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CASE REPORTS

Improvement of pulmonary dysfunction in patients
with severe adult spinal deformity after corrective
spinal fusion surgery
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ABSTRACT

In some cases of adolescent idiopathic scoliosis, corrective surgery can improve pulmonary function. However, the effectiveness
of corrective surgery in improving pulmonary function in adult spinal deformity (ASD) has not been reported. Therefore, the
purpose of our study was to investigate the recovery of pulmonary function after corrective fusion surgery in 4 patients with severe
ASD and associated pulmonary dysfunction. The first patient was a 42-year-old woman with spondylo-epiphyseal dysplasia,
whose main presenting complaint was dyspnea. As a result of her respiratory dysfunction, associated with her severe spinal
deformity, she required Home Oxygen Therapy (HOT). Prior to surgery, her %vital capacity (VC) was 25%, with a kyphosis
angle of 170◦. The second patient was a 55-year-old woman with a history of acromegaly, who presented with low back pain.
Prior to surgery, she had a %VC of 48% and a Cobb angle of 85◦. The third patient was a 59-year-old woman with adolescent
idiopathic scoliosis, which had been previously treated, and who was now experiencing increasing low back pain. Prior to surgery,
she had a %VC of 58% and a Cobb angle of 87◦. The fourth patient was a 60-year-old man, with a history of tuberculous spine,
who presented with low back pain. Prior to surgery, his %VC of 75% and Cobb angle of 100◦. Pulmonary function improved
after corrective fusion surgery in all cases. Halo traction with respiratory rehabilitation should be recommended before corrective
spinal fusion surgery for patients with severe ASD and pulmonary dysfunction.
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1. INTRODUCTION

Corrective spinal surgery has been shown to improve pul-
monary function in patients with adolescent idiopathic scolio-
sis,[1–4] with improvements in pulmonary function persisting
over a long term.[5, 6] However, the effects of corrective
spinal surgery on pulmonary function in patients with adult
spinal deformity (ASD), as well as in those with pulmonary

dysfunction before surgery, have not been evaluated.

Although Bumpass et al. reported pulmonary functions re-
covered after posterior column resection, the study group
included both adult and pediatric patients.[7] Lehman et
al. reported a decline in pulmonary function after correc-
tive surgery for ASD.[8] However, patients with pulmonary
impairment prior to surgery did experience significant im-
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provement in pulmonary function after corrective surgery.
Therefore, the purpose of this case series report was to inves-
tigate the effect of corrective spinal surgery on the pulmonary
function in 4 patients with severe ASD and associated res-
piratory dysfunction, wherein pulmonary dysfunction was
defined as a percent vital capacity (%VC) of < 80%.

Pulmonary function tests, thoracic computed tomography
(CT) and whole spine standing radiography were performed
at the first visit (baseline before surgery), at the post-
operative follow-up, and at the final follow-up. VC and the
percent forced expiratory volume in one second (FEV1.0%)
were used to evaluate pulmonary function. Thoracic capacity
was calculated from thoracic CT data using the Synapse Vin-
cent software, as per previously described methods.[9] The
Cobb angle and the angle of spinal kyphosis were measured
from the standing radiographs.[10]

2. CASE PRESENTATIONS
2.1 Case 1
The patient was a 42-year-old woman with spondylo-
epiphyseal dysplasia, whose main complaint on presentation
was dyspnea. She had undergone corrective surgery when
she was 8 years old at another hospital, with revision surgery
performed due to rod fracture when she was 9 years old. She
began experiencing dyspnea, due to respiratory dysfunction

associated with her severe spinal deformity, when she was
39 years old. After a year of progressive dyspnea, Home
Oxygen Therapy (HOT) was initiated. Moreover, a year prior
to her first consultation with us, she suffered from heart fail-
ure associated with her spinal deformity. The neurological
examination was unremarkable. On standing radiographs,
a kyphoscoliosis deformity was clearly observable, with a
kyphotic angle of 170◦; the deformity was too severe to mea-
sure the Cobb angle in the coronal plane (see Figure 1A and
1B).

Considering the known natural history of this type of spinal
deformity, corrective fusion surgery was indicated. The
%VC, VC, FEV1.0%, and thoracic volume, measured at
the first baseline visit, were 25%, 370 ml, 87%, and
729 ml, respectively (see Table 1). We deemed the severity
of her respiratory dysfunction was prohibitive of surgical in-
tervention. Therefore, we proceeded with application of halo
traction and respiratory rehabilitation. Over the 12 weeks
of hospitalization, her VC gradually improved from 34% to
41%. After this intensive period, the patient continued res-
piratory rehabilitation for another 2 years, on an out-patient
status. Over this time, her %VC, VC, FEV1.0%, and thoracic
volume improved to 44%, 640 ml, 91%, and 942 ml, respec-
tively (see Table 1), and corrective spinal fusion surgery was
planned.

Figure 1. Pre-operative antero-posterior (A) and lateral (B) whole spine standing radiograph, with the 170◦ angle of
kyphosis identified. Postoperative antero-posterior (C) and lateral (D) whole spine standing radiograph, with the 136◦ angle
of kyphosis identified. The correction rate was 20%.

Table 1. Time course of each parameters in case 1
 

 

 
First visit Pre-Op Post-Op 2Y 

%VC (%) 25 44 41 

VC (ml) 370 640 690 

FEV1.0% (%) 87 91 82 

Thoracic volume (ml) 729 942 1,305 

 

The surgery was performed in 2 steps. During the first
surgery, we explored the deformity of the spine and placed
the pedicle screws under navigation, from T3 to L4, without
osteotomy. During the second surgery, performed 8 months
later, we proceeded with posterior vertebral column resec-
tion (PVCR), from T10-T12. The kyphosis angle decreased
from 170◦ to 136◦ postoperatively (see Figure 1C and 1D).
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The correction rate was 20%. Two years after surgery, her
VC and the thoracic volume improved further to 690 ml and
1,305 ml, respectively (see Table 1).

2.2 Case 2
The patient was a 55-year-old woman with a history of
acromegaly, who presented with low back pain. She un-
derwent tumorectomy of a pituitary tumor at the age of 33
years. She experienced increased low back pain at the age of
47 years, for which she underwent a 4-year course of conser-
vative treatment. However, due to progression of her spinal
deformity and dyspnea, corrective surgery was planned at

the previous hospital when she was 51 years old. However,
this surgery was canceled when she developed CO2 narcosis.
After another delay of 4 years, she was referred to our depart-
ment for corrective surgery. Her neurological examination
was unremarkable. The Cobb angle, measured on standing ra-
diographs, was 85◦, with a kyphosis angle of 89◦ (see Figure
2A and 2B). Her %VC, VC, FEV1.0%, and thoracic volume
at baseline were 48%, 1,050 ml, 89%, and 1,637 ml, respec-
tively. Corrective fusion surgery was planned, extending
from the upper thoracic spine to the pelvis. Because of the
extent the patient’s respiratory dysfunction, a MIS approach
was recommended by the anesthesiologist, pre-operatively.

Figure 2. Pre-operative antero-posterior (A) and lateral (B) whole spine standing radiograph, with the 85◦ Cobb angle and
89◦ angle of kyphosis identified. Postoperative antero-posterior (C) and lateral (D) whole spine standing radiograph, with
the 45◦ Cobb angle and 63◦ angle of kyphosis identified. The correction rates were 41% and 26%, respectively.

We proceeded with a posterior fusion surgery, from T9 to
L5. Postoperatively, her Cobb angle decreased from 85◦ to
50◦, with a decrease in her kyphosis angle from 89◦ to 63◦

(see Figure 2C and 2D). The correction rates were 41% and
26%, respectively. Her %VC and VC increased to 54% and
1,140 ml, respectively, 6 months after surgery. However, the
patient developed repeated pneumonia after surgery, and her
%VC and VC subsequently decreased to 39% and 900 ml,
respectively, at 4 years after surgery, but with no effect on the
thoracic volume, which was 2,044 ml at 4 years after surgery
(see Table 2).

Table 2. Time course of each parameters in case 2
 

 

 Pre-Op Post-Op 6M Post-Op 4Y 

%VC (%) 48 54 39 

VC (ml) 1,050 1,140 900 

FEV1.0% (%) 89 86 98 

Thoracic volume (ml) 1,637 - 2,044 

 

2.3 Case 3
A 59-year-old woman with adolescent idiopathic scoliosis,
which had been treated during her high-school years, pre-
sented with a 3-year history of low back pain. Her neuro-
logical examination was unremarkable. The Cobb angle was
87◦, with a kyphosis angle of 86◦ (see Figure 3A and 3B).
Her %VC, VC, FEV1.0%, and thoracic volume at baseline
were 58%, 1,600 ml, 99%, and 3,122 ml, respectively. Pos-
terior fusion surgery was performed from T5 to the iliac
crests. Postoperatively, her Cobb angle decreased to 53◦

and the angle of kyphosis, to 62◦ (see Figure 3C and 3D).
The correction rates were 39% and 28%, respectively. Her
%VC, VC, FEV1.0%, and thoracic volume were maintained
at 58%, 1,640 ml, 96%, and 3,113 ml, respectively, at 1 year
after surgery. These pulmonary function values subsequently
improved to 64%, 1,790 ml, 98%, and 3,315 ml, respectively,
at 2 years after surgery (see Table 3).
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Figure 3. Pre-operative antero-posterior (A) and lateral (B) whole spine standing radiograph, with the Cobb angle of 87◦

and angle of kyphosis of 86◦ identified. Postoperative antero-posterior (C) and lateral (D) whole spine standing radiograph,
with the Cobb angle of 53◦ of Cobb and angle of kyphosis of 62◦ identified. The correction rates were 39% and 28%,
respectively.

Table 3. Time course of each parameters in case 3
 

 

 Pre-Op Post-Op 1Y Post-Op 2Y 

%VC (%) 58 58 64 

VC (ml) 1,600 1,640 1,790 

FEV1.0% (%) 99 96 98 

Thoracic volume (ml) 3,122 3,113 3,315 

 

Table 4. Time course of each parameters in case 4
 

 

 Pre-Op Post-Op 6Y 

%VC (%) 75 80 

VC (ml) 2,400 2,630 

FEV1.0% (%) 75 79 

Thoracic volume (ml) 2,647 3,443 

 

Figure 4. Pre-operative antero-posterior (A) and lateral (B) whole spine standing radiograph, with the Cobb angle of 100◦

and angle of kyphosis of 83◦ indicated. Postoperative antero-posterior (C) and lateral (D) whole spine standing radiograph,
with the Cobb angle of 72◦ and angle of kyphosis of 66◦ indicated. The correction rates were 28% and 20%, respectively.
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2.4 Case 4

The patient was a 60-year-old man, with a history of tubercu-
lous spine from his elementary school years, who presented
with a 5-year history of low back pain. The neurological
examination was unremarkable. The Cobb angle was 100◦,
with an angle of kyphosis of 83◦ (see Figure 4A and 4B).
His %VC, VC, FEV1.0%, and thoracic volume at baseline
were 75%, 2,400 ml, 75%, and 2,647 ml, respectively. A
PVCR of T11 was performed to correct the spinal deformity,
with spinal fusion from T6 to L5. Postoperatively, the Cobb
angle decreased to 72◦ and the angle of kyphosis to 66◦ (see
Figure 4C and 4D). The correction rates were 28% and 20%,
respectively. His %VC, VC, FEV1.0%, and thoracic volume
improved to 80%, 2,630 ml, 99%, and 3,443 ml, respectively,
at 6 year after surgery (see Table 4).

3. DISCUSSION

The natural course of severe adult ASD includes respira-
tory dysfunction, which inevitably results, over time, in pul-
monary heart disease and pneumonia.[11, 12] Whether cor-
rective surgery can improve pulmonary function in these
patients is an issue of controversy, with some studies re-
porting little improvement;[7, 8, 10] however, Lehman et al.
reported improvement in patients with ASD who had respi-
ratory dysfunction before surgery.[8] Our case series study
supports the finding of Lehman et al., with findings of im-
proved pulmonary function in all 4 patients with severe ASD,
all of whom had pulmonary dysfunction before surgery. We
also demonstrate that respiratory rehabilitation was effective
in the case of a 42-year-old woman who was experiencing
dyspnea because of severe spinal deformity due to spondylo-
epiphyseal dysplasia.

Fuschillo et al. also reported that respiratory rehabilitation
was effective in patients with severe respiratory impairment
associated with kyphoscoliosis.[13] In our case, we applied
halo traction which was effective in providing us the time
needed to pursue the respiratory rehabilitation and improve
the patient’s pulmonary function to the level needed to pro-
ceed to spinal surgical correction and fusion, as per previ-
ously published approaches for correction of severe scoliosis

with cor pulmonale and severe ASD with respiratory fail-
ure.[14, 15] Based on previous report, patient with cor pul-
monale due to spinal deformity should have a trial of halo
traction before operations. If their pulmonary functions im-
prove, then surgical stabilization can be performed.[14] In se-
vere ASD patients with respiratory failure, pre-operative halo
traction was also effective to estimate their post-operative
prognosis.[15] In our case, the combination of 12-week pro-
gram of respiratory rehabilitation and halo traction improved
the patient’s %VC from 34% to 41%. This extent of im-
provement was comparable to the 27.3% (range, 17%-50%)
improvement in %VC after an average respiratory rehabili-
tation of 3.7 week (range, 1-24 weeks) reported by Rizzi et
al.[15] From the perspective of anesthesiology, a %VC of <
50% increases the risk of postoperative morbidity and mor-
tality.[16] Therefore, a %VC of < 50% might be one cut off
value to for the use of halo traction and respiratory rehabilita-
tion before surgical correction. Considering these results, we
propose that hallo traction and pre-operative respiratory reha-
bilitation could have been beneficial in improvement clinical
outcomes in patient 2, whose postoperative %VC initially
improved postoperatively but subsequently decreased due to
repeated pneumonia.

Pulmonary function improved after corrective fusion surgery
in patients with severe ASD associated with pulmonary dys-
function. Halo traction with respiratory rehabilitation should
be recommended, before corrective spinal fusion surgery for
patients with severe ASD and pulmonary dysfunction.
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