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ABSTRACT

BACKGROUND: Congenital scoliosis is nowadays addressed by
many surgical solutions. There are rare cases presenting with mixed
vertebral defects associated with Thoracic Insufficiency Syndrome
(TIS). The presence of mixed vertebral defects may present with a
very high progressive potential, inducing a severe scoliotic curve
which impairs the development of the thoracic cage. Additionally,
these cases may associate rib fusions which will further impair
the development of the lung in these patients. The unique surgical
solution in these cases is represented by VEPTR (Vertical Expandable
Prosthesis Titanium Rib) devices able to expand the thorax and to
control the scoliotic curve.

MATERIAL AND METHODS: The surgical technique of the
VEPTR device in a rib-to-spine construct consists in a distraction
based device able to expand the thorax on the concave side of the
scoliosis by consecutive distractions and, secondary, to control de
scoliotic curve. The upper module of the device is placed on the
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first, second and/or third rib and the lower module is fixed to the
upper lumbar spine. The construct is completed with the expansion
module which allows distractions (1/2 or 1 cm for each distraction).
The patients undergo every 4-6 months consecutive distractions until
skeletal maturity when definitive spinal fusion is performed.
RESULTS: The VEPTR device in standard constructs with
placement as recommended by the developer proved to be efficient
in controlling congenital scoliotic curves and thoracic expansion.
Unusual placements of the device complicated the evolution of
patients with congenital scoliosis and required additional surgical
procedures to correct the deformities and to try to ensure remnant
spinal growth.

CONCLUSIONS: The VEPTR device has strict indications,
congenital scoliosis with TIS being one of them. Proper indication
and surgical procedure will aid the patients all along spinal and
thoracic growth, in order to obtain a lung and spinal development as
close to normal as possible in order to avoid premature death due to
TIS.
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INTRODUCTION

The VEPTR (Vertical Expandable Prosthesis Titanium Rib)
represents a surgical solution in the treatment of congenital scoliosis,
especially those with mixed vertebral defects (formation and
segmentation defects in the same case). This device is indicated
especially for the deformities affecting the thorax (depletion of the
thoracic volume), with consecutive Thoracic Insufficiency Syndrome
(TIS)M. The main goal in the treatment of these patines is thoracic
expansion, in order to ensure enough space for the lung to develop
during growth. The secondary goal is to control the scoliotic curve
induced by the congenital vertebral deformity which presents a
high progression rate in these cases!?. Mixed vertebral defects
with hemivertebra/hemivertebrae on one side and a longitudinal



bony bar on the opposite side present with a 5-7 Cobb degrees/year
progression rate, inducing a severe scoliotic curve during a relatively
short period?!. The distractions of the device, performed every 4-6
months until the age of 10 years, will expand the thorax and will
control the scoliotic curve, avoiding the appearence of TIS. This
device is a growth friendly device!* and it may be used starting with
the age of 1.5 years. It works efficiently up to the age of 10 years
when it has to be converted into a definitive spinal fusion.

The main goal ot this expandable device is the avoidance and the
treatment of TIS in skeletally imature patients. Pulmonary alveoles
multiply in an accelerated mode during the first 4-5 years of life and
continue to grow in volume up to the first 8 years of life®¢.. This is
the age range where VEPTR is efficient in the treatment of patinets
with congenital scoliosis due to mixed vertebral defects and high
progression rate of the scoliotic curve, associating TIS". In these
patients the addition of a rib-to-rib construct on concave side may be
useful in the expansion of the small and distorted hemithorax.

MATERIAL AND METHODS

The surgical technique in a rib-to-spine construct consists in 2
approaches, one in a J letter shape thoracotomy placed next to the
internal rim of the scapula, exposing the upper ribs, and a 4- cm
paraspinal incision just above the lumbar vertebra to be instrumented
(usually L2). The upper module fixed on the ribs and the lower
module fixed on the vertebra (laminar hook or transpedicular screw)
are connected by the distraction module. If rib fusions are present,
a thoracotomy is required to split the fusion in order the thoracic
expansion to be effective (Figure 1). A 1-cm intraoperative distraction
is next performed.

The distraction process has to be repeated every 4-6 months, up to
the age of +10 years when the device is converted into a definitive
spinal fusion. Distractions are minimal surgeries with small (2-3 cm)
incisions centered on the distraction module (Figure 2).

RESULTS

The device controls the scoliotic curve and allows expansion of the

thorax on the concave side in congenital scoliosis with fused ribs,
as an absolute indication. The device proved to be effective in the
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treatment of Klippel-Feil syndrome type 3 (associating thoracic
congenital deformities), too (Figure 3).
Related to congenital scoliosis, Burnei® reported a new construct

option, entitled VEPTR vertebra-to-vertebra, the upper module being
fixed on the vertebral lamina, with partially intracanalar placement
of the resulted ring. The follow-up of the patient after several

Fig'ure 1 VEPTR surgical technique in rib-to-spine construct. The presence

of rib fusions on the concave site requires the resection of the fusion and
thoracotomies.
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Figure 3 The use of VEPTR in Klippel-Feil type 3 syndrome with rib fusion.
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Figure 4 Premature removal had to be performed due to ineffective distraction.Vertebra-to-vertebra VEPTR construct with consecutive deformity and spi-
nal fusion under the device.
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Figure 5 Vertebra-to-vertebra VEPTR construct with consecutive defor-
mity and spinal fusion under the device.
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distractions evidenced a poor result with worsening of the scoliotic
curve, severe trunk imbalance, lack of thoracic expansion and a fused
spine (Figure 4).

Further this unusual type of mounting has been applied to other
2 patients. The follow-up of these 3 patients with this type of using
the VEPTR proved totally ineffective, inducing a more severe
deformity with spinal fusion under the construct. In these patients the
spine did not grow at all, despite several distractions of the VEPTR
device. In these patients, other surgical procedures were required,
with replacement of the VEPTR device in a standard position
(rib-to-vertebra; 2™ or 3" rib - L1, L2), respecting the producers
surgical technique (Figure 5, Figure 6). The VEPTR procedure and
principles had to be resumed in the standard construct type and
additional procedures had to be performed, like closing wedge spinal
osteotomies to correct the fused curve of the spine resulted by the
unusual initial placement of the VEPTR device. Further distractions
were performed until the age of skeletal maturity or ineffectiveness of
the device. The results were satisfactory in one case and poor in the
second case (lack of spinal growth and imbalanced sagittal plane).
The encountered complication during revision surgery was spinal
fusion due to the deviant initial surgical technique applied to these
patients.

CONCLUSIONS

The VEPTR device represents the only effective solution in the
surgical treatment of TIS. The standard constructs as recommended
by the developer have to be applied as described in order for the
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Figure 6 Vertebra-to-vertebra VEPTR construct. The failure to control
the scoliotic curve required repositioning of the device and spinal apical
wedged osteotomy.

VEPTR to be of use in the patients with congenital scoliosis and
to avoid complications and unnecessary additional surgeries.
Complications are frequently reported during the treatment of these
patients with congenital spinal deformities!”’. The VEPTR rib-
to-vertebra construct has to be placed on the upper ribs (first, 2™
or 3) and on the upper lumbar vertebrae (usually L2) due to the
preformed shape of the device (it presents a fixed radius which is
molded in relationship to the anatomic shape of the trunk induced
by the thoracic kyphosis). Latest recommendations by Campbell
and Smith are a careful selection of the patients, rib anchors to be
placed as cranial as possible, ideally with multiple rib anchors and 2
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fixation points on the spine. The kyphosis should be respected, too.
Any other placement will induce a disruption of the sagittal spinal
balance.

The use of a VEPTR device in order to correct spinal deformities
which have been operated before proved to be an ineffective solution,
if no additional surgery to “free” the spine had been performed. During
the periodical expansions of the device there was a poor improvement
of the spinal status (curve correction and sagittal balance).

By any means, any other approach to the spine (midline approach
with direct spinal approach on a long segment) should not be applied
in order to avoid spinal fusion which will lead to an ineffective
expansion device and finally a short spine, presenting the risk of
an iatrogenically induced TIS. The recommended age (1.5 up to 10
years of age) and device mounting are mandatory to be respected in
order to expect good results.

The placement of the device not respecting the surgical technique
as described by the inventor of the VEPTR device induces
ineffectiveness of the device and requires additional surgical
procedures to correct the consecutive complications.
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