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Abstract

Background—Clinical outcomes after surgical treatment of mitral regurgitation (MR) are worse 

if intervention occurs after deterioration of left ventricular (LV) size and function. Trans-thoracic 

echocardiographic (TTE) surveillance of patients with MR is indicated to avoid adverse 

ventricular remodeling. Overly frequent TTEs can impair patient access and reduce value in care 

delivery. This balance between timely surveillance and over-utilization of TTE in valvular disease 

provides a model to study variation in the delivery of health care services. We investigated patient 

and provider factors contributing to variation in TTE utilization, and hypothesized that variation 

was attributable to provider practice even after adjustment for patient characteristics.

Methods and Results—We obtained records of all TTEs from 2001–2016 ordered at a large 

echocardiography laboratory. The outcome variable was time interval between TTEs. We 

constructed a mixed-effects linear regression model with the individual physician as the random 

effect in the model, and used intra-class correlation coefficient (ICC) to assess the proportion of 

outcome variation due to provider practice.

Our study cohort was 55,773 TTEs corresponding to 37,843 intervals ordered by 635 providers. 

The mean interval between TTEs was 12.4 months, 17.0 months, 18.3 months, and 17.4 months 

for severe, moderate, mild, and trace MR respectively, with 20% of providers deemed over-

utilizers of TTEs, and 25% under-utilizers.
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Conclusions—We conclude that there is substantial variation in follow-up intervals for TTE 

assessment of MR, despite risk-adjustment for patient variables, likely due to provider factors.
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Introduction

Valvular heart disease is a significant burden to the U.S. population, and is likely to increase 

over the next several decades given an aging population.1 Asymptomatic valvular lesions 

such as aortic stenosis (AS), aortic insufficiency (AI), and mitral regurgitation (MR) are 

followed with serial trans-thoracic echocardiograms (TTEs) to monitor severity.2 Visual 

severity, evidence of deteriorating ventricular function and pulmonary hypertension, and 

other data acquired with echocardiography, along with clinical evaluation, can identify 

ventricular decompensation and determine clinical decisions about intervention.2 This 

surveillance is critical, as the clinical window for intervention can be narrow.3–5 This is 

especially true of MR, the most common degenerative valve disease, which portends greater 

mortality and poor cardiovascular outcomes unless repaired before ventricular 

remodeling.1, 3 Guidelines for those with a normal ejection fraction, recommend TTE 

surveillance of mild MR every 3–5 years and every 1–2 years for moderate MR.2 If MR is 

severe, TTE is recommended every 6–12 months, and more frequently if the left ventricle 

(LV) is enlarging.2 In prior iterations of valvular disease management guidelines, little 

guidance has been provided for surveillance of mild or moderate MR except to discourage 

yearly surveillance in asymptomatic patients.6, 7 Recommendations for the surveillance of 

severe MR have been consistent since 1998.6, 7

However, unnecessarily frequent testing can increase costs without improving quality. 

Concern over the over-use of TTE led to the development of appropriate use criteria for 

echocardiography.8 While the majority of TTEs are ordered appropriately, a proportion of 

TTEs are indeed ordered inappropriately.9, 10 In addition, even when appropriate, many 

TTEs sometimes do not change clinical decisions.10 Examining these issues is critical since 

echocardiography is performed at continually increasing rates.11–13

The delivery of a variety of health services has been shown to vary significantly across 

providers and patients.11, 14–16 Given the balance between timeliness of surveillance and 

possible over-utilization of TTE in valvular disease, we assessed the association of 

surveillance frequency for MR with specific provider factors. The variation in performance 

of all-cause TTEs has been associated with local practice patterns and urban and rural 

settings, but little is known about specific causes of variation.11, 17, 18 To understand how to 

improve quality and value in echocardiography for patients with MR, we sought to 

determine the degree of variation in patient care, and to investigate patient and provider 

factors contributing to variation in TTE utilization. We hypothesized that there was variation 

attributable to provider practice even after adjustment for patient characteristics.
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Methods

Data Source

The Massachusetts General Hospital (MGH) is the largest hospital in New England. The 

MGH Echocardiography Laboratory maintains a database of all echocardiograms performed 

in the main and satellite laboratories, including ordering provider, patient identifiers, and 

granular clinical data such as MR severity and LV size. This database was linked with 

hospital billing data for patient demographic characteristics.

Study Population

The study population included all patients over 18 years old who underwent at least two 

inpatient or outpatient TTEs between 2001 and March 2016. All TTEs are visible to all care 

providers within the system through a shared electronic health record. TTEs are ordered 

through the electronic medical system, and results are automatically sent to the ordering 

provider.

Outcomes and Covariates

The primary outcome was the number of months (“intervals”) between two consecutive 

studies done on a given patient. For a given patient, TTEs were assessed sequentially. The 

interval in months was calculated between TTEs, associated with the severity of MR in the 

initial TTE of each interval, and attributed to the provider who ordered the later study.

Intervals for patients in the echocardiography database not in the billing database were 

excluded from the analysis, as demographic data could not be linked with the patient. 

Studies done on patients with an ejection fraction less than 50% were excluded, to eliminate 

those not represented by the ACC/AHA guidelines.2 We excluded those with dilated left 

ventricles, any wall motion abnormalities, and those with MR mechanisms of incomplete 

closure or tethering without mitral valve prolapse to exclude those with secondary MR.19 To 

exclude studies on patients following valve replacement or repair, we excluded any interval 

marked by a persistent decrease in severity of valvular disease after moderate or severe 

disease. The validity of this strategy to exclude patients with interval surgery was confirmed 

by direct physician chart review of a selection of patients excluded by this algorithm. To 

exclude intervals during which patients may have been receiving echocardiography outside 

our hospital, we also excluded any echo intervals greater than 72 months. Consecutive 

inpatient TTEs and intervals with a single inpatient TTE following an outpatient TTE were 

also excluded. All ordering providers were identified as a cardiologist, primary care 

physician (PCP), or other specialist as of the time of the analysis by linkage with an 

administrative database. Missing data on provider type were adjudicated manually by 

physicians at the hospital (V.K.T. and J.H.W.). Most physicians are employed faculty 

physicians and very few (approximately 1%) are in private practice. Five providers for 

whom a field of practice could not be identified were excluded from the study. Providers 

who had ordered fewer than 5 tests were excluded from the initial cohort, as these providers 

were unlikely to be providing longitudinal care. When additional exclusion criteria were 

applied, additional providers were seen to have ordered fewer than 5 TTEs. TTEs ordered by 

these providers were aggregated and grouped under a dummy provider.
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Demographic variables included age, gender, self-reported race, estimated income, and 

distance from the echocardiography facility. Race was recorded as white, non-Hispanic 

black, Hispanic, Asian, and other. Patient age was calculated as the difference between date 

of birth and the test date. Age was assessed as a categorical variable divided by decade 

starting at age 45 given a non-linear distribution. Estimated income was used as a continuous 

variable, and distance from MGH was specified per 10 miles. The most recent zip code was 

used to estimate distance and income. For missing values of distance, the median distance 

was used, and for distances greater than 90 miles, 90 miles was used. Income was inferred 

from zip code by US census data.20 For missing income, we used the median income for the 

entire sample. Clinical variables included the change in LV end systolic dimension (LVESD) 

of the two prior TTEs, right ventricular systolic pressure (RVSP), left atrial (LA) size, 

presence of other valvular disease (moderate or severe aortic stenosis or insufficiency, and 

severity of MR (trace, mild, moderate, severe). Change in LVESD, RVSP, and LA size were 

used as continuous variables. In addition, secular trend was measured by number of years 

starting from 2001 and specified as a continuous variable to account for trends over time. 

Provider factors were specialization, and experience (estimated by the number of years a 

provider ordered TTEs).

Statistical Analysis

The length of interval TTE follow up was modeled as a function of patient and provider 

factors. Frequencies and percentages were used to summarize the distribution of patients by 

categorical demographics. Means with standard deviations were used to summarize 

continuous variables. The outcome variable was right-skewed, so a generalized mixed-

effects linear regression model with gamma distribution and log link was used.

Patient factors of age, gender, race, estimated income, distance from the echocardiography 

facility, RVSP, LA size, presence of multiple valvular disease, and change in LVESD were 

controlled for. Provider specialty and provider experience were the variables of interest. 

Regression results are reported as rate ratios (RRs) with 95% confidence intervals (CIs).

The contribution of the individual provider on the outcome variable was assessed by 

shrinkage estimates from a model with only patient factors to assess providers in comparison 

to the “average” provider. A standard deviation and 95% CI was constructed around the 

shrinkage estimate for a given provider. If significantly higher than average, the provider 

was assigned to a group of providers with longer intervals, and if the estimate was 

significantly lower than average, the provider was assigned to a group of providers with 

shorter intervals.

An intra-class correlation coefficient (ICC) was calculated to estimate how much of the 

variation in intervals were due to provider factors. The ICC was compared from two models, 

one including patient factors and secular trend alone, and another adding provider factors.

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, 

North Carolina). This study was performed for the purposes of quality improvement, so was 

considered exempt from review by the Institutional Review Board (IRB) at Partners 
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Healthcare per the IRB’s policies. As a retrospective analysis of clinical data, informed 

consent was not required.

Sensitivity and Supplementary Analyses

To assess the robustness of our results with respect to care outside this health care system, 

we performed the same analysis in a cohort of patients predicted to receive the majority of 

their care at MGH. This “loyalty cohort” was determined by a logistic regression model that 

includes patient age, time since most recent visit, in-state residency, physician practice style, 

and PCP or primary care practice association. The resulting model has been previously 

validated with a specificity of 93.7% and positive predictive value of 96.5%.21 Additional 

sensitivity analyses were performed excluding inpatient TTEs and excluding patients with 

multiple valve disease. To examine the possibility that other imaging tests such as trans-

esophageal echocardiograms (TEEs), magnetic resonance imaging (MRI), stress 

echocardiography, or invasive catheterization could have replaced some TTEs in following 

MR, we also conducted a direct physician chart review of a random sample of 100 patients 

in the analysis to determine how often other tests were ordered to follow MR.

Results

We initially evaluated 127,576 patients with 223,168 TTEs and 8,879 providers. After 

application of the inclusion and exclusion criteria, 55,773 TTEs remained, resulting in 

37,843 intervals in 17,930 patients ordered by 635 providers were in the analytic cohort 

(Figure 1). Characteristics of the echocardiograms and providers are in Table 1. Trace MR 

was seen in 23,150 study intervals (61.2%), mild MR in 10,348 (27.3%), moderate MR in 

3,678 (9.7%), and severe MR in 667 (1.8%). Seventeen percent of patients were seen to have 

vegetations, leaflet thickening, mitral valve prolapse, or rheumatic valve disease, as markers 

of primary MR. Patients with moderate or severe MR were older, but other demographic 

variables were similar amongst different degrees of MR. The mean interval between TTEs 

was 12.4 months, 17.0 months, 18.3 months, and 17.4 months for severe, moderate, mild, 

and trace MR respectively. Most studies done on patients with trace or mild MR were done 

sooner than would be indicated by the valvular disease (86.7% and 86.2%, respectively). 

Cardiologists ordered the majority of tests in our study population, and especially in patients 

with severe MR, ordering 89.5% of those studies, and 80.1%, 69.9%, and 62.4%, in those 

with moderate, mild, and trace MR respectively.

Association with Patient and Provider Factors

With increased severity of MR, there was a decrease in the interval between TTEs (p < 

0.0001). (Table 2) Patient age was associated with longer intervals (Ages 65–74 and 75–84 

years old relative to those younger than 45) (RR 1.074; 95% CI 1.014 – 1.139 and RR 1.116; 

95% CI 1.041–1.197). Hispanic race was associated with longer intervals between TTEs 

(RR 1.117; 95% CI 1.000–1.248). Over time, intervals became longer (RR 1.034; 95% CI 

1.026–1.042). Distance from the echo facility per 10 miles was significantly associated with 

TTE intervals (RR 0.986; 95% CI 0.985–0.987; p < 0.0001). Those with multiple valvular 

diseases had shorter intervals between TTEs (RR 0.833; 95% CI 0.785–0.885).
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Regarding provider factors, relative to cardiologists, TTEs ordered by PCPs were of longer 

intervals (RR 1.492; 95% CI 1.396–1.596). Non-cardiology specialists trended towards 

shorter intervals, but did not reach statistical significance (RR 0.843; 95% CI 0.656–1.084). 

The greater the providers’ experience, the longer the intervals between TTEs (RR 1.012; 

95% CI 1.001–1.023). Full results are reported in Table 2.

For mild MR, PCPs ordered TTEs every 28.2 months, cardiologists ordered TTEs every 17.4 

months, and non-cardiology specialists ordered TTE every 12.1 months (p < 0.001) (Figure 

2). For moderate MR, PCPs ordered TTEs every 24.2 months, cardiologists ordered TTEs 

every 16.1 months, and non-cardiac specialists ordered TTEs every 12.8 months (p <0.001). 

For severe MR, PCPs ordered TTEs every 20.5 months, whereas cardiologists ordered TTEs 

at a mean interval of every 11.8 months, and other specialists ordered studies every 10.0 

months (p<0.001). For non-cardiac specialists, mean time interval between studies trended 

less with MR severity (12.1 months for mild, 12.8 months for moderate, and 10.0 months for 

severe). For both cardiologists and PCPs, MR severity trended with shorter time intervals.

Sensitivity Analyses

A sensitivity analysis replicating the model in our loyalty cohort showed results that were 

largely consistent with the main findings of the primary analysis. When excluding inpatient 

studies, the ordering patterns of non-cardiology specialists became significant. They were 

seen to order studies more frequently (RR 0.781; CI 0.631–0.966). Other results were 

consistent and supported the main conclusions. Exclusion of those with multiple valve 

diseases showed results in keeping with the primary analysis. Full results are reported in the 

Supplementary Appendix.

Supplementary Analyses

A direct physician chart review of a selection of 100 random patients at each severity of MR 

was conducted to assess the effect of TEEs, stress echocardiograms, cardiac catheterization, 

and MRIs. We were reassured to see that 1/100 had a stress echocardiogram that may have 

contributed to surveillance, and 1/100 had a TEE that may have been used in surveillance. 

No patients received MRIs. Most TEEs and all cardiac catheterizations were performed 

immediately before operations, and post-op TTEs were excluded from our study.

Association Between Individual Provider and TTE Interval

Providers grouped by case-mix adjusted time intervals are shown in Figure 3. High-

frequency providers, or those with on average short intervals between TTEs, ordered TTEs 

at 8.9 month intervals for mild MR and 10.3 month intervals for severe MR, thus 

independent of MR severity. Average frequency providers ordered TTEs at 20.6 months for 

mild MR and 11.0 months for severe MR, trending with MR severity. Low frequency 

providers ordered TTEs for patients with mild MR every 30.2 months but for patients with 

severe MR every 18.9 months. While mean intervals were all longer, intervals maintained 

correlation with severity of MR.

The proportions of high and low frequency providers by specialty are in Figure 4. Among 

cardiologists, 25.2 out of 180 (14%) had intervals longer than the mean for all providers, and 
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38 out of 180 (21%) had intervals that were shorter. Among non-cardiac specialists, 87 of 

229 (38%) had intervals shorter than the mean and 23 of 229 (10%) had longer intervals. 

Among PCPs, 5 out of 226 providers (2%) had intervals shorter than the mean and 113 out 

of 226 providers (50%) had longer intervals.

The ICC for the unadjusted data was 0.35 (Table 3). When adjusted for patient factors alone, 

the ICC increased to 0.36. When adjusted for both patient factors and provider specialty and 

experience, the ICC decreased to 0.27.

Discussion

The surveillance of patients with chronic mitral regurgitation has both the potential for 

overutilization and underutilization and, as such, is an important case to study variation in 

the delivery of health care services.3, 9 In this work, we demonstrate substantial variation in 

the receipt of surveillance TTEs and the association of individual provider practice patterns 

with interval TTE surveillance of patients with MR. Specifically, cardiologists were seen to 

order more frequent TTEs in general, whereas PCPs were seen to order TTEs less frequently 

than indicated, and in both fields specific providers consistently tracked as over- or under-

utilizers.

Cardiologists were associated with the majority of the observations (66.6%). Mean imaging 

intervals for cardiology patients with moderate and severe MR were within guideline 

recommendations, but trace MR and mild MR were imaged more frequently than 

recommended.2 Although we cannot determine the indications for all of these studies, it is 

unlikely that all of the observations ordered by cardiologists in patients with trace or mild 

MR, can be accounted for by other illnesses requiring TTEs approximately every 18 months. 

(Figure 2) Within cardiologists, there is also significant variation. Most cardiologists (64%) 

ordered within the average interval, but 21% of cardiologists fall into the provider group of 

those ordering TTEs with shorter intervals, and 14% of cardiologists ordered TTEs with 

longer intervals. (Figure 4) This left-shift of interval distribution and overall higher 

frequency than PCPs even after adjusting for patient factors is consistent with prior findings 

that specialists order more diagnostic testing.22 While a greater portion of cardiologists’ 

tests were ordered for severe MR than the PCPs’ practice panel, this increased frequency 

when compared to PCPs is maintained after controlling for disease severity.

In comparison to cardiologists, PCPs ordered TTEs at nearly 50% longer intervals for all 

degrees of MR. (Table 2) Studies for those with trace or mild MR remained outside of 

guideline recommended windows, but were less frequent than those ordered by cardiology.2 

However, patients with severe MR were also imaged less frequently than guideline 

recommendations.2 (Figure 2) Few PCPs had patients with studies that were done more 

frequently than the mean provider with only 2% of PCPs falling into the provider group with 

shorter intervals. Most PCPs (98%) ordered within the average range or at longer intervals. 

(Figure 4)

In contrast, other specialists, including infectious disease specialists, oncologists, and 

pulmonologists, ordered TTEs at stable, and overall shorter, intervals despite MR severity. 
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(Figure 2) This suggests that these specialists may not have been ordering studies to assess 

MR, but rather to answer a different question with an independent time frame. These nearly 

yearly intervals suggest that these TTEs were spaced around yearly office visits, rather than 

on clinically guided intervals.

Provider experience was associated with ordering TTEs less frequently. (Table 2) A 

limitation to assessing provider experience is that we are only capturing ordering practice at 

MGH during our study period. We are unable to account for experience a provider may have 

had at another institution or if a provider’s clinical volume changed drastically over time.

Variance related to providers was much more substantial that variance related to patient 

factors. (Table 3) The association of interval echo imaging with experience and specialty 

provides guidance to reduce unwanted practice variation. For example, cardiologists can 

share educational resources with non-cardiology providers. Point of care decision support 

tools could be used to decrease the ordering of unnecessary TTEs. Additional support for 

newer physicians may alleviate variation due to experience, and sharing provider behavior in 

comparison to peers can be used to encourage both over- and under-utilizers to examine 

ordering behavior.

One notable strength of our study is that by linking demographic data to an 

echocardiography database, we were able to assess granular information about patient 

characteristics that possibly influenced time intervals. Although a significant proportion of 

the observed variation was associated with provider factors, some patient factors were also 

significant. (Table 2) For example, Hispanic patients had longer imaging intervals than white 

patients, which warrants further investigation. The source of this variation, whether related 

to bias in ordering behavior, patient access to TTEs, or other factors, is unclear, but warrants 

additional investigation as a patient’s care should be consistent between providers. Secular 

trend noted that intervals elongated slightly over time, which suggests that initiatives to 

decrease over-use of TTE may be contributing to ordering patterns. Of note, increased 

distance from the hospital was significantly associated with longer surveillance interval, but 

the magnitude of that association effect was very small. Since this association was not 

statistically significant in the loyalty cohort sensitivity analysis, this very small effect may 

have been related to patients who live far away from the hospital receiving TTEs outside our 

system.

Our analysis should be interpreted in the setting of important limitations. First, due to the 

need for granular information regarding severity of valvular disease, the analysis was 

performed within a single health care center. However, we believe that since the MGH is a 

large general hospital, our results are likely generalizable to other settings. Second, since we 

are unable to capture TTEs performed at other hospitals, patients with fragmented care, who 

travel south during winter, or simply outside cardiologists, may receive echocardiography at 

different medical centers causing overestimation of time intervals for those patient and 

provider groups. Nevertheless, we are reassured that a sensitivity analysis performed in a 

validated “loyalty cohort” supported our main study findings. Third, we did not include a 

comorbidity index. However, there is no data to reliably suggest how comorbidities would 

affect the ordering of outpatient TTEs. Specifically, our analysis did not include information 
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about atrial fibrillation, which could have changed ordering patterns. To adjust the 

conclusions of our analysis, patients with atrial fibrillation would have had to be distributed 

unequally among physicians with different ordering patterns. In addition, we are unable to 

assess the addition of medications for treatment of the sequelae MR due to limitations of our 

data sources. We are reassured that cardiologists, most likely to add these medications, still 

have frequent testing, suggesting that adding medications may not have had a significant 

effect on decreasing the frequency of testing. Other imaging, including TEEs, stress 

echocardiograms, and MRIs, that might have been used for MR surveillance was not part of 

our database leading to falsely elongated intervals. However, we are reassured by the results 

of our supportive direct chart review which demonstrated only a trivial number of instances 

in which another test was used intermittently to follow MR. We are therefore reassured that 

these other studies did not have a significant effect on our results. Last, it is possible that 

studies deemed to have been ordered sooner than indicated for valvular assessment were 

ordered for alternative assessments. However, while these indications, such as device 

adjustment, other valvular disease, or aortic aneurysms may be over-represented in 

indications for TTEs ordered by cardiologists, they are unlikely to have a differential effect 

within each specialty. We are reassured that differences in provider practices persisted in 

patients with severe MR, who were most likely imaged primarily for their valvular disease. 

Finally, a sensitivity analysis excluding those with multiple valvular diseases further 

supported our main findings.

In conclusion, there is substantial variation the frequency of TTE assessment of MR among 

different physicians even after adjustment for patient factors. Ordering TTEs too frequently 

may reduce value in echocardiography, and ordering TTEs not often enough may lead to 

poor patient outcomes because of ventricular remodeling. We believe these findings offer 

opportunities to improve both quality and value in echocardiography. In our study, provider-

related variation is associated with specialization and provider experience, which are 

fortunately practical targets to minimize unwanted variation in patient care. These results 

may provide guidance for tactics to improve quality and value in the care of patients with 

mitral regurgitation, and suggests the need for further investigation into the causes of 

practice variation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

Clinical outcomes after surgical treatment of mitral regurgitation (MR) are worse if 

intervention occurs after deterioration of left ventricular (LV) size and function. Trans-

thoracic echocardiographic (TTE) surveillance of patients with MR is indicated to avoid 

adverse ventricular remodeling, but overly frequent TTEs can impair patient access and 

reduce value in care delivery. To study variation in the delivery of surveillance 

echocardiography for primary MR, we investigated patient and provider factors 

contributing to variation in TTE utilization, and hypothesized that variation was 

attributable to provider practice even after adjustment for patient characteristics.

To do so, we obtained records of all TTEs from 2001–2016 ordered at a large 

echocardiography laboratory. The outcome variable was time interval between TTEs. We 

constructed a mixed-effects linear regression model with the individual physician as the 

random effect in the model, and used intra-class correlation coefficient (ICC) to assess 

the proportion of outcome variation due to provider practice.

Our study cohort was 55,773 TTEs corresponding to 37,843 intervals ordered by 635 

providers. The mean interval between TTEs was 12.4 months, 17.0 months, 18.3 months, 

and 17.4 months for severe, moderate, mild, and trace MR respectively, with 20% of 

providers deemed over-utilizers of TTEs, and 25% under-utilizers. Provider factors of 

specialization and experience were significantly correlated with intervals between TTEs.

We concluded that there is substantial variation in follow-up intervals for TTE 

assessment of MR, despite risk-adjustment for patient variables, likely due to provider 

factors.
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Figure 1. 
Cohort Patients and Study Design. Massachusetts General Hospital (MGH), Trans-Thoracic 

Echo (TTE), Mitral Regurgitation (MR)

Tanguturi et al. Page 13

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Average Number of Months between Studies by MR Level and Provider Specialty. 

Guidelines recommend TTE surveillance of mild MR every 3–5 years and every 1–2 years 

for moderate MR. If MR is severe, TTE is recommended every 6–12 months, and more 

frequently if the left ventricle is enlarging. 2
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Figure 3. 
Average Length of Study Interval by MR Severity and Provider Test Ordering Tendency. (n 

= number of providers) “Short” refers to short-interval providers, or over-utilizers, and 

“long” refers to long-interval providers, or under-utilizers.
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Figure 4. 
Proportion of Providers by Test Ordering Tendency and Specialty. (n = number of providers) 

“Short” refers to short-interval providers, or over-utilizers, and “long” refers to long-interval 

providers, or under-utilizers.
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Table 3

Measuring Variation in Study Interval due to Physicians. Patient factors include, age, gender, race, distance 

from the echo center, and estimated income, LA size, RVSP, and having multiple valve disease. Provider 

factors include specialty and years of experience ordering TTEs.

Metric
Unadjusted
Model

Adjusted for
Patient Factors

Adjusted for Patient
and Provider Factors*

Variation due to providers (P-value) 0.0.3417 (<0.0001) 0.3355 (<0.0001) 0.2296 (<0.0001)

Variation due to Patients (P-value) 0.6282 (<0.0001) 0.6078 (<0.0001) 0.6091 (<0.0001)

Intra-class Correlation (ICC) 0.35 0.36 0.27
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