female 2,128 0.24 ± 0.09 0.02

Male 2,059 0.23 ± 0.09

Body surface area (cm2) >2 2,684 0.23 ± 0.09 0.30

≤2 1,504 0.23 ± 0.09

Body mass index (kg/m2) >30 2,810 0.23 ± 0.09 0.04

≤30 1,378 0.24 ± 0.09

Left ventricular ejection fraction (%) <50 576 0.25 ± 0.09 <0.001

≥50 3,610 0.23 ± 0.09

Baseline TRV (m/s) >2.8 1,021 0.29 ± 0.09 <0.001

≤2.8 3,167 0.21 ± 0.08

Right atrial length >5.1 cm Yes 1,949 0.25 ± 0.09 <0.001

No 2,623 0.22 ± 0.09

Smoking Yes 64 0.22 ± 0.09 <0.001

No 4,124 0.23 ± 0.09

Diabetes Yes 285 0.26 ± 0.10 0.08

No 3,903 0.23 ± 0.09

History of acute myocardial infarction Yes 61 0.28 ± 0.07 <0.001

No 4,127 0.23 ± 0.09

Hypertension Yes 570 0.26 ± 0.09 <0.001

No 3,618 0.23 ± 0.09

Hyperlipidemia Yes 369 0.25 ± 0.09 0.21

No 3,819 0.23 ± 0.09

Chronic obstructive pulmonary disease Yes 82 0.24 ± 0.09 <0.001

No 4,106 0.23 ± 0.09

Chronic kidney disease Yes 331 0.26 ± 0.09 0.04

No 3,857 0.23 ± 0.09

History of ischemic stroke Yes 26 0.26 ± 0.07 <0.001

No 4,162 0.23 ± 0.09

Atrial fibrillation Yes 78 0.27 ± 0.09 <0.001

No 4,110 0.23 ± 0.09

Heart failure Yes 312 0.28 ± 0.09 <0.001

No 3,876 0.23 ± 0.09

Values are mean ± SD progression rates of the peak tricuspid regurgitant gradient within each clinical and echocardiographic subgroup. Only 
individuals with TRV progression (nonnegative conditional predicted slopes for time) are included.

a
Represents the P value for the time × variable interaction term.
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