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Abstract
Esophageal atresia-tracheoesophageal fistula (EA-TEF) is one of the common congenital anomalies occurring in newborns. 
Over the last eight decades, various technical modifications have been proposed in the surgical repair of EA-TEF. Preservation 
of azygos vein is one such modification that has gained considerable attention. However, a consensus statement regarding 
the superiority of its preservation over its division is lacking. We aim to compare the outcomes of surgery between the two 
groups of newborns, i.e., those undergoing repair with and without azygos vein preservation, in terms of its complications. 
The authors systematically searched the databases PubMed, EMBASE, Web of Science, and Scopus through December 2020. 
The incidence of anastomotic complications and chest infection was compared among the two groups of newborns, i.e., those 
undergoing surgical repair with (group A) and without azygos vein preservation (group B). Statistical analysis was performed 
using a fixed-effects model, and pooled risk ratio (RR) and heterogeneity (I2) were calculated. The methodological quality of 
the studies was assessed using the Downs and Black scale. Six comparative studies, consisting of a total of 671 newborns, 
were included in the meta-analysis. As compared to group B, newborns belonging to group A showed a significantly lower 
incidence of pneumonitis in the postoperative period (RR 0.31; 95% CI 0.17–0.57, p = 0.0001). However, no significant 
difference in the incidence of anastomotic complications including anastomotic leak (RR 0.73; 95% CI 0.48–1.12, p = 0.15) 
and stricture (RR 0.63; 95% CI 0.36–1.09, p = 0.10) was observed between the two groups. The average Downs and Black 
scale scores ranged from 20 to 24. The risk of bias was low (n = 1) and moderate (n = 5) in the included studies. Kappa sta-
tistics showed a value of 0.902 (p < 0.001), highlighting an almost perfect agreement among the two observers. The present 
meta-analysis revealed the superiority of surgical repair of EA-TEF performed with preservation of azygos vein in terms 
of the incidence of postoperative chest infection. However, no significant difference in the occurrence of anastomotic leak 
and stricture was observed between the two groups. The level of evidence of the published comparative studies is limited. 
Therefore, well designed, randomized controlled trial utilizing a standardized operative approach on a larger sample-size 
needs to be conducted for optimal comparison between the two approaches.

Keywords  Esophageal atresia-tracheoesophageal fistula (EA-TEF) · Azygos vein · Anastomotic leak · Stricture · 
Pneumonitis

Introduction 

Esophageal atresia-tracheoesophageal fistula (EA-TEF) 
is one of the common congenital anomalies occurring in 
newborns. The first successful repair of EA-TEF was per-
formed almost eight decades ago [1]. Since then, numerous 
technical modifications have been introduced by surgeons 
across the globe. However, the basic principles of this sur-
gery remain unchanged [2]. Some of the common modifi-
cations include the utilization of clips/hemlocks for fistula 
clipping, esophageal repair done without transanastomotic 
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tube, avoidance of chest tube placement in the postopera-
tive period, thoracoscopic assisted primary repair instead of 
thoracotomy, etc. [2]. Preservation of azygos vein (PV) is yet 
another modification that has gained considerable attention. 
It has been demonstrated that newborns undergoing repair 
with PV are associated with a significantly lower incidence 
of postoperative complications such as anastomotic leak, 
pneumonitis, stricture, etc. as compared to those where the 
azygos vein was divided (DV) [3–5]. On the contrary, vari-
ous other studies have shown no difference in the occurrence 
of anastomotic complications and chest infection between 
the two groups [6, 7]. Due to these conflicting results, a con-
sensus statement regarding the superiority of PV over DV is 
lacking. This systematic review and meta-analysis aims to 
compare the outcomes of surgery between the two groups 
of newborns, i.e., those undergoing repair with PV or DV, 
in terms of its complications. We hypothesize that surgical 
repair of EA-TEF performed with PV is associated with a 
lower incidence of chest infection. However, the occurrence 
of anastomotic complications is multifactorial and should 
not depend upon whether PV or DV approach was preferred.

Materials and methods

Search strategy and inclusion criteria

An exhaustive preliminary search in the PubMed database 
was conducted by two authors (DK and SA) independently 
to identify any published literature on the topic and confirm 
the absence of any systematic reviews and meta-analysis. 
Subsequently, both the authors systematically searched the 
databases PubMed, EMBASE, Web of Science, and Scopus 
through December 2020. The keywords used were esopha-
geal atresia OR tracheoesophageal fistula OR esophageal 
atresia-tracheoesophageal fistula OR EA OR TEF OR EA-
TEF and azygos vein. Once identified, removal of the dupli-
cates studies was performed. The remaining records were 
further screened to select the relevant studies highlighting 
the role of azygos vein preservation in newborns with esoph-
ageal atresia-tracheoesophageal fistula (EA-TEF).

Inclusion and exclusion criteria

The inclusion criteria were based on: participants: all new-
borns diagnosed with esophageal atresia-tracheoesophageal 
fistula (EA-TEF); intervention: preservation of the azygos 
vein (PV) during operative repair; comparison: patients 
where the azygos vein was ligated and divided or only 
ligated or clipped (DV); outcome: the proportion of chil-
dren developing anastomotic complications such as anasto-
motic leak and stricture; and proportion of children devel-
oping chest infection were assessed separately. The cohort 

was divided into two groups, i.e., groups A and B included 
children with PV and DV, respectively. Studies including 
children with pure esophageal atresia (Type A) or H-type 
tracheoesophageal fistula (Type E) were excluded. Besides 
this, those with unavailable full-texts or in which outcomes 
of interest were not reported were also excluded. The type 
of operative approach (open or thoracoscopic) was not con-
sidered an explicit exclusion criterion. A detailed PRISMA 
flow diagram of the search strategy is included in Fig. 1.

Data extraction

After the selection of the relevant studies, data extraction 
was performed by two independent observers (SA and DK). 
Information on the author, design of the study, year of publi-
cation, number of patients per study, and number of patients 
in each sub-group was extracted along with the data on the 
abovementioned outcomes in an extraction table using MS 
Excel (Version 15.24). Any discrepancies among the observ-
ers were resolved through consensus and consultation with 
the senior author (MB).

Quality assessment

The methodological quality of the studies was independently 
assessed by two observers (SA and AS) utilizing the Downs 
and Black scale [8]. This hybrid 27-question scale, providing 
a total score out of 32 points, was adopted to also include 
non-randomized studies. The risk of bias was categorized 
as low (score of 24 to 32), moderate (16 to 23), or high 
(0 to 15). Subsequently, the kappa statistics were used for 
the measurement of the inter-observer agreement [9]. Based 
on the kappa values, the level of agreement was defined as 
almost perfect (0.81–1.00), substantial (0.61–0.80), mod-
erate (0.41–0.60), fair (0.21–0.40), slight (0.00–0.20), and 
poor (< 0.00).

Statistical analysis

The meta-analysis was performed using RevMan 5.4 
(Cochrane Collaboration, London, UK). As all the outcomes 
were dichotomous, the risk ratio (with 95% CI) was calcu-
lated for all of them. The pooled risk ratio was estimated uti-
lizing the Mantel–Haenszel (M–H) method. The I2 statistic 
was used to estimate the heterogeneity across the included 
studies. A random-effects model was used if the heterogene-
ity was significant (I2 > 50%). As per the recommendations 
of the Cochrane handbook, a funnel plot was drawn when 
at least ten studies were included in the meta-analysis [10]. 
A p value of < 0.05 was considered statistically significant.
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Results

Study characteristics

A total of 72 studies were identified using the search strategy 
(Fig. 1). After the removal of the duplications, 56 abstracts 
were screened. Of these, 45 records were excluded, and only 
11 studies were eligible for full-text review. Two of these 
were excluded as one was a case report and the other had 
compared two operative approaches (open versus thoraco-
scopic approach) for the repair of EA-TEF [11, 12]. Nine 
studies were found relevant and were included in the qualita-
tive synthesis [3–7, 13–16]. Of these, only six were included 
in the final meta-analysis (Table 1). The remaining three 
were excluded due to the absence of a control group [14, 15] 
and cohort overlap [16]. The study designs of the included 
studies were randomized clinical trials (n = 3), prospective 
study (n = 2), and retrospective study (n = 1). A total of 671 
subjects, 242 and 429 in groups A and B, respectively, were 
recruited in the included studies.

The baseline characteristics of the newborns are summa-
rized in Table 1. None of the studies showed a significant 

difference in the average age or average body weight of 
newborns among the two groups. Apart from one study [4], 
no significant difference was observed upon comparing the 
presence of associated congenital anomalies among the two 
groups. The information on the gap between the two esopha-
geal ends was presented by four out of six studies [4, 5, 7, 
13], and showed no significant difference between the two 
groups.

Methodological quality assessment

The detailed Downs and Black scoring by the independent 
observers for each study is depicted in Table 2. The average 
scores ranged from 20 to 24. The risk of bias was low (n = 1) 
and moderate (n = 5) in the included studies. Kappa statistics 
showed a value of 0.902 (p < 0.001), highlighting an almost 
perfect agreement among the two observers.

Meta‑analysis of outcomes

a)	 Anastomotic leak

Fig. 1   Study selection using 
the preferred reporting items 
for systematic review and 
meta-analysis (PRISMA) flow 
diagram
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Table 1   Characteristics of the included studies

Pro prospective. Retro retrospective. RCT​ randomized clinical trial. A and B groups A and B
a Average age not mentioned. However, 76% (19/25) and 68% (17/25) of newborns in groups A and B were 24–48 h of life
b Overall anomalies not mentioned
c SD not mentioned
d Significant difference in the presence of associated anomalies among the two groups
e Average values not mentioned. However, 52% and 60% babies from groups A and B weighed between 2 and 2.5 kg

S. no. Author Study design Average (SD) age; hours Sample 
size

Proportion of babies with associated 
anomalies

Average body 
weight; kg

A B A B A B

1 Fathi et al. 2012 RCT​ A—36.3 (7.4);
B—34.7 (7.5)

12 12 – – 2.4 2.2

2 Upadhyaya et al. 2014 RCT​ 24–48a 25 25 32% 36% Majority between 
2 and 2.5 kge

3 Sharma et al. 2007 RCT​ – 46 50 26% 28% 2.3 2.5
4 Xu Cui et al. 2008 Retro A—38.8 (29.0);

B—43.1 (45.2)
34 36 No difference in the incidence of 

cardiac or urologic anomalies among 
the two groupsb

2.9 2.9

5 Rashid et al. 2007 Pro A—41.0;
B—37.9c

81 35 30% 37% 2.6 2.5

6 Soyer et al. 2020 Pro – 44 271 58%d 74%d 2.6 2.5

Table 2   Downs and Black scale scores for the included studies by (a) author 1 and (b) by author 2, (c) the total scores and inter-observer agree-
ment (kappa statistics) 

Study Reporting External validity Internal validity-
bias

Internal validity-con-
founding

Power Total scores

(a) author 1
 Soyer 2020 11 3 6 4 0 24
 Cui 2020 9 3 6 2 0 20
 Rashid 2012 8 3 6 4 0 21
 Fathi 2013 7 3 6 4 0 20
 Upadhyaya 2007 8 3 5 4 0 20
 Sharma 2007 8 3 5 4 0 20

(b) author 2
 Soyer 2020 11 3 6 4 0 24
 Cui 2020 10 3 6 2 0 21
 Fathi 2013 8 3 6 3 0 20
 Rashid 2012 9 3 6 4 0 22
 Upadhyaya 2007 8 3 5 4 0 20
 Sharma 2007 8 3 5 4 0 20

Study Rater 1 Rater 2 Mean Kappa value P

The total scores and inter-observer agreement
 Soyer 2020 24 24 24 0.902  < 0.001
 Cui 2020 20 21 20.5
 Fathi 2013 20 20 20
 Rashid 2012 21 22 21.5
 Upadhyaya 2007 20 20 20
 Sharma 2007 20 20 20



987Pediatric Surgery International (2021) 37:983–989	

1 3

	   All studies reported the incidence of anastomotic 
leak. The pooled risk ratio (Fig. 2) for the occurrence of 
leak within group A versus group B was 0.73 (95% CI 
0.48–1.12, p = 0.15). The estimated heterogeneity was 
not significant (p = 0.09; I2 = 51%) for this outcome.

b)	 Esophageal stricture
	   The incidence of esophageal stricture was reported by 

three studies only. The pooled RR (Fig. 3) for stricture 
within group A compared to group B was 0.63 (95% 
CI 0.36–1.09, p = 0.10. No significant heterogeneity 
was observed among the studies for the occurrence of 
esophageal stricture (p = 0.28; I2 = 22%).

c)	 Chest infection

A similar selective reporting of the occurrence of chest 
infection was observed, with only four studies reporting 
this outcome. The pooled risk ratio (Fig. 4) for chest infec-
tion within group A compared to group B was 0.31 (95% 
CI 0.17–0.57, p = 0.0001). No significant heterogeneity 
was observed among the studies for the occurrence of 
chest infection (p = 0.42; I2 = 0%).

Fig. 2   Forest plot comparison between repair of esophageal atresia-tracheoesophageal fistula (EA-TEF) performed with and without preservation 
of azygos vein for occurrence of anastomotic leak

Fig. 3   Forest plot comparison between repair of esophageal atresia-tracheoesophageal fistula (EA-TEF) performed with and without preservation 
of azygos vein for occurrence of esophageal stricture

Fig. 4   Forest plot comparison between repair of esophageal atresia-tracheoesophageal fistula (EA-TEF) performed with and without preservation 
of azygos vein for occurrence of pneumonitis
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Discussion

Following the first successful repair of esophageal atresia-
tracheoesophageal fistula (EA-TEF) by Cameron Haight in 
1941, numerous technical modifications have been sug-
gested by surgeons across the globe to improve the out-
comes [17]. Preservation of the azygos vein (PV) is one 
such modification that has gained significant attention and 
has shown interesting results. The azygos vein, formed 
by the union of right ascending lumbar veins and right 
subcostal veins, is an essential unpaired vein that con-
nects the superior and the inferior vena cava forming the 
cavo-caval anastomosis. This venous system (azygos vein 
and its tributaries) not only drains blood from the bron-
chus, mediastinum, esophagus, and pericardium; but also 
receives some collateral lymphatic vessels of the thoracic 
duct directly [3, 5, 13].

PV has been shown to offer several advantages. First, it 
maintains the venous drainage of the esophagus [4]. Based 
on this, it was hypothesized that dividing the azygos vein 
results in edema and congestion of the esophageal ends, 
further leading to a higher incidence of anastomotic com-
plications such as leak and stricture. Xu Cui et al. have 
shown a significantly higher incidence of both these com-
plications in newborns who have undergone azygos vein 
mutilation [5]. Similarly, Sharma et al. have depicted a 
significantly higher proportion of postoperative anasto-
motic leaks in the subset undergoing azygos vein ligation 
[3]. On the contrary, various studies have demonstrated 
no significant difference in the occurrence of anastomotic 
complications among children of both groups [4, 6, 7, 13]. 
In fact, ligation of the azygos showed no difference in the 
incidence of anastomotic leak on a regression model [4]. 
The findings of our meta-analysis reveal a lower incidence 
of anastomotic complications in newborns belonging to 
group A. However, the difference could not reach statisti-
cal significance. This is because, apart from venous con-
gestion and early tissue edema due to azygos division, 
several other independent factors are responsible for the 
occurrence of anastomotic complications. These include 
anastomosis done under tension, long-gap between the 
esophageal ends, improper tissue handling, presence of 
cyanotic heart disease, sepsis, etc. [18]. Hence, PV might 
reduce the incidence of anastomotic complications, but it 
is not an independent predictor of the occurrence of these 
complications.

The second advantage with PV is a significant reduc-
tion in the incidence of postoperative pneumonitis or chest 
infection [4, 13]. Consistent results were observed in the 
present meta-analysis. Although the exact cause behind 
this finding is unknown, it is believed that the higher 
incidence of chest infection in group B is possibly due 

to a transient impairment in the bronchial function fol-
lowing azygos division. The bronchial veins and capil-
laries remain congested after azygos arch division, thus 
contributing to the disruption in the mucociliary function 
of the mainstem bronchi. However, this effect is transient 
and lasts till the direction of blood flow is reversed, i.e., 
the blood finds a downhill course to the inferior vena cava 
(IVC) [19].

Although further experimental studies are needed to 
support our hypothesis of transient bronchial dysfunction, 
previous studies do highlight the occurrence of mediastinal 
congestion following azygos division [4, 5, 13]. Upadhyaya 
et al. [13] have demonstrated the trends of cardio-respiratory 
instability (raised heart rate and respiratory rate) following 
the surgical repair of EA-TEF. While this instability settled 
early in newborns belonging to the PV group, the mean heart 
rate and respiratory rate in the DV group remained elevated 
till postoperative day 7 due to mediastinal congestion. There-
fore, preservation of the azygos vein during thoracic surger-
ies not only preserves the normal anatomy but offers a major 
advantage of early restoration of the human physiology in 
the postoperative period. Lastly, the preserved azygos vein 
might also reduce the incidence of recurrent tracheoesopha-
geal fistula by preventing the overlap of the esophageal and 
tracheal suture lines [5].

A systematic review of the available literature was per-
formed for comparison of technical difficulty, operative 
time, duration of NICU stay, and duration of hospitaliza-
tion between the two approaches. It was observed that PV 
neither significantly increased the technical difficulty nor the 
operative time [3, 6, 7, 13]. Also, apart from the study by 
Xu Cui et al. [5], no significant differences in the duration 
of NICU stay, and hospitalization were observed between 
the two patient groups [3, 6, 13]. However, it must also be 
noted that all of these variables were selectively reported 
and need further testing for a comprehensive comparison of 
the two techniques.

There are few limitations to this meta-analysis. First, 
the sample size of the included studies was small and the 
majority of them had a moderate risk of bias. Second, apart 
from anastomotic leak, a non-uniform reporting of other out-
comes was observed among these studies. Chest infection 
and esophageal stricture were reported by four and three 
studies, respectively. Third, a similar selective reporting of 
the baseline details such as associated congenital anoma-
lies, the gap between the esophageal ends, preoperative 
pulmonary condition, etc. was also observed. At last, it is 
well-known that numerous factors can affect the surgical 
outcomes of newborns with EA-TEF. This includes anasto-
mosis done under tension, improper tissue handling, pres-
ence of cyanotic heart disease, sepsis, etc. The meta-analysis 
includes newborns operated by different surgeons under 
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different settings. Therefore, well designed, randomized 
controlled trial utilizing a standardized operative approach 
on a larger sample-size needs to be conducted for optimal 
comparison between the two approaches.

This systematic review and meta-analysis is the first to 
highlight the impact of preservation of azygos vein during 
operative repair of EA-TEF, in terms of its complications 
including anastomotic leak, esophageal stricture, and chest 
infection. Given the available comparative studies, the level 
of evidence is limited. The strengths include reporting and 
external validity while the weaknesses were power and inter-
nal validity of the included studies.

Conclusions

The current meta-analysis highlights the superiority of EA-
TEF repair performed with preservation of azygos vein in 
terms of the incidence of postoperative chest infection. How-
ever, no significant difference in the occurrence of anasto-
motic complications including anastomotic leak and stric-
ture was observed between the two approaches. The level 
of evidence of the published comparative studies is limited. 
Therefore, well designed, randomized controlled trial utiliz-
ing a standardized operative approach on a larger sample-
size needs to be conducted for optimal comparison between 
the two approaches.
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