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ABSTRACT

We report a case of a 14-year girl with severe congenital scoliosis (CS) and type Il respiratory failure (RF), who underwent preop-
erative halo-gravity traction in combination with intraoperative orthopaedic surgery on the spine based on the results of phys-
ical examination, pulmonary function tests (PFTs), computed tomography (CT), and blood gas analysis. The patient’s coronal
and sagittal Cobb’s angles changed from 100° to 45° and 40°, respectively, and RF changed from type Il to type | after treat-
ment. Scoliosis was corrected well, and RF was improved. During follow-up for nearly 3 years, no loss of deformity correction
and no serious complications occurred, and the patient showed a good clinical outcome and balanced spine.
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INTRODUCTION

Scoliosis is a three-dimensional structural deformity of the spine
with sagittal and coronal deformities and vertebral rotation. The
Scoliosis Research Society (SRS) defines scoliosis as curvature of
the spine with Cobb’s angle =10°." Congenital scoliosis (CS) is
caused by a structural spinal defect and occurs in about 1in 1000
live births; the incidence rate is second only to idiopathic scoliosis
(15).?

Previous studies indicated that 30-60% of CS cases have accom-
panying congenital deformities that may involve the respiratory,
cardiovascular, nervous, musculoskeletal, urogenital, and other
systems, especially the respiratory, urogenital, and cardiovas-
cular systems, which have a common embryological origin in the
mesoderm.® Thus, respiratory damage, including respiratory
failure (RF), isawell-recognised complication of severe congenital
spinal deformity.*RF is divided into types | and Il, the former only
showing a reduction of partial pressure of arterial oxygen (Pa0,,,
while the latter is characterised by PaO, <60 mmHg and PaCO,
>50 mmHg. Untreated patients can suffer from acute RF due to
the gradual reduction of respiratory volume, and the incidence
andintraoperative and postoperative mortality rates are high.?
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Although previous studies showed that preoperative halo--
gravity traction is effective in treating severe CS,° treatment of
patients with CS and type Il RF was reported rarely. Standard
management plans are not applicable in such patients, and
multi-stage procedures may be required to minimise risks and
optimiseresults.

Herein, we report an adolescent CS patient with severe spinal
curvature and RF. The patient was treated successfully with
preoperative halo-gravity traction and orthopaedic surgery on
the spine. We present the results of almost 3 years of clinical,
radiographic, and pulmonary functionfollow-up.

CASE REPORT

A 14-year child with dyspnea was admitted to the hospital on
August 19, 2016. The patient had a known history of untreated
scoliosis, progressive worsening of her pulmonary failure with
acute dyspnea and palpitations exacerbated by a recent upper
respiratory tractinfection.

She was diagnosed with CS, pulmonary infection, type Il RF,
extremely severe restrictive pulmonary ventilation dysfunc-
tion, and respiratory acidosis. The results of pulmonary function
tests (PFTs) indicated extremely serious restrictive pulmonary
ventilation dysfunction (FVC 18.8%, FEV, 17.7%) and pulmo-
nary reserve dysfunction with maximal voluntary ventilation
(MVV) of 51.3%. Blood gas analysis revealed type Il RF (PaO, 57
mmHg, PaCO, 108 mmHg) and acidosis (pH 7.21). On physical
examination, she weighed 31 kg and was 126 cmtall. Shehad a
slightly high right shoulder, asignificant right thoracic rib hump,
mild pelvic obliquity, normal limb development (Figure 1A), and
an obvious rib hump deformity with an angle of 35° (Figure 1B).
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Radiographically, she had a Cobb’s angle of 100° in both the
coronal and sagittal planes (Figure 1C). Three-dimensional CT
of the spine (Figure 1D) suggested severe scoliosis, obvious
compression of the lung leading to thoracic insufficiency
syndrome (TIS) (Figure 1E), and pulmonary infection (Figure
1F). The upper thoracic segment was bent to the left with
thoracic (T) 1 and T2 as the centre, and the lower thoracic
segment was bent to the right with T9-T10 as the centre. The
patient’s growth and development were slow, e.g., Risser 2,
closure of trigonal cartilage, and menarche were delayed by
halfayear.

Figure 1: Preoperative clinical photos (A and B), radiographs (C), and CT
photos (D, E,andF).
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Figure 2: CTimages using halo-gravity traction. During the traction using
the halo-gravity traction, the coronal (above) and sagittal (below) Cobb’s
angleschangedfrom 100°to45°and 40°, respectively. Thetime was from
January6,2017toMarch7,2017.

Thepatientwasfirstplacedinhalo-skull-pelvistractionfortreat-
mentbecause ofhersevere spinal deformity and dyspnea. After
3 months of halo-gravity traction, the symptoms of dyspnea
were slightly relieved, with PaO, 112 mmHg, PaCO, 41 mmHg,

and pH 7.39 on blood gas analysis. In addition, the coronal and
sagittal Cobb’s angles changed from 100° to 45° and 40°,
respectively (Figure 2), and her condition was improving. The
results of PFTs, i.e., normal pulmonary reserve function (MVV:
88.2%), slightly decreased diffusion function, and normal
airway resistance showed that the patient was gradually recov-
ering. However, lung volume measurement indicated that the
total lung volume had decreased and the residual volume
increased, with a residual-to-total ratio of 58.17%. Meanwhile,
the patient showed extremely serious restrictive pulmonary
ventilation dysfunction (FVC 32.8%, FEV, 31.8%). Her weight
was 40 kg, and her height was 138 cm, approximately 12 cm
tallerthanatherinitialmeasurement.
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Figure 3: CT images of the spinal coronal (above) and sagittal (below)
plane were followed up after the operation using posterior scoliosis
correction from April 30, 2017 to April 10, 2020. The Cobb’s angle of
coronal curvaturewas45°andthesagittalplanewas40°.

The patient underwent spinal orthopaedic surgery on April 25,
2017. First, an incision was made along the midline from the
centre of T2 to L3 spinous process after general anaesthesia
with the patient prone. On the concave side of the vertebrae,
five pedicle screws were placed in T2, T12, L1, L2, and L3, and
two lamina hooks were placed in T3 and T4, pre-bending and
placing the connecting rod, and completing spinal orthopaedic
surgery. After anaesthesia and resuscitation, she was trans-
ferred to ICU for further observation. Finally, surgical restraint
protection was provided after the operation. Inthe latest follow-
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up on April 10, 2020, blood gas analysis showed PaO, of 67.3
mmHg, PaCO,0f 44.1 mmHg, and pH of 7.36. PFTs showed that
respiratory function had gradually declined compared to before
surgery due to a lack of professional home care, with reduced
pulmonary reserve function (MVV: 36.0%) and extremely
serious restrictive pulmonary ventilation dysfunction (FVC
33.4%, FEV, 34.0%). In the latest follow-up on April 10, 2020,
blood gas analysis showed that PaO, was 67.3 mmHg, PaCO,
was 44.1 mmHg, and pH was 7.36. CT indicated that the spinal
orthopaedic operation was successful. After nearly 3 years of
follow-up, no deformity correctionloss and no serious complica-
tions were observed. She demonstrated a good clinical
outcome and a balanced spine (Figure 3). Professional nurses
tendedtoherandtook care of herdaily activitiesduringthetrac-
tionstageand postoperatively.

DISCUSSION

Severe CS results in unilateral or total thorax volume decrease
and developmental obstruction, giving rise to TIS. It is very
important to the diagnosis and prognosis of TIS that the limita-
tions of the chest and lungs are accurately evaluated. For
example, the congenital short-rib syndrome often leads to a
fatal lateral growth disorder of the chest (such as Jeune asphyxi-
ating thoracic dystrophy), and congenital shortening of the
thoracic spine can lead to overall shortening of the chest (such
as Jarcho-Levin syndrome), with a mortality rate of 33%.” In
early life, a well-developed deformed thorax may not support
thesizeoflungsneededinadulthood (chest“dysplasia”). There-
fore, itisnecessary toperformaphysicalexamination, CT, PFTs,
and other tests to evaluate thoracic development in such
patients. In this case, the patient had breathing difficulty at the
age of 14 years. After further examination, she was found to
have severe CS, TIS, type Il RF, and extremely severe restrictive
pulmonary ventilation dysfunction. A comprehensive analysis
ofthe patient’s status was required, with a formulation of a suit-
abletreatmentplaninvolving preoperativetractionin combina-
tionwith spinal orthopaedicinternalfixation.

Congenital spinal deformities sometimes present as rigid,
severe curves, which may be impossible to correct using stan-
dard instrumentation techniques. The safety of traction in the
treatment of congenital spinal deformities, especially in cases
involving preexisting neurological deficits, has been ques-
tioned by MacEwen et al.,*who discussed the risk of traction-in-
duced congenital paraplegia. Inrecent years, traction has been
widelyusedinseveredeformities, including congenital deformi-
ties.*® Sink et al.’ reported the application of halo-gravity trac-
tion, which wasthen elaborated by Rinella et al.’Neither ofthese
studies included cases of permanent neurological deficits.
Halo-gravity traction allows the patient to gradually increase
theweightofthering. Thistechniqueallows partial curve correc-
tion and improves respiratory function before surgery.
MehIman et al.*® used halo-femoral traction in 24 patients, with
X-ray images showing an average preoperative Cobb’s angle of
95° and post-traction angle of 44°. The final curve correction
rate was 71%, and there were no permanent neurological

deficits. In the present case, the patient underwent halo-skul-
I-pelvis traction and halo-gravity traction, which was instru-
mental in improving lung function and correcting the curve
deformity. RF changed from type Il to type |, the coronal Cobb’s
angle changed from 100° to 45°, and the curve correction was
55%.

The challenges, in this case, included severe and rigid CS with
poorly managed type Il RF. During the course of treatment,
several factors played important roles in the correction of CS.
First, minimally invasive surgery, a short surgical time, and
administration of anaesthesia were beneficial to the compro-
mised pulmonary profile in this case. Preoperative halo-gravity
traction improved not only the flexibility of the spine and chest
butalsothe lung function and allowed continuous monitoring of
the patient’s nervous system function. In addition, the required
degree of correction was obtained at the end of the traction
procedure, which was followed by in-situ fusion and total
pedicle screw fixation. Finally, professional nurses provided
guidance and took care of daily activities for the patient during
the stageoftractionand postoperatively.
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