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Thoracoscopic primary repair is useful for esophageal atresia
with tracheoesophageal fistula in neonates with low body weight
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Abstract

Purpose The surgical indication of thoracoscopic primary repair for esophageal atresia with tracheoesophageal fistula is
under debate. The current study aimed to investigate the outcome of thoracoscopic primary repair for esophageal atresia with
tracheoesophageal fistula in patients weighing < 2000 g and those who underwent emergency surgery at the age of 0 day.
Methods The surgical outcomes were compared between patients weighing <2000 g and those weighing >2000 g at surgery
and between patients who underwent surgery at the age of O day and those who underwent surgery at age > 1 day.

Results In total, 43 patients underwent thoracoscopic primary repair for esophageal atresia with tracheoesophageal fistula.
The surgical outcomes according to body weight were similar. Patients who underwent surgery at the age of 0 day were
more likely to develop anastomotic leakage than those who underwent surgery at the age of > 1 day (2 vs. 0 case, p=0.02).
Anastomotic leakage was treated with conservative therapy.

Conclusion Thoracoscopic primary repair is safe and useful for esophageal atresia with tracheoesophageal fistula even in
newborns weighing <2000 g. However, emergency surgery at the age of O day should be cautiously performed due to the
risk of anastomotic leakage.

Keywords Anastomotic leakage - Esophageal atresia with tracheoesophageal fistula - Low body weight - Neonates -
Thoracoscopic primary repair

Introduction

Esophageal atresia with or without tracheoesophageal fis-
tula (EA/TEF) is a congenital digestive system disorder that
occurs in approximately 1 in 3500 to 1 in 4500 newborns [1,
2]. The radical treatment for EA/TEF is esophageal anasto-
mosis. If the gap between the proximal and distal segments
of the esophagus is long, which is often observed in gross
types A or B, the esophageal pouch should be elongated.
Conversely, if the gap is not long, as is often the case in

< Hiroo Uchida
uchida.hiroo.f5 @f.mail.nagoya-u.ac.jp

Department of Pediatric Surgery, Nagoya University
Graduate School of Medicine, 65 Tsurumai-cho, Showa-ku,
Nagoya 466-8550, Japan

Department of Rare/Intractable Cancer Analysis Research,
Nagoya University Graduate School of Medicine, 65
Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan

Published online: 03 June 2024

gross type C, primary anastomosis can be performed within
the first few days of life [3]. Thoracoscopic repair is a less
invasive and cosmetically superior approach, and its surgi-
cal outcome does not significantly differ with that of the
open approach [4, 5]. However, intrathoracic manipulation
is challenging to perform in a narrow working space, as in
that in neonates, and the esophageal tissue, particularly in
the inferior esophageal segment, can easily tear due to fragil-
ity. Hence, the surgical indication of thoracoscopic repair is
under debate. Moreover, pediatric surgeons must select the
optimal surgical approach based on the characteristics of
the patients. Weight is one of the criteria of thoracoscopic
surgery, and some pediatric surgeons recommend thoraco-
scopic surgery only to patients weighing > 2000 g because
the intrathoracic space of neonates weighing <2000 g is
extremely narrow for manipulation [6, 7]. In addition, at
several institutions in Japan, patients weighing <2000 g
undergo open surgery [8, 9]. Nevertheless, there are
only a few studies investigating the surgical outcomes
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of thoracoscopic surgery for EA/TEF in patients weigh-
ing <2000 g. Moreover, some reports have recommended
the use of thoracoscopic surgery in these patients [10].

Day of surgery is another risk factor. In other words, sur-
gery for EA/TEF can be performed 24 h after stabilization
[11]. Thus far, based on previous reports, primary repair at
the age of > 1 days has been the standard treatment [5, 8, 10].
However, emergency surgery for EA/TEF is occasionally
performed because of respiratory failure or comorbidities of
gastrointestinal atresia at the age of O day. In such a situation,
not only TEF ligation but also primary repair is performed
based on the institution’s policy [12, 13]. Nonetheless, to
date, surgical outcomes based on the day of surgery after
birth are unclear.

At our institution, thoracoscopic surgery for EA/TEF was
introduced in August 2013. If the blind end of the upper
esophagus is located cephalad to the clavicle, the operation
is performed through a cervical incision. Esophageal band-
ing and gastrostomy are performed in patients who cannot
tolerate radical surgeries. For other patients with gross type
C TEF, thoracoscopic primary repair without concomitant
gastrostomy is performed [14]. These patients include the
low-body-weight cases and emergency cases operated at
0 day because there was a lack of evidence to avoid thora-
coscopic primary repair. We empirically considered that
this procedure can be safely performed in these patients.
Therefore, the current study aimed to investigate the effects
of body weight and age at surgery on the outcomes of thora-
coscopic primary repair for gross type C EA.

Methods

This study retrospectively reviewed patients with gross type
C EA/TEF who underwent primary repair from August 2013
to December 2022. Only patients who underwent thora-
coscopic primary surgery were included in the analysis.
Clinical data, including demographic characteristics of the
patients, perioperative and postoperative information, and
surgical complications based on the Clavien—-Dindo clas-
sification, were collected from the medical records. Opera-
tion time included only the time of thoracoscopic surgery
for EA/TEF but did not include the time of concurrent sur-
gery. Patients weighing > 2 kg (group A) and those weigh-
ing <2 kg (group B), and patients who underwent surgery
at the age of 0 day (group C) and those who underwent
surgery at the age of > 1 day (group D) were compared.
Quantitative variables were expressed as median and range.
Qualitative variables were expressed as number and per-
centages. The Mann—Whitney U test was used to compare
continuous variables, and the Fisher’s exact test was utilized
to compare categorical variables. P values of <0.05 were
considered statistically significant. Statistical analyses were
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performed using Easy R (EZR) (Saitama Medical Center,
Jichi Medical University, Saitama, Japan). This study was
conducted based on the 1964 Declaration of Helsinki and
its later amendments. The analysis used anonymous clinical
data. This study was approved by the Institutional Review
Board (Approval Number: 2023-0169). Patients were not
required to provide a written informed consent. However, the
opt-out method was applied to obtain consent for this study.

Surgical procedures for EA/TEF with the thoracoscopic
approach

After intubation, the location of the TEF was confirmed
using a fiber-optic bronchoscope. Patients were placed in
the prone position, as described in a previous study [15].
A 5-mm camera port was inserted into the 5th intercos-
tal space, and two 3-mm ports were inserted into the 4th
and 6th intercostal spaces at the right chest. Manipulation
was performed under a positive pressure pneumothorax of
4-8 mmHg. If lung expansion occurred, the pressure was
temporarily increased to>5 mmHg after the anesthetist
determined that the patient’s respiratory status was accept-
able. Once the lung contracted, the pressure was immedi-
ately decreased to <4 mmHg. The TEF was ligated using
4-0 absorbable sutures. The proximal and distal segments
were cautiously detached. The tips of the esophageal seg-
ment were opened and anastomosed using 6—8 needles with
5-0 polydioxanone RB-3 (PDS; Ethicon Inc., Somerville,
NJ).

Results

Forty-nine patients who had gross type C EA/TEF were
identified during the study period. Four patients who under-
went staged surgery (two patients with a long gap, one with
unstable condition due to cardiac anomaly, and one weigh-
ing < 1000 g) and two patients who underwent surgery using
the open cervical approach due to a distal fistula connected
to the cranial side were also excluded. Forty-three patients
who underwent thoracoscopic primary surgery without
gastrostomy were included in this study. No cases involved
conversion to open repair. Five patients had cardiac anom-
aly. However, none of the patients had cyanotic congenital
heart disease. These patients were compared based on body
weight at surgery. Nine patients were included in group A
and thirty-four in group B. Table 1 shows the demographic
characteristics of the patients. The median body weights
at surgery were 1807 g in group A and 2617 g in group
B. Table 2 shows the surgical outcomes between groups A
and B. The two groups had similar surgical outcomes and
the risk of postoperative complications such as chylothorax
(greater than grade II), anastomotic leakage (greater than
grade II), anastomotic stenosis requiring balloon dilatation,
and gastroesophageal reflux requiring fundoplication.
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Further, the patients were compared based on age at sur-
gery. Seven patients were included in group C and thirty-six
in group D. The reason for emergency surgery at the age of
0 day in group C was respiratory failure requiring ventilator
management in four patients and comorbidities of duodenal
stenosis/atresia in two patients. Table 3 shows the demo-
graphic characteristics of the patients. Table 4 shows the
surgical outcomes between groups C and D. Intraoperative
outcomes and postoperative complications except for anas-
tomotic leakage were similar between the two groups. Two
patients in group C, but none in group D, developed anasto-
motic leakage. Hence, the results significantly differed. The

patients with anastomotic leakage improved with conserva-
tive therapy.

Discussion

Patients with EA/TEF are occasionally born with adverse
conditions requiring surgery. These include low birth weight,
unstable respiratory condition (which needs emergency liga-
tion of the TEF), and cardiac anomaly. Pediatric surgeons
must plan the surgical approach including the performance
of thoracoscopic or open and primary or staged repair.

Table 1 Characteristics of the

. <2000 g (n=9) 22000 g (n=34) P value
patients compared based on
body weight Gender (male), 1 (%) 2 (22%) 21 (62%) 0.059
Gestational age 237 weeks, n (%) 2 (22%) 30 (88%) 0.00%*
Weight at birth, g (range) 1894 (1668-1958) 2651 (2020-3413) 0.00%*
Timing of surgery
Day 0, n (%) 3 (33%) 4 (12%) 0.15
Day 1, n (%) 2 (22%) 18 (53%) 0.14
Day 2, n (%) 4 (44%) 9 (26%) 0.41
Day 3, n (%) 0 (0%) 3(9%) 1.00
Weight at surgery, g (range) 1807 (1668-1985) 2617 (2020-3325) 0.00*
Cardiac anomaly, n (%) 1 (11%) 4 (12%) 1.00
Follow-up period, month (range) 36.7 (10.7-103.3) 52.2 (0.5-96.5) 0.57
Bold and asterisk “*” indicate statistically significant difference of P value under 0.05
Table 2. Surgical outcomes of <2000 ¢ (1=9) >2000 g (n=34) P value
the patients compared based on
body weight Operation time, min (range) 142 (106-267) 143 (73-295) 0.95
Blood loss, mg/kg (range) 0.5 (0-5.9) 0.4 (0-7.0) 0.82
Enteral feeding, day (range) 3 (1-31) 3(3-7) 0.74
Anastomosis leakage, n (%) 0 (0%) 2 (6%) 1
Chylothorax, n (%) 2(22%) 4 (12%) 0.59
Anastomotic stenosis requiring balloon 2(22%) 12 (35%) 0.69
dilatation, n (%)
GER requiring fundoplication, n (%) 0 (0%) 4 (12%) 0.56
Taple 3 Characteristics of the Day0 (n=7) Day >1 (n=36) P value
patients compared based on age
at surgery Gender (male), n (%) 3 (43%) 20 (56%) 0.69
Gestational age 237 weeks 3 (43%) 29 (80%) 0.06
Weight at birth, g (range) 2454 (1668-2800) 2634 (1705-3413) 0.18
Age at surgery, day (range) 0 (0-0) 1(1-3) 0.00%*
Weight at surgery, g (range) 2454 (1668-2800) 252 1(1671-3325) 0.26
Cardiac anomaly, n (%) 1 (14%) 4 (11%) 1.00
Follow-up period, year (range) 63.1 (2.0-88.7) 45.0 (0.5-103.3) 0.86

Bold and asterisk “*” indicate statistically significant difference of P value under 0.05
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Table 4 Surgical outcomes of
the patients compared based on

age at surgery

Day0 (n=17) Day 21 (n=36) P value
Operation time, min (range) 135 (101-267) 147 (73-295) 0.79
Blood loss, mg/kg (range) 0.5 (0-1.6) 0.4 (0-7.0) 0.72
Enteral feeding, day (range) 3 (3-31) 3(1-11) 0.21
Anastomosis leakage, n (%) 2 (29%) 0 (0%) 0.02%*
Chylothorax, n (%) 1 (14%) 5(15%) 1
Anastomotic stenosis requiring balloon 1 (14%) 13 (36%) 0.40
dilatation, n (%)
GER requiring fundoplication, n (%) 2 (29%) 2 (6%) 0.12

Bold and asterisk “*” indicate statistically significant difference of P value under 0.05

This study investigated the surgical outcome of thora-
coscopic repair for gross type C TEF based on weight at
surgery. The result was similar between patients weigh-
ing <2000 g and those weighing >2000 g. Thoracoscopic
surgery for EA/TEF is still challenging to perform and has
a significant learning curve associated with complications.
Hence, surgeons must have sufficient skills and experience
[8, 16, 17]. When performing thoracoscopic surgery for neo-
nates with a low body weight, how small a space that can be
safely operated in is an issue. Esophageal anastomosis can
be tied with the extracorporeal knot-tying techniques. How-
ever, detaching around the esophageal pouch and suturing
with the 5-0 polydioxanone RB-3 needle requires a specific
amount of space. We decided that those who can perform
esophago-esophageal anastomosis in less than 15 min on the
simulator for neonatal esophageal atresia can be operators. In
addition, surgeons with > 50 cases of experience in thoraco-
scopic repair are always present during surgery, either as an
operator or as the first assistant. Based on our surgical out-
comes, thoracoscopic primary repair was safely completed
with no special surgical procedure. Therefore, manipulation
in patients with low body weight is not risky for surgeons
with sufficient skills and experience despite some chal-
lenges, and the incidence of complications did not increase.
However, in our study, the lowest body weight observed was
1668 g, and it was unclear whether thoracoscopic primary
repair was safe in smaller patients. Several reports have
investigated the surgical outcomes of primary open repair in
infants with extremely and very low birth weight (< 1500 g).
However, there is no consensus regarding which approach
is superior (primary vs. staged surgery). One study reported
that body weight was not associated with an increased risk of
surgical complications [18]. Another research recommended
staged repair because primary repair increased the risk of
surgical complications in patients weighing < 1500 g [19,
20]. The surgical indication of thoracoscopic surgery for
patients weighing < 1500 g remains unclear based on previ-
ous reports. Therefore, surgeons should carefully select the
surgical procedure, considering factors such as the patient’s
ability to tolerate thoracoscopic surgery, comorbidities, the
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expertise of the surgeon and anesthesiologist, and the avail-
ability of appropriate instruments.

Further, our study compared patients according to the day
of surgery. Patients with TEF occasionally require emer-
gency ligation of the fistula. If a patient with the TEF is
under positive ventilation due to respiratory distress, sub-
stantial amounts of gas are pumped into the stomach via
the fistula. This leads to severe gastric and small bowel
distention, thereby worsening respiratory condition due to
chest compression and causing gastric perforation [12, 13].
Furthermore, comorbidities associated with gastrointestinal
atresia can lead to abdominal distention and may result in
respiratory failure. Decompression using a nasogastric tube
is necessary to prevent respiratory failure in such cases, but
it is impractical for gross type C TEF. Although surgery for
TEEF is typically performed semi-urgently, emergency sur-
gery is required at birth for these cases due to the high risk
of sudden and fatal deterioration of respiratory conditions.
Even when surgery is performed on the day of birth, the
patient’s respiratory and general condition remains stable.
If the general and respiratory condition is unstable, thora-
coscopic repair is not selected. Our study included patients
who underwent thoracoscopic primary repair at the age of
0 day due to respiratory support requirements or comorbidi-
ties such as duodenum atresia/stenosis. Results showed that
emergency surgery at the age of 0 day increased the risk of
anastomotic leakage compared with surgery performed at
the age of > 1 day. In addition, the surgical outcomes were
compared between patients who underwent surgery at the
age of 1 day and those who underwent surgery at the age
of > 2 days. However, the results did not significantly differ.
The whole body of newborns is swollen just after birth, and
tissue edema leads to anastomosis fragility. Hence, there is
a high risk of suture failure whether the procedure is per-
formed via thoracoscopy or thoracotomy. To prevent this
issue, only the TEF can be initially ligated, and radical sur-
gery can be performed after a while. Anastomotic leakage
generally delays oral intake until confirming the absence of
leakage on upper gastrointestinal series. However, in our
cases, the patients’ condition improved with conservative
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therapy, and enteral feeding had been continually facilitated
via the nasogastric tube inserted during radical surgery. The
prognosis remained the same in our study, but the use of the
thoracoscopic primary approach at the age of 0 day must be
performed with extra caution.

In our case series, the incidence of postoperative chy-
lothorax was higher compared to the previously reported
3% [21]. This can be attributed to lymph vessel injury dur-
ing cauterization of the azygos vein, as described in our
previous report [22]. Following improvements in manipula-
tion techniques, the incidence of postoperative chylothorax
decreased.

This study had several limitations. That is, it was a ret-
rospective, nonrandomized, single-institution study, and
the sample size was small. Thoracoscopic primary surgery
for patients weighing <2000 g and those who underwent
surgery at the age of 0 day was performed by one skilled
pediatric surgeon. Accordingly, further multicenter prospec-
tive studies with larger sample sizes and multiple surgeons
should be performed to accurately determine the surgical
outcomes.

Conclusion

Thoracoscopic primary repair is safe for patients with low
body weight (1500-2000 g). By contrast, emergency surgery
at the age of 0 day is associated with a risk of anastomotic
leakage. Hence, thoracoscopic surgery should be performed
with more caution at the age of 0 day.
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