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ABSTRACT 

Introduction: The primary aim of this systematic review was to quantify the diagnostic 

performance of ultrasound, MRI and amniotic fluid analysis in detecting esophageal atresia 

(EA) prenatally. The secondary aim was to explore the accuracy of individual imaging signs 

in identifying this anomaly. Material and methods: Medline, Embase and Cochrane 

databases were searched. The quality of studies was assessed using the revised tool for the 

quality assessment of diagnostic accuracy studies (QUADAS-2). Summary estimates of 

sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR-) and diagnostic 

odds ratio for the predictive accuracy of ultrasound, MRI and amniotic fluid analysis in 

detecting EA were computed using the hierarchical summary receiver operating characteristic 

(HSROC) or DerSimonian-Laird random-effect model, according to the number of studies 

included in each analysis. PROSPERO registration number: CRD42017055828. Results: 

Twenty studies (73246 fetuses, 1760 affected by EA) were included. Overall, prenatal 

ultrasound had a sensitivity of 31.7%. Only 2 studies reported all data for diagnostic accuracy, 

and based on these studies prenatal ultrasound had a sensitivity of 41.9%, a specificity of 

99.9%, a LR+ of 88.1, a LR- of 0.58 and a diagnostic odds ratio of 153.7. Prenatal ultrasound 

correctly identifies 77.9% of cases with EA and 21.9% EA with an associated trachea-

esophageal fistula. Polyhydramnios was present in 56.3% of cases affected by EA, while a 

small or absent stomach was identified in 50.0% cases. When performed following a 

suspicious ultrasound, fetal MRI had an overall good diagnostic accuracy for EA, with a 

sensitivity of 94.7%, a specificity of 89.3%, a +LR of 8.8, a -LR of 0.06, and a diagnostic 

odds ratio of 149.3. Finally, amniotic fluid analysis with an esophageal atresia index 3 had a 

sensitivity of 89.9% and a specificity of 99.6% in detecting EA. Conclusions: Ultrasound 

alone is a poor diagnostic tool for identifying EA prenatally, and has a high rate of false 

positive diagnoses. MRI and amniotic fluid analysis have high diagnostic accuracy for EA. 

We would recommend their use following a suspicious ultrasound. 
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Abbreviations:   

AF: amniotic fluid 

DOR  diagnostic odds ratio 

EA: esophageal atresia 

GGTP -glutamyl transpeptidase 

HSROC hierarchical summary receiver operating characteristic 

LR- negative likelihood ratio 

LR+ positive likelihood ratio 

MoM multiple of median 

MRI: magnetic resonance imaging 

QUADAS-2 Quality Assessment of Diagnostic Accuracy Studies 

ROC receiver operating characteristic  

 

Key message 

Prenatal detection of esophageal atresia is poor, particularly in the presence of an associated 

tracheo-esophageal fistula. The sonographic ‘pouch sign’ and ‘distended fetal hypopharynx’, 

as well as MRI and amniotic fluid analysis following a suspicious ultrasound, improve 

detection rate. 

 

INTRODUCTION 

Esophageal atresia (EA) comprises a spectrum of congenital anomalies characterized by a 

lack of continuity of the esophagus (atresia) with or without the presence of one or more 

abnormal connections with the trachea (tracheo-esophageal fistula), (Figure 1). Recent large 

studies have identified the prevalence of EA to be 2.3-2.4 cases per 10000 births (1, 2). In the 

last decade, survival has increased to 91-98%(3-7). EA has a high incidence of associated 

anomalies, ranging from 31-59%(1, 4, 6, 8, 9). Mortality is primarily related to the associated 

anomalies and genetic syndromes(8), reducing survival to as low as 51%, and resulting in 

increased overall morbidity in the short and long term. 

 

Prenatal diagnosis of EA remains challenging, ranging from 24-32%(10-12). The main signs 

detected on routine prenatal ultrasound are polyhydramnios, a small or absent stomach 

bubble, and a blind-ending dilated upper esophageal pouch (‘pouch sign’). The use of 
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ultrasound for the prenatal diagnosis of EA is limited by the fact that these signs are operator 

dependent, can be non-specific(13), and transient(14).  

 

More recently, the role of fetal magnetic resonance imaging (MRI) (11, 15-18) and amniotic 

fluid (AF) analysis(11, 15, 19, 20) in the diagnosis of EA have been investigated as a 

potential tool to increase prenatal detection. -glutamyl transpeptidase (GGTP) is an amniotic 

fluid digestive enzyme, secreted by microvilli. Fetal swallowing of amniotic fluid initially 

results in accumulation of GGTP in the gastrointestinal tract. Once the anal membrane opens, 

GGTP is released into the amniotic fluid. Following maturation of the anal sphincter, 

digestive enzymes accumulate in meconium, with associated reduced amniotic fluid levels. 

However, in esophageal atresia, fetal vomiting results in the accumulation of GGTP in the 

amniotic fluid(21). Measurements of GGTP and alpha fetoprotein [expressed as multiple of 

median (MoM) corresponding to the ratio between observed raw value and median raw value 

defined for that gestational age], have been used to produce an amniotic fluid index: alpha 

fetoprotein (MoM) x GGTP (MoM). A cutoff of 3 is suggestive of a diagnosis of EA(20). 

 

Currently, even in high volume tertiary fetal medicine centers, MRI and AF analysis are 

rarely used to supplement routine ultrasound screening, in order to improve the poor prenatal 

detection rate of EA. Increased prenatal detection of EA prompts careful assessment for 

associated anomalies, provides the opportunity for effective prenatal counseling, and has 

been shown to result in fewer postnatal transfers(10). 

 

The primary aim of this systematic review was to quantify the diagnostic accuracy of 

ultrasound, MRI and AF analysis in detecting EA prenatally. The secondary aims were to 

explore the diagnostic performance of different imaging signs in detecting this condition. 

 

MATERIAL AND METHODS 

This review was performed according to a priori designed protocol using methods 

recommended for systematic reviews and meta-analysis(22, 23). Databases searched 

electronically included Medline, Embase, the Cochrane Library (including The Cochrane 

Database of Systematic Reviews and The Cochrane Central Register of Controlled Trials), 

the Database of Abstracts of Reviews of Effects, the Healthy Technology Assessment 

Database and the NHS Economic Evaluation Database. The search was undertaken in July 
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2018 using combinations of the relevant subject heading (MeSH) terms, key words and word 

variants for ‘esophageal atresia’ and ‘antenatal’ (Supporting Information Table S1). The 

search and selection criteria were restricted to English language, and papers published after 

2000. Animal studies, case series with less than 5 cases, review articles and questionnaires 

were excluded. Reference lists from relevant papers were hand searched for additional reports. 

The study was registered with the PROSPERO database (registration number 

CRD42017055828). 

 

Index tests were the diagnostic accuracy performance of ultrasound, MRI and AF analysis for 

the prenatal detection of EA. 

 

The diagnostic accuracy of the following ultrasound signs suggestive of EA were explored: 

 Polyhydramnios - defined either as an amniotic fluid index (AFI) >18 cm or a deepest 

vertical pocket (DVP) > 8 cm. 

 Absent fetal stomach - defined as the non-visualization of fetal stomach on the scan 

after prolonged observation (>30 minutes) 

 Small fetal stomach - defined as the presence of a fetal stomach of reduced size 

according to the published fetal normograms or upon subjective assessment. 

 Pouch sign - defined as visualization of a fluid-filled, blind ending esophagus during 

fetal swallowing. 

A separate sensitivity analysis for pure EA and EA with tracheo-esophageal fistula was 

planned. The reference standard was the presence of EA confirmed at the time of surgery, or 

at post-mortem. 

 

Two authors (CP, FD) reviewed all abstracts independently. Agreement regarding potential 

relevance was reached by consensus; full text copies of those articles were obtained, and the 

same two reviewers independently extracted relevant data regarding study characteristics and 

the explored outcomes. Inconsistencies were discussed, and consensus was reached, or the 

dispute was resolved by discussion with a third author. If more than one study was published 

for the same cohort with identical endpoints, the report containing the most comprehensive 

information on the population was included to avoid overlapping populations.  
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The quality of studies was assessed using the revised tool for the quality assessment of 

diagnostic accuracy studies (QUADAS-2). It consisted of four key domains covering patient 

selection, index test, reference standard, and flow of patients through the study and timing of 

the index test and reference standard. Each domain was assessed in terms of the risk of bias 

and the first three were also assessed in terms of concerns regarding applicability. Each item 

was scored a ‘‘yes’’, ‘‘no’’, or ‘‘unclear’’ if there was insufficient information to make an 

accurate judgment(24).  

 

Summary estimates of sensitivity, specificity, positive and negative likelihood ratios (LR+ 

and LR-) and diagnostic odds ratio (DOR) for the predictive accuracy of ultrasound, MRI and 

AF analysis in detecting EA, were computed using the hierarchical summary receiver 

operating characteristic (HSROC) model(25). The DOR is defined as the ratio of the odds of 

the test being positive if the subject has a disease, relative to the odds of the test being 

positive if the subject does not have the disease (LR+/LR-)(26). Rutter and Gatsonis HSROC 

parameterization was used because it models functions of sensitivity and specificity to define 

a summary receiver operating characteristic (ROC) curve, and its hierarchical modeling 

strategy can be used for comparisons of test accuracy when there is variability in threshold 

between studies(27). However, when the number of studies is small, the uncertainty 

associated with the estimation of the shape parameter could be very high, and models may 

fail to converge(28). Thus, for all meta-analyses in which less than 4 study estimates could be 

pooled, the DerSimonian-Laird random-effect model was used.  

 

For those meta-analyses including ≥10 individual studies we aimed to assess the publication 

bias using Deeks funnel plot asymmetry test(29). Meta-Disc 1.4 

(http://www.hrc.es/investigacion/metadisc_en.htm) and Stata command metandi 2013 (Stata 

Corp. College Station, TX, USA) were used to analyze the data(25, 30). 

 

RESULTS 

The search yielded 782 possible citations. Twelve were identified as duplicates and excluded, 

and 732 were excluded by reviewing the title or the abstract, as they did not meet the 

selection criteria. The remaining 38 full-text manuscripts were reviewed and a total of 20 

studies were finally included (Figure 2). These 20 studies included 73246 fetuses undergoing 

prenatal ultrasound; of these 1760 had confirmed EA. A summary of the identified studies is 

shown in Table 1.  
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The quality assessment based on QUADAS-2 is reported in Figure 3. The large majority of 

the included studies did not report all the figures for the diagnostic accuracy, thus making it 

impossible to perform a pooled analysis computing both sensitivity and specificity. In view 

of such limitations, the results were also reported as proportions.  

 

Sixteen studies reported information on diagnostic accuracy of ultrasound for EA. 

Unfortunately, crude values for all the figures of diagnostic accuracy were not consistently 

reported by all the included studies. Eleven studies explored the sensitivity of ultrasound in 

detecting EA. Overall, ultrasound had a sensitivity of 31.7% (95% confidence interval (CI) 

19.9 to 44.7, 384/1520; I
2
=96.0%) in detecting EA (Figure 4). However, all data for 

diagnostic accuracy were reported only by two studies(31, 32) (70967 fetuses, of whom 117 

had EA). Based on these studies, prenatal ultrasound had a sensitivity of 41.9% (95% CI 32.8 

to 51.4), a specificity of 99.9% (95% CI 99.9 to 99.9), a LR+ of 88.1 (95% CI 78.6 to 9878.0), 

a LR- of 0.58 (0.3 to 1.0) and a DOR of 153.7 (95% CI 2.1 to 11483.3). The individual 

figures for diagnostic accuracy from each included study are provided in Table 2.  

 

Eight studies including 1210 cases compared the prenatal diagnosis of EA and EA with 

tracheo-esophageal fistula. Prenatal ultrasound correctly identifies 77.9% (95% CI 59.5 to 

91.9; 100/134, I
2
: 79.1%, eight studies) of cases of EA, but only 21.9% (95% CI 15.2 to 29.5; 

182/1053, I
2
: 80.9%, eight studies) of those with EA and tracheo-esophageal fistula. 

 

Five studies (99 fetuses) explored the diagnostic performance of MRI, in fetuses who had 

sonographic signs suspicious for EA. MRI had good diagnostic accuracy for EA, with a 

sensitivity of 94.7% (95% CI 71.4 to 99.2), a specificity of 89.3% (95% CI 38.6 to 99.0), a 

LR+ of 8.8 (95% CI 0.9 to 85), a LR- of 0.06 (95% CI 0.09 to 0.4) and a DOR of 149.3 (95% 

CI 9.6 to 233.6) (Figure 5). The individual diagnostic accuracy of fetal MRI in detecting EA 

is reported in Table 3. 

 

Three studies explored the diagnostic accuracy of amniotic fluid analysis in 523 fetuses 

suspected to be affected by EA. An amniotic fluid EA index of 3 had a sensitivity of 89.9% 

(95% CI 80.2 to 95.8), a specificity of 99.6 (95% CI 98.7 to 100), a LR+ of 54.7 (95% CI 0.6 

to 5375.5), a LR- of 0.13 (95% CI 0.02 to 0.8) and a DOR of 462.5 (95% CI 11.4 to 18701.6) 

(Figure 6).  
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Unfortunately, due to the lack of information on false positive and true negative diagnoses, it 

was not possible to perform a pooled analysis reporting all the figures of the diagnostic 

accuracy of the ultrasound signs suggestive of EA explored in the present systematic review. 

Therefore, the results were reported as proportions (detection rate and false positive rates 

when possible). Only 2 studies (Garabedian et al. (10)  and Langer et al.(18)) reported 

sonographic detection rate of the pouch sign, which precluded statistical analysis. 

 

Nine studies (853 fetuses) explored the prevalence of polyhydramnios in fetuses affected by 

EA. Polyhydramnios was present in 56.3% (95% CI 44.0-68.3; I
2
=88.6%) of cases affected 

by EA. A sub-analysis of the distribution of polyhydramnios according to the type of 

anomaly (pure EA vs EA with tracheo-esophageal fistula) was not possible due to the lack of 

data which precluded to perform a meaningful data synthesis. Only three studies (Ethun et al., 

(17) Kunisaki et al. (33) and Borsellino et al.(34)) reported the incidence of polyhydramnios 

in fetuses affected by EA/EA with tracheo-esophageal fistula. Overall the rate of false 

positive diagnoses was 66.2% (95% CI 45.1 to 84.4; I
2
=19.7%).  

 

Nine studies (743 fetuses) explored the detection rate of an absent/small stomach bubble in 

identifying EA antenatally. A small or absent stomach was present in 50.0% cases (95% CI 

33.6 to 66.9; I
2
=92.1%), while only 4 studies (Ethun et al.(17), Kunisaki et al.(33), Borsellino 

et al.(34), Langer et al.(18)) explored the distribution of such signs in fetuses not affected by 

the anomaly, reporting an incidence of false positive diagnoses of 71.8% (95% CI 38.8 to 

95.2; I
2
=71.8%). In view of the small number of included cases, it was not possible to 

perform a subgroup analysis according to the type of EA. 

 

DISCUSSION 

This systematic review confirms that prenatal ultrasound has poor diagnostic accuracy for 

detecting EA, with only a third of cases identified, and a high rate of false positive diagnosis. 

The poor diagnostic performance of ultrasound for prenatal detection of EA is due to the 

sonographic signs suggestive of EA being neither sensitive nor specific. 

 

Polyhydramnios is present in approximately 10% of pregnancies(31), and is most commonly 

idiopathic. It can be associated with a wide range of congenital anomalies in which fetal 

swallowing is either impaired or absent (13). It is therefore not surprising that 
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polyhydramnios, in the context of prenatal diagnosis of EA, is associated with a high rate of 

false positive diagnosis (66.2%). 

 

Polyhydramnios was present in over half of confirmed cases (56.3%) of EA. This may be 

influenced by the timing of the prenatal ultrasound, as fetal swallowing is not established 

until the 5
th

 month of gestation(35), and polyhydramnios is rarely diagnosed earlier than 24 

weeks(14).  

 

A small or absent stomach was identified in half of cases of confirmed EA. This sign is 

subjective, with no consensus at present with respect to the classification of a ‘small’ stomach. 

It is also difficult to determine, as visualization of the stomach bubble may be transient due to 

the intermittent nature of fetal swallowing. Even in the absence of a fistula, the stomach may 

still be visualized as a result of secretions from the gastric mucosa(36). The combination of 

polyhydramnios and a small or absent stomach bubble has been shown to increase the 

accuracy of prenatal diagnosis of EA(13). 

 

Both polyhydramnios and a small or absent stomach bubble have been found to be associated 

with a higher incidence of false positive diagnosis of EA in the context of associated 

anomalies(12).  

 

EA is most commonly associated with a distal fistula (85% cases)(37). These cases represent 

a significant diagnostic challenge, based on the sonographic signs of polyhydramnios and 

small or absent stomach bubble. This is because the presence of a distal fistula may result in 

the stomach still being visualized, with normal volume of amniotic fluid, due to the aspiration 

of amniotic fluid with reflux into the stomach via the fistula(38).  

 

The ‘pouch sign’ and the ‘distended fetal hypopharynx’ (DHP)(39) are more recent additions 

to the sonographic signs used to identify EA. A significant benefit of both is that they are 

well visualized in EA and EA with tracheo-esophageal fistula. The pouch sign has been 

proposed as the most reliable sign for the diagnosis of EA(40), particularly when identified 

using MRI rather than ultrasound (41). However, it is recognized to be a late sign not seen 

before 26 weeks’ gestation(42). The distended fetal hypopharynx has been identified at an 

earlier gestational age than the pouch sign, and found to be more sensitive (86% vs. 62%), 

but less specific (67% vs. 97%) for EA(39). 
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The use of fetal MRI for the detection of the pouch sign, and amino acid analysis using the 

esophageal atresia index, both have good diagnostic performance for the prenatal detection of 

EA. Fetal MRI has the highest sensitivity (94.7%) of the three investigations studied, and 

therefore appears to be an important non-invasive tool for improving the prenatal diagnostic 

accuracy of EA. The value of MRI appears to be its accurate identification of the pouch sign, 

which unlike the sonographic signs of polyhydramnios and a small or absent stomach bubble, 

is not affected by the presence of a tracheo-esophageal fistula, or other associated congenital 

anomalies. The cost of an MRI to the National Health System in the UK is estimated to be 

£130 (144€) (43). 

 

The amniotic fluid esophageal index presents a promising marker with a slightly lower 

sensitivity that MRI (89.9%), but a higher specificity (99.6% vs. 89.3%). However, further 

studies are required to further evaluate its use. Given that the risk of miscarriage associated 

with amniocentesis prior to 24 weeks’ gestation has been identified to be much lower than 

previously thought (0.81%)(44), the increased detection rate of EA together with the 

opportunity for karyotyping might justify this risk. Certainly, when amniocentesis is 

clinically indicated, AF analysis for the prenatal detection of EA should be performed. At 

present, to our knowledge, AF analysis is available at only one center in Europe (Hôpital 

Robert Debré, Paris) and the cost is around €200 (£180). A recent publication however, 

highlighted a case of EA with an associated trachea-esophageal atresia, which was not 

diagnosed antenatally, despite combined screening with ultrasound, MRI and AF analysis(45). 

 

This review represents the most comprehensive estimate of the diagnostic accuracy of 

prenatal investigation to detect EA. The major limitation of this systematic review was the 

small number of studies included, their retrospective design and the limited raw data 

presented. The studies included had variation in the gestational age at ultrasound, 

heterogeneity in the time intervals between the last scan and delivery, and lack of 

stratification according to the type of EA, and the presence of associated fetal anomalies.  

 

The vast majority of studies retrospectively reviewed prenatal signs present in postnatally 

confirmed cases, making it difficult to exclude the presence of these signs in the 

investigations of normal fetuses. Only 2 of the 14 papers investigating the use of prenatal 

ultrasound for the diagnosis of EA provided a figure for the true negative scans, and one of 

these two studies was a calculated estimate. Computation of HSROC for the diagnostic 
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accuracy of ultrasound could not be performed because only two studies with different 

designs reported the raw data for all the figures of diagnostic accuracy.  

 

The figures of diagnostic accuracy for fetal MRI and AF analysis reported in the present 

systematic review are likely to be biased by the fact that these were secondary investigations 

performed in fetuses identified to have high suspicion of the anomaly on ultrasound. 

However, this reflects current clinical practice, as fetal MRI is currently not offered as a 

screening test in all pregnancies. It is important to note that in the studies included in this 

review, MRI was performed at a relatively late gestation (30-32 weeks’), which is also likely 

to increase its diagnostic accuracy. 

 

As the use of MRI and AF analysis is a more recent addition to the traditional sonographic 

diagnosis of EA, the number of studies and cases are few, preventing any robust conclusions 

being drawn from our analysis. 

 

CONCLUSION 

Ultrasound is a relatively poor diagnostic tool for the prenatal diagnosis of EA. MRI and AF 

analysis have high diagnostic accuracy when EA is suspected. The non-invasive nature of 

MRI offers an advantage over amniotic fluid analysis. However, when amniocentesis is 

indicated clinically, AF analysis may improve the prenatal detection of EA. We would 

recommend more extensive use of these advanced prenatal investigations, particularly in the 

context of comprehensive prospective studies. 
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Table 1: General characteristics of the studies included in the systematic review. 
 

Author (Ref) Year Country Study Design Investigation Reference Standard Fetuses Cases of 
esophageal atresia 

Additional 
anomalies 

Lal(46) 2017 US Retrospective multicentre 
cohort study 

US Findings at surgery 396 396 Yes 

Kunisaki (33) 2014 US Retrospective single centre US Not specified 81 70 Yes 
Bradshaw (31) 2016 UK Retrospective single centre US Not specified 70 500 

(estimate) 
58 Yes 

Hoopman (32) 2015 Germany Retrospective single centre US Not specified 433 59 Not specified 
Spaggiari (11) 2015 France Retrospective single centre US, MRI, AF 

analysis 
Not specified 122 122 Yes 

Garabedian (10) 2015 France Retrospective multicentre US, MRI Not specified 469 469 Yes 
Allaf (19) 2015 France Retrospective cohort study US, AF analysis Not specified 464 15 Not specified 
Hochart (16) 2015 France Retrospective single centre MRI Not specified 18 11 Yes 
Garabedian (15) 2014 France Retrospective single centre US, MRI, AF 

analysis 
Findings at birth/surgery/ 
post-mortem 

15 10 Yes 

Fallon(47) 2014 US Retrospective single centre US, MRI Identified from database 91 91 Yes 
Ethun (17) 2014 US Retrospective single centre US, MRI CXR, findings at surgery 28 15 Yes 
Czerkiewicz (20) 2011 France Retrospective single centre US, AF analysis Not specified 44 44 Yes 
Quarello(48) 2011 France Case report US Findings at surgery/  

post-mortem 
7 6 Yes 

de Jong(49) 
 

2010 Netherlands Retrospective single centre US Findings at surgery/post-
mortem 

79 79 Yes 

Choudhry (12) 2007 UK Retrospective single centre US Findings at surgery/  
post-mortem 

62 32 Yes 

Borsellino (34) 2006 Italy Retrospective single centre US Findings at delivery/ post-
mortem 

157 8 Not specified 

Kalish(50) 2003 US Retrospective single centre US Not specified 22 22 Yes 
Khorshid(51) 
 

2003 Saudi Arabia Retrospective single centre US Not specified 78 78 Yes 

Langer (18) 2001 US Prospective single centre US, MRI Not specified 10 5 Yes 
Sparey (36) 2000 UK Retrospective multicentre US Not specified 170 170 Yes 

 
US, ultrasound; MRI, magnetic resonance imaging; AF, amniotic fluid.  
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Table S1. Search Strategy run on 25 July 2018.  
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Figure 1. Gross classification of esophageal atresia. 

 

Figure 2. Systematic review flowchart. 

 

Figure 3. Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) assessment of 

the included studies. 

 

Figure 4. Sensitivity of ultrasound in detecting esophageal atresia prenatally. 

 

Figure 5. Hierarchical receiver operating characteristic curve (HSROC) showing the 

diagnostic performance of fetal magnetic resonance imaging in detecting esophageal atresia. 

 

Figure 6. Der-Sirmonian summary receiver operating characteristic curve (SROC) showing 

the diagnostic performance of amniotic fluid analysis in detecting esophageal atresia. 

 

Table 1: General characteristics of the studies included in the systematic review. 
 
Table 2: Diagnostic accuracy of ultrasound in detecting esophageal atresia among the 
different studies. 
 
Table 3: Diagnostic accuracy of MRI in detecting esophageal atresia in the different 
studies. 
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Table 2: Diagnostic accuracy of ultrasound in detecting esophageal atresia among the different studies. 

 

Author (Ref) Year Sensitivity Specificity PPV NPV LR+ LR- 
Lal (46) 2017 13.38 (10.2-17.1) - - - - - 
Bradshaw (31) 2016 25.86 (15.3-39.0) 99.96 (99.9-100) 34.88 (1.1-50.9) 99.94 (99.9-100) 650.9 (363.7-

1125.0) 
0.74 (0.6-
0.8) 

Hoopman (32) 2015 57.63 (44.1-70.4) 95.19 (92.5-
97.1) 

65.38 (50.9-
78.0) 

93.44 (90.5-
95.7) 

11.97 (7.3-19.6) 0.45 (0.3-
0.6) 

Spaggiari (11) 2015 31.97 (23.8-41.0) - - - - - 
Garabedian (10) 2015 24.31 (20.5-28.5) - - - - - 
Garabedian (15) 2014 - - 66.67 (38.4-

88.2) 
- - - 

Fallon (47) 2014 16.48 (9.5-25.7) - - - - - 
Ethun (17) 2014 - - 45.45 (28.1-

63.6) 
- - - 

Quarello(48) 2011 - - 85.71 (42.1-
99.6) 

- - - 

Choudhry (12) 2007 31.25 (16.1-50.0) - 25.0 (12.7-41.2) - - - 
Borsellino (34) 2006 - - 72.73 (39.0-

94.0) 
- - - 

Kalish (50) 2003 40.91 (20.7-63.6) - - - - - 
Khorshid (51) 2003 89.74 (80.8-95.5) - - - - - 
Langer (18) 2001 - - 50.0 (18.7-82.3) - - - 
Sparey (36) 2000 11.38 (6.3-18.4) - 43.75 (26.4-

62.3) 
- - - 

 

PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio. 
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Table 3: Diagnostic accuracy of magnetic resonance imaging in detecting esophageal atresia in the different studies. 

 

Author (Ref) Year Sensitivity Specificity PPV NPV LR+ LR- 
Spaggiari (11) 2015 67.86 (47.6-84.1) - 100 (82.4-100) - - - 

Hochart (16) 2015 
90.91(58.7-99.8) 100 (59.4-100) 100 (69.2-100) 87.50 (47.4-

99.7) 
 (2.5-) 0.09 (0.02-

0.4) 
Garabedian 
(15) 2014 

80.0 (44.4-97.5) 100 (47.8-100) 100 (63.1-100) 71.43 (63.1-
100) 

 (1.7-) 0.2 (0.06-0.7) 

Ethun (17) 2014 
100 (78.2-100) 46.15 (19.2-

74.9) 
68.18 (45.1-
86.1) 

100 (54.1-100) 1.86 (1.2-3.3) * (0-0.5) 

Langer (18) 2001 
100 (47.8-100) 80.0 (28.4-99.5) 83.33 (35.9-

99.6) 
100 (39.8-100) 5 (1.2-25.4) * (0-0.6) 

 

PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio. 
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Figure 1. Gross classification of esophageal atresia. 
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Figure 2. Systematic review flowchart. 

 

 

 

 

 

 

 

 

 

 

Records identified through 
database searching 

(n = 782) 

Sc
re

e
n

in
g 

In
cl

u
d

e
d

 
El

ig
ib

ili
ty

 
Id

en
ti

fi
ca

ti
o

n
 

Additional records identified 
through other sources 

(n = 0) 

Records after duplicates removed 
(n = 770) 

Records screened 
(n = 770) 

Records excluded 
(n = 732) 

Full-text articles assessed 
for eligibility 

(n = 38) 

Full-text articles excluded, 
with reasons 

(n = 18) 

Studies included in 
qualitative synthesis 

(n = 20) 

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n = 18) 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure 3. QUADAS-2 assessment of the included studies. 

 

 

 

 

 

Figure 4. Sensitivity of ultrasound in detecting EA prenatally. 
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Figure 5. Hierarchical receiver operating characteristic curve (HSROC) showing the 

diagnostic performance of fetal MRI in detecting EA. 
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Figure 6. Der-Sirmonian summary receiver operating characteristic curve (SROC) 

showing the diagnostic performance of amniotic fluid analysis in detecting EA. 

 

 

 

 

 




