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Abstract: VACTERL association is an acronym that includes vertebral anomalies (V), anal atresia (A), cardiac defects (C),
tracheoesophageal fistula (TEF) or esophageal atresia (EA), renal anomalies (R), and limb defects (L). Rib abnormalities have
rarely been reported with the VACTERL association. The second case of VACTERL association complicated with multiple rib
abnormalities will be reported in this case report. A 4-year-old girl who had been diagnosed with congenital cardiovascular
disease and received surgical corrections soon after birth consulted our institution by complaining congenital scoliosis. The little
girl was diagnosed with VACTERL association (congenital cardiovascular disease, scoliosis with hemivertebra and butterfly
vertebra, and nephrolithiasis) and congenital multiple rib abnormalities. The Cobb angle of the main curve was 29.3° before
surgery, 19.9° after surgery, and 23° at last follow-up. Multiple rib abnormalities may be seen in the VACTERL association.
Clinicians should have a high index of suspicion when evaluating patients with rib abnormalities associated with VACTERL. It
is extremely necessary for careful physical examination and detailed auxiliary examination to each system (including
echocardiography, computed tomography, magnetic resonance imaging, and so on) when diagnosing VACTERL association.
Also, recognizing and understanding the congenital multiple system malformation is important, which aids in the diagnosis of
disease and accordingly plan the therapeutic interventions. Early diagnosis of congenital scoliosis with appropriate surgical
intervention decreases long-term morbidity.
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in certain areas of the world or in specific ethnic populations.
Relatively large cohorts of patients have been described from
all parts of the world in which such studies have been
conducted. Rib abnormalities have rarely been reported with
the VACTERL association. We present a patient with
VACTERL association found to have multiple rib
abnormalities. And the patient has received surgical
corrections of cardiovascular malformation and spinal
hemivertebra deformity resection.

1. Introduction

VACTERL association is a rare congenital multiple system
malformation. VACTERL association is typically defined by
the presence of at least three of the following congenital
malformations: vertebral defects, anal atresia, cardiac defects,
tracheoesophageal fistula, renal anomalies, and limb
abnormalities. In addition to these core component feature,
patients may also have other congenital anomalies. The
condition is ascertained clinically by the presence of the
above-mentioned malformations; importantly, there should be
no clinical or laboratory-based evidence for the presence of
one of the many similar conditions, as the differential
diagnosis is relatively large. Although diagnostic criteria vary,
the incidence is estimated at approximately 1 in 10,000 to 1 in
40,000 live-born infants [1]. There is overall no strong
evidence for an increased incidence of VACTERL association

2. Case Presentation

The patient is a 4 years old girl. She was a twin baby girl at
birth. After birth, she showed clinical symptoms such as
dyspnea, heart failure, and cyanosis. Her mother denied any
history of radioactive, toxic substances, or drug exposures
during her pregnancy. Echocardiography found persistent
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truncus arteriosus (PTA), ventricular septal defect (VSD),
atrial septal defect (ASD), and pulmonary hypertension. She
was diagnosed as PTA, VSD, and ASD, and received surgical
corrections of total arterial stem correction, ventricular septal
defect repair, and atrial septal defect repair soon after birth.
Renal ultrasound examination: nephrolithiasis. A spinal
radiograph showed rib anomalies and thoracic vertebral
anomalies. One of the twin girls did not find any physical
abnormalities. As the girl had renal anomalies, rib anomalies,
thoracic vertebral anomalies, and cardiovascular anomalies,
the VACTERL association was diagnosed. Spinal CT
suggestion: Scoliosis deformity, T8, T10, T11, T12, L3
vertebral developmental malformations, most of which are
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butterfly vertebral changes, some of which are hemivertebra
changes, and the vertebral arches on both sides of T12
vertebra are not closed. Posterior T12 hemivertebra resection
and short segment fusion with pedicle screw fixation in our
hospital 2018 year. The Cobb angle of the main curve was
29.3° before surgery, 19.9° after surgery, and 23° at last
follow-up, multiple rib deformities on the right. The patient's
congenital scoliosis deformity corrected and was discharged
14 days later. The patient was followed up for 1 year. As the
time of writing, the patient has remained well and no
longer-term sequelae and recurrent. The routine follow-up
examinations among blood and urine testing, spinal X-rays,
echocardiography and renal function are normal.
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Figure 1. Preoperative and postoperative imaging examination of the patient. A, preoperative X-ray films showed rib anomalies on the right, scoliosis deformity
and thoracic vertebral anomalies. B, Preoperative spinal CT suggestion: Scoliosis deformity, vertebral developmental malformations, most of which are
butterfly vertebral changes (B1, red box and red arrow), T12 hemivertebra changes (B2, red arrow). C and D, postoperatively and follow-up X-ray showed that
scoliosis has been corrected to some extent, T12 hemivertebra has been resected and rib anomalies on the right still remains.

3. Discussion

VACTERL association is a rare and complex condition
with highly heterogeneous etiology and manifestations [2].
Approximately 90% of VACTERL association cases occur
sporadically [3], with an empiric recurrence risk of 1% or less
[4]. VACTERL association has previously been reported to
coexist with the absence of the one rib. Most doctors require at

least 3 component features for diagnosis, without clinical or
laboratory-based evidence of the overlapping conditions,
while others emphasize the presence of certain component
features, especially TEF or anorectal malformation. No
definite etiology and pathogenesis has been proven, but a
defect in mesodermal differentiation due to a variety of causes
(genetic, environmental and multi-factors are implicated), in
early first trimester (between 6th and 10th weeks of gestation),
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has been suggested [5, 6].

Patients and families with features of VACTERL
association are told very little about long-term prognoses
and outcomes, perhaps due to a dearth of published
information [7], so the management of patients is complex.
According to each component feature of VACTERL
association, treatment involves surgical correction of the
congenital abnormality and the long-term management [1,
7]. Most patients with congenital scoliosis need surgery to
avoid severe spinal curvature and imbalance when the
bones mature. The treatment is different from idiopathic
scoliosis as long as possible to delay the fusion time.
Congenital scoliosis should be operated as early as possible
during its progression to correct deformities and prevent its
progression into structural spinal decompensation.
Untreated hemivertebra, both full or semisegmented, can
lead to serious spinal deformities. It is difficult to predict
the natural course of hemivertebrae [8, 9].

In the case of progressive deformity, nonsurgical methods
such as bracing cannot prevent deformity progression. There
is an agreement in the literature on the application of surgical
treatment in progressive curves [10, 11]. In a multicentric
study, it compared hemiepiphysiodesis or in situ fusion,
instrumented fusion without hemivertebra excision, and
instrumented hemivertebra excision. They found that although
a higher rate of complications was seen with hemivertebra
resection compared to the other two methods, better correction
rates were achieved [12]. Therefore, hemivertebra excision is
the only method that allows complete correction of the
deformity by elimination of the pathology and yields
predictable results [13]. Ruf reported that 28 cases of
congenital scoliosis with an average age of 3 years and 4
months were treated with posterior hemivertebra resection,
and the operation achieved good results. Correction surgery of
congenital scoliosis should be performed early, before the
development of severe local deformities and secondary
structural changes, especially in patients with expected
deterioration. Posterior resection of the hemivertebra with
transpedicular instrumentation allows for early intervention in
very young children. Excellent correction in the frontal and
sagittal planes and a short segment of fusion allows for normal
growth in the unaffected parts of the spine [14]. This patient is
4 years old, has a good spine flexibility, a small vertebral body,
and a soft texture. The Risser sign is grade 0. The skeletal
development is still immature and the deformity may be
further aggravated. Early surgery is needed. Previous research
shows that if rapid progression is documented or expected,
surgical intervention as early as possible is warranted to
prevent secondary structural changes. The surgical treatment
should be focused on and limited to the site of malformation.
The aim of surgery is the correction of the deformity at the site
of asymmetrical growth. This can be achieved either by
resection of a hemivertebra or by performing a vertebral
column resection or other type of osteotomy [15].

In patients with a single hemivertebra malformation, the
progress of the malformation is often easy to judge, and the
treatment plan is clearer. Posterior hemivertebra resection and

monosegmental fusion seems to be an effective approach for
the treatment of congenital scoliosis caused by hemivertebra,
allowing for excellent correction in both the frontal and
sagittal planes [16]. However, for patients with multiple
hemivertebra deformities, the spinal deformity caused by the
interaction of asymmetrical loads in different parts and the
variability of local deformities is extremely complicated. With
the natural growth of the spine, the progress of its deformities
is also difficult to predict, and the choice of clinical treatment
options is also a test.

The management of patients with VACTERL/VATER
association typically centers around the surgical correction of
the specific congenital anomalies (typically anal atresia,
certain  types of cardiac  malformations, and/or
tracheoesophageal fistula) in the immediate postnatal period,
followed by long-term medical management of sequelae of the
congenital malformations. If optimal surgical correction is
achievable, the prognosis can be relatively positive, though
some patients will continue to be affected by their congenital
malformations throughout life. Importantly, patients with
VACTERL association do not tend to have neurocognitive
impairment. [1]

Once a newborn with a congenital malformation in one
system is found clinically, it is necessary to be vigilant about
the presence of congenital malformations in other systems,
and comprehensive screening must be carried out, especially
the esophagus, anus, vertebra, cardiovascular, urogenital
system, and limbs, found three or more related abnormalities,
neonatal VACTERL association can be diagnosed. The
number of reports of neonatal VACTERL association is rare,
and it is estimated that it is related to the lack of awareness and
attention of medical staff. Another possible reason is that the
diagnostic level of prenatal ultrasound examination is
increased, and abortion or induction of labor after termination
of multiple abnormalities is found, leading to a decrease in
neonatal VACTERL association.

4. Conclusion

Multiple rib abnormalities may be seen in VACTERL
association. Clinicians should have a high index of suspicion
when evaluating patients with rib abnormalities associated
with VACTERL. It is extremely necessary for careful physical
examination and detailed auxiliary examination to each
system (including echocardiography, computed tomography,
magnetic resonance imaging, and so on) when diagnosing
VACTERL association. Also, recognizing and understanding
the congenital multiple system malformation is important,
which aids in the diagnosis of disease and accordingly plan the
therapeutic interventions. Early diagnosis of congenital
scoliosis with appropriate surgical intervention decreases
long-term morbidity.
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