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A minimally interventional approach to oesophageal atresia repair with early 
enteral feeding is safe, optimises neonatal outcomes and reduces resource 
use 
 
Abstract 
 
Purpose: 
Recent series of newborn Oesophageal Atresia (OA) repair continue to report widespread 
use of chest drains, gastrostomy, routine contrast studies and parenteral nutrition (PN) 
despite evidence suggesting these are superfluous. We report outcomes using a minimally 
interventional approach to post-operative recovery. 
 
Methods: 
Ethically approved (15/WA/0153), single-centre, retrospective case-note review of 
consecutive infants with OA 2000-2022. Infants with OA and distal trache-oesophageal 
fistula undergoing primary oesophageal anastomosis at initial surgery were included 
(including those with comorbidities such as duodenal atresia, anorectal malformation and 
cardiac lesions). Our practice includes routine use of a trans-anastomotic tube (TAT), no 
routine chest drain nor gastrostomy, early enteral and oral feeding, no routine PN and no 
routine contrast study. Data are median (IQR). 
 
Results: 
Of total 186 cases of OA treated during the time period, 157 met the inclusion criteria of 
which 2 were excluded as casenotes unavailable. TAT was used in 150 infants. A chest drain 
was required in 13(8%) and two infants had a neonatal gastrostomy. Enteral feeds were 
started on postoperative day 2(2-3), full enteral feeds established by day 4(4-6) and oral 
feeds started on day 5(4-8). PN was required in 15%. Median postoperative length of stay 
was 10 days (8-17). Progress was quicker in term infants than preterm. One infant died of 
cardiac disease prior to neonatal discharge.  
 
Two planned post-operative contrast studies were performed (surgeon preference) and a 
further 7 due to clinical suspicion of anastomotic leak. Contrast study was therefore avoided 
in 94%. There were 2 anastomotic leaks; both presented clinically at day 4 and day 8 after 
oral feeds had been started. 
 
Conclusion: 
Our minimally interventional approach is safe. It facilitates prompt recovery with lower 
resource use, reduced demand on nursing staff, reduced radiation burden, and early 
discharge home compared to published series without adversely affecting outcomes. 
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Introduction 
 
In recent decades the focus in treating infants born with oesophageal atresia (OA) has 
shifted from ensuring survival to improving other important outcomes. With overall survival 
of term infants with OA now exceeding 95%, attention is being paid more and more to 
optimising other aspects of their care. In the absence of high grade of evidence to support 
many interventions in these infants, surgeons may rely on other methodologies to 
investigate relationships between treatments delivered and outcomes.1 Where high grade 
evidence does therefore not exist, non-RCT epidemiological research may play an important 
role in identifying opportunities to improve outcomes, reduce morbidities, burden of care 
and resource use. 
 
Quality improvement initiatives aim to incrementally optimise a range of aspects of care to 
reach these objectives. These are typically based on standardisation of care, elimination of 
unwarranted variation and avoidance of interventions which do not confer direct patient 
benefit. Variation in care delivery may exist at a number of levels; firstly within each centre 
where different surgeons have a different approach to the same population of infants under 
their care secondly within countries and third internationally. A previous epidemiological 
report from the United Kingdom demonstrated variation in the care provided to infants with 
OA.2 Similarly a large multi-institution study from the USA documented variation in peri-
operative management.3 Whilst less has been formally documented regarding variation in 
care across international boundaries, the existing literature provides adequate evidence 
that such variation exists. Unless there are limitations on resource use, it is difficult to 
imagine, and likely hard to justify, why management should differ substantially between 
centres within the same country and similarly why the optimum care pathway for an infant 
in North America should be markedly different to that in Europe. 
 
We have been intrigued to note that recent series of infants with EA report the widespread 
and routine use of a number of interventions which we do not use at our centre and which 
we do not believe are well supported by current evidence.3,4 Whilst often used with the best 
of intentions, we suspect the routine use of some of these interventions may in fact have a 
number of detrimental implications both for the infant, their family and resource use. As 
such, avoiding such interventions may actually have benefits for all of these stakeholders 
but would only be acceptable if shown to be safe and effective. We also note what we 
believe to be unusually long length of stay post-operatively with impact on bed days and 
cost. The aim of our study was to report clinical outcomes for a group of patients with OA 
managed using an approach that both minimises interventions as well as actively promotes 
early enteral feeding. We hope that in reporting our experience and outcomes we may 
encourage other centres to challenge their existing practice. 
 
Methods 
 
We undertook a retrospective single centre review of all consecutive infants born with a OA  
between January 2000 and September 2022. For the purposes of defining a homogenous 
population, only infants with OA and distal trache-oesophageal fistula (TOF) who underwent 
primary oesophageal anastomosis at the initial operative intervention were included. This 
included infants with comorbidities including duodenal atresia, anorectal malformation, 



cardiac and chromosomal anomalies but excluded infants having a staged repair of OA of 
any description. 
 
Data were obtained from a prospectively maintained neonatal surgical database and 
casenotes. We describe our population, process measures and outcomes separately for the 
sake of clarity. Patient level data recorded included gender, gestational age, birth weight 
and co-existing anomalies. Process measures recorded included use of minimally invasive 
surgery, use of trans-anastomotic tube (TAT), use of chest drain, gastrostomy, central 
venous access, parenteral nutrition (PN) and oesophageal contrast study following repair. 
Key outcomes were recorded up to the time of neonatal discharge and included 
anastomotic leak, time of commencement of enteral feeds and oral feeds, time to reach full 
enteral feeds, length of stay, unplanned interventions of any description related to OA 
repair and mortality. 
 
For the duration of the study practice in our unit remained constant. All cases were 
performed via a postero-lateral thoracotomy using an extrapleural approach when possible. 
The azygous vein was usually divided. Following fistula division the tracheal end was closed 
usually with interrupted sutures and the anastomosis performed with interrupted sutures 
taking care to take the full thickness of the oesophagus in all sutures (i.e. including mucosa). 
Choice of suture material was at the discretion of the operating surgeon.  Our practice  
included routine use of TAT (standard long term 6Fr nasogastric tube), no routine use of 
chest drain nor gastrostomy, early post-operative extubation (with a preference for 
extubation at the end of the surgical procedure when clinically appropriate), no routine 
placement of central venous catheter nor use of PN and no routine contrast study. Enteral 
feeding via TAT was started early (typically at 48 hours following the surgical procedure), 
and oral feeding was considered (based on clinical status) from 72 hours following the 
surgical procedure and subsequently guided by clinical progress. Once initially tolerated. 
feeding was advanced as rapidly as tolerated in term infants. In preterm infants in whom a 
more restricted rate of advancement of feeding was appropriate, a slower rate was 
followed dependent on gestational age. If there was concern about excessive tension on the 
anastomosis infants were electively kept intubated and paralysed for 3-5 days at surgeon 
discretion. Infants typically remain in our centre until they are ready for discharge home and 
receive basic life support training prior to discharge. 
 
Data are reported descriptively and presented as median with interquartile range. The study 
was approved by the UK National Research Ethics Service (reference 15/WA/0153). 
 

Results 
 
Patient population 
During the study. A total of 186 cases of OA were treated at our centre. Of these, 157 met 
the inclusion criteria and all were included except 2 for whom case notes were unavailable.  
 
Median birth weight was 2800g (IQR 2390-3165) and gestational age 39 weeks (36.5-40). 
Thirty-nine (25%) were defined as preterm having been born at <37 weeks completed 



gestation. Ninety-eight infants (63%) were male. Twelve had a co-existing anorectal 
malformation and 4 had duodenal atresia. 
 
Process measures 
All procedures were performed via open posterolateral thoracotomy with no use of 
minimally invasive surgery. Pre-operative rigid bronchoscopy was performed based on 
surgeon preference. A TAT was used in 150 of 155 infants. No infant received a chest drain 
routinely. Thirteen infants (8.4%) received a chest drain at some point during their neonatal 
stay, either for concern over air leak during the operative procedure, for treatment of 
pneumothorax or chylothorax following surgical repair, as management of anastomotic leak 
or other specific indication. No infant had a routine gastrostomy placed and just two had a 
gastrostomy during the neonatal period. One was a growth restricted (1100g) preterm 
infant (31 weeks) who developed an early anastomotic stricture in whom a gastrostomy was 
placed to allow ongoing enteral feeds, the second was a term infant with an early 
recalcitrant stricture that was not amenable to resection and who underwent cervical 
oesophagostomy, gastrostomy and subsequent oesophageal replacement. 
 
Two planned post-operative contrast studies were performed (surgeon preference) and a 
further 7 due to clinical concern for anastomotic leak. Contrast study was therefore avoided 
completely in 146 (94%). Overall, enteral feeds via TAT were started on postoperative day 
2(2-3), and oral feeds started on postoperative day 5(4-8). Feeds were typically started 
earlier in term infants compared to those born preterm (Table 1). Only preterm infants were 
considered candidates for routine PN. 
 

Table 1 
 
Neonatal outcomes 
Overall, full enteral feeds established by day 4(4-6) and median postoperative length of stay 
was 10 days (8-17). Not surprisingly these were both longer in preterm infants compared to 
those born at term (Table 1). PN was required overall in 15% of infants, the majority of 
whom required it for reasons related to prematurity. Term infants requiring PN received it 
for a specific indication including anastomotic leak, chylothorax, or co-existing intestinal 
disease. There were 2 anastomotic leaks; both presented clinically at day 4 and day 8 after 
oral feeds had been started. All but one infant survived to discharge home. This one death 
was due to non-survivable cardiac disease. 
 
Unplanned and related further procedures during the initial neonatal stay were performed 
in 10 infants and listed in Table 2. 
 

Table 2 

Discussion 
 
The aim of our study was to document outcomes achieved in a medium volume centre 
where we have utilised a minimally interventional approach alongside early enteral feeding 
in our care of infants with type-C OA over the past 20 years. Whilst we acknowledge that we 
do not report a cohort managed in a different way for comparison we present our series to 



illustrate outcomes achievable without a number of additional interventions that we are 
aware are frequently used in centres worldwide but for which the evidence base to support 
their use does not exist. We briefly discuss the rationale for a number of aspects of care 
which we recognise as important. 
 
Our approach to additional procedures at the time of OA repair has been to avoid them 
unless there is specific indication to use them. Therefore, we have avoided placing a chest 
drain routinely and have avoided the use of gastrostomy. We and others have previously 
documented that routine use of a chest drain is not necessary5,6 yet chest tubes continue to 
be used routinely.7,8 We are unclear why and propose that they confer no benefit, likely 
carry additional cost, themselves are associated with morbidity and likely additional 
radiographs performed to determine time for chest drain removal. We acknowledge that in 
our series a very small number of infants did receive a chest drain during the surgical 
procedure and that a small number (fewer than one in 10) did ultimately require one for 
very specific indications. Although negative outcomes for these infants, we do not believe 
this proportion is high enough to justify routine use of a chest drain in all cases. 
Furthermore, not using a chest drain likely reduces the number of chest radiographs the 
infant receives (although we acknowledge we have not reported data on this). Similarly, 
although many centres have significantly reduced the routine use of gastrostomy in OA 
patients in recent decades, large datasets suggest gastrostomy is being used more 
frequently than only in these more complicated cases – 44% of all OA cases in a recent large 
series of 2,509 cases.9 Our data suggest that routine gastrostomy for OA with distal TOF is 
not necessary but clearly in specific circumstances may be appropriate. 
 
We have elected to avoid routine contrast studies following repair on the basis that we do 
not believe they contribute significantly to management decisions in the vast majority of 
cases. If infants are well and show no clinical evidence of anastomotic leak we have elected 
to feed them orally as they will be swallowing their own saliva from the time they are 
extubated. With this approach we have identified just 2 anastomotic leaks, both of which 
were apparent clinically after oral feeds were started. One of these was diagnosed on post-
operative day 4, earlier than most centres report carrying out the routine contrast study 
(oesophogram). Our preference has been to reserve contrast studies for infants in whom we 
have specific clinical concern. In this way we have avoided contrast study in 94% of cases 
with resultant cost savings and reduced radiation exposure for these infants. Radiation 
exposure is known to be significant in this population of infants.11 The real benefit to 
avoidance of routine contrast study though is that we have felt confident to commence oral 
feed and progress these based on clinical status rather than waiting for radiological 
confirmation of an intact anastomosis.  Existing literature suggests that routine contrast 
studies are frequently performed prior to commencing oral feeds and that typically these 
have been performed at seven days following surgical repair.7 A recent series challenged 
this and suggested that the routine post operative contrast study can be safely obtained on 
day 5 and that this would likely result in oral feeds being initiated sooner.7 Indeed a post-
implementation study demonstrated that this benefit could be realised.1 Yet it is our belief 
that in well infants without specific concern, a routine contrast study can be avoided 
completely and this approach can bring with it even greater benefits. 
 



Consistent with our aims to advance recovery following surgery as quickly as is safely 
possible, our approach to feeding infants with OA has been to use the gastrointestinal tract 
wherever possible and specifically to avoid additional feed related interventions including 
gastrostomy, central venous access and parental nutrition unless there is a specific 
indication to do so. To achieve these aims we have chosen to place a trans-anastomotic 
tube routinely rather than preserving them only for infants in whom we have concern about 
the anastomosis. This enables us to start enteral feeds soon after surgery and often on the 
first or second post operative day. We believe there are real benefits to avoiding central 
venous access and PN in all infants including those with OA. In addition to reducing cost, 
central venous access and PN are associated with a significant risk of infection in infants 
with congenital surgical anomalies and we believe there is benefit in avoiding it unless a 
specific indication exists. Our data support the concept of early enteral feeds and avoidance 
of PN. Using this approach we have been able to achieve full enteral feed on median post 
operative day 4 in term infants. In contrast, we note that initiation of enteral feed in 
reported series is often later (e.g. 8-9 days) even when a TAT is used.7 Such practice 
demands that PN be used for many days and typically up to 2 weeks to maintain adequate 
nutrition1,10 yet we believe in the majority it can be avoided completely. 
 
With our approach of minimising interventions and progressing enteral feeds rapidly we 
have achieved a median length of stay of 10 days in term infants. This is markedly shorter 
than the majority of large recent published series4,8,12 and we believe represents the 
cumulative benefits of all steps of our treatment pathway. 
 
We note recent concern regarding the relationship between TAT use7,10 and the later 
development of anastomotic stricture and feel it important to comment on this in light of 
our recommendation to use a TAT in all cases. We cannot examine this relationship in our 
series since almost all cases received a TAT. Whilst the incidence of anastomotic stricture is 
beyond the scope of this report since here we only report outcomes to neonatal discharge, 
we recognise that many may be concerned about using a TAT given recent concerns. We 
routinely monitor our anastomotic stricture rate and have found this to be consistent with 
both the current literature and national rates.13,14 Our institutional opinion is that the 
relationship that has been identified between TAT use and higher rate of anastomotic 
structure is best explained by the fact that many centres do not use a trans-anastomotic 
tube routinely, rather a trans-anastomotic tube is used selectively and is more likely to be 
used in cases where the surgeon has some concern about the anastomosis for instance 
because it is under tension or some other technical factor. These factors themselves are 
independently likely to be associated with higher chance of stricture.15 The use of a trans-
anastomotic tube may therefore be associated with a higher chance of stricture formation 
but this relationship is associative rather than causative in nature. 
 
Many surgeons may be surprised to find that we have not embraced minimally invasive 
repair of this type of OA. Put simply, we do not believe that with the volumes available to us 
and our current place on the learning curve there is significant benefit to infants under our 
care from using minimally invasive surgery. We believe that the results we present support 
this belief. However, we do acknowledge that in the longer-term chest wall deformity is one 
particular outcome that may be improved by minimally invasive surgery. Whilst we have not 
reported this long term outcome here, we aim to use a muscle sparing approach to postero-



lateral thoracotomy wherever possible and pay careful attention to avoid over 
approximation of the ribs during chest wall closure.16 Despite benefits of minimally invasive 
surgical repair being promoted by some, we are struck by the fact that even in large recent 
multicentre reports and national database studies only a minority of cases (11-15%) were 
performed via thoracoscopy.4,8 Therefore we do not believe we are an outlier in our 
practice. The most recent meta-analysis comparing minimally invasive and open repair 
reported a statistically significant reduction in a number of metrics with minimally invasive 
surgery including reduced time to first oral feed (of 2.8 days) and reduced hospital length of 
stay (of 11.9 days).17 Given that we start oral feeds on median post-operative day 5 and our 
median length of stay was just 10 days we are not convinced that introducing minimally 
invasive surgery would overall confer benefit to the infants we treat. 
 
We recognise some limitations to our study including that we report outcomes in only a 
subset of cases of OA but justify this since this represents the majority of cases and allows a 
definable homogenous cohort to which other centres can make comparison. We also 
recognise that we have only reported short term outcomes to neonatal discharge and that 
longer term outcomes are clearly important. Here we wished to focus specifically on these 
early peri-operative outcomes and processes. 
 
In conclusion, we have demonstrated that excellent short term outcomes following surgical 
repair of OA/TOF can be achieved without the need for a range of interventions commonly 
used in pediatric surgical practice and with a specific focus on early enteral feeding. We 
accept that reasonable surgeons may have a different approach to peri-operative 
management to the one we propose but whilst respecting their preferences, we wish to 
advance an alternative reasonable standard of care, which is less interventional, less costly, 
reduces a number of burdens and arguably reinstalls native physiological processes more 
rapidly. Our report of our experience in a large cohort of patients reveals that this is not 
only safe and that outcomes have not been compromised by a minimally interventional 
approach, but arguably that our patients have reaped the benefit of avoiding unintended 
consequences and complications of superfluous interventions. We urge surgeons to 
challenge existing surgical dogma as others have also proposed7 to optimize care and 
outcomes for this group of infants. 
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Table 1: timing of feed initiation and neonatal outcomes in term and preterm infants 

    
n Enteral feed 

start (days) 
Full enteral 
feeds (days) 

Oral feed 
start (days) PN Chest 

drain Leak 

Term >37wks 116 2 (2-3) 4 (4-5) 5 (4-6) 9 9 1 
Preterm <37wks 39 3 (2-4) 9 (5-14) 11 (5-25) 14 4 1 

PN – parenteral nutrition 
Data are median (IQR) 
 
 
Table 2: additional unplanned and related procedures performed during neonatal stay 
Procedure Number of infants 
Dilatation of oesophageal anastomosis 8 
Gastrostomy formation 2 
Thoracotomy and repair air leak from lung 1 
Repair recurrent TOF 1 
Cervical oesophagostomy*  1 
Resection distal congenital oesophageal 
stricture 

1 

TOF – trache-oesophageal fistula; *- required for early recalcitrant stricture 
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