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Abstract The management of a newborn with pure

oesophageal atresia continues to be challenging. We started

treating babies with pure oesophageal atresia by delayed

primary anastomosis in 1977. The purpose of this study

was to review the long-term outcome in infants with pure

oesophageal atresia (EA) treated by delayed primary

anastomosis with special emphasis on gastroesophageal

reflux (GOR) related morbidity. The medical charts of all

patients treated by delayed primary anastomosis between

1977 and 2004 were retrospectively reviewed. All survi-

vors were followed up with completion of a questionnaire

and personal/phone interviews. There were 26 patients in

total admitted during the 27-year study period with the

diagnosis of pure oesophageal atresia. Three died prior to

surgery due to associated anomalies; two had almost no

distal oesophageal segment and underwent oesophageal

replacement surgery. The remaining 21 children were

treated with delayed primary anastomosis and made up our

study group. There were four deaths (19%) in this group,

and all were prior to 1980. The median gestational age was

35.5 weeks and the median birth weight was 2.6 kg;

median initial gap was 3.7 cm and median preoperative

gap was 1.5 cm; median age at operation was 80 days and

the median hospital stay was 5.5 months. The median

follow-up period was 13.5 years. Fourteen children (66%)

developed symptomatic gastroesophageal reflux and nine

of these needed fundoplication (43%). Sixteen children

developed strictures at the anastomotic site; ten responded

to repeated dilatations while six needed resection and re-

anastomosis. At the time of this study, 15 out of the 17

survivors (88%) were on normal diet with no respiratory

problems and 2 (12%) were dependent on gastrostomy

feeds. Our long-term follow-up data shows that the delayed

primary anastomosis provides excellent functional results

in patients born with pure oesophageal atresia. The high

incidence of gastroesophageal reflux and associated mor-

bidity requires early intervention to prevent ongoing

feeding problems due to oesophagitis and stricture forma-

tion.
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Introduction

Pure oesophageal atresia (EA) without tracheoesophageal

fistula is an uncommon anomaly with an estimated inci-

dence of 1 in 40,000 live births [1]. In newborn with pure

EA the oesophageal segments are usually too fart apart to

permit an immediate primary anastomosis. It is commonly

accepted that the child’s own oesophagus is infinitely better

than any replacement that can be constructed [2]. During

the past four decades, several methods have been employed

to overcome the technical difficulties encountered in

bringing the two oesophageal segments together [3–7].

In 1977 we started treating babies with pure oesophageal

atresia by delayed primary anastomosis, and in 1981 re-

ported our early experience in five cases treated between

1977 and 1979 [8]. We later reported our short-term fol-

low-up results in 1998 [9]. The purpose of this study was to

review our long-term outcome in infants with pure

oesophageal atresia (EA) treated by delayed primary
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anastomosis with special emphasis on gastroesophageal

reflux (GER) related morbidity.

Materials and methods

First part of the study consisted of a retrospective review of

medical records of all patients with pure EA treated with

delayed primary anastomosis from the two neonatal sur-

gical centres in Ireland from 1977 to 2004. The initial

management of the newborn with pure EA and the tech-

nique used to measure the gap between the two oesopha-

geal segments are well standardized at our institutions and

has been reported previously [8, 10]. Data examined in-

cluded: sex, gestational age, birth weight, Apgar scores,

maternal history of polyhydramnios, associated anomalies,

age when gastrostomy was performed, gap size at initial

assessment (1–2 weeks post gastrostomy), follow-up gap

size (assessed every 2–3 weeks), age at delayed primary

anastomosis, whether circular myotomy or upper pouch

elongation was performed, duration of postoperative ven-

tilatory support and paralysis, immediate complications

and management, late complications and management,

time when gastrostomy feeds were stopped, hospital stay

and mortality.

Second part of the study consisted of follow-up by

completion of a questionnaire and personal or telephone

interview with all the surviving patients or their parents.

Data collected by the questionnaire included: present

weight and height, mode of feeding, symptoms related to

gastroesophageal reflux or strictures, use of gastrostomy,

mental developmental status, and frequency of respiratory

infections, any need for bougienage and other unrelated

medical concerns.

Results

There were 26 patients in total admitted during the 27-year

study period (1977–2004) with the diagnosis of pure

oesophageal atresia. Three died prior to surgery due to

major associated anomalies. Two others were noted to have

only a very small nub of oesophageal tissue and underwent

oesophageal replacement surgery. All these five children

were excluded from this study. Sixty-eight percent of the

patients had associated anomalies (Table 1).

Delayed primary anastomosis was successful in all the

remaining 21 children (11 males and 10 females). There

was positive maternal history of polyhydramnios in ten

children (48%). Median Apgar scores were six at 1 min

and nine at 5 min. Sixty-two percent of the patients had

associated anomalies (Table 1). Gastrostomy was per-

formed on day 1 to 3 of life. The median gestational age

was 35.5 weeks (range 28–42 weeks) and the median birth

weight was 2.6 kg (range 1.2–3 kg); median initial gap was

3.7 cm (range 2.5–5.5 cm) and median preoperative gap

was 1.5 cm (range 0.5–2.5 cm)(Figs. 1, 2); median age at

delayed primary anastomosis was 80 days (range 35–

270 days) and the median hospital stay was 5.5 months

(range 2–14 months). The median follow-up period was

13.5 years (range 28 months to 27 years). Gastrostomy

feeds were stopped after a median period of 50 days (range

14–255 days). Circular myotomy was performed in the first

seven patients, and all remaining children had a single

layer end-to-end anastomosis.

There were four deaths (19%), all prior to 1980,

within this group. One girl had a cardiac arrest periop-

eratively requiring open heart massage. She developed

pulmonary oedema and died of respiratory failure

3 months later. Autopsy in this child did not reveal an

obvious cause of death, but a tracheal stenosis at the

cricoid level and a poorly developed left main bronchus

was noted. The second child, a girl, died 3 months post

surgery with respiratory infection. Post-mortem exami-

nation in this child showed an ulcer in the gastric fundus

that had eroded into the left pleural cavity causing col-

lapse of the left lung and empyema; the calibre of the

oesophagus was noted to be normal. The third child, who

had successfully undergone resection and reanastomosis

of her oesophageal stricture, died at 15 months of age

due to unrelated causes. Autopy on this child showed a

normal calibre oesophagus. The fourth child was a boy,

who developed an anastomotic leak on fifth postoperative

day. A cervical oesophagostomy was fashioned, but he

died after an episode of aspiration, one week after dis-

charge from the hospital. Autopsy confirmed death due to

aspiration.

Table 1 Pure oesophageal atresia and associated congenital anoma-

lies (some children had multiple anomalies)

Type No. of patients Percentage

Orthopaedic 4 19.0

Neurological 4 19.0

Cardiovascular 3 14.3

Respiratory 3 14.3

Urological

Infravesical 3 14.3

Vesical 3 14.3

Renal 2 9.5

Gastrointestinal 2 9.5

Gynaecological 1 4.7

Opthalmological 1 4.7
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Sixteen out of 21 children in the study group (76%)

developed a stricture at some stage necessitating multiple

dilatations (between 2 and 17 dilatations over a period of

up to 2 years) in all. If the children became symptomatic

within 2–3 weeks of a dilatation or the diameter is noted to

be decreasing, it is considered to be a failure, and resection

anastomosis was planned. Nine of these strictures were

associated with GOR, and all these children had fundo-

plication as part of their management. Six children with

strictures (28.5%) failed to respond to dilatations alone,

and needed resection–reanastomosis between 8 months and

5.5 years after the original surgery. Two of these strictures

that needed resections were from the fundoplication group.

Severe oesophageal motility disturbances were noticed on

follow-up contrast study in 7 patients (33%). Four of these

seven patients had circular myotomy at the time of their

primary surgery.

Two children (9.5%) underwent ligation of an initially

undiagnosed proximal pouch fistula at 2 and 4 months after

their initial operation. They were repaired using a right-

sided cervical approach. Aortopexy was performed for

persistent tracheomalacia in two patients (9.5%) 6 months

after delayed primary anastomosis.

Fourteen children (66%) developed symptomatic gas-

troesophageal reflux (GOR) and nine of these needed

fundoplication (43%) at 3 months to 9 years after the ini-

tial anastomosis. Five of the fundoplication group were

noted to have an associated hiatus hernia. In 2 children

(9.5%) Barrett’s oesophagus had been diagnosed at 7 and

16 years after their initial surgery, respectively. The GOR

symptoms persisted in one patient after a Thal fundopli-

cation, and a Nissen fundoplication was carried out

6 months later. In another child the Nissen fundoplication

wrap became undone and slid into a paraesophageal hernia

over a period of 16 years. In this child, the hernia was

repaired and a redo Nissen fundoplication was performed.

Only one child with an initial gap length of 2.5 cm

developed no subsequent problems.

At the time of this study, 15 out of the 17 surviving

children (88%) were on normal diet with no respiratory

problems and had no dietary restrictions (Fig. 3). One 26-

year-old Down’s syndrome patient with severe mental

handicap and another 5-year-old boy with significant oral

food aversion were dependent on gastrostomy feeds. The

latter child is on oral stimulation program. The median

weight in the 17 survivors was at 20th percentile (range

<P3 to P50) and the median height at 50th centile (<P3 to

P90).

Discussion

Managing a newborn with pure EA remains a surgical

challenge for most paediatric surgeons because it is nearly

always associated with a long gap between the two seg-
Fig. 1 First measurement of gap size at 3 weeks of age in a baby girl.

The gap was approximately 5 vertebral bodies long

Fig. 2 Last gap measurement at 18 weeks of age. The gap size is just

over a single vertebral body long. The child underwent surgery the

following day
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ments. Moreover, the associated anomalies and high inci-

dence of prematurity complicates the care of these children

[11]. Earlier management options consisted of an early

creation of a cervical oesophagostomy, a feeding gastros-

tomy, and a delayed oesophageal replacement with colon,

stomach or gastric tube [12–15].

In 1977 we started treating babies with pure oesophageal

atresia by delayed primary anastomosis, and in 1981 re-

ported our early experience in five cases treated between

1977 and 1979 [8]. This was based on the observation that

spontaneous growth and hypertrophy of the oesophageal

segments in pure oesophageal atresia occurs at a rate faster

than overall somatic growth in the absence of any form of

mechanical stretching. This is believed to be the result of

the swallowing reflex on the upper pouch and reflux of

gastric contents into the lower pouch. It was also noted that

the maximal natural growth of oesophageal segments oc-

curred during the first 8–12 weeks of life, and this corre-

lated usually with a doubling of the birth weight.

Subsequent investigators have confirmed these observa-

tions [16, 17]. In 1994 Ein et al. [17] reported that the

delayed primary anastomosis had the best long-term out-

come compared to all other previously adopted techniques.

Though oesophageal continuity is achieved by all the

various techniques, mobilizing the stomach into the thorax

results in displacement of the gastroesophageal junction

into the chest, leading to a persistent GOR and strictures in

virtually all cases [18–20]. Long-term complications also

are described with these techniques [21, 22]. The best

management in children with long gap EA is still unde-

termined, but children whose oesophagus is preserved

seem to have a better long-term outcome in relation to

swallowing and GOR related symptoms [18]. At present,

most paediatric surgeons agree that delayed oesophageal

anastomosis with an end-to-end anastomosis is the proce-

dure of choice in the management of pure EA as it offers

the most physiological reconstruction possible [16, 23, 24].

Since 1977, we have accomplished delayed primary

anastomosis in all children, except in two cases with very

small distal pouch, in our institutions and, thus, have

avoided oesophageal replacement. Although delayed pri-

mary anastomosis is feasible in the majority of children

with pure EA, GOR and its complications have been rec-

ognized as a major source of morbidity [2, 10, 11, 16].

GOR has been diagnosed in 66% of the patients in our

series and the majority of these required fundoplication to

improve their symptoms. This is slightly higher than the

reported incidence in the literature [2, 10, 11, 16]. Barrett’s

oesophagus was seen in two of our children, and has been

reported by others following surgery for EA with or

without fistula [25, 26]. Both of these patients had fundo-

plication and are being followed-up regularly with endo-

scopic surveillance.

The incidence of strictures in our series was 76%, and

those needing resection was 28%. We recommend early

fundoplication for GOR symptoms, particularly when there

is any anastomotic stricture is noted. As long as reflux is

not dealt with, the child will continue to suffer from

oesophagitis and subsequent recurrent strictures. GOR

regularly is the cause of inhalation of gastric contents with

secondary bronchial spasm, pneumonia and long-term

bronchopulmonary dysplasia. Whether symptoms of GOR

may have contributed to food refusal and food aversion in

one child cannot be decided upon from our study. Simi-

larly, whether circular myotomy is partly the cause of the

motility disturbances seen or not is also unknown. Other

authors have suggested that all esophageal atresias have

abnormal motility in the lower segment in the past [27, 28].

Pure oesophageal atresia is a congenital defect with

significant associated morbidity, and this is highlighted by

the fact that only 1 child with an initial gap length of

2.5 cm developed no subsequent problems in our series.

Despite the high incidence of GOR and its associated

complications in the immediate postoperative period, this

study shows that the long-term outcome in this specialised

group of children who were managed with delayed primary

anastomosis is satisfactory. At a median follow-up period

of 13.5 years, 90% of our children were able to eat any

Fig. 3 Last contrast study showing patent oesophagus at 16 year of

age
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item they desired orally with very acceptable growth

parameters. However, complications such as Barrett’s

oesophagus highlight the need for continued long-term

follow-up for these children.
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