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Abstract

Objective—The economic implications of strategies to improve prenatal screening for congenital 

heart disease (CHD) in low-risk mothers have not been explored. The aim was to perform a cost-

effectiveness analysis of different screening methods.

Methods—We constructed a decision analytic model of CHD prenatal screening strategies (four-

chamber screen (4C), 4C + outflow, nuchal translucency (NT) or fetal echocardiography) 

populated with probabilities from the literature. The model included whether initial screens were 

interpreted by a maternal–fetal medicine (MFM) specialist and different referral strategies if they 

were read by a non-MFM specialist. The primary outcome was the incremental cost per defect 

detected. Costs were obtained from Medicare National Fee estimates. A probabilistic sensitivity 

analysis was undertaken on model variables commensurate with their degree of uncertainty.

Results—In base–case analysis, 4C + outflow referred to an MFM specialist was the least costly 

strategy per defect detected. The 4C screen and the NT screen were dominated by other strategies 

(i.e. were more costly and less effective). Fetal echocardiography was the most effective, but most 

costly. On simulation of 10 000 low-risk pregnancies, 4C+ outflow screen referred to an MFM 

specialist remained the least costly per defect detected. For an additional $580 per defect detected, 

referral to cardiology after a 4C + outflow was the most cost-effective for the majority of 

iterations, increasing CHD detection by 13 percentage points.

Conclusions—The addition of examination of the outflow tracts to second-trimester ultrasound 

increases detection of CHD in the most cost-effective manner. Strategies to improve outflow-tract 

imaging and to refer with the most efficiency may be the best way to improve detection at a 

population level.
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INTRODUCTION

Congenital heart disease (CHD) is the most common birth defect, affecting slightly less than 

1% of all live births1. Screening for fetal CHD is challenging, requiring population 

screening because approximately 80% of CHD occurs in fetuses of mothers without risk 

factors2,3. For low-risk mothers in the USA, recent revisions in consensus guidelines (April 

2013) mandate that fetal cardiac screening includes views of the four chambers and both 

outflow tracts4. This updated previous recommendations for views of the outflow tracts only 

if ‘feasible’5–7 and is similar to more recent mandates in the UK and Canada8,9. Detection of 

a potential abnormality results in referral for higher-level imaging, specifically a fetal 

echocardiogram, usually resulting in a definitive diagnosis.

Several studies have shown that detection of CHD can be as high as 85% with ultrasound 

screening10,11. However, despite high rates of ultrasound use, the population detection rate 

of CHD is 30–50% in the – USA and in most developed countries12–16. Several alternative 

screening methods have been studied, including the use of first-trimester screening with 

nuchal translucency (NT)17,18, and, more recently, the use of three-dimensional (3D) or 

four-dimensional (4D) imaging of the fetal heart19,20. Although the efficacy of some 

alternative strategies has been studied, few economic analyses have been conducted. 

Screening strategies for CHD that improve detection may be more costly at the outset, but 

may prove more cost-effective with regard to the cost per defect detected. Published cost-

effectiveness analyses (CEAs) in CHD have focused primarily on screening strategies for 

one high-risk group, namely diabetic mothers21. A recent CEA of prenatal CHD screening 

in low-risk women evaluated the cost-effectiveness of using telemedicine for expert review 

of second-trimester ultrasound scans, but did not consider different screening protocols22. 

Understanding the trade-off between cost and effectiveness of CHD screening in low-risk 

populations may provide further evidence for current recommendations, consideration of 

alternative strategies and/or focusing efforts for effective implementation in practice. Thus, 

the objective of this study was to perform an economic analysis of prenatal CHD screening 

in low-risk mothers to determine the cost-effectiveness of available strategies in terms of 

healthcare costs per heart defect detected.

METHODS

We constructed a decision analytic model of seven prenatal screening strategies for CHD 

using TreeAge Pro 11 (DATA Pro) (Figure 1). For the purposes of the model we assumed 

that women presented for prenatal care before 12 weeks’ gestation so that all screening 

options would be available and that all women were at low risk for delivering a child with 

CHD. Our model also took into account variation in the probability that a screening 

ultrasound could be performed at a tertiary/academic center and read by an MFM specialist, 

or performed at a non-tertiary center and read by a radiologist or a general obstetrician. It 

also accounted for different choices in referral for an abnormal screen interpreted by a non-

tertiary practitioner, either to an MFM specialist first or directly to a pediatric cardiologist. 

The seven prenatal screening strategies considered were:
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1. A second-trimester ultrasound screen with a four-chamber view alone, with an 

abnormal screen resulting in referral to an MFM specialist first (4C → MFM). A 

subsequent abnormal screen on detailed ultrasound performed by an MFM 

specialist would result in referral to a pediatric cardiologist for a fetal 

echocardiogram.

2. A second-trimester ultrasound screen with a four-chamber view alone, with an 

abnormal screen resulting in direct referral to a pediatric cardiologist (4C → 
card).

3. A second-trimester ultrasound screen with four-chamber and outflow-tract views, 

with an abnormal screen resulting in referral to an MFM specialist first. A 

subsequent abnormal screen on detailed ultrasound performed by an MFM 

specialist would result in referral to a pediatric cardiologist for a fetal 

echocardiogram (4C + outflow → MFM).

4. A second-trimester ultrasound screen with four-chamber and outflow-tract views, 

with an abnormal scan resulting in direct referral to a pediatric cardiologist (4C + 

outflow → card).

5. A second-trimester ultrasound with four-chamber and outflow-tract views 

performed at a tertiary obstetric center (and interpreted by an MFM specialist), 

with referral to a pediatric cardiologist if abnormal (MFM 4C + outflow → card)

6. A tiered screen that initially evaluated NT with first-trimester ultrasound. Those 

who screened negative would then undergo a second-trimester ultrasound screen 

with both a four-chamber and outflow-tract view of the heart (NT + outflow).

7. Use of universal fetal echocardiography to screen low-risk mothers (fetal echo).

We chose to model the use of NT rather than ductus venosus in the first-trimester ultrasound, 

as the sensitivity of an abnormal NT is reported to be higher for detecting CHD and is more 

widely used18,23.

The values of the model parameters were determined from a review of the literature. The 

probability estimates and test characteristics (sensitivity and specificity) of screening tests 

were determined using the following medical search (MeSH) terms to search English 

publications in PubMed: ultrasonography, prenatal; heart defects, congenital; sensitivity and 

specificity, NT. Baseline estimates and ranges were assessed from this literature search 

(Table 1). Although the literature was searched as far back as 1992, estimates of test 

characteristics were taken preferentially from the last 15 years, if available. Baseline values 

were calculated using averages when several studies were available. Cost data were obtained 

from the Medicare National Fee schedule for 2012 (Table 2). Costs specified are global costs 

(including both the technical and professional components). A screen using a four-chamber 

view alone was considered a basic second-trimester ultrasound. Given the change in 

guidelines, an outflow tract was considered as part of a standard ultrasound in our baseline 

model. A scan that included outflows and was read by a MFM specialist was considered as a 

detailed ultrasound. The cost of a fetal echocardiogram included Doppler and color add on 

(Table 2).Those with a positive fetal echocardiogram (concerning CHD) had an assumed 

Pinto et al. Page 3

Ultrasound Obstet Gynecol. Author manuscript; available in PMC 2017 January 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cost for a detailed ultrasound to look for other congenital defects (if one had not already 

been performed) in the process of screening. Medical costs for screening were considered 

only from the time of screening initiation to the time of detection of CHD (or a negative 

screen). Costs were only considered from a health-payer perspective and therefore did not 

include patient, family or other costs that may be relevant from a societal perspective.

The decision tree describing the sequence of events in the screening process was analyzed to 

determine the incremental cost-effectiveness ratio (ICER) of the screening strategies. The 

ICER compares two competing strategies and is constructed by dividing the difference in the 

average costs between the two strategies by the difference in the average effectiveness. The 

effectiveness measure in our model was CHD cases detected. Therefore, the ICER represents 

the additional costs or savings for screening per additional congenital heart defect detected. 

In this case, as more than two strategies were being considered, all strategies were compared 

with one another in an incremental analysis. As costs were only measured to the time of 

detection of the heart defect, there was no need to discount costs or effects over time.

We performed a limited number of one-way sensitivity analyses to determine the variability 

in outcome based on the range of the test-input variables. The minimum and maximum 

values used for the deterministic sensitivity analysis were the lowest and highest results 

found in the literature (Table 1). One such analysis looked at the impact of varying the 

sensitivity of a 4C + outflow screen performed at a non-tertiary practice (by a non-MFM 

specialist) to look at how results would be influenced by the lowest and highest reported 

sensitivities of this screen. We also performed an additional sensitivity analysis in which we 

repeated the model comparing an arm of 4C + outflow → MFM (Strategy 3) with an arm 

that incorporated varying probabilities that a 4C + outflow screening ultrasound would be 

performed at a tertiary center and interpreted by an MFM specialist (MFM 4C + outflow) 

compared with a non-MFM specialist and referred to an MFM only if abnormal (4C + 

outflow → MFM). This resulted in an arm that combined Strategies 5 and 3 with varying 

probabilities of proceeding down one branch or the other.

Additionally, a probabilistic sensitivity analysis using 10 000 second-order Monte Carlo 

simulations was performed to assess the impact of the range of uncertainty in all the model 

variables. The minimum and maximum values used were the lowest and highest results 

found in our literature review.

RESULTS

The results for the model under baseline assumptions are illustrated in Table 3. In this base–

case analysis, the least costly strategy for prenatal screening for CHD was out-flow → 
MFM, with an average cost per patient of $169.33. The same strategy, with referral to a 

pediatric cardiologist first, was more effective and specifically was more likely to identify a 

true positive diagnosis in the population (4.42 per 1000 vs 3.53 per 1000, assuming a 

population incidence of seven per 1000 for CHD) but was also more costly. The most 

effective strategy was fetal echocardiography (with the likelihood of identifying a true 

positive diagnosis of 6.6 per 1000). However, this strategy was extremely costly compared 

with other strategies, with an ICER of $112 560. Use of 4C alone was dominated (i.e. was 
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more costly and less effective) by the use of four-chamber and outflow views, regardless of 

referral pattern. Additionally, NT + outflow was less effective and more costly than a linear 

combination of two alternative strategies, a concept called extended dominance. An MFM 

4C + outflow screen was also more effective and identified 5.1 cases of CHD per 1000 births 

but with an ICER of almost $31 000.

We also performed a one-way sensitivity analysis in which we only varied the sensitivity and 

specificity of a screen with four-chamber and outflow-tract views (Table 4). With a 

sensitivity as low as 31%, the use of the 4C + outflow → MFM remained the least 

expensive strategy. At its highest reported sensitivity of 86%, the ICER for this strategy with 

referral to cardiology first (4C + outflow →card), compared with referral to an MFM 

specialist first, dropped to an additional $520 per CHD detected.

We examined the impact of having a varying proportion of 4C + outflow screening 

ultrasound scans read by an MFM specialist vs a non-MFM specialist, attributing the cost of 

an ultrasound read by an MFM specialist as that of a detailed ultrasound only if it was 

abnormal. If MFM specialists (MFM 4C + outflow) interpreted 20% of ultrasounds and non-

MFM specialists interpreted 80%, then 55% of defects would be detected with an ICER of 

$26 204 compared to if 100% of screening ultrasounds were read by non-MFM specialists 

(Table 5). The ICER increased to $30 187 and the sensitivity to 68% if 80% of scans were 

interpreted by an MFM specialist.

Inputs for testing probabilities were varied based on their range of values in 10 000 second-

order Monte Carlo simulations. Cost-effectiveness rankings and results remained similar to 

the baseline case for these simulations and were extrapolated to calculate the costs and 

effectiveness of screening 10 000 low-risk mothers, as presented in Table 6. Assuming an 

incidence of CHD of seven per 1000, there were 70 cases of CHD in this population. The 

least expensive strategy in multiway sensitivity analysis remained 4C + outflow → MFM, 

with a total cost of $1 690 000 to screen 10 000 mothers and an average cost of $47 268 per 

CHD detected. This strategy identified 36 (51%) cases. Use of a 4C alone remained more 

expensive and less effective. Although the use of NT + outflow was more effective 

(identifying 73% of cases), it was much more expensive compared with 4C + outflow → 
MFM (incremental cost of $1 472 634). Universal fetal echocardiography was highly 

effective, identifying 94% of CHD cases, but cost $5 million to screen 10 000 women. 4C + 

outflow →card had an incremental cost of $5168 more, but identified 45 (64%) cases and 

had an incremental cost-effectiveness of an additional $574 for each additional CHD 

detected. MFM 4C + outflow →card identified 73% of defects at a cost of $2 million to 

screen 10 000 women.

Figure 2 shows the results from the probabilistic sensitivity analysis as cost-effectiveness 

acceptability curves. These curves depict the proportion of the 10 000 Monte Carlo 

simulations for which each strategy is cost-effective, given a certain threshold value for 

willingness to pay for an additional detected case of CHD. Use of 4C + outflow → MFM 

was cost-effective for the majority of simulations until the threshold of $574, when it shifted 

in favor of referral to a pediatric cardiologist first. For willingness-to-pay thresholds greater 
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than $2000 per defect, 4C + outflow → card was cost-effective for almost 100% of the 

simulations.

DISCUSSION

To our knowledge, this is the first study to examine the relative cost-effectiveness of prenatal 

screening strategies for CHD in low-risk mothers in the USA. While we found universally 

that fetal echocardiography was the most effective strategy, it was also exceedingly costly. 

The addition of an outflow-tract view to the standard screen was more effective and less 

expensive than almost all other strategies for prenatal CHD screening, lending further 

support for recent changes in consensus recommendations in the USA and by the 

International Society of Ultrasound in Obstetrics and Gynecology8,24. This finding remained 

robust across wide simultaneous variations of estimated inputs.

Our study reinforces previous findings of the UK’s National Institute for Clinical Excellence 

(NICE) in an unpublished CEA of prenatal screening for d-transposition of the great arteries 

in low-risk mothers. The study concluded that inclusion of outflow-tract views was cost-

effective compared with a four-chamber view alone, but did not consider other proposed 

screening strategies9. Several publications have reported the association of abnormalities in 

early first-trimester scans (primarily abnormal NT or ductus venosus tracings) with a higher 

CHD risk17,18,23. In our model, a tiered screening with first-trimester ultrasound to measure 

NT for all low-risk women was more effective, but was considerably more expensive than 

the use of second-trimester ultrasound with four-chamber and outflow views. Use of non-

invasive screening for aneuploidy through cell-free fetal DNA may result in fewer women 

undergoing NT for identification of aneuploidy25,26. Thus, determining the value of NT for 

detecting CHD may become increasingly important. Our findings would argue against 

focusing on this strategy for detection of CHD in low-risk mothers.

Improving the prenatal CHD screening strategy also requires consideration of optimal 

referral patterns for an initial screen and abnormal screening results. Previous economic 

evaluations of prenatal CHD screening have centered on higher-risk pregnancies (primarily 

diabetic mothers)21,27. Some conclude that a well-executed obstetric scan is cost effective 

compared with referral of these mothers directly for fetal echocardiography. However, this 

conclusion depends heavily on the quality of the ultrasound and its interpretation. The 

sensitivity of second-trimester ultrasound screening is currently quite variable and operator 

dependent, probably because of challenges in obtaining the outflow-tract view28,29. As our 

model shows, having all such ultrasounds interpreted by MFM specialists who have a higher 

accuracy is very effective, but is also more costly. However, previous studies have shown 

that, at present, ultrasounds are interpreted primarily outside tertiary centers by non-MFM 

specialists16,30. Telemedicine may prove a cost-effective way to address access barriers to 

specialist interpretation22. Alternatively, resources could be invested in improving skills at 

non-tertiary centers. One study, looking at cost savings in postnatal care for prenatally 

diagnosed infants with CHD, extrapolated that increased training of sonographers would be 

cost-effective. However, the study primarily focused on costs related to the transport of 

newborns with CHD31.

Pinto et al. Page 6

Ultrasound Obstet Gynecol. Author manuscript; available in PMC 2017 January 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In our model, if an initial screening ultrasound was read by a non-MFM specialist, referral to 

an MFM specialist after an abnormal screen was less expensive, but missed almost 50% of 

heart defects. The optimal strategy for referral depends on society’s willingness to pay for 

increased effectiveness. Historical consensus-based thresholds for willingness to pay are 

based on quality-adjusted life years (QALYs), a commonly used effectiveness measure for 

CEAs32. However, thresholds for willingness to pay for prenatal detection of diseases are 

unclear. Currently, the average cost of prenatal screening programs for trisomy 21 ranges 

from $27 000 to $78 000 per defect detected, depending on the strategy33–35. CHD is much 

more common and more lethal than trisomy 211,36 and compares favorably in terms of costs 

per defect detected, being an average of $38 000 to $47 000 in our study using second-

trimester ultrasound. In this setting, an additional $580–2100 per defect may be acceptable 

to society.

This study considered costs and effectiveness for a limited time horizon, specifically only to 

the time of CHD detection. This was a purposeful decision. Few studies have compared the 

costs of prenatally vs postnatally diagnosed infants37, and in those that have, the findings are 

unclear. Further investigation of the impact of prenatal detection on outcomes is required to 

provide reliable inputs for a broader economic analysis. Calculating QALYs for children 

with CHD requires determining their additional life years saved and multiplying this by the 

utility (the value of each year depending on the quality of their life). However, there are few 

utilities available for survivors with different types of CHD. Most previous studies, 

acknowledging these limitations, have used utilities for adult heart-failure patients22,38. 

Looking beyond detection of CHD also requires modeling how prenatal diagnosis impacts 

pregnancy terminations. Careful consideration of costs and benefits are needed for future 

models navigating the complexities of addressing this politically sensitive issue39.

There were additional limitations to our study. Our model assumed that all women presented 

early for prenatal care. We did not consider other strategies proposed for prenatal screening 

for CHD, such as the use of 3D or 4D imaging19,20. As the equipment and operator 

familiarity with 3D imaging is currently limited primarily to tertiary or academic centers, 

this technology has yet to be widely used in practice, and reliable data on effectiveness 

outside such centers are lacking. The strategies considered in this study are available at most 

centers providing obstetric ultrasound services. As more data become available, future 

economic analyses should consider additional strategies.

In summary, this study shows that, of the methods currently widely available in practice, 

examination of both the four-chamber and outflow-tract views during second-trimester 

ultrasound is the least expensive strategy to screen for CHD prenatally. This adds to a strong 

body of evidence to prioritize effective implementation of new consensus guidelines in the 

USA and similar guidelines previously mandated in Canada, Britain and other European 

countries over other current alternatives. It also encourages the adoption of similar 

guidelines in other nations. Further inquiry by health professionals and policy makers is 

required to decide on optimal referral strategies for initial screens and abnormal results 

based on economic and clinical consequences.
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Figure 1. 
Decision tree structure for each strategy arm for prenatal screening of congenital heart 

disease. 4C → MFM, standard screen with second-trimester ultrasound four-chamber view 

of the heart, with referral to a maternal-fetal medicine (MFM) specialist if abnormal; 4C → 
card, standard screen with second-trimester ultrasound of the four-chamber view of the 

heart, with referral to a pediatric cardiologist if abnormal; 4C + outflow → MFM, screen 

with second-trimester ultrasound four-chamber and outflow views of the heart (read by a 

non-MFM specialist), with referral to an MFM specialist if abnormal; 4C + outflow → card, 

screen with second-trimester ultrasound four-chamber and outflow views of the heart (read 

by a non-MFM specialist), with referral to a pediatric cardiologist if abnormal; MFM 4C + 

outflow → card, screen with second-trimester ultrasound four-chamber and outflow views 

of the heart, interpreted by an MFM specialist and referred to a pediatric cardiologist if 

abnormal; NT + outflow, tiered screen with first-trimester nuchal translucency and referral 

directly for fetal echocardiography if abnormal; if normal, screen with second-trimester 

ultrasound four-chamber and outflow views. Fetal echo, universal screen with fetal 

echocardiography.
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Figure 2. 
Cost-effectiveness acceptability curve depicting the percentage of iteration strategies that are 

cost-effective based on willingness-to-pay per congenital heart disease detected. ………., 

4C→MFM, standard screen with second-trimester ultrasound four-chamber view of the 

heart, with referral to a maternal–fetal medicine (MFM) specialist if abnormal; , 

4C→card, standard screen with second-trimester ultrasound of the four-chamber view of the 

heart, with referral to a pediatric cardiologist if abnormal; , 4C + outflow → MFM, 

screen with second-trimester ultrasound four-chamber and outflow views of the heart (read 

by a non-MFM specialist), with referral to an MFM specialist if abnormal; , 4C + 

outflow → card, screen with second-trimester ultrasound four-chamber and outflow views 

of the heart (read by a non-MFM specialist), with referral to a pediatric cardiologist if 

abnormal; , MFM 4C + outflow → card, screen with second-trimester ultrasound four-

chamber and outflow views of the heart, interpreted by an MFM specialist and referred to a 

pediatric cardiologist if abnormal; , NT + outflow, tiered screen with first-trimester 
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nuchal translucency and referral directly for fetal echocardiography if abnormal; if normal, 

screen with second-trimester ultrasound four chamber and outflow views. , Fetal echo, 

universal screen with fetal echocardiography.
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Table 1

Baseline estimates, obtained from the literature, of test characteristics for different screening approaches and 

of incidence of congenital heart disease (CHD): input values for the decision-analysis model

Variable/Reference

Baseline estimate

Sensitivity (range) Specificity (range)

4C view43–48 0.492 (0.210–0.810) 0.990 (0.988–0.999)

4C + outflow
views28,29,45,48–50

0.67 (0.31–0.86) 0.990 (0.970–0.999)

4C + outflow views
by MFM16,30,51–53

0.77 (0.55–1.00) 0.99 (0.97–1.00)

First-trimester
NT18,54

0.246 (0.080–0.560) 0.982 (0.965–0.992)

MFM referral
ultrasound16,52,55

0.80 (0.60–1.00) 0.982 (0.924–0.999)

Pediatric cardiology
fetal echo-
cardiogram3,12,55

0.940 (0.900–0.976) 0.995 (0.993–1.000)

–Incidence of CHD40–42 0.0075 (0.003–0.011)

4C, four chamber; MFM, maternal–fetal medicine specialist; NT, nuchal translucency.
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Table 2

Cost of procedures using Medicare 2012 National Fee Estimate56 (including professional and technical 

components)

Test Code

National
Medicare Fee
Estimate 2012

Obstetric ultrasound
(>14 weeks)

76805 $167

Obstetric ultrasound, detailed 76811 $211

Obstetric ultrasound, NT
single or first gestation

76813 $140

Fetal echocardiography 76825 $245

    Doppler fetal
echocardiography

76827 $71

    Doppler color, add on 93325 $31

NT, nuchal translucency.
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Table 5

Sensitivity analysis comparing the incremental cost-effectiveness for a strategy which compared the 

probability that a second-trimester obstetric ultrasound (with four-chamber (4C) and outflow views) will be 

interpreted by a maternal–fetal medicine (MFM) specialist (rather than non-MFM specialist) with a strategy in 

which all ultrasound images with 4C and outflow views are read by non-MFM specialists (4C + outflow → 
MFM)

Probability of a
screening ultrasound
read by an MFM specialist

Effectiveness
(cases detected

per 1000)*

ICER compared
with 4C + outflow

→ MFM

20% 2.89 $26 204

40% 4.18 $29 026

60% 4.48 $29 789

80% 4.78 $30 187

100% 5.10 $30 591

*
Assuming a congenital heart disease incidence of 0.007 per live birth. 4C + outflow, four-chamber and outflow-tract views; ICER, incremental 

cost-effectiveness ratio.
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