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Introduction
Spina bifida represents a spectrum 

of neural tube defects characterized by 
incomplete closure of the vertebral arches 
and associated spinal cord malformations. 
Scoliosis is a common complication in these 
patients and those who are nonambulatory are 
at a particularly increased risk for significant 
progression.1 As the deformity develops 
further, overall health can deteriorate and 
dysplastic spinal and chest anatomy along 
with trunk muscle weakness can lead to 
thoracic insufficiency syndrome (TIS).2 TIS 
refers to the inability of the thorax to support 
normal respiration or lung growth which 
results in a decline in pulmonary function and 
increased mortality.3 

Traditional assessment of spinal 
deformities has relied heavily on radiographic 
Cobb angle measurements, which fail to 
capture the functional respiratory impact of 
these conditions. Conventional pulmonary 
function tests (PFTs) involving spirometry, 
provide global breathing measurements but 
cannot assess regional differences or the 
contributions of specific components of the 
respiratory system.4 Dynamic MRI (dMRI) 
has emerged as a tool that allows for more 
comprehensive quantification of thoracic 
function during respiration and requires 
less active participation by the patient.4-7 As 
spina bifida patients often have cognitive 
delays, the ability of a child to breathe freely 
without instruction is beneficial as well. This 
imaging modality can capture the dynamics 
of lung volumes, chest wall excursion, and 
diaphragmatic motion providing regional 
information about thoracic function and 
enabling evaluation of asymmetries and 
functional deficits that cannot be obtained 
through testing done today.5

Treatment of TIS largely focuses on thoracic 
expansion and the creation of space to 
support respiratory mechanics.8 The vertical 
expandable prosthetic titanium rib (VEPTR) 
is a growth sparing approach that allows 
for continued chest and lung development 
in skeletally immature patients, offering 
significant advantages over traditional spinal 
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fusion techniques.2 Here we explore the case 
of a spina bifida patient treated with VEPTR 
and to our knowledge this case represents the 
first assessment of a spina bifida patient with 
TIS using dMRI. Through this report we hope 
to provide unique insights into the regional 
changes in thoracic dynamics following 
correction and offer an additional tool to 
improve evaluation of surgical outcomes in 
this challenging patient population. 

Case Presentation
A 4-year-old female presented with a 

complex medical history of thoracic level 
spina bifida, Chiari malformation type II, 
bilateral developmental dysplasia of the hip, 
marked acute kyphosis of her lumbar spine, 
and thoracic insufficiency syndrome. She had 
undergone myelomeningocele repair and 
placement of a ventriculoperitoneal shunt at 4 
weeks of age. Her family reported no history 
of pneumonia, but noted a history of asthma. 
She had been hospitalized multiple times 
previously for respiratory distress related 
to viral illness and had required intubation 
for nearly a month on one occasion. Her 
father reported that she had never required 
supplemental oxygen support. The patient 
was developmentally delayed and nonverbal, 
with onset of sitting at 30 months of age. 
She was unable to walk but could crawl. The 
patient was brought to the clinic due to her 
father’s concern about progressive spinal 
deformity.

Physical examination revealed a pleasant, 
alert child with severe kyphosis of the lumbar 
spine. Her weight was 10.2 kg. She exhibited 
marked marionette deformity with bobbing of 
the head during respiration. Her respiratory 
rate was 36 breaths per minute. Multiple scars 
were present on the flanks, and there was a 
closed myelomeningocele of the lumbar and 
lower thoracic spine. On seated evaluation, 
shoulder levels and iliac crest heights were 
symmetric. The spine was unbalanced with a 
truncal shift to the right.

Radiographs of the spine (Figure  1) 
demonstrated abnormal transverse orientation 
of all ribs with generalized hypoplasia. Severe 
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was extubated on postoperative day 1 to nasal cannula. She 
was weaned to room air by postoperative day 3 and had 
no perioperative complications related to the operation. 
There were no signs of infection upon discharge, and 
incisions were well-healed. At follow-up, the patient was 
re-evaluated using dynamic lung MRI in the post-operative 
setting (Table 1).

Discussion
The dMRI findings in this case show significant 

improvements in lung volumes and tidal volumes following 
VEPTR implantation (Table 1). Left lung volumes increased 
substantially, with left lung volume at end-inspiration 
(LLVei) increasing by 180.29% and left lung volume at 
end-expiration (LLVee) by 140.41%. Right lung volumes 
also showed improvement, with right lung volume at end-
inspiration (RLVei) increasing by 68.18% and right lung 
volume at end-expiration (RLVee) by 112.86%.

The left lung tidal volume showed the most dramatic 
improvement, increasing by 704.30%, while right lung 
tidal volume remained essentially unchanged (-0.09%). 
When correlating to a clinical context, this asymmetric 

spinal dysraphism extended from T5 through the sacrum 
with multiple notable segmentation anomalies. There was 
severe levoscoliosis of the lumbar spine, with a Cobb angle 
measuring 92 degrees, collapsing the torso onto the pelvis 
and resulting in both secondary and primary thoracic 
insufficiency syndrome. The lateral film showed kyphotic 
gibbus deformity of the lumbar spine, with a Cobb angle 
measuring 121 degrees, and bilateral dislocation of both 
hips. The patient was evaluated pre-operatively with 
dynamic lung MRI to assess ventilatory mechanics prior 
to intervention (Table 1). The risks and benefits of surgery 
were explained, and informed consent was obtained from 
the patient’s family.

Bilateral expansile opening wedge thoracostomies of 
the thorax were performed with the insertion of bilateral 
pelvis-to-rib VEPTR rods with S-hooks to the pelvis (T2-
pelvis). These were placed under the premise that they 
would stretch her chest away from the pelvis and help 
free up her diaphragm for better respiration. Cobb angles 
were corrected by 41% to 54°. Thoracolumbar kyphosis 
was corrected by 21% to 95° (Figure 2). The patient was 
placed in a cast and returned from the operating room 
intubated. Ventilator settings were weaned, and the patient 

Figure 1. Anterior-posterior (A) and 
lateral (B) radiographs of the spine prior 
to intervention. Notable spinal dysraphism 
from T5 to sacrum with multiple congenital 
anomalies. Levoscoliosis of the lumbar spine 
(91°) with severe lumbar kyphosis (121°).

Table 1. Preoperative and postoperative dMRI volumes (mL)
LLVei RLVei LLVee RLVee LLTV RLTV LCWtv RCWtv LDtv RDtv

Preop 79.28 159.78 73.68 96.58 5.61 63.2 3.5 27.33 2.51 37.16

Postop 222.23 268.71 177.13 205.57 45.1 63.14 15.4 13.47 31.99 51.48

Difference 142.94 108.93 103.45 108.99 39.49 -0.06 11.91 -13.86 29.48 14.32

% change 180.29 68.18 140.41 112.86 704.3 -0.09 340.62 -50.72 1176.29 38.55
LLVei  left lung volume at end-inspiration; RLVei  right lung volume at end-inspiration; LLVee  left lung volume at end-expiration; RLVee = right lung volume at end-expiration; LLtv
= left lung tidal volume; RLtv = right lung tidal volume; LCWtv = left chest wall tidal volume; RCWtv = right chest wall tidal volume; LDtv = left diaphragm tidal volume; RDtv = right diaphragm tidal volume.
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improvement suggests that movement of the left 
hemithorax was more restricted preoperatively by the 
levoscoliosis of the lumbar spine and experienced greater 
benefit from the surgical correction. When examining the 
components of tidal volume, left diaphragm tidal volume 
(LDtv) increased by 1176.29% and left chest wall tidal 
volume (LCWtv) by 340.62%. Conversely, right diaphragm 
tidal volume (RDtv) increased by a modest 38% and right 
chest wall tidal volume (RCWtv) decreased by 50.72%, 
potentially indicating a redistribution of respiratory effort 
following correction of the deformity.

Flynn et al. conducted a multicenter study of 16 
nonambulatory patients with myelodysplasia treated with 
VEPTR and found significant therapeutic potential in this 
challenging population [2]. Their study demonstrated 
that VEPTR can correct spinal deformity while allowing 
spinal growth and maintaining adequate respiratory 
function. The Cobb angle decreased postoperatively in 
nine patients (56%), increased less than 10° in five patients 
(31%), and increased less than 20° in only two patients 
(13%). Additionally, the mean increase in thoracic spinal 
length (growth) was 0.48 cm per year, and ventilatory 
function improved in 11 patients (69%) and deteriorated 
in five patients (31%). The improvements in lung volumes 
and diaphragmatic excursion observed in our case align 
with Flynn’s majority findings regarding the potential 
benefits of VEPTR in the spina bifida population. Our 
patient recovered from surgery well and maintained stable 
respiratory requirements while continuing to gain weight.

The quantitative dynamic MRI assessment of this patient 
provided detailed information about respiratory mechanics 

that conventional measurements might not capture. The 
improvements in left-sided parameters revealed by dMRI 
in this case might not have been appreciated through 
standard radiographic or pulmonary function testing, 
especially in this 4-year-old who is developmentally 
delayed and nonverbal. PFTs would not only be challenging 
in this patient but also potentially uninformative as scores 
often do not correlate with pathoanatomic correction or 
functional respiratory improvements9. This case suggests 
VEPTR serves to benefit spina bifida patients with TIS 
and that dMRI may be a useful adjunct in evaluating these 
complex cases. 

Conclusion
This case demonstrates significant improvements 

in quantitative dMRI parameters following VEPTR 
implantation in a patient with spina bifida and TIS. The 
most substantial gains occurred in left lung volumes 
and diaphragmatic excursion, suggesting correction of 
asymmetric restriction. The VEPTR effectively addressed 
both spinal deformity and thoracic insufficiency while 
dMRI provided precise evaluation of regional changes 
that conventional measures might miss and did so in a 
fashion where information is easier to obtain as well. This 
approach offers valuable assessment for surgical outcomes 
in this challenging population.
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