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Abstract

Esophageal atresia (EA) and tracheoesophageal fistula (TEF) require emergency surgery in the neonatal period to prevent
aspiration and respiratory compromise. Surgery was once exclusively performed via thoracotomy; however, there has been
a push to correct this anomaly thoracoscopically. In this study, we compare intra- and post-operative outcomes of both
techniques. A systematic review and meta-analyses was performed. A search strategy was developed in consultation with
a librarian which was executed in CENTRAL, MEDLINE, and EMBASE from inception until January 2017. Two inde-
pendent researchers screened eligible articles at title and abstract level. Full texts of potentially relevant articles were then
screened again. Relevant data were extracted and analyzed. 48 articles were included. A meta-analysis found no statistically
significant difference between thoracoscopy and thoracotomy in our primary outcome of total complication rate (OR 0.98,
[0.29, 3.24], p=0.97). Likewise, there were no statistically significant differences in anastomotic leak rates (OR 1.55, [0.72,
3.34], p=0.26), formation of esophageal strictures following anastomoses that required one or more dilations (OR 1.92,
[0.93, 3.98], p=0.08), need for fundoplication following EA repair (OR 1.22, [0.39, 3.75], p=0.73)—with the exception of
operative time (MD 30.68, [4.35, 57.01], p=0.02). Considering results from thoracoscopy alone, overall mortality in patients
was low at 3.2% and in most cases was due to an associated anomaly rather than EA repair. Repair of EA/TEF is safe, with
no statistically significant differences in morbidity when compared with an open approach.

Level of evidence 3a systematic review of case—control studies.

Keywords Thoracoscopy - Esophageal atresia - Tracheoesophageal fistula - Minimally invasive surgery - Systematic
review - Meta-analyses

Abbreviations

EA Esophageal atresia

TEF  Tracheoesophageal fistula
MA  Meta-analyses

RCTs Randomized controlled trials
MD Mean differences

OR Odds ratios

CI Confidence intervals

SRs Systematic reviews
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Introduction

Department of Pediatric Surgery, Children’s Hospital Esophageal atresia (EA) and tracheoesophageal fistula (TEF)
Ociﬁzsfm Ontario, 401 Smyth Road, Ottawa, ON K1H 8L1, are relatively common congenital anatomical anomalies,

occurring in 1 in 3000-4500 live births [1]. Of neonates
who present with signs of esophageal compromise, 80-85%
have EA with a distal esophageal pouch and a proximal
TEF, while the other 15-20% have various other esophageal
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malformations [1]. Surgery is considered urgent to prevent
aspiration and respiratory compromise and is generally per-
formed on day 1 or 2 of life.

Surgery for congenital EA with or without TEF is debat-
ably one of the most difficult operations to perform [2]. The
two main techniques utilized are the classic thoracotomy and
the modern minimally invasive technique of thoracoscopy.
Currently, the international “gold standard” is thoracotomy,
however, many tertiary centers are moving towards the mini-
mally invasive approach.

Thoracoscopic technique carries theoretical advantages
over open surgery due to its minimally invasive nature,
including superior cosmetic result; minimization of growth
deformities of the thorax, shoulder and spine that have been
observed after thoracotomy [2—5]; and shorter hospital stay
and faster recovery [6, 7]. Still, thoracoscopy has a steep
learning curve [8—10], as neonatal anatomy presents limita-
tions with regard to port placement and instrument mobility.
It is, therefore, unclear whether thoracoscopy can be per-
formed with comparably low post-operative complication
rates to that of the well-established thoracotomy technique
while offering all the aforementioned benefits of a mini-
mally invasive approach. As such, we conducted a system-
atic review (SR) and meta-analysis (MA) to compare these
two techniques by synthesizing and summarizing the exist-
ing literature.

Methods
Selection of study topic

We used a Delphi-like method [11] to identify issues of
greatest concern to pediatric surgeons regarding the surgi-
cal management of EA and TEF.

First round

We distributed an online survey to experts in this area,
identified primarily via a literature search. This survey was
conducted using a REDCap online data capture form [12]
and consisted of the open-ended question: “In your practice
with the surgical management of congenital anomalies of the
esophagus, what issues do you find to be controversial and
in need of further research and/or consensus?”.

Second round

We developed a questionnaire listing the expert responses
from the first round. We sent this questionnaire to the
respondents of the first round, asking them to vote on top-
ics based on their importance. The issue that received the
highest number of votes has been addressed in a previous

@ Springer

SR [13]. The second most controversial issue is the focus
of this SR.

Literature search

We conducted electronic searches of the Cochrane Central
Register of Controlled Trials (CENTRAL), MEDLINE and
EMBASE from inception to January 2017. We used the fol-
lowing search terms: “esophageal atresia” OR “tracheoe-
sophageal fistula” AND “thoracoscopy/VATS”. We limited
our search to studies in English, Spanish and French and
excluded editorials and case studies. We also hand-searched
the reference sections of included articles for additional rel-
evant studies.

Study selection

We included all studies that either compared thoracoscopic
(minimally invasive) repair to open repair, or discussed the
safety or efficacy of thoracoscopic repair alone, for the surgi-
cal correction of EA with or without TEF, even if this was
not the primary focus of the study. Our primary outcome of
interest was total complications composed of pooled indices
with countable events, which included rates of anastomotic
leak, recurrent fistula, esophageal stricture, need for future
antireflux surgery (fundoplication), peri-operative injury,
wound infection, post-operative cosmesis/musculo-skeletal
deformity, phrenic nerve paralysis, vocal cord paralysis,
pulmonary complications (i.e., pneumothorax, pleural effu-
sion, etc.) and mortality. Our secondary outcomes of inter-
est comprised all the individual outcomes as noted for the
primary outcome above with the addition of days to extuba-
tion, length of surgery, length of hospital stay, time to full
oral feeds, length of narcotic use, blood loss and the rate
of conversion from thoracoscopy to open procedure. Two
reviewers screened articles in two stages—title and abstract
and full-text—independently, followed by a consensus pro-
cess. If they could not reach consensus at either stage of
screening, they consulted a third reviewer.

Quality assessment
Systematic reviews

We used AMSTAR to assess the quality of SRs. AMSTAR
contains 11 items, where a review scores one point for each
‘yes’ and zero points for each ‘no’ or ‘can’t answer’, for a
maximum score of 11. The version of AMSTAR that we
used has additional notes to help clarify the items; these
were established through discussions between the tool’s
creator and the Cochrane Effective Practice and Organisa-
tion of Care review group.
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Randomized controlled trials

We used the Cochrane ‘Risk of bias’ tool to assess randomized
controlled trials (RCTs) [14]. This tool assesses the risk of six
types of bias that may be present in RCTs; it does not give an
overall quality score, but the risk of each type of bias is judged
as being high, low or unclear.

Non-randomized studies

We used MINORS to assess the quality of all relevant non-
randomized studies (comparative or non-comparative; [15].
MINORS contains 8 items for non-comparative and 12 items
for comparative studies, whereby a study scores zero points if
the information is not reported, one point if the information
is reported but inadequate, or two points if the information is
reported and adequate, for a maximum possible score of either
16 or 24, respectively.

Two reviewers independently assessed each included study
and compared the scores for each item on the applicable qual-
ity assessment tool to reach a consensus. If they could not
reach a consensus, they consulted a third reviewer.

Data extraction, analysis and summarization

One reviewer extracted data from each of the included stud-
ies and a second reviewer checked the data for accuracy and
completeness. We synthesized and summarized the results,
with an emphasis on higher quality evidence; we considered
SRs to be the highest quality evidence, followed by RCTs and
non-randomized studies [16], taking the results of our quality
assessment into consideration. We conducted MAs of com-
parative data in Review Manager 5.3 [17], using either the
random-effects or fixed-effect model depending on the degree
of heterogeneity in the data assessed using /* values (more
than or less than 20%, respectively), to produce mean differ-
ences (MD) for categorical variables and odds ratios (OR)
for continuous variables, along with 95% confidence inter-
vals (CI). Only outcomes reported as counts (i.e., number of
anastomotic leaks) or means with standard deviations (i.e.,
length of operation) could be used. We attempted to reach the
authors to obtain useable data for outcomes where this was not
the case but either did not receive a response or the data were
not available. Had we included a sufficient number of studies,
we would have created funnel plots to help assess the risk of
reporting bias and other biases [18]. For outcomes with insuffi-
cient data to be pooled and analyzed, we describe it narratively.

Results
Literature search and screening

Our initial search strategy yielded 438 articles, with 3
additional articles found from hand-searching; de-duplica-
tion reduced this number to 275. Following title—abstract
screening, 113 studies remained. We performed full-text
screening on these articles and excluded 55 that did not
meet our criteria [1, 2, 10, 19-70]. We considered an addi-
tional 10 articles to be companion pieces to included stud-
ies [71-80]. A total of 48 studies were eligible. The studies
comprised 6 SRs, 1 RCT, 14 non-randomized comparative
studies and 27 non-randomized non-comparative studies;
we quality assessed and summarized these (Table 1). Two
of the SRs received high scores of 6 [81] and 7 [82], and
the remaining received low scores of 1 [83, 84] and O [85,
86] out of a possible 11. Two SRs [81, 82] included an
RCT [87] as well as meta-analyses of surgical outcomes.
Three SRs included several comparative studies [81-83],
all of which were included in this present SR unless ineli-
gible as per our inclusion criteria. The RCT [87] had a
fairly low overall risk of bias with four items ranked as
low, two as high and one as unclear. The quality scores for
the non-randomized comparative studies ranged from 12 to
18 out of 24. We conducted an MA on several outcomes,
pooling data from the comparative studies. The quality
scores from the non-comparative studies ranged from 5 to
12 out of 16. The breakdown of our search and screening
process can be seen in Fig. 1.

Treatment of type C EA with TEF: thoracoscopy vs.
open approach

We pooled the data from 1 RCT [87] and 13 compara-
tive studies to run meta-analyses [6, 7, 26, 87-97]. MAs
were possible for our primary outcome and four secondary
outcomes. In studies that reported timing of surgery, the
majority of procedures were conducted within the first few
days of life on neonates born between 37 and 40 weeks
[7, 87, 89-91]. Eight studies included complications that
could be counted toward the total complication rate [6,
7, 87-90, 93, 94]. There was no statistically significant
difference between thoracoscopy and thoracotomy regard-
ing total complications (OR 0.98, [0.29, 3.24], p=0.97;
Fig. 2). Almost all of the comparative studies reported
on anastomotic leak rates as a short-term post-operative
complication [6, 7, 87-90, 92-95]. Anastomotic leaks
were generally handled conservatively and there was no
difference in leak rates between approaches (OR 1.55,
[0.72, 3.34], p=0.26; Fig. 3). The other complication that

@ Springer
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was commonly reported was the formation of esophageal
stricture following anastomoses that required at least one
dilation [6, 7, 87-90, 94-97]; MA revealed no significant
difference between thoracoscopic and open approach dila-
tions (OR 1.92, [0.93, 3.98], p=0.08; Fig. 4). Six stud-
ies reported useable data on mean operative time [26,
88, 90, 91, 94, 97], which was significantly longer in the
thoracoscopy group (MD 30.68, [4.35, 57.01], p=0.02;
Fig. 5). Four of the studies also followed patients long
enough to report on the need for fundoplication following
EA repair [7, 88, 89, 92]; there was no significant differ-
ence between the two surgical approaches (OR 1.22, [0.39,
3.75], p=0.73; Fig. 6).

Outcomes that either were not reported by enough stud-
ies or lacked the proper data to perform MA included days
to extubation, length of hospital stay, time to full oral
feeds, length of narcotic use, volume of blood loss, peri-
operative injury, wound infection, post-operative cosmesis/
musculo-skeletal deformity, and fistula recurrence. Three
studies found significantly fewer days to extubation when
a thoracoscopic approach was taken [7, 90, 91]. The differ-
ence in length of hospital stay was variable among studies.
One study found an apparently large reduction in hospital
stay with the thoracoscopy group, however, no p value was
calculated [6]. Another study found a 10-day shorter dura-
tion of hospital stay with the thoracoscopic group, however,
this was not quite statistically significant [7]. A third study
reported significantly shorter hospitalization for thoracos-
copy (p <0.01) when the authors excluded patients with
associated anomalies [90]. Two other studies showed no real
difference in length of hospital stay [88, 91]. The length of
narcotic use was shorter with thoracoscopy in four studies
[6, 87, 88, 90], one of which found a statistically significant
difference between the two groups (p <0.001 [90]; length
of narcotic use ranged from a difference of 1.3 days [88] to
17 days [6]. Similarly, four studies reported shorter times to
full oral feeds associated with thoracoscopy; however, no
statistical inference could be drawn [6, 7, 88, 90]. Six studies
reported on blood loss during surgery [6, 7, 90, 91, 95, 98],
four of which reported less blood loss with thoracoscopy [7,
90, 95, 98]. Three studies reported on fistula reoccurrence
following surgery, of which there were 0/50 in the thoracos-
copy group and 3/61 in the open group [7, 88, 93].

A few of the comparative studies also reported on intra-
operative tolerance to the selected procedure, assessed
through arterial blood gas (ABG) measurements of maxi-
mum pCO, and pH levels. We could not conduct a meta-
analysis on the data; however, some trends were observed.
Three studies found higher intra-operative pCO, levels and
more acidic pH levels in patients undergoing a thoraco-
scopic approach, although the differences were small and

Thoracoscopy Thoracotomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Allal 2009 5 14 7 14 14.3% 0.56[0.12, 2.53) —
Bishay 2013 4 5 1 5 83% 16.00[0.72,354.80]
Kawahara 2009 6 7 5 10 10.4% 6.00[0.52, 69.75) —
Koga 2014 10 25 6 40 15.7% 3.78[1.16,12.30) —
Lugo 2008 2 8 18 25 13.0% 0.13[0.02,0.80) —_—
Szavay 2011 6 25 3 32 14.4% 3.05(0.68,13.71) T
Tokhais 2008 8 23 15 22 155% 0.25[0.07, 0.86) B S—
Yamoto 2014 7 11 15 15  8.4% 0.05(0.00,1.13)
Total (95% ClI) 118 163 100.0% 0.98 [0.29, 3.24] -
Total events 48 70
Heterogeneity: Tau®= 2.03; Chi*= 25.90, df= 7 (P = 0.0005); F= 73% ?0 001 0€1 1*0 1UUIJ=

Test for overall effect. Z=0.04 (P = 0.97)

Favours Thoracoscopy Favours Thoracotomy

Fig.2 Meta-analysis of total complications associated with thoracoscopy versus thoracotomy
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Fig.3 Meta-analysis of anastomotic leak associated with thoracoscopy versus thoracotomy
Thoracoscopy Thoracotomy Odds Ratio Odds Ratio
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Fig.4 Meta-analysis of esophageal stricture associated with thoracoscopy versus thoracotomy
Thoracoscopy Thoracotomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Allal 2009 2 14 4 14 301% 0.421[0.06, 2.77] bl
Kawahara 2009 2 7 2 10 22.2% 1.60[0.17,15.27] bl
Miyano 2017 3 13 1 24 201% 6.90 [0.64, 74.69]
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Total events ] 10
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Favours Thoracoscopy Favours Thoracotomy

Fig.5 Meta-analysis of need for fundoplication associated with thoracoscopy versus thoracotomy

not statistically significant [7, 87, 91]; two studies found a
significantly higher intra-operative pCO, level in patients
who underwent thoracoscopy [90, 93]. It is noteworthy,
however, that no intra-operative mortalities were reported
in these studies, and when measured post-operatively, the
pCO, and pH levels were equivalent between the approaches
[90, 91, 93].

@ Springer

Safety and efficacy of thoracoscopy

Additionally, our literature search identified 20 non-com-
parative studies that solely looked at the surgical outcomes
of patients who underwent thoracoscopic repair of EA
[8, 9, 99-116]. To assess the overall efficacy and safety
of thoracoscopy for the repair of EA, we combined data
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Fig.6 Meta-analysis of operative time associated with thoracoscopy versus thoracotomy

on thoracoscopy patients from the comparative and non-
comparative articles (Table 2). Most of the studies in the
table include only type C EA cases (659 patients); however,
a handful of studies included data on a limited number of
other types (64 patients) [49, 95, 98, 100-102, 106, 108,
114-116] or did not specify the type (175 patients) [92, 96,
99, 102, 105, 109, 112, 113, 117]. We have presented the
length of hospital stay and surgery as ranges due to vari-
ability in the expression of data among articles. The length
of surgery ranged from 54 to 428 min when all articles were
included, however, this wide range was primarily due to the
results of one study [112]; when excluded, the range was
55-268 min.

The number of patients converted to an open procedure
was reported in all comparative and non-comparative arti-
cles, and for our purposes was considered a surgical com-
plication. Interestingly, the incidence of intra-operative
complications was found to be rare (1.2%); however, this is
likely an underestimation as we would consider many of the
reasons for conversion to an open procedure to be an intra-
operative complication, which was obviously not reported as
such. Overall mortality in patients related to the procedure

was low at 3.2%. Most patient deaths were attributable to
complication of an associated anomaly (i.e., VACTERL) and
not the EA repair itself. The incidence of esophageal stric-
ture requiring at least one endoscopic dilation was 30.6%,
while subsequent fundoplication was required in 23.1% of
patients. The next most common complication was a leak at
the anastomosis in 12.5%, which was managed conserva-
tively in almost all cases and did not require further surgery.
There were very few cases of recurrent fistula (2.7%).

Other types of EA

By far the most common pathology of EA is type C with a
distal TEF, making up 85-90% of EA anomalies [19]. As a
consequence, most of the literature focuses on these cases.
We only found 67 cases of other types of EA in our litera-
ture search, most from non-comparative studies. Of the less
well-observed forms of EA, Type A was the second most
prevalent (65 cases). This type does not contain a TEF, but
often a rather long gap between esophageal pouches that
require lengthening before anastomosis can be attempted.
These procedures are more complicated and take longer to

Table 2 List of characteristics and outcomes of patients who underwent thoracoscopic repair of esophageal atresia

Number of included studies

Number of Number of events (range) % Incidence

patients
Length of hospital stay  8[6,7,9, 89,97, 115, 117, 122] 166 (11-317 days) NA
Length of surgery 211[6,7, 49, 86, 89, 92, 93,97, 99, 100, 103, 104, 106, 395 (54-428 min) NA
109-114, 117, 122]
Conversion to open 39 [6-9, 26, 49, 86-117, 122] 833 83 99
Intra-op complications 81[6,7,90,91,98, 106, 108, 111, 112, 117] 171 2 1.2
Anastomotic leak 32 [6-9, 49, 86-89, 92-94, 97-107, 109-117, 122] 728 91 12.5
Esophageal stricture 30 [6-9, 86-89, 93-98, 100-107, 109-113, 116, 117, 122] 660 202 30.6
Recurrent fistula 14 17,9, 91, 100-103, 105, 107, 109-111, 117, 122] 414 11 2.7
Fundoplication 16 [7, 8, 49, 87, 88,91, 99-103, 107, 109-111, 117] 341 79 23.1
Time to full oral feeds 716,7,89,93,97, 117, 122] 107 (4.6-60) NA
Mortality 29 [6-9, 88, 90-94, 97-107, 109-113, 115-117, 122] 761 24 32

NA not applicable
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perform compared to surgery for Type C, with an average
operative time of over 9 h [108]. The complication rate also
tends to be much higher in these cases. In a recent study,
out of ten Type A patients undergoing thoracoscopic repair,
two had leaks and nine had subsequent strictures requir-
ing fundoplication [116]. Similarly, all four patients in one
study had strictures requiring fundoplication [108], while
all six patients in another study had strictures requiring dila-
tion (fundoplication rates were not reported) [106]. One SR
reported on cervicotomy vs. thoracotomy vs. thoracoscopy
for the repair of type E (TEF with no EA present) [86]. The
authors found that over 90% of cases were approached by
cervicotomy, while thoracoscopy was only performed in six
patients and only if the TEF was at or below the T2 spinal
level. No statistical comparisons of surgical outcomes could
be made due to the small sample size [86].

Discussion

Based on an international survey on the management of EA/
TEF and pure EA in 2014, Zani et al. concluded that there is
need for consensus on the optimal surgical treatment of pedi-
atric patients with these anomalies [10]; results of our own
survey of experts in the field concurred. By conducting this
systematic review, we endeavoured to determine whether a
minimally invasive approach could in fact achieve similar or
superior surgical outcomes and post-operative complication
rates to that of the well-established thoracotomy approach.

All six existing SRs included a limited number of studies.
Two of these SRs, which focused on type C EA malforma-
tions, conducted meta-analyses, which yielded consistent
conclusions [81, 82]: while the minimally invasive approach
had longer operative times, it had similar complication rates
when compared to the open approach. However, both SRs
noted that thoracoscopy may reduce time to first oral feeds
as well as length of hospital stay. Again, these SRs were
assessed to be of high quality (AMSTAR: 7 [82]; 6 [81]).

Our MAs yielded similar findings, examining our primary
outcome of total complications related to the procedure as
well the secondary outcomes of anastomotic leak, stricture
rate, operation length, and need for future fundoplication.
While strictures occurred slightly more frequently in the
thoracoscopic group, this may be due to inconsistencies in
the reporting of stricture, as studies differ in the length of
follow-up. Another explanation may be the varying surgi-
cal experience when performing the repair. As a result, to
confirm this observation, a randomized clinical trial with
adequate follow-up is required.

The results of our MAs showed no significant differ-
ences between the minimally invasive approach and the
open procedure, with the exception of operative time. As
thoracoscopic repair of EA and TEF have only recently

@ Springer

become more prevalent, we hypothesize longer operative
times may be due to a lack of familiarity with the technique.
As surgeons become more experienced in performing this
type of procedure, we expect operative times to decrease.
To complement the comparative study results, we tabulated
the results of 47 non-comparative studies that looked at
the surgical outcomes of patients who underwent thoraco-
scopic repair of EA to assess the overall efficacy and safety
of thoracoscopy. Of note, mortality in patients was low at
3.2% and in most cases was due to an associated anomaly of
the VACTERL type. The incidence of esophageal stricture
requiring at least one endoscopic dilation and subsequent
fundoplication was approximately 25%. The next most com-
mon complication was a leak at the anastomosis, which was
managed conservatively in most cases. Very few cases of
recurrent fistula occurred; indicating that ligation of the fis-
tula was quite effective.

An additional concern with thoracoscopy is that sin-
gle lung ventilation, as required in this approach, has the
potential to contribute added risk to the newborn. Several
of the comparative studies reported on the neonate’s intra-
operative tolerance via ABG measurements, the general
consensus being that there were no significant differences
between groups, with the exception of one study finding a
significantly higher intra-operative maximum pCO, level
in patients who underwent thoracoscopy [93]. Even in this
study, however, there was no ongoing morbidity associated
with this finding and all post-operative ABG levels were
equivalent regardless of the surgical approach. That being
said, the respiratory status of the patient should be consid-
ered when determining which method to use, as patients
with pre-existing respirator compromise could suffer addi-
tional risks with the deflation of one lung [103, 110].

Theoretically, we would expect minimally invasive sur-
gery to carry advantages over a more intrusive open proce-
dure in outcomes such as length of hospital stay, time to full
oral feeds, blood loss, and narcotic use, and to reduce further
long-term complications such as cosmetic and musculo-skel-
etal deformities. Unfortunately, due to small sample sizes,
a limited number of studies, and relatively short follow-up
periods, it was impossible to conduct meta-analyses on these
outcomes. It is noteworthy that only two of the included
studies looked at cosmesis following surgical intervention
for EA [49, 92]. The limited data that do exist appears to
favour a thoracoscopic approach as expected; however, more
data will be needed to verify this finding [72, 73, 77, 118].
Fewer sequelae are the ultimate rationale behind the shift
towards a minimally invasive surgical approach [3-5].

Our results are reassuring for proponents of thoracos-
copy, as they suggest that surgeons can correct EA with
TEF using a thoracoscopic technique with at least the same
efficacy as an open procedure, while not exposing the infant
to increased rates of post-operative complications. This
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appears to be true despite the potential difficulties related to
the confinements of a neonate’s body habitus [103] and the
steep learning curve associated with thoracoscopic surgery
[8, 9]. In fact, operative times for thoracoscopy may shorten
as this method becomes more mainstream and is taught in
residency programs by surgeons with extensive experience
in minimally invasive surgery.

Of course, our systematic review is not without limi-
tations. The non-randomized design of the majority of
included studies introduces some potential biases, particu-
larly related to the selection of study participants and the
reporting of results [119-121]. However, we considered it
important to include evidence from non-randomized stud-
ies due to the general lack of RCTs available in the litera-
ture as well as the usefulness of non-randomized studies in
reviews of effectiveness [120]. Furthermore, the quality of
non-RCTs was quite good according to the MINORS crite-
ria. According to the developers, gold standard RCTs score
23-24, while top rated comparative non-RCTs typically
score 19-20 out of a possible 24. Ten of the comparative
studies in this SR scored fair (12—16) and four scored strong
(18) out of a possible 24. A total of 20/27 non-comparative
non-RCTs were fair quality with scores ranging from 10 to
12 out of a possible 16. The remaining non-comparative,
non-RCTs were poor quality, ranging from 5 to 9 out of a
possible 16. Publication bias may also have influenced our
results, as we did not specifically search for grey literature.
In addition, we may have missed some pertinent data due to
language limitations.

Conclusion

Thoracoscopic approach for the repair of EA/TEF is safe,
with no increased morbidity when compared with the open
approach. Although operative times were longer with thora-
coscopic repair, rates for complications, anastomotic leak,
stricture, and need for fundoplication were similar between
open and thoracoscopic repair. A large-scale randomized
controlled trial would help to determine the true value of this
newer approach, with a full evaluation of possible acute and
chronic complications and sequelae. In many areas of sur-
gery, a natural progression is being made towards minimally
invasive techniques, and we appear to be at the brink of this
advancement with EA/TEF management.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

Research involving human participants and/or animals This research
does not involve humans or animals.

Informed consent Ethical approval was not necessary for this review.

References

1. Knottenbelt G, Skinner A, Seefelder C (2010) Tracheo-oesopha-
geal fistula (TOF) and oesophageal atresia (OA). Best Pract Res
Clin Anaesthesiol 24(3):387-401

2. Karpelowsky J (2012) Paediatric thoracoscopic surgery. Paediatr
Respir Rev 13(4):244-251

3. Lawal TA, Gosemann JH, Kuebler JF, Gluer S, Ure BM (2009)
Thoracoscopy versus thoracotomy improves midterm mus-
culoskeletal status and cosmesis in infants and children. Ann
Thorac Surg 87(1):224-228. https://doi.org/10.1016/j.athoracsur
.2008.08.069

4. Li WW, Lee RL, Lee T, Ng CS, Sihoe AD, Wan 1Y, Arifi AA,
Yim AP (2003) The impact of thoracic surgical access on early
shoulder function: video-assisted thoracic surgery versus poste-
rolateral thoracotomy. Eur J Cardiothorac Surg 23(3):390-396

5. Stammberger U, Steinacher C, Hillinger S, Schmid RA, Kins-
bergen T, Weder W (2000) Early and long-term complaints fol-
lowing video-assisted thoracoscopic surgery: evaluation in 173
patients. Eur J Cardiothorac Surg 18(1):7-11

6. Lugo B, Malhotra A, Guner Y, Nguyen T, Ford H, Nguyen NX
(2008) Thoracoscopic versus open repair of tracheoesophageal
fistula and esophageal atresia. J Laparoendosc Adv Surg Tech
18(5):753-756

7. Yamoto M, Urusihara N, Fukumoto K, Miyano G, Nouso H,
Morita K, Miyake H, Kaneshiro M (2014) Thoracoscopic versus
open repair of esophageal atresia with tracheoesophageal fistula
at a single institution. Pediatr Surg Int 30(9):883-887

8. Lee S, Lee SK, Seo JM (2014) Thoracoscopic repair of esopha-
geal atresia with tracheoesophageal fistula: overcoming the
learning curve. J Pediatr Surg 49(11):1570-1572. https://doi.
org/10.1016/j.jpedsurg.2014.04.016

9. vander Zee DC, Tytgat SH, Zwaveling S, van Herwaarden MY,
Vieira-Travassos D (2012) Learning curve of thoracoscopic
repair of esophageal atresia. World J Surg 36(9):2093-2097

10. Zani A, Eaton S, Hoellwarth M, Puri P, Tovar J, Fasching G,
Bagolan P, Luka¢ M, Wijnen R, Kuebler J (2014) International
survey on the management of esophageal atresia. Eur J Pediatr
Surg 24(1):3-8

11. Graham B, Regehr G, Wright JG (2003) Delphi as a method
to establish consensus for diagnostic criteria. J Clin Epidemiol
56(12):1150-1156

12. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde
JG (2009) Research electronic data capture (REDCap)—a
metadata-driven methodology and workflow process for provid-
ing translational research informatics support. J Biomed Inform
42(2):377-381

13. Glen P, Chassé M, Doyle M-A, Nasr A, Fergusson DA (2014)
Partial versus complete fundoplication for the correction of pedi-
atric GERD: a systematic review and meta-analysis. PLoS ONE
9(11):e112417

14. Deeks J, Higgins J, Altman D, Green S (2011) Cochrane hand-
book for systematic reviews of interventions version 5.1. 0
(updated March 2011). The Cochrane Collaboration, London

15. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chip-
poni J (2003) Methodological index for non-randomized studies
(MINORS): development and validation of a new instrument.
ANZ ] Surg 73(9):712-716

@ Springer


https://doi.org/10.1016/j.athoracsur.2008.08.069
https://doi.org/10.1016/j.athoracsur.2008.08.069
https://doi.org/10.1016/j.jpedsurg.2014.04.016
https://doi.org/10.1016/j.jpedsurg.2014.04.016

1182

Pediatric Surgery International (2019) 35:1167-1184

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

National Health and Medical Research Council (1999) Guide-
lines for the development and implementation of clinical prac-
tice guidelines, lst edn. Australian Government Publishing
Service, Canberra

The Cochrane Collaboration (2014) Review manager (Rev-
Man) [computer program]. The Nordic Cochrane Centre,
Copenhagen

Lau J, Ioannidis JP, Terrin N, Schmid CH, Olkin I (2006) Evi-
dence based medicine the case of the misleading funnel plot.
BMIJ Br Med J 333(7568):597

Achildi O, Grewal H (2007) Congenital anomalies of the
esophagus. Otolaryngol Clin N Am 40(1):219-244

Albanese CT (2002) Closing the gap. Pediatr Endosurg Innov
Tech 6(3):215-215

Becmeur F, Gossot D (2007) Surgical thoracoscopy in children.
Arch Pediatr 14:5222-226

Bishay M, Giacomello L, Retrosi G, Thyoka M, Nah SA,
McHoney M, De Coppi P, Brierley J, Scuplak S, Kiely EM
(2011) Decreased cerebral oxygen saturation during thoraco-
scopic repair of congenital diaphragmatic hernia and esopha-
geal atresia in infants. J Pediatr Surg 46(1):47-51

Borruto FA, Impellizzeri P, Montalto AS, Antonuccio P, Santa-
caterina E, Scalfari G, Arena F, Romeo C (2012) Thoracoscopy
versus thoracotomy for esophageal atresia and tracheoesopha-
geal fistula repair: review of the literature and meta-analysis.
Eur J Pediatr Surg 22(6):415

Burford JM, Dassinger MS, Copeland DR, Keller JE, Smith
SD (2011) Repair of esophageal atresia with tracheoesopha-
geal fistula via thoracotomy: a contemporary series. Am J Surg
202(2):203-206

Burgmeier C, Schier F (2014) Hemodynamic effects of thora-
coscopic surgery in neonates with cardiac anomalies. J Lapa-
roendosc Adv Surg Tech 24(4):265-267

Ceelie I, van Dijk M, Bax N, De Wildt S, Tibboell D (2011)
Does minimal access major surgery in the newborn hurt
less? An evaluation of cumulative opioid doses. Eur J Pain
15(6):615-620

Chesley PM, Javid PJ (2013) Innovations in pediatric surgery.
Pediatr Ann 42(11):462-470

Davenport KP, Mollen K, Rothenberg S, Kane TD (2013) Expe-
rience with endoscopy and endoscopy-assisted management of
pediatric surgical problems: results and lessons. Dis Esophagus
26(1):37-43

Engum SA (2007) Minimal access thoracic surgery in the pedi-
atric population. Semin Pediatr Surg 16(1):14-26

Esteves E, Silva MC, Paiva KCC, Chagas CC, Valamiel RR, de
Guimaraes RL, Modesto BBC (2009) Laparoscopic gastric pull-
up for long gap esophageal atresia. J] Laparoendosc Adv Surg
Tech 19(S1):5191-s195

Georgeson K (2003) Minimally invasive surgery in neonates.
Semin Neonatol 8(3):243-248

Georgeson KE, Robertson DJ (2004) Minimally invasive sur-
gery in the neonate: review of current evidence. Semin Perinatol
3:212-220

Hiradfar M, Shojaeian R, Joodi M, Sabzevari A, Nazarzade R
(2013) Thoracoscopic esophageal atresia repair made easy. An
applicable trick. J Pediatr Surg 48(3):685-688

Javaid U (2013) Is minimal access surgery of esophageal atresia
with distal esophageal atresia by thoracoscopy is better than con-
ventional thoracotomy? A multi-institutional review of literature
to get the answer. World J Laparosc Sur 6(1):37-41

Kunisaki SM, Foker JE (2012) Surgical advances in the fetus and
neonate: esophageal atresia. Clin Perinatol 39(2):349-361
Laberge J-M, Blair G (2013) Thoracotomy for repair of esopha-
geal atresia: not as bad as they want you to think! Dis Esophagus
26(4):365-371

@ Springer

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Lacher M, Kuebler JF, Dingemann J, Ure BM (2014) Minimal
invasive surgery in the newborn: current status and evidence.
Semin Pediatr Surg 5:249-256

Lal D, Miyano G, Juang D, Sharp NE, St. Peter SD (2013) Cur-
rent patterns of practice and technique in the repair of esophageal
atresia and tracheoesophageal fistua: an IPEG survey. J Lapar-
oendosc Adv Surg Tech 23(7):635-638

Lau C, Leung J, Hui T, Wong K (2014) Thoracoscopic operations
in children. Hong Kong Med J 20(3):234-240

Martinez-Ferro M (2010) New approaches to pectus and
other minimally invasive surgery in Argentina. J Pediatr Surg
45(1):19-27

Martinez-Ferro M (2012) International innovations in pediatric
minimally invasive surgery: the Argentine experience. J Pediatr
Surg 47(5):825-835

Menon P, Rao K (2008) Esophageal surgery in newborns, infants
and children. Indian J Pediatr 75(9):939-943

Metzelder ML, Kuebler JF, Reismann M, Lawal TA, Glueer S,
Ure B (2009) Prior thoracic surgery has a limited impact on the
feasibility of consecutive thoracoscopy in children: a prospec-
tive study on 228 procedures. J Laparoendosc Adv Surg Tech
19(S1):563—s66

Pierro A (2015) Hypercapnia and acidosis during the thoraco-
scopic repair of oesophageal atresia and congenital diaphrag-
matic hernia. J Pediatr Surg 50(2):247-249

Ponsky TA, Rothenberg SS (2008) Minimally invasive surgery
in infants less than 5 kg: experience of 649 cases. Surg Endosc
22(10):2214

Ron O, De Coppi P, Pierro A (2009) The surgical approach to
esophageal atresia repair and the management of long-gap atre-
sia: results of a survey. Semin Pediatr Surg 1:44-49
Rothenberg SS (2007) Thoracoscopic pulmonary surgery. Semin
Pediatr Surg 4:231-237

Rothenberg SS (2009) Experience with thoracoscopic tracheal
surgery in infants and children. J Laparoendosc Adv Surg Tech
19(5):671-674

Rothenberg SS, Flake AW (2015) Experience with thoracoscopic
repair of long gap esophageal atresia in neonates. J Laparoendosc
Adv Surg Tech 25(11):932-935

Sato M, Hamada Y, Iwanaka T (2010) Recent progresses
of pediatric endoscopic surgery in Japan. Jpn Med Assoc J
53(4):250-253

Spoel M, Meeussen CJ, Gischler SJ, Hop WC, Bax NM, Wijnen
RM, Tibboel D, de Jongste JC, IJsselstijn H (2012) Respiratory
morbidity and growth after open thoracotomy or thoracoscopic
repair of esophageal atresia. J Pediatr Surg 47(11):1975-1983
Tsao K, St. Peter SD, Sharp SW, Nair A, Andrews WS, Sharp RJ,
Snyder CL, Ostlie DJ, Holcomb GW III (2008) Current applica-
tion of thoracoscopy in children. J Laparoendosc Adv Surg Tech
18(1):131-135

van der Zee DC (2011) Thoracoscopic elongation of the esopha-
gus in long-gap esophageal atresia. J Pediatr Gastroenterol Nutr
52:S13-S15

Wong KK, Tam PK (2010) Thoracoscopic repair of esophageal
atresia through the right chest in neonates with right-sided aortic
arch. J Laparoendosc Adv Surg Tech 20(4):403—-404

Wu Y, Yan Z, Hong L, Hu M, Chen S (2009) Thoracoscopic
repair of congenital esophageal atresia in infants. J Laparoendosc
Adv Surg Tech 19(3):461-463

Holcomb GW (2017) Thoracoscopic surgery for esophageal atre-
sia. Pediatr Surg Int 33(4):475-481

Al-Salem AH, Al Mohaidly M, Al-Buainain HM, Al-jadaan S,
Raboei E (2016) Congenital H-type tracheoesophageal fistula: a
national multicenter study. Pediatr Surg Int 32(5):487-491
Bastard F, Bonnard A, Rousseau V, Gelas T, Michaud L, Irtan
S, Piolat C, Ranke-Chrétien A, Becmeur F, Dariel A (2018)



Pediatric Surgery International (2019) 35:1167-1184

1183

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Thoracic skeletal anomalies following surgical treatment of
esophageal atresia. Lessons from a national cohort. J Pediatr
Surg 53(4):605-609

Davenport M, Rothenberg SS, Crabbe DC, Wulkan ML (2015)
The great debate: open or thoracoscopic repair for oesophageal
atresia or diaphragmatic hernia. J Pediatr Surg 50(2):240-246
Ehlers M, Pezzano C, Leduc L, Brooks J, Silva P, Oechsner H,
Crnkovic A, Galay I, Afroze F (2015) Use of jet ventilation in
thoracoscopic tracheo-esophageal fistula repair—can both sur-
geons and anesthesiologists be happy? Pediatric Anesthesia
25(8):860-862

Kay-Rivest E, Baird R, Laberge J-M, Puligandla P (2015) Evalu-
ation of aortopexy in the management of severe tracheomalacia
after esophageal atresia repair. Dis Esophagus 28(3):234-239
Langley RJ, Hufton D, Freeman J, Jackson M, Urquhart DS
(2016) The ‘pitfalls’ of intubation: airway complications fol-
lowing tracheo-oesophageal fistula repair. Arch Dis Child Fetal
Neonatal Ed 101(6):F500-F501

Lelonge Y, Varlet F, Varela P, Saittia F, Fourcade L, Gutierrez R,
Vermesch S, Prades J-M, Lopez M (2016) Chemocauterization
with trichloroacetic acid in congenital and recurrent tracheoe-
sophageal fistula: a minimally invasive treatment. Surg Endosc
30(4):1662-1666

Mascianica KA, Smigiel R, Patkowski D (2015) The Harlequin
phenomenon after thoracoscopic repair of esophageal atresia and
tracheoesophageal fistula: is there any coincidence? J Pediatr
Surg Case Rep 3(11):473-475

Rothenberg SS (2018) Thoracoscopic management of non-type C
esophageal atresia and tracheoesophageal atresia. J Pediatr Surg
53(1):121-125

Schmidt A, Obermayr F, Lieber J, Gille C, Fideler F, Fuchs J
(2017) Outcome of primary repair in extremely and very low-
birth-weight infants with esophageal atresia/distal tracheoesoph-
ageal fistula. J Pediatr Surg 52(10):1567-1570

Stolwijk LJ, van der Zee DC, Tytgat S, van der Werft D, Benders
M]J, van Herwaarden MY, Lemmers PM (2017) Brain oxygena-
tion during Thoracoscopic repair of long gap esophageal atresia.
World J Surg 41(5):1384-1392

Wall JK, Sinclair TJ, Kethman W, Williams C, Albanese C, Syl-
vester KG, Bruzoni M (2018) Advanced minimal access surgery
in infants weighing less than 3 kg: a single center experience. J
Pediatr Surg 53(3):503-507

Zani A, Wolinska J, Cobellis G, Chiu PP, Pierro A (2016)
Outcome of esophageal atresia/tracheoesophageal fistula in
extremely low birth weight neonates (%3c 1000 grams). Pediatr
Surg Int 32(1):83-88

Iwanczak BM, Kosmowska-Miskow A, Kofla-Diubacz A, Palcze-
wski M, Grabiriski M, Pawlowska K, Matusiewicz K, Patkowski
D (2016) Assessment of clinical symptoms and multichannel
intraluminal impedance and pH monitoring in children after
thoracoscopic repair of esophageal atresia and distal tracheoe-
sophageal fistula. Adv Clin Exp Med 25(5):917-922

Bax KNM, van der Zee DC (2002) Feasibility of thoracoscopic
repair of esophageal atresia with distal fistula. J Pediatr Surg
37(2):192-196

Kalfa N, Allal H, Raux O, Lopez M, Forgues D, Guibal MP,
Picaud JC, Galifer RB (2005) Tolerance of laparoscopy and
thoracoscopy in neonates. Pediatrics 116(6):e785-791. https://
doi.org/10.1542/peds.2005-0650

Lovvorn HN III, Steven RS, Reinberg O et al (2001) Update
on thoracoscopic repair of esophageal atresia with and with-
out tracheoesophageal fistula. Pediatr Endosurg Innov Tech
5(2):135-139

Rothenberg SS (2012) Thoracoscopic repair of esophageal atresia
and tracheo-esophageal fistula in neonates: evolution of a tech-
nique. J Laparoendosc Adv Surg Tech 22(2):195-199

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Rothenberg SS (2002) Thoracoscopic repair of tracheoesopha-
geal fistula in newborns. J Pediatr Surg 37(6):869-872
Rothenberg S (2005) Thoracoscopic repair of esophageal atre-
sia and tracheo-esophageal fistula. Semin Pediatr Surg 14:2-7
Rothenberg SS (2005) Thoracoscopy in infants and children:
the state of the art. J Pediatr Surg 40(2):303-306

Rothenberg S (2013) Thoracoscopic repair of esophageal atre-
sia and tracheoesophageal fistula in neonates, first decade’s
experience. Dis Esophagus 26(4):359-364

van der Zee DC, Bax KN (2007) Thoracoscopic treatment of
esophageal atresia with distal fistula and of tracheomalacia.
Semin Pediatr Surg 16(4):224-230. https://doi.org/10.1053/j.
sempedsurg.2007.06.003

Van der Zee D, Bax N (2003) Thoracoscopic repair of esoph-
ageal atresia with distal fistula. Surg Endosc Interv Tech
17(7):1065-1067

Yang Y-F, Dong R, Zheng C, Jin Z, Chen G, Huang Y-L, Zheng
S (2016) Outcomes of thoracoscopy versus thoracotomy for
esophageal atresia with tracheoesophageal fistula repair: a
PRISMA-compliant systematic review and meta-analysis.
Medicine 95(30):1-30

Wu Y, Kuang H, Lv T, Wu C (2017) Comparison of clinical
outcomes between open and thoracoscopic repair for esopha-
geal atresia with tracheoesophageal fistula: a systematic review
and meta-analysis. Pediatr Surg Int 33(11):1147-1157
Dingemann C, Ure B, Dingemann J (2014) Thoracoscopic
procedures in pediatric surgery: what is the evidence? Eur J
Pediatr Surg 24(01):014-019

Parolini F, Armellini A, Boroni G, Bagolan P, Alberti D (2016)
The management of newborns with esophageal atresia and
right aortic arch: a systematic review or still unsolved problem.
J Pediatr Surg 51(2):304-309

Oomen M (2012) Systematic review of the literature: compari-
son of open and minimal access surgery (thoracoscopic repair)
of esophageal atresia with tracheo-esophageal fistula (EA-TEF),
Chapter 17. In: Front Lines of Thoracic Surgery, pp 309-319
Parolini F, Morandi A, Macchini F, Gentilino V, Zanini A, Leva
E (2014) Cervical/thoracotomic/thoracoscopic approaches for
H-type congenital tracheo-esophageal fistula: a systematic
review. Int J Pediatr Otorhinolaryngol 78(7):985-989

Bishay M, Giacomello L, Retrosi G, Thyoka M, Garriboli M,
Brierley J, Harding L, Scuplak S, Cross KM, Curry JI (2013)
Hypercapnia and acidosis during open and thoracoscopic
repair of congenital diaphragmatic hernia and esophageal atre-
sia: results of a pilot randomized controlled trial. Ann Surg
258(6):895-900

Allal H, Perez-Bertolez S, Maillet O, Forgues D, Doan Q, Chiapi-
nelli A, Kong V (2009) Comparative study of thoracoscopy ver-
sus thoracotomy in esophageal atresia. Cir Pediatr 22(4):177-180
Kawahara H, Okuyama H, Mitani Y, Nomura M, Nose K,
Yoneda A, Hasegawa T, Kubota A, Fukuzawa M (2009) Influ-
ence of thoracoscopic esophageal atresia repair on esophageal
motor function and gastroesophageal reflux. J Pediatr Surg
44(12):2282-2286

Koga H, Yamoto M, Okazaki T, Okawada M, Doi T, Miyano G,
Fukumoto K, Lane GJ, Urushihara N, Yamataka A (2014) Fac-
tors affecting postoperative respiratory tract function in type-C
esophageal atresia. Thoracoscopic versus open repair. Pediatr
Surg Int 30(12):1273-1277

MaL, Liu Y, Ma Y, Zhang S, Pan N (2012) Comparison of
neonatal tolerance to thoracoscopic and open repair of esoph-
ageal atresia with tracheoesophageal fistula. Chin Med J
125(19):3492-3495

Miyano G, Seo S, Nakamura H, Sueyoshi R, Okawada M, Doi
T, Koga H, Lane GJ, Yamataka A (2017) Changes in quality of
life from infancy to school age after esophagoesophagostomy for

@ Springer


https://doi.org/10.1542/peds.2005-0650
https://doi.org/10.1542/peds.2005-0650
https://doi.org/10.1053/j.sempedsurg.2007.06.003
https://doi.org/10.1053/j.sempedsurg.2007.06.003

1184

Pediatric Surgery International (2019) 35:1167-1184

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

tracheoesophageal fistula: thoracotomy versus thoracoscopy. Pedi-
atr Surg Int 33(10):1087-1090

Szavay PO, Zundel S, Blumenstock G, Kirschner HJ, Luithle T,
Girisch M, Luenig H, Fuchs J (2011) Perioperative outcome of
patients with esophageal atresia and tracheo-esophageal fistula
undergoing open versus thoracoscopic surgery. J Laparoendosc
Adv Surg Tech 21(5):439-443

Al Tokhais T, Zamakhshary M, Aldekhayel S, Mandora H, Sayed
S, AlHarbi K, Algahtani AR (2008) Thoracoscopic repair of tra-
cheoesophageal fistulas: a case—control matched study. J Pediatr
Surg 43(5):805-809

Woo S, Lau S, Yoo E, Shaul D, Sydorak R (2015) Thoracoscopic
versus open repair of tracheoesophageal fistulas and rates of vocal
cord paresis. J Pediatr Surg 50(12):2016-2018

Nice T, Tuanama Diaz B, Shroyer M, Rogers D, Chen M, Martin C,
Beierle E, Chaignaud B, Anderson S, Russell R (2016) Risk factors
for stricture formation after esophageal atresia repair. J Laparoen-
dosc Adv Surg Tech 26(5):393-398

Zani A, Lamas-Pinheiro R, Paraboschi I, King SK, Wolinska J,
Zani-Ruttenstock E, Eaton S, Pierro A (2017) Intraoperative aci-
dosis and hypercapnia during thoracoscopic repair of congenital
diaphragmatic hernia and esophageal atresia/tracheoesophageal
fistula. Pediatric Anesth 27(8):841-848

Tainaka T, Uchida H, Tanano A, Shirota C, Hinoki A, Murase N,
Yokota K, Oshima K, Shirotsuki R, Chiba K (2017) Two-stage
thoracoscopic repair of long-gap esophageal atresia using inter-
nal traction is safe and feasible. J Laparoendosc Adv Surg Tech
27(1):71-175

Al-Qahtani AR, Almaramhi H (2006) Minimal access surgery in
neonates and infants. J Pediatr Surg 41(5):910-913

Allal H, Kalfa N, Lopez M, Forgues D, Guibal M, Raux O, Picaud
J, Galifer R (2005) Benefits of the thoracoscopic approach for
short-or long-gap esophageal atresia. ] Laparoendosc Adv Surg
Tech 15(6):673-677

Dingemann C, Zoeller C, Ure B (2013) Thoracoscopic repair of
oesophageal atresia: results of a selective approach. Eur J Pediatr
Surg 23(01):014-018

Garcia I, Olivos M, Santos M, Guelfand M (2014) Thoracoscopic
repair of esophageal atresia with and without tracheoesophageal
fistula. Revista Chilena de Pediatria 85(4):443-447

Holcomb GW 3rd, Rothenberg SS, Bax KM, Martinez-Ferro M,
Albanese CT, Ostlie DJ, van Der Zee DC, Yeung CK (2005) Thora-
coscopic repair of esophageal atresia and tracheoesophageal fistula:
a multi-institutional analysis. Ann Surg 242(3):422-428 (discus-
sion 428-430)

Huang J, Tao J, Chen K, Dai K, Tao Q, Chan I, Chung P, Lan
L, Tam P, Wong KK (2012) Thoracoscopic repair of oesophageal
atresia: experience of 33 patients from two tertiary referral centres.
J Pediatr Surg 47(12):2224-2227

Krosnar S, Baxter A (2005) Thoracoscopic repair of esophageal
atresia with tracheoesophageal fistula: anesthetic and intensive
care management of a series of eight neonates. Pediatr Anesth
15(7):541-546

MacKinlay GA (2009) Esophageal atresia surgery in the 21st cen-
tury. Semin Pediatr Surg 18(1):20-22

Martinez-Ferro M, Elmo G, Bignon H (2002) Thoracoscopic repair
of esophageal atresia with fistula: initial experience. Pediatr Endo-
surg Innov Tech 6(4):229-237

Miyano G, Okuyama H, Koga H, Okawada M, Doi T, Takahashi T,
Nakamura H, Suda K, Lane GJ, Okazaki T (2013) Type-A long-gap
esophageal atresia treated by thoracoscopic esophagoesophagos-
tomy after sequential extrathoracic esophageal elongation (Kimu-
ra’s technique). Pediatr Surg Int 29(11):1171-1175

Mortellaro VE, Fike FB, Adibe OO, Juang D, Aguayo P, Ostlie
DJ, Holcomb GW, St Peter SD (2011) The use of high-frequency
oscillating ventilation to facilitate stability during neonatal

@ Springer

thoracoscopic operations. J Laparoendosc Adv Surg Tech Part A
21(9):877-879. https://doi.org/10.1089/1ap.2011.0134

110. Nachulewicz P, Zaborowska K, Rogowski B, Kalinska A, Nosek
M, Golonka A, Lesiuk W, Obel M (2015) Thoracoscopic repair
of esophageal atresia with a distal fistula—lessons from the first
10 operations. Wideochirurgia i inne techniki maloinwazyjne =
Videosurgery and other miniinvasive techniques / kwartalnik pod
patronatem Sekcji Wideochirurgii TChP oraz Sekcji Chirurgii
Bariatrycznej TChP 10(1):57-61. https://doi.org/10.5114/wiitm
.2015.49521

111. Nguyen T, Zainabadi K, Bui T, Emil S, Gelfand D, Nguyen N
(2006) Thoracoscopic repair of esophageal atresia and tracheoe-
sophageal fistula: lessons learned. J Laparoendosc Adv Surg Tech
16(2):174-178

112. Okuyama H, Koga H, Ishimaru T, Kawashima H, Yamataka A,
Urushihara N, Segawa O, Uchida H, Iwanaka T (2015) Current
practice and outcomes of thoracoscopic esophageal atresia and
tracheoesophageal fistula repair: a multi-institutional analysis in
Japan. J Laparoendosc Adv Surg Tech 25(5):441-444

113. Patkowsk D, Rysiakiewicz K, Jaworski W, Zielinska M, Siejka G,
Konsur K, Czernik J (2009) Thoracoscopic repair of tracheoesoph-
ageal fistula and esophageal atresia. J Laparoendosc Adv Surg Tech
Part A 19(Suppl 1):S19-22. https://doi.org/10.1089/1ap.2008.0139

114. Robie DK (2015) Initial experience with thoracoscopic esopha-
geal atresia and tracheoesophageal fistula repair: lessons learned
and technical considerations to achieve success. Am Surg
81(3):268-272

115. Rothenberg S (2014) Thoracoscopic repair of esophageal atresia
and tracheo-esophageal fistula in neonates: the current state of the
art. Pediatr Surg Int 30(10):979-985

116. van der Zee DC, Gallo G, Tytgat SH (2015) Thoracoscopic traction
technique in long gap esophageal atresia: entering a new era. Surg
Endosc 29(11):3324-3330

117. Kanojia RP, Bhardwaj N, Dwivedi D, Kumar R, Joshi S, Samujh
R, Rao K (2016) Thoracoscopic repair of esophageal atresia with
tracheoesophageal fistula: basics of technique and its nuances. J
Indian Assoc Pediatr Surg 21(3):120

118. van der Zee DC (2007) Thoracoscopic treatment of esophageal
atresia with distal fistula and of tracheomalacia. Semin Pediatr Surg
4:224-230

119. Deeks J, Dinnes J, D’amico R, Sowden A, Sakarovitch C, Song F,
Petticrew M, Altman D (2003) Evaluating non-randomised inter-
vention studies. Health Technol Assess 7(27):1-173 (iii-x)

120. Norris SL, Atkins D (2005) Challenges in using nonrandomized
studies in systematic reviews of treatment interventions. Ann Intern
Med 142:1112-1119

121. Oliver S, Bagnall A, Thomas J, Shepherd J, Sowden A, White I,
Dinnes J, Rees R, Colquitt J, Oliver K (2010) Randomised con-
trolled trials for policy interventions: a review of reviews and meta-
regression. Health Technol Assess 14(16):1iii—165iii

122. Fonte J, Barroso C, Lamas-Pinheiro R, Silva AR, Correia-Pinto J
(2017) Anatomic thoracoscopic repair of esophageal atresia. Front
Pediatr 4:142

123. Acher CW, Ostlie DJ, Leys CM, Struckmeyer S, Parker M, Nichol
PF (2016) Long-term outcomes of patients with tracheoesophageal
fistula/esophageal atresia: survey results from tracheoesophageal
fistula/esophageal atresia online communities. Eur J Pediatr Surg
26(06):476—480. https://doi.org/10.1055/5-0035-1570103

124. Tytgat SH, van Herwaarden MY, Stolwijk LJ, Keunen K, Benders
M1, de Graaff JC, Milstein DM, van der Zee DC, Lemmers PM
(2016) Neonatal brain oxygenation during thoracoscopic correction
of esophageal atresia. Surg Endosc 30(7):2811-2817

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1089/lap.2011.0134
https://doi.org/10.5114/wiitm.2015.49521
https://doi.org/10.5114/wiitm.2015.49521
https://doi.org/10.1089/lap.2008.0139
https://doi.org/10.1055/s-0035-1570103

	Thoracoscopy vs. thoracotomy for the repair of esophageal atresia and tracheoesophageal fistula: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Selection of study topic
	First round
	Second round
	Literature search
	Study selection
	Quality assessment
	Systematic reviews
	Randomized controlled trials
	Non-randomized studies

	Data extraction, analysis and summarization

	Results
	Literature search and screening
	Treatment of type C EA with TEF: thoracoscopy vs. open approach
	Safety and efficacy of thoracoscopy
	Other types of EA

	Discussion
	Conclusion
	References




