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6. Introduction 

Long-gap esophageal atresia (LGEA) is a rare malformation that occurs in approximately 

10% of children born with esophageal atresia (EA) [1] which has a prevalence of 1 in every 

2500-4500 live births.[2, 3] There is a lack of consensus on the method of surgical 

reconstruction in LGEA, where a primary esophageal anastomosis is impossible.  

    EA originates from a developmental disruption with abnormal separation of the 

embryonic foregut into the trachea and the esophagus, resulting in an upper and a lower 

esophageal pouch and in most cases in a tracheo-esophageal fistula (TEF).[4, 5] 

However, the embryology is not completely understood and the etiology is unknown.[4, 5] 

EA presents in different types and different classification systems have been described, 

the Gross classification being the most accepted.[6] EA is often associated with other 

major anomalies, a common one being the VACTERL/VATER association [7] consisting of 

vertebral, anal, cardiac, tracheal, esophageal, renal and limb anomalies. 

    The definition of LGEA is inconsistent varying from inability to obtain a primary 

anastomosis to a measured gap-length of ≥2 centimeters or covering ≥2 thoracic 

vertebras.[8, 9] 

    To obtain esophagogastric continuity in patients with LGEA several surgical procedures 

have been developed and described. Overall, they include two principal techniques: 1) 

Delayed esophageal anastomosis [10-12] with or without prior elongation techniques as 

described by Foker et al [13] and Kimura et al [14] or 2) different esophageal replacement 

techniques as interposition with jejunum [15] or colon [16], gastric pull-up (GPU) [15, 17] or 

the reconstruction of a gastric tube.[18, 19] Organ interposition or gastric pull-up can be 

retrosternal or posterior mediastinal.[9] 
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    The existing literature contains mainly institutional small patient series or case reports. 

Prospective comparative studies are lacking.[20] The objectives of the present study were 

to:  

a) Review the surgical methods used in children born with LGEA Gross type A or B in 

the Nordic countries (Norway, Sweden, Finland, Iceland and Denmark) over a 15-

year period.  

b) Compare the frequencies of postoperative complications within one year 

associated with the different surgical methods. 

We chose to omit the Type C patients as the approach to surgical treatment may be very 

different due to the existence of the tracheoesophageal fistula. 

 

7. Materials and Methods 

Medical records on children born with esophageal atresia from January 1, 2000 to 

December 31, 2014 in the Nordic countries (Norway, Sweden, Finland, Iceland and 

Denmark) were reviewed to identify those with Gross type A or B LGEA. Inclusion required 

a preoperatively gasless abdomen on X-ray and reconstruction of the atresia within the 

first year of life. 

    The study was approved by the national Data Protection Agencies and health 

authorities according to the national requirements.  

    We collected data from a total of 10 institutions by retrospective medical record review. 

Each institution appointed one person who was responsible for the data collection and was 

authorized to enter the data into an electronic data collection form. 
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The collected data were facilitated and stored securely using the online system REDCap 

(Research Electronic Data Capture) [21] provided by the research infrastructure OPEN 

(Odense Patient data Explorative Network) hosted at the University of Southern Denmark. 

    The records of all children were searched for gestational age (GA), birth weight, birth 

length, the estimated gap length and the type of EA as well as other congenital anomalies. 

Exposure variables were the different surgical approaches; Attempted primary 

anastomosis, delayed primary anastomosis (DPA), active elongation technique or 

esophageal replacement procedure (gastric pull-up, gastric tube, colonic interposition and 

jejunal interposition). Postoperative complications as anastomotic leakage, anastomotic 

stricture and gastro-esophageal reflux (GER) as well as mortality composed the outcome 

variables. The definition of anastomotic leakage was emerging of luminal contents through 

the chest drain or leakage detected by imaging. Anastomotic stricture was defined as a 

narrowing of the esophageal lumen at the site of the anastomosis causing dysphagia and 

requiring dilatation, whereas a patient was considered to suffer from GER if there was a 

failure to thrive most reasonably due to reflux or endoscopically proven inflammation with 

ulceration. Furthermore, we registered the body weight and length, total hospital stay, stay 

at intensive care unit, duration of parenteral nutrition and the total number of 

thoracotomies at 1-year follow-up as outcome variables.  

 

7.1 Statistical analysis 

Data were summarized and displayed by descriptive statistics. Relationships between 

categorical variables were examined by cross-tabulations and presented as frequencies 

and percentages. Numerical, continuous variables were presented as means and standard 

deviations (SDs). 
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To test for differences and to control for potential outliers we used the 𝜒  test or the Fisher 

exact test for categorical, binary outcome variables and performed a logistic regression 

model to show the associations between these outcomes and the exposure variables. For 

the numerical variables, we used the Student’s t-test to test for differences in means and 

linear regression was performed to describe the associations between the different 

treatments groups. Missing values were excluded from the analyses of outcome variables. 

A p-value <0.05 was considered statistically significant. Stata version 14.2. was used for 

the statistical analyses. 

 

8. Results 

The total number of children born with EA in the Nordic countries in the study period was 

978. Of those we identified 80 patients with LGEA Gross type A or B of whom 75 met the 

inclusion criteria. Four patients were excluded due to missing information. Of the 71 

included patients 56 (78.9%) presented with Gross type A and 15 (21.1%) with Gross type 

B (Table 1). 34 patients were from Sweden, 16 from Norway, 13 from Finland, 1 from 

Iceland and 7 from Denmark. Patient characteristics, mode of delivery, associated 

anomalies and gap length are presented in Table 2. There was no significant difference in 

mean GA, mean birth weight and birth length in the two treatment groups, nor in the mode 

of delivery. We found that chromosomal abnormalities, congenital heart defects and other 

anomalies were more common in patients who had an esophageal replacement procedure 

compared to those managed by DPA. The estimated gap length between the two 

esophageal pouches was about 1.1 cm longer in patients who received a replacement 

procedure compared to those who were managed by DPA (p = 0.035). There was no 

significant difference in age at reconstruction between the two treatment groups (mean 
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124.2 days) (Table 2). Further analysis showed, that DPA and GPU were performed in 

younger children compared to colonic interposition (p = 0.001 and p = 0.002 respectively). 

The children from Norway received DPA at a younger age compared to the children from 

Sweden and Finland (p <0.001 and p = 0.033 respectively). 

The type of surgical repair applied in the different countries is shown in Table 3. 

 

8.1 Surgical methods 

Regarding the definitive repair of LGEA 37 patients (52.1%) received a DPA and in 34 

patients (47.9%) a replacement procedure was performed (Table 3). The most common 

replacement procedure was GPU (25.4%), only in a few patients a gastric tube, colonic or 

jejunual interposition was performed. In 3 of the 18 patients managed by GPU a partial 

gastric pull-up procedure was performed. In Finland and Denmark most patients received 

an esophageal replacement procedure, whereas DPA was the most common procedure in 

Norway. In Sweden, the same fraction of patients had either a DPA or a replacement 

procedure. The one patient from Iceland was managed by DPA. 

 

8.2 Postoperative course 

Since there were too few patients in the 4 different groups of esophageal replacement 

techniques (Table 3) we combined these groups into one group for comparison with the 

group of patients who had a DPA. 

    All outcomes depicting the postoperative course are shown in Table 4. The frequency of 

postoperative complications was high and irrespective of the surgical method. The most 

common complications in both treatment groups (DPA or replacement procedure) were 

anastomotic stricture and GER, the latter occurred more often after DPA compared to a 
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replacement procedure (p = 0.013). There were no significant differences in the frequency 

of anastomotic leakage, stricture and dilatation procedures between the two treatment 

groups, nor any of the other postoperative outcome parameters except the weight at 1-

year follow-up. At one year of age the patients who were managed by DPA had a mean 

weight that was 768 g higher than patients who had an esophageal replacement 

procedure (p = 0.043).  

    Regression analysis showed a significant difference in the risk of GER that was lower 

after GPU compared to DPA (p = 0.020). Compared to DPA, patients needed fewer 

dilatation procedures after gastric tube formation (p = 0.037) and had a decreased weight 

gain at 1-year follow-up (p = 0.009) as well as a decreased growth in length at 1-year 

follow-up after GPU (p = 0.014). No other significant differences were found. 

Adjustment for potential confounding factors such as gestational age and other congenital 

anomalies was conducted and did not result in any significant interactions. 

 

9. Discussion 

Our study showed an equal distribution between DPA and esophageal replacement in the 

reconstruction of LGEA. The choice was mainly based on the discretion of the surgeon 

and the most common esophageal replacement procedure was GPU. Norway managed 

most children by DPA whereas Finland and Denmark mainly practiced replacement 

procedures. In Sweden an equal number of children were managed by DPA and 

replacement procedures. The one Icelandic patient was managed by DPA. As the only 

country, Finland preferred jejunal interposition as this method of reconstruction, in their 

experience, has a better adaption in patient growth and probably a better control of GER. 

The preferred choice for organ interposition in Denmark and Sweden was GPU. 
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The incidence of patients with LGEA Gross type A and B treated in the Nordic countries 

has been similar in the study period. According to the total population, the incidence of EA 

in Denmark was considerably less than seen in the other Nordic countries. The 

explanation for that is unknown and cannot be explained from differences in birth rates, 

which has been quite similar through the study period.  

    Most patient characteristics did not differ prominently, but other associated congenital 

anomalies were more common in patients who received a replacement procedure 

compared to those managed by DPA, reflecting that the challenges from the treatment of 

other associated anomalies may influence the planning of esophageal reconstruction. In 

cases where the child may have to undergo cardiac surgery during the neonatal period a 

simultaneous repair of the esophageal atresia might be more relevant than to wait for a 

DPA in selected cases. In our study, only one out of the seven patients with a congenital 

heart defect was managed by DPA, whereas the others received esophageal replacement. 

Patients who received an esophageal replacement had a significantly longer gap between 

the two esophageal pouches than patients managed by DPA, which seems reasonable but 

the method of measurement has not been defined properly prior to data collection, which 

makes this variable problematic.   

Norway performed DPA in significantly younger children compared to Sweden and 

Finland, which may result in poorer growth of the esophageal pouches and more tension 

on the anastomoses, but the clinical significance is unknown.    

   A relative high frequency of Caesarean section was found. The reason is unknown but 

could partly be explained by prenatal diagnosing or, speculating, that the deliveries might 

have been complicated due to polyhydramnios due to the atresia. The reasons for not 

including information on prenatally diagnoses of the atresia was great differences in the 
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utility of prenatal ultrasonography between the different counties and with significant 

changes over time. For further and reliable information on the indication for Caesarian 

section it would have been necessary to access the mothers records, and for that we had 

no approval from the authorities. 

    Postoperative complications within the first postoperative year were common and similar 

in both treatment groups except for GER being more frequent after DPA. Despite the 

choice of treatment, the total hospital stay in the first year of life was considerably long 

which poses a great economic burden in healthcare. All children were treated at a regional 

pediatric surgical center as recommended given the rarity of this condition.[22] 

    Our results confirm that there is no gold standard in the surgical treatment of LGEA.[1] A 

recent survey of European pediatric surgeons [23] showed that the preferred management 

for LGEA Gross type A was DPA and in cases where esophageal replacement was 

needed GPU was the preferred procedure. This is also in accordance to a review by Von 

Allmen and Wijnen [8] who showed that DPA is the preferred method and that GPU is 

favored for esophageal replacement. This is somewhat different from the results in our 

study. The reason could be that in only 6 patients an active elongation technique had been 

applied. Due to the relative few cases, eventual changes in treatment modality during the 

investigation period could not be assessed. The importance of an explicit definition of 

LGEA is reflected in the lack of an ideal surgical method for reconstruction and together 

with the few numbers of patients per institution this may impair surgical experience and 

evidence in the field.[1] Several publications also include Gross type C patients, which 

makes the definition of LGEA more inconsistent. Our definition of LGEA was confined 

Gross type A and B to obtain a homogeneous group of patients. 
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    A high rate of postoperative complications was registered after both DPA and 

esophageal replacement procedure. Anastomotic leakage occurred in 32.4% of patients 

after DPA and in 38.2% after replacement procedure. Our incidence of leakage after DPA 

was similar to the 28.7% reported in a meta-analysis investigating the complications and 

long-term outcome in patients with LGEA managed by DPA.[12] A considerably higher 

leakage rate of 58% has been reported by Zani et al [24] presumably due to routine 

postoperative esophagrams that were performed after esophageal repair facilitating the 

diagnosis of small, clinically insignificant leaks. Routine postoperative esophagrams were 

performed in most of the children we included. One possible reason for the low frequency 

of leakage we found could be a non-standardized investigation protocol. Most leaks 

resolve spontaneously [11, 12] without the need for surgery, which is indicated by our low 

frequency of re-operation in both treatment groups. Anastomotic stricture is another typical 

postoperative complication and occurred in 62.6% of children managed by DPA and 

73.5% of children who received an esophageal replacement procedure. Data on the 

number of dilatation procedures within the first postoperative year were available for only 

48 of the children included in this study and a mean of 10.7 procedures was recorded. 

Friedmacher and Puri [12] reported a stricture rate of 57.0% after DPA similar to Zani et al 

[24] who reported a rate of 58.0%. The incidence of symptomatic GER in Friedmacher and 

Puri’s [12] meta-analysis was 47.8%. In our study, we found a 53.5% incidence of GER. 

This was even higher in the study from Zani et al [24] with a 75% incidence. According to 

Friedmacher and Puri [12] the development of GER after DPA required a more aggressive 

treatment compared to other reconstruction methods. Thus, up to 30% of the patients had 

anti-reflux surgery within the first postoperative year due to symptomatic reflux or recurrent 

stricture. This is in accordance with our study, where 27.0% had a fundoplication 
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performed after DPA compared to only 5.9% after an interposition procedure. In addition, 

the frequency of GER and stricture after DPA was similar high in our study emphasizing 

the association between symptomatic reflux and recurrent stricture as found by 

Friedmacher and Puri.[12] Compared to DPA the frequency of GER after GPU was 

significantly lower in our study (Table 5). GER is often associated with mobilization of the 

distal esophagus and esophageal anastomosis under tension, displacing the 

gastroesophageal junction upward, [11, 12, 25] which is why the higher risk for GER after 

DPA seems reasonable. GPU may also require notably dissection and transposition of the 

distal esophageal segment with loss of the angle of His [26], facilitating GER. However, in 

a series of infants with LGEA, GPU did not result in any major reflux problems.[27] 

Furthermore, high risk of early GER is a known disadvantage of GPU.[27, 28] One reason 

for the different incidences could lie in the definition of GER. Our definition of GER was 

failure to thrive due to reflux symptoms, endoscopically proven inflammation and/or 

ulceration. Other studies relied on radiologically proven GER.[24, 29]  Thus, the 

interpretation on GER should be taken with great caution, both in our study and in others. 

GER may be difficult to diagnose and evaluate in patients with e.g. GPU and several 

studies include patients with LGEA Gross type C which poses a less complex condition 

than type A.[1]  

   Albeit the general understanding that one disadvantage of DPA is prolonged hospital 

stay due to waiting for the esophageal segments to grow, we found no significant 

difference in the total hospital stay between the two treatment groups. Several not well-

defined factors may influence the timing of DPA, but it is surprising that the hospital stay 

was similar in both groups. The reason might be, that in case of delayed surgery some of 

the babies may be discharged from the hospital to a home care system. The advantages 
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of earlier repair are the avoidance of permanent suction on the upper pouch, which may 

be troublesome with the risk of aspiration pneumonia, and imposes the possibility of early 

oral feeding. The disadvantages may be the necessity of organ interposition. 

    At 1-year follow-up the patients who were managed by DPA had gained more weight 

compared to patients who received esophageal replacement. This seems reasonable due 

to the, although not significant, somewhat longer duration of parenteral nutrition after 

replacement procedure and the higher frequency of associated anomalies in the patients 

who had an esophageal replacement.    

    Only one patient died postoperatively after jejunal interposition. The low mortality rate 

can be attributed to the continuous advances in pediatric surgery and anesthesia, neonatal 

intensive care and parenteral nutrition, which have improved the survival rate of children 

with EA to approximately 95%.[12] All cases with a diagnosis of esophageal atresia that 

were admitted to the centers were included, but there could be some cases born with the 

malformation that never reached one of the centers. Thus, some kind of selection could 

have occurred. Based on calculation of the average birthrate and population in the Nordic 

countries within the study period the incidence of esophageal atresia was approximately 

1:4400 and comparable to the literature. 

Only few patients had colonic or jejunal interposition or a gastric tube formation which 

makes it impossible to compare these approaches to DPA and GPU. Regression analyses 

did not reveal any significant associations between these procedures and the frequency of 

leakage, stricture and GER compared to DPA.  

    We focused on the complications within the first postoperative year but the surgical 

repair of EA may lead to long-term complications such as persistent GER symptoms, 

dysphagia and respiratory problems.[30, 31] Thus, to identify the most favorable surgical 
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treatment for children with LGEA it is necessary to appraise both the short-term and long-

term postoperative course.  

    Many barriers such as the rarity of the condition, lacking consensus on the definition of 

LGEA and missing treatment guidelines impede the research in this field. The continuous 

development of new surgical modifications and techniques such as intramural injection of 

botulinum toxin type A to facilitate end-to-end anastomosis [32] and magnetic compression 

anastomosis [33] challenge the task of finding the best treatment option. One of the most 

recent developments is tissue engineering of functional esophageal grafts in which 

vascularization and innervation still constitutes a hurdle.[8] The Federation of Esophageal 

Atresia and Tracheo-Esophageal Fistula support groups (EAT), led by patients and their 

parents, attempt to share knowledge, experience and resources by facilitating projects as 

the European Reference Network of Rare Inherited and Congenital Anomalies (ERNICA) 

[31] with the goal to develop guidelines regarding the definition and management of LGEA. 

The present study may be an important input to these discussions. Final conclusions may 

not be drawn until the long-term results have been investigated. The International Network 

of Esophageal Atresia (INoEA) [1] is a working group set up by health professionals and 

researchers to initiate consensus on guidelines on EA and collaborative research 

programs, which are lacking in the current literature. The importance of a clear definition of 

LGEA for instance has been assessed by this working group and has been published in 

their latest position paper.[1] 

 

9.1 Methodological considerations 
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The Nordic countries have comparable health-care systems and are therefore suitable for 

conducting multicenter studies. To our knowledge, the present series is the largest among 

the published literature on Gross type A and B esophageal atresia.   

    The main limitation of this study is its retrospective design with the struggle of 

incomplete documentation. Some data were lacking or difficult to identify. Due to errors in 

the registration of the disease it is possible that we failed to identify few eligible patients. 

This emphasizes the need for international registries of standardized follow-up data which 

would facilitate prospective research in this area. Another weakness is that the GPU 

treatment group consists of patients that either had a partial or a total gastric pull-up and 

these procedures are essentially not comparable. 

The considerably long study period of 15 years could also have influenced our results, due 

to continuous advances in surgery, pediatric anesthesia and neonatal intensive care.[12] 

We were not able to analyze possible confounders as the number of surgeons, their 

experiences and clinical judgments. 

Furthermore, it couldn’t be considered that the patients come from different countries and 

were operated by different surgeons. This however resembles a real-life situation. 

 

10. Conclusion 

There was a prominent diversity in the surgical approach of LGEA Gross type A and B and 

apart from the occurrence of GER we were not able to demonstrate signifying differences 

in the postoperative outcome of the various surgical treatments. Further multicenter 

studies with a prospective design, large patient population and longer follow-up period are 

recommended to assess the best surgical approach.  
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14 Tables 
14.1 Table 1 
14.1.1 Title: Included patients from the different institutions born between January 1, 2000 
to December 31, 2014 
14.1.2 Table legend: aDuring the study period there a total of 252 live born children with 
esophageal atresia in Finland: 116 in Helsinki, 31 in Oulu, 25 in Kuopio, 30 in Turku and 
50 in Tampere. bAll cases of LGEA were either born in Helsinki or referred to the 
Children’s Hospital in Helsinki for surgical treatment. 
Abbreviations: EA, esophageal atresia. LGEA, long-gap esophageal atresia. 
14.2 Table 2 
14.2.1 Table title: Patient characteristics in the two different treatment groups 
14.2.2 Table legend: aRequiring medical or surgical treatment (Spitz classification).34 

bOther anomalies were mainly anal and duodenal atresia, kidney anomalies, VSD and 
ASD and vertebral anomalies. 
14.3 Table 3 
14.3.1 Table title: Overview of the surgical methods used in the Nordic countries 
14.3.2 Table legend: aPresented as frequencies (n) and percentages (%). bDilation of 
upper and lower esophageal pouch (n = 2), Gough flap (n = 1), internal traction (n = 1), 
myotomy (n = 1) and ventricular curvature minor tube (n = 1). c3 out of 18 patients had a 
partial gastric pull-up performed. 
 
14.4 Table 4 
14.4.1 Table title: Postoperative course after delayed primary repair and organ 
interposition 
14.4.2 Table legend: aDilatation due to anastomotic stricture. bOther complications were 
mainly pneumothorax, pneumonia and sepsis. cRe-operation due to anastomotic leakage. 
dNissen fundoplication due to GER. eThis patient died 7 days after jejunal interposition. 
Abbreviations: DPA, delayed primary anastomosis; GER, gastro-esophageal reflux; ICU, 
intensive care unit; SD, standard deviation. 
 
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 
Table 1 

Patient characteristics 
 

Total 
(n = 71) 

Delayed primary 
anastomosis 

(n = 37) 

Esophageal 
replacement 
procedure 

(n = 34) 

p-value 

Gestational age 
(mean ± SD) 

36.0 ± 3.3 36.6 ± 3.2 35.4 ± 3.3 0.123 

Birth weight (g) 
(mean ± SD) 

2458.0 ± 688.7 2588.2 ± 673.7 2316.4 ± 686.6 0.097 

Birth length (cm) 
(mean ± SD) 

47.6 ± 3.6 
(n = 64) 

48.2 ± 3.7 
(n = 36) 

46.9 ± 3.3 
(n = 28) 

0.140 

Mode of delivery, n (%)     

C-section 34 (47.9%) 16 (43.2%) 18 (52.9%) 0.414 

Vaginal 37 (52.1%) 21 (56.8%) 16 (47.1%)  

Other congenital 
anomalies, n (%) 

    

Chromosomal 
abnormality 

10 (14.1%) 2 (5.4%) 8 (23.5%) 0.041 

Congenital heart 
defecta 

7 (9.9%) 1 (2.7%) 6 (17.7%) 0.049 

Other anomaliesb 36 (50.7%) 14 (37.8%) 22 (64,7%) 0.024 

None 28 (39.4%) 21 (56.8%) 7 (20.6%) 0.002 

Estimated gap length 
(cm) 
(mean ± SD) 

5.1 ± 2.0 
(n = 61) 

4.5 ± 1.5 
(n = 33) 

5.6 ± 2.4 
(n = 28) 

0.035 

Age at definitive 
reconstruction (days) 
(mean ± SD) 

124.2 ± 83.9 124.1 ± 66.9 124.3 ± 100.3 0.993 
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Table 2 

Patient characteristics 
 

Total 
(n = 71) 

Delayed primary 
anastomosis 

(n = 37) 

Esophageal 
replacement 
procedure 

(n = 34) 

p-value 

Gestational age 
(mean ± SD) 

36.0 ± 3.3 36.6 ± 3.2 35.4 ± 3.3 0.123 

Birth weight (g) 
(mean ± SD) 

2458.0 ± 688.7 2588.2 ± 673.7 2316.4 ± 686.6 0.097 

Birth length (cm) 
(mean ± SD) 

47.6 ± 3.6 
(n = 64) 

48.2 ± 3.7 
(n = 36) 

46.9 ± 3.3 
(n = 28) 

0.140 

Mode of delivery, n (%)     

C-section 34 (47.9%) 16 (43.2%) 18 (52.9%) 0.414 

Vaginal 37 (52.1%) 21 (56.8%) 16 (47.1%)  

Other congenital 
anomalies, n (%) 

    

Chromosomal 
abnormality 

10 (14.1%) 2 (5.4%) 8 (23.5%) 0.041 

Congenital heart 
defecta 

7 (9.9%) 1 (2.7%) 6 (17.7%) 0.049 

Other anomaliesb 36 (50.7%) 14 (37.8%) 22 (64,7%) 0.024 

None 28 (39.4%) 21 (56.8%) 7 (20.6%) 0.002 

Estimated gap length 
(cm) 
(mean ± SD) 

5.1 ± 2.0 
(n = 61) 

4.5 ± 1.5 
(n = 33) 

5.6 ± 2.4 
(n = 28) 

0.035 

Age at definitive 
reconstruction (days) 
(mean ± SD) 

124.2 ± 83.9 124.1 ± 66.9 124.3 ± 100.3 0.993 
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Table 3 

Surgical 
methodsa 

Total 
(n = 71) 

Norway 
(n = 16) 

Sweden 
(n = 34) 

Finland 
(n = 13) 

Iceland 
(n = 1) 

Denmark 
(n = 7) 

Attempted primary 
anastomosis 

8 
(11.3%) 

0 
3 

(8.8%) 
1 

(7.7%) 
0 

4 
(57.1%) 

Active elongation 
techniqueb 

6 
(8.5%) 

1 
(6.3%) 

2 
(8.3%) 

0 0 
2 

(28.6%) 

Delayed primary 
repair (DPA) 

37 
(52.1%) 

13 
(81.3%) 

17 
(50.0%) 

5 
(38.5%) 

1 
(100%) 

1 
(14.3%) 

Esophageal 
replacement 
procedure 

34 
(47.9%) 

3 
(18.8%) 

17 
(50.0%) 

8 
(61.5%) 

0 
6 

(85.7%) 

Gastric pull-
upc 

18 
(25.4%) 

1 
(6.3%) 

12 
(35.3%) 

0 0 
5 

(71.4%) 

Gastric tube 
5 

(7.0%) 
0 

3 
(8.8%) 

2 
(15.4%) 

0 0 

Colonic 
interposition 

5 
(7.0%) 

2 
(12.5%) 

2 
(5.9%) 

0 0 
1 

(14.3%) 

Jejunal 
interposition 

6 
(8.5%) 

0 0 
6 

(46.2%) 
0 0 
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Table 4 

Postoperative outcome and 
1-year follow-up 

Total 
(n = 71) 

DPA 

(n = 37) 

Esophageal 
replacement 
procedure 

(n = 34) 

p-value 

Anastomotic leakage, 
n (%) 

25 (35.2%) 12 (32.4%) 13 (38.2%) 0.609 

Anastomotic stricture, n (%) 48 (67.6%) 23 (62.2%) 25 (73.5%) 0.307 

Number of dilatation 
proceduresa, 
mean ± SD 

10.7 ± 6.0 
(n = 48) 

11.9 ± 6.2 
(n = 23) 

9.6 ± 5.8 
(n = 25) 

0.189 

GER, n (%) 38 (53.5%) 25 (67.6%) 13 (38.2%) 0.013 

Other complicationsb, 
n (%) 

11 (15.5%) 5 (13.5%) 6 (17.7%) 0.631 

Re-operationc, n (%) 8 (11.3%) 4 (10.8%) 4 (11.8%) 1.000 

Fundoplicationd, 
n (%) 

12 (16.9%) 10 (27.0%) 2 (5.9%) 0.158 

Total number of 
thoracotomies, 
mean ± SD 

1.2 ± 0.5 1.3 ± 0.6 1.2 ± 0.5 0.609 

Total hospital stay (days), 
mean ± SD 

149.3 ± 86.6 151.6 ± 75.8 146.8 ± 98.2 0.817 

Total stay at ICU (days), 
mean ± SD 

25.6 ± 31.5 
(n = 66) 

28.6 ± 38.3 
(n = 36) 

21.9 ± 20.7 
(n = 30) 

0.391 

Duration of parenteral 
nutrition (days), 
mean ± SD 

24.4 ± 30.4 20.2 ± 26.1 28.9 ± 34.3 0.230 

Weight at 1-year follow-up 
(g), 
mean ± SD 

8684.9 ± 1568.9 
(n = 68) 

9046.3 ± 1436.2 
(n = 36) 

8278.3 ± 1633.6 
(n = 32) 

0.043 

Length at 1-year follow-up 
(cm), 
mean ± SD 

73.7 ± 5.2 
(n = 53) 

74.8 ± 4.7 
(n = 27) 

72.5 ± 5.5 
(n = 26) 

0.107 

Postoperative mortality, n (%) 1 (1.4%) 0 1 (2.9%)e 0.479 
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