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Abstract

Objective—The Cardiothoracic Surgical Trials Network (CTSN) reported that left ventricular 

reverse remodeling at 2-years did not differ between patients with moderate ischemic mitral 

regurgitation (MR) randomized to CABG plus mitral-valve (MV) repair (n=150) or CABG alone 

Acker: None. E. Moquete: None. J.W. Hung: None. J.R. Overbey: None. A. Lala: None. M. lraola: None. J.S. Gammie: None. A.C. 
Gelijns: None. P.T. O’Gara: None. A.J. Moskowitz: None.

Trial Registration: ClinicalTrials.gov Identifier: NCT00806988.

IRB approval: The institutional review board at each center approved the protocol, and all patients provided written informed 
consent.
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(n=151). To address health resource use implications, we compared costs and quality-adjusted 

survival.

Methods—We used individual patient data from the CTSN trial on survival, hospitalizations, 

quality-of-life, and U.S. hospitalization costs to estimate cumulative costs and quality-adjusted life 

years (QALYs). A microsimulation model was developed to extrapolate to 10-years. Bootstrap and 

deterministic sensitivity analyses were performed to address uncertainty.

Results—In-hospital costs were $59,745 for CABG plus MV repair vs $51,326 for CABG alone, 

difference $8,419 (95% uncertainty interval 2,259–18,757). Two-year costs were $81,263 vs 

$67,341 and QALYs were 1.35 vs 1.30, difference 0.05 (−0.04–0.14), resulting in an incremental 

cost-effectiveness ratio (ICER) of $308,343/QALY for CABG plus MV repair. At 10-years, its 

costs remained higher ($107,733 vs $88,583, difference 19,150 [−3,866–56,826]) and QALYs 

showed no difference (−0.92–0.87), with 5.08 vs 5.08. The likelihood that CABG plus MV repair 

would be considered cost-effective at 10-years based on a cost-effectiveness threshold of $100k/

QALY did not exceed 37%. Only when this procedure reduces the death rate by a relative 5% will 

the ICER fall below $100k/QALY.

Conclusions—Addition of MV repair to CABG for patients with moderate ischemic MR is 

unlikely to be cost-effective. Only if late mortality benefits can be demonstrated will it meet 

commonly used cost-effectiveness criteria.

Central Picture.

Within-trial cost-effectiveness analysis results

Central Message

Adding MV repair to CABG for patients with moderate ischemic MR is unlikely to be cost-

effective; if late mortality benefits can be demonstrated it may meet commonly used cost-

effectiveness criteria.

Perspective Statement

The CTSN previously showed that left ventricular remodeling does not improve when MV repair 

is added to CABG for moderate ischemic MR. Although providing more durable correction, it is 

also associated with more adverse events. Based on trial data and microsimulations, costs are 

higher for CABG plus MV repair, and its cost-effectiveness would become only acceptable if there 

was late mortality benefit.

Introduction

Ischemic mitral regurgitation (MR) is present in up to 60% of patients with myocardial 

infarction,1–3 and is typically caused by a change in the geometry of the left ventricle 
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following the myocardial injury, which impedes adequate coaptation of normal mitral 

leaflets.4 Regardless of severity, ischemic MR has been consistently associated with worse 

left ventricular function, increased risk of heart failure, and higher mortality rates.5 

However, although broad consensus exists for the correction of severe ischemic MR at the 

time of coronary-artery bypass graft (CABG) surgery, for moderate ischemic MR this 

practice remains controversial.

To address this surgical controversy, the Cardiothoracic Surgical Trials Network (CTSN) 

performed a randomized trial that compared CABG plus MV repair to CABG alone in 

patients with chronic, moderate ischemic MR, the results of which were recently published 

in two separate reports.6, 7 Three hundred and one randomized patients were followed for 

two years and the primary endpoint was left ventricular end-systolic volume index 

(LVESVI). Secondary end points included residual MR, mortality, major adverse 

cardiovascular events, hospitalization, and quality-of-life. LVESVI improved in both groups 

at 1 and 2 years, but no significant differences between treatment groups were observed 

(P=0.71). Two-year mortality rates did not differ as well: 10.6% in the CABG alone group 

vs 10.0% in the CABG plus MV repair group (P=0.78). However, while the 2-year risk of 

moderate or severe residual MR was significantly higher among those who underwent 

CABG alone (32.3% vs 11.2%, P < 0.001), those who underwent the combined procedure 

had significantly higher rate of neurologic events (14 events vs. 4 events, P = 0.02) and 

supraventricular arrhythmias (24 events vs. 11 events, P = 0.04) at 2-years. The only quality-

of-life metric that showed a statistically significant difference between treatment groups was 

the Duke Activity Status Index,8 which demonstrated higher functional capacity in those that 

received the combined procedure (P=0.02).

The increasing emphasis on value-based care has made economic analyses become more 

relevant for interpreting trial results to further inform medical decision making. With 

economic analyses conducted alongside trials, both the expected costs and clinical outcomes 

are compared across study arms. In a formal cost-effectiveness analysis (CEA), the health 

outcome or “effectiveness” is expressed as survival time accounting for time spent at less 

than full quality, i.e. quality adjusted life years (QALYs). Decision makers can then decide 

which intervention would meet our expectation of good value based on the extra cost spent 

per gain in QALYs.{Ferket/Oxman} Given the trial results, adding MV repair to CABG is 

expected to result in differential upfront costs and health risks that may be off-set by 

differential long-term improvements in morbidity, survival and health care resource use. As 

such, the selection of the analytic time horizon can substantially impact our conclusions on 

cost-effectiveness and therefore costs and effectiveness outcomes need to be extrapolated to 

a longer follow-up.

In order to comprehensively assess the trade-offs associated with the two surgical strategies, 

we performed a CEA using individual-level patient data from the trial with microsimulation 

to extrapolate outcomes beyond the trial follow-up duration.
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Methods

Trial Design and Population

The CTSN moderate ischemic MR trial6, 7 was funded by the National Institutes of Health 

(NIH) and the Canadian Institutes of Health Research (CIHR) and conducted at 26 clinical 

centers. In summary, 301 patients with multivessel coronary artery disease and moderate 

ischemic MR were randomized between 2009 and 2013 to undergo either CABG alone 

(n=151) or CABG plus MV repair (n=150). CABG was performed on-pump, using standard 

techniques and all patients received guideline-directed medical therapy. In patients 

randomized to CABG plus MV repair, a rigid or semi-rigid complete annuloplasty ring was 

used. The ring was downsized by two sizes when possible to correct for annular dilatation. 

The specific ring type, implantation technique, and myocardial preservation method were at 

the surgeon’s discretion. Causes of death and adverse events were adjudicated by an 

independent committee of experts. An NIH-appointed data and safety monitoring board 

oversaw trial progress.

Cost and Quality-of-Life Data

Costing was done from a U.S. healthcare sector perspective. Costs were derived from 

uniform billing (UB) medical claims forms associated with index hospitalizations (N=172) 

and hospital readmissions (N=104) at U.S. study sites and these data were obtained from 

Vizient, a healthcare improvement company,9 or directly from study sites themselves. Costs 

were calculated per hospitalization, by converting charges using departmental cost-to-charge 

ratios matched to reported revenue codes. Departmental cost-to-charge ratios were derived 

from Centers for Medicare & Medicaid Services annual hospital cost reports. All costs were 

expressed into 2015 U.S. dollars using the Personal Health Care index for hospital care.10 

Generic health status was converted into a utility weight using the Short-Form Six-

Dimension (SF-6D) health utility index (0=death, 1=optimal quality-of-life),11 which was 

derived from patient-level 12-Item Short Form Health Survey (SF-12) data collected at 

baseline, 6, 12 and 24 months during the trial. We performed multiple imputation for 

missing costs and SF-6D utility scores (see Supplemental Methods). All analyses were 

performed based on intention-to-treat.

Within-Trial Cost-effectiveness Analysis

We initially performed a within-trial CEA. Cumulative costs were calculated by totaling 

hospitalization costs for each patient during the trial follow-up period. QALYs were 

calculated from longitudinal SF-6D utility scores using an area-under-the-curve approach 

with a trapezoidal rule. For the base case, when an interval death occurred, we assumed that 

the SF-6D utility score would follow a sudden drop to zero at the moment of death.12 Year 2 

costs and QALYs were discounted using a rate of 3%.13 We then calculated the difference in 

average costs and QALYs between treatment groups. An incremental cost-effectiveness ratio 

(ICER) was calculated when the more expensive strategy would also provide more 

effectiveness (for details see Supplemental Methods).
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Long-Term Cost-effectiveness Analysis

For predicting costs and QALYs over a 5 and 10-year time horizon we developed an 

individual-level state-transition (‘microsimulation’) model (Supplemental Figure I). We 

designed the model to make forecasts of mortality, readmissions for heart failure, other 

cardiovascular disease (CVD), and non-CVD related reasons, reoperations, as well as to 

track the expected costs and loss of quality-of-life related to these adverse events. To 

increase the precision of event rates, we combined the moderate ischemic MR trial data with 

data from the CTSN severe ischemic MR trial14, 15 and included a trial-treatment interaction 

term to model the MV repair effect. In the CTSN severe ischemic MR trial, 251 patients 

were randomized between December 2008 and April 2012 to undergo either mitral-valve 

repair (n=126) or replacement (n=125). The design and protocol of both trials were nearly 

identical, and 21 of the 22 participating study sites for the CTSN severe ischemic MR trial 

also participated in the moderate ischemic MR trial. Event rates were further adjusted by age 

and gender, and we included time-dependent covariates to allow for an increase in event 

rates after readmissions, which were tracked in the model with “tracker variables”. Hazard 

ratios (HRs) for these variables were estimated by Andersen-Gill models,16 an extension of 

the Cox proportional-hazards model allowing for recurrent events (Supplemental Table I). 

For the base case, we modeled baseline readmission rates with restricted cubic splines 

assuming a Weibull distribution for extrapolations beyond the trial follow-up period. We 

chose this more data-driven approach for smooth estimation of readmission rates in absence 

of literature indicating the underlying distribution of readmission rates. Competing mortality 

rates were assumed to follow an exponential survival distribution in concordance with long-

term survival curves from cohort studies, which predominantly included ischemic moderate 

MR patients with rigorous long-term (>5 year) follow-up for death (Supplemental Figure II).
17–23 Model validity was assessed by comparing model-based predictions with empirical 2-

year event rates, cumulative costs and QALYs obtained from each MR trial separately 

(Supplemental Figure III–VII). SF-6D utility scores were assumed to remain stable beyond 

trial duration.24 Cost and quality-of-life penalties were conditioned on readmissions and 

estimated by prediction models that included age at admission, gender, study arm, and 

reason for admission. We implemented a 1-month cycle length and assumed events would 

occur halfway for calculating costs and QALYs. We discounted costs and QALYs with a 3% 

annual rate.13 For details about the model inputs used in the long-term CEA see 

Supplemental Methods.

We assessed parameter uncertainty by a bootstrap procedure in which we randomly sampled 

trial participant data with replacement, ensuring each bootstrap sample had the same size as 

the original trial dataset, and generated 1,000 bootstrap datasets. Analysis steps performed 

for both the within-trial and long-term CEA were repeated in each bootstrap dataset. Results 

were summarized as: 1) 95% uncertainty intervals (UIs) using a bias-corrected and 

accelerated method; 2) as a scatter plot of the 1,000 pairs of difference in average costs and 

QALYs; and 3) as cost-effectiveness acceptability curves. In the latter, the percentage of 

bootstraps in which CABG plus MV repair was deemed to be cost-effective was plotted 

against a range of time horizons and cost-effectiveness thresholds.13
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Sensitivity Analyses

To evaluate robustness and heterogeneity of our findings, we conducted a number of 

deterministic sensitivity and scenario analyses. For the within-trial CEA, we tested the 

assumption that patients who died would have a gradual decline in quality-of-life from the 

last value measured until death. For the long-term CEA, we tested the impact of varying the 

annual discount rate from 0 to 5%; of applying different distribution assumptions for 

extrapolating readmission and mortality rates; and of extending the analytic time horizon to 

15 and 20 years of follow-up. We also evaluated the impact of varying the effect of CABG 

plus MV repair on long-term rates beyond the 2-year time point for mortality, heart failure 

and other cardiovascular readmissions within 95% UI limits. In addition, we examined the 

effect of increasing the risk of reoperation in the CABG only group. Finally, we looked at 

the effect of varying hospitalization costs within 95% UI limits and varying baseline age of 

the entire trial cohort from 45 to 85 (see Supplemental Methods for further details).

Results

Study Population

The average age of the trial cohort was 65±11 years and the majority of patients (68%) were 

male. The mean baseline LVESVI was 57.2±25.4 mL/m2. The majority of patients had a 

prior history of myocardial infarction or revascularization and nearly half had diabetes 

mellitus. Three of the 150 patients assigned to CABG plus MV repair received CABG alone, 

and eight patients assigned to CABG alone group underwent a combined procedure. For 

more details on study population baseline and operative characteristics see our earlier 

publications6, 7 and Supplemental Table II and III.

Within-Trial Cost-Effectiveness Outcomes

Cardiopulmonary bypass time, time to discharge and ICU stay were longer for patients 

randomized to CABG plus MV repair (Supplemental Table III). Index hospitalization costs 

were $59,745 for CABG plus MV repair vs $51,326 for CABG alone (difference $8,419, 

95% UI $2,259–18,757), and also 2-year costs were higher for the combined procedure 

(difference $13,922, 95% UI $2,370–28,888), see Table 1 and Figure 1. There were small 

differences in SF-6D utility scores during the 2 years of follow-up (Supplemental Figure 

VIII), and by 2 years the combined procedure group accrued 0.05 more QALYs (95% UI 

−0.04–0.14) than the CABG only group (Table 1 and Supplemental Figure IX). The 2-year 

ICER of CABG plus MV repair compared to the CABG alone was $308,343/QALY.

Long-Term Cost-Effectiveness Outcomes

Mortality rates between 90 days and two years post-randomization were on average higher 

for CABG plus MV repair than CABG only, but this difference was not statistically 

significant (adjusted HR of 1.46 [95% UI 0.56–3.33]). However, when extrapolating beyond 

two years, the average mortality benefit with CABG alone becomes more pronounced 

(Figure 2). Adjusted HRs for readmissions were not statistically significant (Supplemental 

Table I) and the difference in long-term readmission rates for the two surgical strategies was 

small on average (Figure 3). Higher average costs for the combined procedure persisted 
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beyond the 2-year trial duration. At 10 years, the difference in costs was $19,150 (95% UI 

$-3,866–56,826), but in QALYs it was 0.00 (95% UI −0.92–0.87) (Table 1). Using cost-

effectiveness thresholds of $50k and $100k/QALY, the likelihood that CABG plus MV 

repair would be cost-effective at 10 years was 30% and 37%, respectively (i.e. < 300 and 

370 of 1,000 bootstrap replicates). Even using a cost-effectiveness threshold of $200K/

QALY this probability did not exceed 50% (Figure 4).

Sensitivity Analyses

Results of the within-trial CEA did not change when quality-of-life was assumed to decline 

gradually prior to death (Supplemental Figure X). Using different discount rates and 

distributions for extrapolation of readmission rates did not impact conclusions about the 

incremental cost-effectiveness of the combined procedure. Increasing the long-term 

reoperation rate following CABG alone did not have a significant impact on the cost and 

incremental cost-effectiveness of the combined procedure. Neither did increasing the cost of 

readmissions to the upper limit of the 95% UI have a significant impact: CABG plus MV 

repair continued to have a cost that was $14,000 higher (Table 2).

However, the ICER of the combined procedure falls to less than $100k/QALY with a post-

trial mortality HR of 0.95 and reached $58,592/QALY when the HR is at the lower 95% UI 

limit (0.558 see Supplemental Table I). On the other hand, assuming the lower 95% UI 

extremes for HRs of CABG plus MV repair for heart failure and cardiovascular readmission 

rates, the incremental cost-effectiveness of CABG plus MV repair only minimally improved. 

Also with lower mortality rates beyond the trial duration, i.e. assuming that extrapolated 

rates are not constant over time, but are leveling off or assuming a younger baseline age, the 

incremental cost-effectiveness of the combined-procedure improves, but continues to exceed 

$200K/QALY (Table 2).

Discussion

We found that costs are higher with CABG plus MV repair compared with CABG alone and 

this difference already materialized early on. Our finding of higher upfront costs with MV 

repair is consistent with trial observations that cardiopulmonary bypass time, time to 

discharge, and length of stay in the ICU during the index hospitalization were longer. In 

addition, the combined procedure led to a higher number of serious adverse events from 

baseline to one year follow-up, whereas from one year to two year follow-up the number 

was nearly equal.6, 7 Consequently, when restricting the time horizon to the trial duration of 

two years, the small downstream health benefit (0.05 QALY on average) with the combined 

procedure unlikely justifies the increase in costs (> $13,000 on average at 2-years and > 

$19,000 at 10-years). Also microsimulations of readmission, reoperation, and mortality rates 

beyond the trial follow-up period did not project a marked improvement of the incremental 

effectiveness of the combined procedure over time, whereas its costs continued to be higher, 

resulting in unfavorable long-term cost-effectiveness. Only when assuming significantly 

lower late mortality rates than forecasted in the base case analysis does the incremental cost-

effectiveness of the combined procedure fall in the range of levels that are commonly used 
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for healthcare interventions with good value, i.e. ICERs that fall below $50,000/QALY (high 

value) or within $50,000–150,000/QALY (intermediate value).25

This raises the question of whether the combined procedure will actually yield a late 
mortality benefit. In the CTSN trial, the rate of significant MR two years after the operation 

was two times higher among those randomized to CABG alone, which presumably will lead 

to higher morbidity and mortality rates later on. Although such an effect was observed in 

patients with degenerative MR,26 for moderate ischemic MR this is highly uncertain. It is 

also possible that the potential future benefits of lower post-surgical MR rates following a 

combined procedure might be offset by increases in mortality due to more frequent 

postoperative complications, including neurologic events and supraventricular arrhythmias. 

In fact, the small difference in average QALYs favoring CABG plus MV repair observed at 

2-years decreased over time due to a small, but uncertain increment in late-phase mortality 

with the combined procedure.

Comparison with Previous Studies

Yet, recently published meta-analyses summarizing estimates from observational studies and 

small randomized trials that compared CABG plus MV repair to CABG alone for ischemic 

MR prior to the CTSN trial failed to show any statistically significant differences in short 

and long-term mortality rates.27, 28 Also no statistically significant differences were found 

for readmission or reoperation rates,27 although only four studies, including the CTSN 

moderate ischemic MR trial, reported on these outcomes.7, 20, 29, 30 Unfortunately, an 

unequivocal interpretation of the findings from these meta-analyses on late-phase mortality 

rates is hampered by wide variation in the estimated rates of perioperative and early-phase 

mortality in the included studies, which themselves varied substantially in their study design 

and patient population. However, one reasonably large observational study that included 

only patients with moderate ischemic MR (N=251) and used multivariable adjustment found 

a non-significant trend towards an increased hazard with CABG plus MV repair: HR 1.41 

(95% confidence interval [CI] 0.93 to 2.12) from 1 to 10 years post-surgery.20 In addition, 

two larger observational studies,21, 23 which predominantly included patients with moderate 

ischemic MR, showed similar trends to worsened survival with CABG plus MV repair in the 

late post-surgical phase: after multivariable adjustment, resulting HRs were 1.23 (95% CI 

not reported) and 1.54 (95% CI 0.79 to 2.99), respectively. Thus, the late-phase mortality 

benefits required for outweighing additional costs with MV repair have not been 

demonstrated in the current literature and may not be achievable.

Study Limitations

Some limitations of our analysis deserve to be mentioned. First, simulations of event rates 

beyond the trial follow-up period utilized data from a second randomized clinical trial (the 

CTSN severe ischemic MR trial) in addition to the individual patient-level trial data from the 

CTSN moderate ischemic MR trial.14, 15 Because death rates were particularly low in the 

moderate ischemic MR trial, this approach enabled a more precise extrapolation of survival 

beyond the trial follow-up period. However, the CTSN study centers and surgeons 

participating in both ischemic MR trials were nearly identical and in addition, predictions 

from our microsimulation model validated well against observed data from each trial 
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separately (Supplemental Figures III–VI). Moreover, our long-term survival estimates (5 and 

10 year) were similar to those reported in previous studies,17–23 and in line with current 

practice. Another potential limitation in our study is the wide between-individual variation in 

observed trial costs that led to uncertainty around the average cost estimates over time. Yet, 

when a choice between alternative interventions cannot be deferred, the decision maker 

should base health policy decisions on point estimates, and further research should be 

guided by the impact of uncertainty on which intervention is best.31 In this context, given the 

impact of uncertain death rates on our conclusions, further research should particularly focus 

on collecting complete long-term survival data accounting for potential confounding factors. 

Last, our cost-effectiveness estimates were based on trial data from 26 experienced surgical 

centers, and therefore may not be fully extrapolated to clinical centers nationwide. Although 

large-scale claims and registry data may yield more generalizable data, their usefulness is 

limited by their lack of detailed clinical information,32 which impedes the appropriate 

adjustment for known confounders.

Influential guideline and expert consensus reports on the management of MR have been 

recently updated after publication of the findings from the CTSN moderate ischemic MR 

trial, emphasizing that the net benefit of performing MV repair at the time of CABG is 

uncertain for the overall patient population.33–35 These guidelines, therefore, advocate an 

individualized approach that takes into account the trade-off between short-term surgical 

risks and potential long-term benefits following MV repair on a patient-by-patient basis. 

Such individualized decision-making would entail reserving MV repair for patients for 

whom the net clinical benefit is expected to be high, i.e. those with a low risk of neurologic 

events and supraventricular arrhythmias and a sufficient long life expectancy to benefit from 

MV repair. Our cost-effectiveness analysis shows that only when we can demonstrate 

substantial late mortality benefits the value of a combined procedure may become 

acceptable. Thus, further research should focus on collecting data for individualized 

prediction of long-term survival outcomes for both procedures in order to better inform 

surgical decisions.

Conclusions

Our cost-effectiveness analysis suggests that the addition of MV repair to CABG for patients 

with moderate ischemic MR is unlikely to provide additional quality-adjusted survival at a 

cost that would meet commonly used cost-effectiveness criteria, and only if late mortality 

benefits can be demonstrated, would adding MV repair to CABG become economically 

attractive. Further research should focus on individualized prediction of long-term survival 

to better inform surgical decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MR mitral regurgitation

MV mitral-valve
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Figure 1. Within-trial cumulative average cost by study arm
Shown are cumulative costs over the trial duration of two years. Total costs incurred until 

each time point indicated by a hospital discharge are averaged across N=150 for CABG plus 

mitral-valve repair and N=151 for CABG alone. Abbreviations: MV, mitral-valve.
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Figure 2. Observed and simulated all-cause mortality estimates by study arm
Shown are all-cause mortality (%) estimates based on Kaplan-Meier curves of N=150 for 

CABG plus mitral-valve repair and N=151 for CABG alone with censoring at 2-year (solid 

lines) and simulated mortality estimates used for extrapolation in the base case long-term 

cost-effectiveness analysis (dashed lines). Shown are numbers at risk with accounting for 

censored observations for the first 2 years of follow-up, beyond the 2 years simulated 

mortality applies. Abbreviations: MV, mitral-valve.
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Figure 3. Readmissions by type during 10-year follow-up
Number of readmissions is shown by type at 1- and 2-year based on the empirical trial data. 

The counts shown at 5- and 10-year are based on adding simulated outcomes occurring 

within 2–5 and 2–10 year time intervals as predicted by the base case long-term cost-

effectiveness analysis. Abbreviations: MV, mitral-valve.
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Figure 4. Cost-effectiveness acceptability curves for CABG plus mitral-valve repair vs CABG 
alone according to time horizon
These curves indicate the probability (%) of CABG plus mitral-valve repair being cost-

effective as compared with CABG alone using different time horizons. Each curve equals 

the obtained percentage of bootstrap iterations (1,000 in total) in which the repeated cost-

effectiveness analysis showed that CABG plus mitral-valve repair was dominant (less costly 

and QALYs ≥ CABG alone) or had a favourable incremental cost-effectiveness ratio (ICER) 

with a cost($) per QALY gained value lower than the selected cost-effectiveness threshold 

on the X-axis. The probability of CABG alone being cost-effective equals 100% minus the 

depicted probability of CABG plus mitral-valve repair being cost-effective.
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Table 1.

Base case cost-effectiveness outcomes (95% UI)

Outcome CABG alone
N=151

CABG plus mitral-valve repair
N=150

Costs, $

 Index hospitalization 51,326 (47,320–59,903) 59,745 (54,439–71,512)

 Δ Reference 8,419 (2,259–18,757)

 1-year 62,514 (56,491–72,971) 75,170 (66,737–88,746)

 Δ Reference 12,656 (2,152–24,662)

 2-year 67,341 (59,233–76,778) 81,263 (71,535–96,596)

 Δ Reference 13,922 (2,370–28,888)

 5-year 77,883 (66,660–92,099) 94,610 (80,376–122,163)

 Δ Reference 16,727 (−354–40,476)

 10-year 88,583 (71,953–111,801) 107,733 (87,978–153,433)

 Δ Reference 19,150 (−3,866–56,826)

QALYs

 1-year 0.66 (0.63–0.69) 0.68 (0.66–0.71)

 Δ Reference 0.02 (−0.01–0.06)

 2-year 1.30 (1.23–1.36) 1.35 (1.29–1.41)

 Δ Reference 0.05 (−0.04–0.14)

 5-year 2.98 (2.76–3.18) 3.04 (2.82–3.28)

 Δ Reference 0.06 (−0.27–0.37)

 10-year 5.08 (4.48–5.65) 5.08 (4.45–5.77)

 Δ Reference 0.00 (−0.92–0.87)

ICER, $/QALY

 1-year Reference 530,418

 2-year Reference 308,343

 5-year Reference 266,983

 10-year Reference Dominated

Shown are average costs and QALYs (95% UIs) and their differences (95% UI) for N=151 for CABG alone and N=150 for CABG plus mitral-
valve repair. ICERs are shown for CABG plus mitral-valve repair vs CABG alone when both average costs and QALYs were higher for CABG plus 
mitral-valve repair. The CABG plus mitral-valve repair strategy is considered dominated when its average costs are higher but its average QALYs 
are equal or lower. Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; UI, uncertainty interval.
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