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Prognosis and clinical issues of esophageal
atresia in extremely low birth weight neonates:
a case series
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Abstract

Background Esophageal atresia (EA) in extremely low birth weight (ELBW) neonates is rare. This report aims to clarify
EA's clinical courses and prognosis in ELBW neonates and the clinical issues of long-term survival cases.

Methods A retrospective analysis was conducted for 8 neonates diagnosed with esophageal atresia. Medical records
of ELBW EA neonates treated at our institution were reviewed to assess patient demographics, clinical courses,
and outcomes. Transferred patient data was obtained from their local physicians through questionnaires.

Results EA in ELBW neonates were included in 8 of EA infants (7%). Fatal respiratory and cardiovascular complica-
tions of trisomy 18 and complications related to immaturity such as liver failure and pulmonary hypertension were
associated with poor prognosis. During primary operations, gastrostomy and esophageal banding were per-
formed together in 50% of the cases, while gastrostomy was performed alone in 25%. The esophageal anastomosis
was not performed during any primary operation. All causes of death, except for 1 case, were due to non-surgical
causes. A long-term survival case of 17 years postoperatively was included.

Conclusion Although ELBW EA has a poor prognosis, long-term survival is possible in some cases, so aggressive
therapeutic intervention is considered essential. It is important to share information about the prognosis with parents
and multidisciplinary specialists and to select an appropriate treatment strategy for each case.
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Background

Recent progress in neonatal medical care has improved
the survival of extremely low birth weight (ELBW) neo-
nates [1]. However, ELBW neonates are still independ-
ent predictive factors associated with in-hospital deaths
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of pediatric surgical patients in the NICU. In addition,
postnatal growth failure in ELBW neonates is common
and associated with worse neurodevelopmental out-
comes [2-4]. Little is known about the clinical course
and prognosis after medical and surgical intervention of
esophageal atresia (EA) in ELBW neonates. While previ-
ous literature on EA in ELBW exists, most have focused
on postoperative outcomes, whereas little has been writ-
ten on long-term clinical courses [5-9].

Since the prognosis of ELBW has improved dramati-
cally in recent years, the prognosis may also improve
in EA in ELBW if appropriate treatment strategies are
implemented.
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We reviewed our experience managing this high-risk
group of patients, focusing on clinical courses and med-
ical conditions from the perinatal/perioperative period
to home care to clarify EA’s prognosis and clinical issues
in ELBW.

Method

This study was approved by the Research Ethics Board
(registered no. R4-54). We performed an institutional-
based retrospective analysis among ELBW (<1000 g)
EA neonates admitted to the NICU from August 1999
to December 2020 at Kobe Children’s Hospital. Medical
records were reviewed to assess demographics such as
birth weight, gestational age, sex, esophageal atresia clas-
sification, combined chromosomal abnormalities, cardiac
anomalies, other associated anomalies, surgical proce-
dures, hospital discharges, prognoses, causes of death,
and lifespan.

Data on postoperative complications, in-home treat-
ment (tracheotomy, home oxygen, ventilator, gastros-
tomy nutrition, parenteral nutrition), hospital visits,
mental health development, motor function develop-
ment, school life, and problems in daily life were also
extracted from medical records. To collect data for trans-
ferred cases, we interviewed patients’ local physicians
and families over the phone and sent questionnaires.

We defined the long-term survival cases (LT group)
as patients with a lifespan of one year or more, and the
short-term survival cases (ST group) as those with a lifes-
pan of less than one year.

The cases in this study were categorized into the LT
and ST group. Clinical findings, surgical procedures, and
prognosis were compared between the two groups.

Statistical analysis
The median and range of birth weight, gestational age,
and lifespan were calculated using SPSS statistics ver. 27.

Results
One hundred thirteen infants with EA (11 cases with type
A, 1 with type B, and 101 cases with type C) were admit-
ted to our institute over a 22-year period. 8 ELBW neonates
with EA qualified for this case series (7%). Table 1 summa-
rizes the clinical findings, surgical procedures, and progno-
ses of EA in ELBW neonates. The median and ranges (from
minimum to max value) of birth weights, gestational ages,
and lifespan was 702 (422-924) g, 29 (24-32) weeks, and
347 (0-5958) days, respectively. There were 2 cases of type
A EA, and 6 cases of type C EA. Chromosome abnormali-
ties were observed in 4 cases, all of which were trisomy 18.
Cardiac anomalies were observed in 7 cases, with 2
cases having major anomalies and 5 cases having minor
anomalies. The major anomalies were Transposition of
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the great arteries and Double-outlet right ventricle, both
of which involved merging PS and VSD or ASD and VSD
simultaneously. The minor anomalies were associated
with PDA, ASD, and VSD, either alone or in combination.

Associated anomalies included 2 cases of congeni-
tal duodenal atresia (CDA), 1 case each of hypoplasia
of the lung, congenital diaphragmatic hernia (CDH),
myelomeningocele, and VATER association. During the
primary operation, three neonates underwent gastros-
tomy as well as esophageal banding which is a procedure
used for type C esophageal atresia with tracheoesopha-
geal fistula (TEF) to prevent gastric acid from flowing
back into the lungs through the TEF, 3 underwent gas-
trostomy alone, 1 underwent ligation of tracheoesopha-
geal fistula, and one never underwent any surgery due to
his short lifespan. We performed a second operation in
3 cases: esophagostomy in case number 1, gastrostomy
and duodeno-duodeno anastomosis in case number 2,
and an enterostomy in case number 8. The same 3 cases
also underwent a third operation: esophageal anastomo-
sis and pyloroplasty in case number 1, a tracheostomy in
case number 2, and ligation of tracheoesophageal fistula
in case number 8.

The postoperative course of each case classified into LT
and ST groups is listed in Table 2. There was no apparent
difference between the two groups in sex, birth weight,
gestation age, and pulmonary hypertension (PH) derived
from Cardiac anomalies.

Trisomy 18 was found most often in the ST group.
In addition, fatal lung hypoplasia was found in the ST
group. In the LT group, 75% were discharged, and 50%
were long-term survivors.

The postoperative conditions and required medical
care for each case are listed in Table 3. Case number 5
died shortly after birth due to hypoplasia of the lung and
was not operated on, so it was excluded from considera-
tion of postoperative status and medical care status. All
7 cases required oxygen, and 6 cases were mechanically
ventilated. Tracheotomy was performed in 4 cases. Gas-
trostomy nutrition was performed in 5 of the 7 cases, and
enterostomy was administered in 1. Parenteral nutrition
was performed in 2 of the 7 cases. Postoperative compli-
cations were gastroesophageal reflux (GER) and aspira-
tion pneumonia in 3 cases, and enterostomy dysfunction,
enterostomy subcutaneous abscess, intestinal failure
associated liver disease (IFALD), and catheter-related
bloodstream infection (CRBSI) in 1 case. Case numbers
1-3 were discharged from the hospital, followed by reg-
ular check-ups. However, case number 3 had to make
frequent outpatient visits due to recurrent urinary tract
infections (UTIs) caused by Myelomeningocele. Mental
and motor retardation was observed in all five evaluable
cases. As for growth, severe growth failure was observed



Page 3 of 7

(2023) 23:401

Horiike et al. BMC Pediatrics

paieosse uolsualadAy Aleuow|nd Hd-ddg ‘2iNn|1e} J3AI| 47 ‘UoIId34UI 1de1) K1eulin (1) ‘2in|ie) iesy uonsabuod JH) ‘uoisusriadAy Areuow|nd H ‘SISOwolSEUR OUSPONP-OUIPONP YJQJ ‘e|nisy [eabeydossoydey jo uone|
1sowolseue [eabeydoss 77 ‘Awolsosaua sNF ‘Awolsobeydoss 547 ‘buiddid snsoualle snionp ualed Hygd ‘Buipueq [eabeydosa g3 ‘Awoisonseb §o ‘ejuiay dnewberyderp [eluabuod Hg) ‘Bun) jo eisejdodAy qI

317"

passasse Jou v N ‘eisejdsAp Aieuow|ndoyduoig yum

.m_mmtm |eusponp [enusbuod yg) 1949p |e3das [elIe gSY ‘B21IUA 3B 19)3IN0-3|gNOP AYOJ ‘1949p |e3das JeINDLIIUBA S/ ‘sIsoudls Aleuownd S4 ‘sauaile 1ealb ay3 Jo uonisodsuely o) ‘snsolsiie sndnp ualed vdd

3 41 peap ou  (p5Aep) 4317 (£14ep) SNI (5hep) s vad - asA'vad — B) SPOM ¢ brey 4
asv ‘asA
6 Hd pesp ou (1Aep) 935D Ha> -+ ‘AJ0d 'vad 81 Awosiy b} oM L€ bve W
asA
0 4HD peap ou (¢£ep) 4359 — -+ 'Sd'vol'vad 81 Awosiy ) S99M 0 boeg E|
0 H peap ou — — — H - VN 81 Awosi ) S9IM 67 6059 N
uonep
€l - anle ou (yhep) 5o -0sse Y3 IvA -+ asv ‘asA — v SPIM 7€ bsy W
ElEnlels}
ey sisdas’|in peap sak (zhep) g3'sD  -UIUSWIOBAN -+ asvasavad 81 Awostiy ) SPIM 67 B ys/ E|
(84ep)
861 - e soh  (pzzhep) va3 vaag'so  (SAep) 4310 vad - vad — D SPIM T 6 v09 E|
LS Hd-add peap s9k (p9zhep) v3  (€014ep) Sd3 (9ep) 55 —  (9/ep) Dvad vad — v SPIM /T 698 N
saljewoue
(syuow Yiesp abieydsip  uoneisado uonesddo  uonesado pajeosse uonesado saljlewoue  Ayjewsouqe abe wybam
) uedsayi joasne) sisouboid |eydsoH payL puodas Krewnd 1PY10 oeipie)  Hd Jelpie) |ewosowosyd adAyy3 |euonelsan yuig  Jepusn

eisaye jeabeydosa 104 suonesado

S91RUOSU 1YyBIam YuIg MO Aj9u.1xs Ul eisalle [eabeydoss Jo sisouboid pue sainpadoud [edibins ‘sbuipuy [ediul)) L ajqeL



Horiike et al. BMC Pediatrics (2023) 23:401

Table 2 Comparison between LT and ST groups for clinical
findings, surgical procedures and prognosis

LT groups (n=4) ST groups (n=4)

Gender (M/F) 2/2 2/2
Birth weight (median (range) g) 679 (401-904) 743 (412-924)
Gestation age (weeks) 28 (24-32) 29.5 (24-31)
Lifespan (days) 1419 (413-5958)  58.5 (0-282)
chromosomal abnormality
18trisomy 1/4 (25%) 3/4 (75%)
another 0 0
PH derived from Cardiac anoma- 2 2
lies
PAB 0 0
Another associated anomalies
VATER association 1 0
Myelomeningocele 1 0
CDA 1 1
CDH 0 1
HL 0 1
Primary operation
LTEF 1 0
GS+EB 1 2
GS 2 1
none 0 1
Hospital discharge 3/4 (75%) 0 (0%)
Prognosis (alive / dead) 2/2 0/4

LT long-term survival, ST short-term survival, PH pulmonary hypertension,
PAB pulmonary artery banding, CDA congenital duodenal atresia, HL
hypoplasia of lung, LTEF ligation of trachoesophageal fistula, GS+ EB
gastrostomy + esophageal banding

in all 7 cases. Concerning problems in daily life, dyspha-
gia was observed in 2 cases who underwent esophageal
anastomosis, recurrent UTIs were observed in 1 case
with spinal meningocele, and 1 case with pulmonary
hypertension (PH) required constant use of nitric oxide
(NO).

Discussion

We analyzed the clinical course and prognosis of 8 EA
cases in ELBW neonates born after 24 weeks of gestation
and treated at our hospital over a 22-year.

The management of neonatal intensive care units
has undergone significant enhancements. Alongside
advancements in ventilators, the adoption of appropri-
ate management techniques has been widespread due to
the nationwide accumulation of detailed respiratory and
circulatory management methods for ELBW infants. In
terms of surgery, it is important to have a surgical strat-
egy to establish enteral nutrition from early birth and a
strategy to proceed with surgery step by step according
to the patient’s general condition for esophageal atresia.
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As a result, the survival rate and quality of life for such
infants have witnessed remarkable improvements.

The overall survival rate of ELBW neonates born after
24 weeks of gestation in Japan is 65.8-95.2% [10-12]. In
comparison, the survival rate for the neonates in this case
series was 37.5%. This result is consistent with previous
literature [5, 9] suggesting that while ELBW lowers the
survival rate, EA and associated anomalies are significant
prognostic factors that further lower the survival rate.

Table 2 shows a high prevalence of trisomy 18 among
the case series in this study. The prognosis for trisomy 18
was reported to be 17-27% for the one-year survival rate
[13-15]. Tamaki et al. [16] reported that 1-year, 3-year,
and 5-year survival rates of trisomy 18 neonates admit-
ted to the NICU from 2013 to 2017 were 59.3, 44.4, and
33.3%, respectively. This report shows that while aggres-
sive surgical intervention increased the survival rate in
cases with trisomy 18, it was not enough to sustain long-
term survival. These findings further demonstrate that
the complication of trisomy 18 is a poor prognostic fac-
tor. Furthermore, trisomy 18 is known to be a common
complication with cardiac anomalies at a high rate.

Cardiac anomalies leading to PH were observed in 2
cases in both groups, managed without pulmonary arte-
rial banding to avoid the risk of high surgical invasive-
ness. The cause of death for two patients with a trisomy
18 complication was PH and CHF. The low number of
cases in this series did not allow us to assess the impact
of cardiac anomalies; therefore, we could not prove cau-
sation between cardiac anomalies and a poor prognosis.

Lopez PJ, et al. [17] mentioned that the number of
infants weighing less than 1500 g has increased. Antena-
tal diagnoses of significant congenital anomalies which
affect prognosis, such as cardiac anomalies, are also
increasing in accuracy. Accurate information on these
anomalies could better facilitate parents’ decision-mak-
ing when considering whether to continue with the preg-
nancy. Pediatric surgeons should recognize that many
neonates may have poor prognoses due to factors other
than surgical complications. Therefore, focusing on pro-
viding parents and caregivers with an accurate prognosis
is essential.

Only 2 of the 7 cases in this study required paren-
teral nutrition. This was the result of our strong aware-
ness of the importance of establishing enteral nutrition
for EA cases in ELBW neonates, and the establishment
of a gastrostomy early after birth and the start of enteral
nutrition.

The surgical approach to EA in ELBW neonates should
be individualized to find the best intervention for esoph-
ageal anastomosis. Regarding indication for ligation of
tracheoesophageal fistula, we selected cases with high
respiratory and circulatory dynamic stability. Seitz. et al.
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[18] reported that primary repair of EA and ligation of
tracheoesophageal fistula was achievable with ELBW
neonates. Conversely, Petrosyan et al. [19] reported
that staged esophageal repair for EA in VLBW neonates
results in a lower rate of anastomotic complications and
overall morbidity than primary repair. There were no
postoperative complications after performing gastros-
tomy with esophageal banding (4 cases), gastrostomy (1
case), and ligation of tracheoesophageal fistula without
primary repair for EA (1 case). We performed ligation of
tracheoesophageal fistula in 1 case with stable respiratory
and circulatory dynamics without chromosomal abnor-
malities or severe cardiac malformations, and the course
has been favorable thus far.

Furthermore, esophageal anastomosis was performed
during the third and fourth operations for 2 cases with
a stable clinical course. One has achieved long-term sur-
vival maintained with nutritional management through
oral intake and gastrostomy. Appropriate surgical pro-
cedure selection for each case can ensure QOL without
causing serious surgery-related complications. Depend-
ing on the case, the patient can shift to home manage-
ment and achieve a longer life span.

The LT group had a median survival age of approxi-
mately 4 years. However, one patient has survived for
17 years thus far; in this case, respiration was managed
through a tracheostomy cannula and nutrition through
a combination of oral intake and gastrostomy nutrition.
Growth and psychomotor retardation were evident. The
patient has had difficulty living independently due to the
required suction of phlegm and gastrostomy nutrition
management; however, she has been able to hold a few
part-time jobs.

Our study was retrospective, had a small sample size,
and was partially biased by phone calls and question-
naires, and we must limit our conclusions to generaliza-
tions. However, we hope these results will be shared with
pediatric surgeons and multidisciplinary specialists to
improve and lead to better education and clinical atti-
tudes when caring for EA in ELBW neonates.

Conclusion

This study’s cases had a high mortality rate where inten-
sive medical interventions were required. Instead of
surgical complications, Trisomy 18, severe cardiac anom-
alies, and lung hypoplasia seemed to determine the prog-
nosis. There was one case with growth and psychomotor
retardation who survived with ventilator management
for more than 17 years thus far. The patient has had dif-
ficulty living independently due to the required suction
of phlegm and gastrostomy nutrition management; how-
ever, she has been able to hold a few part-time jobs.
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ELBW EA who do not have fatal respiratory and car-
diovascular complications of trisomy 18 complications
and immaturity-related complications such as liver
failure and pulmonary hypertension have the potential
for long-term survival. Therefore, we should provide
information about the expected clinical course and
prognosis on long-term surviving patients and proceed
with aggressive systemic management and surgical
treatment.

Abbreviations

EA Esophageal atresia

ELBW Extremely low birth weight

PDA Patent ductus arteriosus

VSD Ventricular septal defect

ASD Atrial septal defect

PS Pulmonary stenosis

PDAC Patent ductus arteriosus clipping

CDA Congenital duodenal atresia

CDH Congenital diaphragmatic hernia

BPD-PH  Pulmonary hypertension associated with Bronchopulmonary
dysplasia

ES Enterostomy

PH Pulmonary hypertension

CHF Congestion heart failure

uTl Urinary tract infection

LF Liver failure

LT Long-term survival

ST Short-term survival

GER Gastroesophageal reflux

IFALD Intestinal failure associated liver disease

CRBSI Catheter-related bloodstream infection

NO Nitric oxide
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