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Abstract

Standard surgical repair of esophageal atresia/tracheoesophageal fistula (EA/TEF) is via a right posterolateral thoracotomy.
A recognized complication is the later development of scoliosis. The prevalence and pathogenesis of secondary scoliosis
are poorly understood. We, therefore, conducted a systematic review on this topic. All English language articles reporting
incidence, outcomes and/or interventions for scoliosis in children after EA repair via thoracotomy were identified. Fourteen
relevant articles published between 1969 and 2019 reporting 1338 children were included in the analysis. The aggregate
prevalence of scoliosis among 937 children without congenital vertebral anomalies was 13%, but this figure varied widely
between studies. Severity of scoliosis was documented in 181 children; eight children had a Cobb angle >40° and 10 had
undergone spinal surgery. The spinal curvature in affected individuals was dominantly or exclusively convex to the left. In
conclusion, the reported prevalence of scoliosis varies widely but on average affects about one in eight children after open
repair of EA/TEF. Most cases are mild and do not require intervention. It is currently uncertain whether secondary scoliosis
is preventable by using meticulous thoracotomy techniques or thoracoscopic repair.

Level of evidence 1V.

Keywords Tracheoesophageal fistula - Musculoskeletal - Thoracic surgery

Introduction This hinders our understanding of its prevention and the
potential impact of thoracoscopic EA repair. We undertook

Esophageal atresia (EA) with or without tracheoesophageal  a systematic review of the literature to investigate what is

fistula (TEF) affects approximately 1:4000 live births [1].  currently known about this topic.

Since 1941, the standard surgical repair has been via a right-

sided posterolateral thoracotomy. A recognized complication

of neonatal thoracotomy is the later development of second-  Methods

ary scoliosis. The incidence of secondary scoliosis may have

declined in the modern era with the use of muscle-sparing A systematic review was conducted according to the

thoracotomy techniques and avoidance of rib resections and ~ PRISMA statement [3].

pericostal sutures. Children with EA may also develop a

primary scoliosis due to associated congenital vertebral  Identification of studies

and musculoskeletal malformations [2]. The prevalence and

pathogenesis of secondary scoliosis are poorly understood. A literature search was undertaken using MEDLINE,

EMBASE and the first ten pages of Google Scholar using

the following keywords: “esophageal atresia” and “scolio-

sis”. The search was completed on 31st October 2019. Refer-

ence lists of all relevant articles were searched for additional
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Inclusion/exclusion criteria

All English language studies reporting on incidence, out-
comes or interventions for scoliosis in children born with
EA and undergoing repair via thoracotomy were included.
The following studies were excluded: case reports; those
reporting duplicate or overlapping patient cohorts; review
articles not providing any novel patient data; studies includ-
ing patients undergoing thoracotomy for other conditions;
and studies with unknown scoliosis outcomes.

Study selection and data extraction

Two reviewers (PM, GT) screened the abstracts of all
potentially relevant studies. In case of disagreement, a third
independent reviewer was consulted (MS). After screen-
ing, relevant full-text articles were obtained and reviewed
independently by all three authors using a standardized
data-extraction template.

Records identified through database search:

Outcomes

The incidence, severity, laterality, and risk factors for sco-
liosis were analyzed along with the need for intervention.

Results
Analysis

The initial search yielded a total of 197 results from which
34 articles were selected for full-text assessment (Fig. 1).
After exclusions, 14 articles were included in the final anal-
ysis. Two of these studies included a small proportion of
patients who had undergone thoracoscopic EA repair [4, 5],
but since more than 93% of each cohort had been treated by
thoracotomy these studies were included.

All studies were retrospective analyses of an institutional
cohort; one was a case—control study [6]. Studies were pub-
lished between 1969 and 2019. There was considerable

Medline, n =41
Embase, n =56
Google Scholar, n =100

Records identified through other sources:

(n=4)

\4

Records identified as being potentially relevant to
research questions:
Medline, n =22
Embase, n =23
Google Scholar, n =25

Records after duplicates removed
(n=34)

Exclusions (n = 20)
e  Casereport(n=3)

Full text articles assess for eligibility
(n=34)

Studies reporting duplicate or overlapping
patient cohorts (n = 6)

Review article (n=1)

Mixed thoracic cohort (n = 6)

A 4

Pure thoracoscopy study (n = 1)
Unclear scoliosis outcomes (n = 3)

Studies included in qualitative synthesis
(n=14)

Fig.1 PRISMA flow diagram
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heterogeneity between studies in relation to surgical era,
thoracotomy technique, age at assessment, and exclusion
of congenital vertebral or other relevant musculoskeletal
anomalies, making pooled analysis of data inappropriate.
In addition, there was a response bias in almost all stud-
ies. For example, 19 of 58 (33%) survivors were evaluated
by Freeman and Walkden [7], 101 of 235 (43%) potentially
eligible survivors by Sistonen et al. [6], 30 of 51 (59%) by
Koziarkiewicz et al. [8] and 322 of 397 (81%) patients by
Bastard et al. [5]. The potential contribution of repeated
thoracotomy or additional thoracic surgery for congenital
cardiac disease was not stated or unknown.

Outcomes

Collectively, the 14 studies comprised 1338 children with
268 (20%) reported as having scoliosis after thoracotomy
for EA repair (Table 1) [4, 5, 7-18]. The incidence of
scoliosis varied greatly between 3 and 67% and this was
evident in both older and recent cohorts; a recent national
French cohort recorded a rate of 4% while a Canadian study
reported a rate of 50% [4, 5].

Seven studies [4, 12, 14—18] reported on the severity of
scoliosis assessed by the Cobb angle [19]. Assessments were
conducted with variable rigor, the best methodology being
adopted by Sistonen et al. [6] in which spinal radiographs
were graded independently by two orthopedic surgeons. The
majority of affected patients had mild scoliosis not requir-
ing intervention, with a Cobb angle of less than 20°. Of the
seven studies reporting Cobb angles in 181 children with
scoliosis after open EA/TEF repair, eight children had a
Cobb angle exceeding 40° at the time of reporting and 10
had undergone spinal surgery. However, it should be noted
that the length of follow-up in individual studies was very
variable and several authors emphasized that scoliosis often
only becomes apparent or clinically relevant in teenage years
[6, 17].

Ten studies reported on the incidence of associated con-
genital vertebral anomalies [4, 5, 7, 8, 11-13, 15, 16, 18]
and a further two excluded these patients from their analy-
sis [9, 17]. The proportion of children with EA/TEF and
congenital vertebral anomalies varied widely between 4
and 45% but in only one study was this figure greater than
20% [6, 12]; it is notable that this was a study in adults
aged between 21 and 57 years and the authors commented
that only 11% of these anomalies were diagnosed in child-
hood. However, the majority of these vertebral anomalies
were in the cervical spine and quite possibly only detected
because spinal radiographs were taken for the study. Two
studies reported scoliosis outcomes separately for children
with congenital vertebral anomalies [4, 15]. In a Canadian
study, all eight children with an associated vertebral anomaly
developed scoliosis and although the authors stated that none

had progressed to requiring surgical intervention, they were
only aged 3—13 years at assessment [4]. In the Melbourne
series of patients with EA/TEF, many of whom were fol-
lowed into adulthood, 53 (19%) had an associated congeni-
tal vertebral anomaly and one-third subsequently developed
scoliosis [15].

After excluding patients with congenital vertebral anoma-
lies pooled estimates from seven studies [4, 5, 9, 11, 15-18]
showed that 124 of 937 (13%) infants developed scoliosis
after open EA/TEF repair. This figure varied widely between
different cohorts in studies published before 1990 (10-50%
prevalence) and studies published after 2010 (0-46%
prevalence).

Five studies specifically reported on the direction of the
thoracic curve in patients with scoliosis after open EA/TEF
repair [4, 15—-18]. Four of these described the spinal curva-
ture as dominantly or exclusively convex to the left i.e. to the
side opposite a right posterolateral thoracotomy [15-18]. In
contrast, Soliman et al. reported that 33 of 46 patients (72%)
with a thoracic scoliosis had a curve convex to the right i.e.
convex towards the side of the thoracotomy (89% of their
cohort had undergone a right-sided thoracotomy) [4]. The
reasons for this discrepancy are unclear but the methodology
used in the Canadian study was not as robust as that used
by Sistonen et al. who reported that the main scoliotic curve
was upper thoracic in 31 (55%) patients and was concave
towards the side of the thoracotomy [6, 12].

Discussion

In countries with well-developed health care systems, the
overall survival rate of children born with EA + TEF exceeds
90%. In the absence of associated congenital heart disorders,
major chromosomal anomalies or extreme prematurity this
figure is close to 100% [20]. Surgical techniques of open
repair have evolved over time with more widespread adop-
tion of muscle-sparing incisions [21], better esophageal
anastomotic techniques, and avoidance of tight pericostal
sutures in chest wall closure. Nevertheless, an open thora-
cotomy may be complicated by significant musculoskeletal
and cosmetic deformities that may not become apparent until
the child is much older [13].

Scoliosis, an abnormal lateral curvature of the spine
(greater than 10 degrees), is a complex three-dimensional
rotational deformity. ‘Idiopathic’ scoliosis affects 2-3% of
the general population, is more common in adolescent girls
and more often convex to the right [22-24]. Whilst a con-
genital predisposition to idiopathic scoliosis among children
with EA/TEF cannot be ruled out this is unlikely because
scoliosis associated with EA/TEF shows no sex bias, is
more often convex to the left and often first becomes evi-
dent before puberty [24]. Our systematic review indicates a
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wide variation in the reported prevalence of scoliosis after
open EA/TEF repair with figures ranging from 3 to 67%.
This variance may relate to multiple factors: different defini-
tions of scoliosis and methods of ascertainment; technical
differences in thoracotomy and chest wall closure; variable
proportions of patients lost to follow-up; variable duration of
follow-up; and inconsistent exclusion of patients with associ-
ated vertebral anomalies.

After excluding infants with congenital musculoskeletal
anomalies our systematic review indicates that approxi-
mately 13% of infants develop scoliosis after open EA/TEF
repair, although this figure varies widely between studies.
Most cases are relatively mild and do not require surgical
correction. Numerous risk factors for the development of
scoliosis have been suggested including repeated thoracot-
omy [13, 15], rib resection [15], acquired rib fusion from
tight intercostal closure [4, 6, 15, 17], division of the ser-
ratus anterior muscle [9], and anastomotic leak leading to
empyema and pleural scarring [9, 15, 17]. Whilst rib resec-
tions and vertical parascapular incisions are now obsolete,
we could not demonstrate a clear era effect in our analysis.
Thus, the prevalence of scoliosis among patients without a
congenital vertebral anomaly varied widely in studies pub-
lished before 1990 [15-18] and in those published after 2000
[4,5,9, 11]. However, with one exception [4], the frequency
of scoliosis tended to be lower in more recent cohorts.

Thoracotomy in infancy for other indications such as con-
genital cardiac disease [25], ligation of patent ductus arterio-
sus or repair of coarctation of the aorta [26] and congenital
lung malformations [27] may also be complicated by later
scoliosis. Roclawski et al. [26] evaluated 126 patients after
repair of coarctation of the aorta or patent ductus arteriosus
during childhood; 83 underwent repair through a left poste-
rolateral thoracotomy and 43 were managed non-operatively
using interventional radiologic techniques. The prevalence
of scoliosis was 59% in the thoracotomy group after a mean
follow-up of 15 years compared to 19% in the non-operative
group after a mean of 9 years. Most curves were mild but
six individuals in the thoracotomy group had curves >30°.
After thoracotomy, most curves were thoracic with an almost
equal distribution between right and left convex curves as
compared to curves convex to the right in the non-operative
patients. Kaito et al. [25] analyzed the chest radiographs of
483 children who had undergone surgery via thoracotomy
and/or sternotomy for congenital cardiac disorders in the
first year of life. After a mean follow-up of 14 years, one-
third had a mild scoliosis but 5% had curves > 30°. However,
as the majority of children who had had a thoracotomy had
also undergone sternotomy the role of thoracotomy alone
on the development of scoliosis is difficult to define. Since
infants undergoing median sternotomy [25, 28] or repair of
congenital diaphragmatic hernia [29] are also at increased
risk of scoliosis, even in the absence of congenital vertebral

@ Springer

anomalies, the pathogenesis of secondary scoliosis is clearly
complex. Mechanical injury to the costovertebral joints after
sternotomy or thoracotomy may be contributory [25], as may
damage to consecutive intercostal nerves [30]. Both these
mechanisms are supported by experiments in rabbits [31].
With the exception of one study [4], the direction of spi-
nal curvature in post-thoracotomy scoliosis following EA
repair is dominantly or exclusively convex to the left.

Uncomplicated thoracoscopic repair of EA/TEF might
reduce the risk of scoliosis and other potential chest wall
deformities such as winging of the scapula. Current pub-
lished results of thoracoscopic EA/TEF repair report no
“clinically significant scoliosis” [32, 33], but studies of
larger numbers of patients assessed after longer follow-up
periods are required before this can be accepted as a defini-
tive long-term outcome.

Our systematic review is limited by the heterogeneity
of the data. However, according to the available published
literature, scoliosis develops in about one in eight children
without congenital vertebral anomalies after thoracotomy
repair of EA/TEF. Multiple factors are implicated in the
pathogenesis. Most cases are mild and do not require surgi-
cal intervention. It is as yet uncertain whether secondary
scoliosis is avoidable by meticulous thoracotomy techniques
or thoracoscopic repair.
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