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BACKGROUND: Subjects with thoracic scoliosis were an important group in early studies of

noninvasive ventilation (NIV). The aim of this study was to describe current rates of initiation of

NIV and survival after initiation in this population. METHODS: This study included patients

identified as having thoracic scoliosis and established between 1993 and 2018 on home NIV.

Patients with scoliosis secondary to neuromuscular disease (other than poliomyelitis) were

excluded. Survival rates were calculated for various time intervals up to 25 y. RESULTS: A

total of 53 subjects with thoracic scoliosis were successfully established on NIV. PaCO2 levels

prior to starting NIV were 55 6 23 mm Hg. FVC was 0.5 6 0.1 L, 18.5 6 9% of predicted, with

a Cobb angle of 101 6 3.5 degrees. The 5-, 10-, 15-, 20-, and 25-y survival rates were 96%,

88%, 61%, 46%, and 39%, respectively. At the time of death, subjects had been on home NIV

for 9.2 6 5.1 y and were 75.5 6 9.2 y old. There was no significant correlation between mortal-

ity and age at time of commencing home NIV, initial arterial blood gas results, FVC, or Cobb

angle. There was no significant difference in survival between those with and without poliomyeli-

tis. In 8 of 10 of the most recent years of this survey, subjects with scoliosis have been com-

menced on home NIV. CONCLUSIONS: Small numbers of subjects with scoliosis continued to

present with respiratory failure. Once established on home NIV, around 40% survived 6 25 y.

Long-term care will be needed for many years to come for this patient population. Key words:
scoliosis; spine; chest wall; poliomyelitis; respiratory failure; hypercapnia; noninvasive ventilation;
intermittent positive-pressure ventilation; forced vital capacity. [Respir Care 2021;66(6):972–975. ©
2021 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) using positive airway

pressure applied via a mask (or mouthpiece) was first

developed in the 1980s and rapidly surpassed older meth-

ods of supporting breathing such as iron lungs, cuirasses,

rocking beds, and pneumobelts. NIV proved to be particu-

larly effective in correcting type 2 (hypercapnic) respira-

tory failure in individuals with thoracic scoliosis, these

patients being one of the main diagnostic groups in the

early reported series on its long-term use.1-10 We report a

retrospective cohort analysis of home NIV in subjects

with scoliosis over a 25-y period, with the aim of describ-

ing current rates of initiation of NIV and survival after ini-

tiation in this population.

Methods

Our unit provides a regional home ventilation service, with

specialist neurological and spinal surgery services also based

at our hospital. From our database of home ventilation users,

we identified those with scoliosis who had been commenced

on home NIV between 1993 and 2018. The criteria for com-

mencing home NIV were daytime PaCO2
> 52.5 mm Hg or a

rise in overnight transcutaneous carbon dioxide level of> 7.5

mm Hg above awake values, associated with symptoms of

nocturnal hypoventilation. We identified 7 patients (4 female

and 3 male, median age 55 y) who were unable to use NIV

for an average of > 4 h in a 24-h period; we deemed these

patients not to have been successfully established on long-

term NIV, and we excluded them from further analysis.11,12
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We also excluded patients with scoliosis associated with

progressive neuromuscular diseases (eg, muscular dystro-

phy, spinal muscular atrophy), but we included those with

poliomyelitis.

Spinal curvature was assessed from spinal radiographs

by calculation of the Cobb angle.13 FVC and FEV1 were

measured using a wedge-bellows spirometer, with pre-

dicted values taken from the Global Lung Initiative,14 sub-

stituting arm span for height.15 Survival was assessed with

the Kaplan-Meier method. A log-rank test was used to

compare survival in those with and those without a history

of poliomyelitis. Risk factors for death were assessed

using multivariate analysis. Results are expressed as mean

6 SD unless stated otherwise. The level of statistical sig-

nificance was taken as 0.05. The study was approved by

the Clinical Ethics Committee of Nottingham University

Hospital.

Results

We identified 53 subjects who were successfully estab-

lished on home NIV over the 25 y of the survey (Table 1).

Twenty-seven of the subjects were female; 31 had idio-

pathic or congenital scoliosis, 17 had post-poliomyelitis, 3

had kyphoscoliosis following spinal tuberculosis, and in 2

subjects spinal curvature was associated with osteogenesis

imperfecta. Eight subjects had a diagnosis of asthma or

COPD, and 5 were current or former smokers.

Subjects used pressure-targeted NIV with a nasal mask.

Inspiratory positive airway pressure was 276 1.3 cm H2O.

The cycling of NIV was based on a fixed time rather than

being triggered by the subject, with a breathing frequency

of 15 6 1.1 breaths/min. Most subjects had an expiratory

valve in the NIV circuit, with no positive airway pressure

during expiration. Five (9%) used NIV for “top-up” periods

during the day, in addition to overnight.16

The 5-, 10-, 15-, 20-, and 25-y survival rates were 96%,

88%, 61%, 46%, and 39%, respectively. At the time of

death, subjects had been on home NIV for 9.2 6 5.1 y and

were 75.56 9.2 y old. There was no significant association

between mortality and age at time of commencing home

NIV, initial arterial blood gas results, FVC, FEV1, or Cobb

angle. When the subjects with scoliosis secondary to polio-

myelitis were compared to those in whom the etiology was
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Current knowledge

Patients with thoracic scoliosis were among the first to

benefit from noninvasive ventilation (NIV) when it

was introduced more than 30 years ago. Now that the

indications for NIV have been extended to obesity-

hypoventilation, COPD, and many neuromuscular con-

ditions, those with scoliosis are at risk of receiving less

attention.

What this paper contributes to our knowledge

Subjects with thoracic scoliosis continued to present

with respiratory failure, albeit in small numbers. With

home NIV, survival rates were � 40% at 25 years.

Long-term care will be needed for many years to come

for this small but important group.

Table 1. Demographics of Subjects With Thoracic Scoliosis at Start

of NIV

Age, y 56.3 6 3.9

Body mass index, kg/m2 19.8 6 4.6

Cobb angle, degrees 101 6 3.5

PaCO2
, mm Hg 55 6 23

Vital capacity, L 0.5 6 0.1

FEV1, L 0.43 6 0.1

FEV1/FVC 0.86 6 0.8

Data are presented as mean 6 SD. N ¼ 53 subjects.

NIV ¼ noninvasive ventilation
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Fig. 1. Survival with home noninvasive ventilation of subjects
with idiopathic or congenital scoliosis, or scoliosis secondary to
poliomyelitis.
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idiopathic or congenital, there was no significant difference

in survival (Fig. 1). Figure 2 shows the total number of sub-

jects using home NIV by year, together with the number of

new subjects starting each year. Subjects with scoliosis

started home NIV in 8 of the 10 most recent years of our

survey.

Discussion

The survival rate of our cohort of subjects with thoracic

scoliosis on home NIV is slightly better than previous

reports.4,8-12,16-23 This may have been the result of our

exclusion of patients who were unable to use NIV for > 4

h/d, but it may also reflect improvements in home NIV

equipment and service provision.

With the eradication of poliomyelitis, the develop-

ment of effective antituberculous drugs, and advances

in spinal surgery, we had anticipated a decline in the

number of patients with scoliosis needing NIV. Our unit

services a catchment population of � 1 million for neu-

romuscular problems,24 perhaps less for obesity-hypo-

ventilation, which is more frequently managed in

smaller peripheral units. With regional spinal surgical

services on site, we may have seen a higher proportion

of patients with scoliosis than would otherwise have

been the case. Nevertheless, we suggest that any unit

providing home ventilation services should expect to

continue to see new referrals with scoliosis.

Poliomyelitis vaccination was introduced in the 1950s.

It is unlikely that anyone born after about 1960 will pres-

ent with respiratory failure as a late complication of

polio. While declining numerically, these patients may

continue to present with respiratory failure for at least

another decade. Their outcomes seem to be the same as

those with congenital or idiopathic scoliosis, which

argues against there being ongoing neurological damage

affecting the respiratory muscles as a late complication

of poliomyelitis.25,26

Conclusions

Small numbers of subjects with scoliosis continued to pres-

ent with respiratory failure. Once established on home NIV,

around 40% were still alive 25 years later. Long-term care

will be needed for this patient population for many years to

come.
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Fig. 2. Number of subjects with scoliosis commenced on home noninvasive ventilation (NIV) by year, together with total number of subjects
with scoliosis using home NIV each year.

LONG-TERM SURVIVAL IN SUBJECTS WITH SCOLIOSIS ON NIV

974 RESPIRATORY CARE � JUNE 2021 VOL 66 NO 6



9. Lloyd-Owen SJ, Donaldson GC, Ambrosino N, Escarbill J, Farre R,

Fauroux B, et al. Patterns of home mechanical ventilation use in Europe:

results of the Eurovent survey. Eur Resp J 2005;25(6):1025-1031.

10. Bach JR, Alba AS, Saporito LR. Intermittent positive pressure ventila-

tion via the mouth as an alternative to tracheostomy for 257 ventilator

users. Chest 1993;103(1):174-182.

11. Schwarz EI, Mackie M, Weston N, Tincknell L, Beghal G, Cheng

MCF, et al. Time-to-death in chronic respiratory failure on home me-

chanical ventilation: a cohort study. Resp Med 2020;162:105877.

12. Budweiser S, Heinemann F, Fischer W, Dobroschke J, Wild PJ,

Pfeifer M. Impact of ventilation parameters and duration of ventilator

use on non-invasive home ventilation in restrictive thoracic disorders.

Respiration 2006;73(4):488-494.

13. Cobb JR. Outline for the study of scoliosis. Instr Course Lect

1948;5:261-275.

14. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH,

et al. Multi-ethnic reference values for spirometry for the 3–95-yr age

range: the global lung function 2012 equations. Eur Respir J 2012;40

(6):1324-1343.

15. Hepper NGG, Black LF, Fowler WS. Relationship of lung volume to

height and arm span in normal subjects and in patients with spinal de-

formity. Am Rev Respir Dis 1965;91:356-362.

16. Bach JR, Alba AS, Bohatiuk G, Saporito L, Lee M. Mouth intermittent

positive pressure ventilation in the management of postpolio respira-

tory insufficiency. Chest 1987;91(6):859-864.

17. Janssens JP, Derivaz S, Breitenstein E, De Muralt B, Fitting JW,

Chevrolet JC, Rochat T. Changing patterns in long-term noninvasive

ventilation: a 7-year prospective study in the Geneva Lake area. Chest

2003;123(1):67-79.

18. DuivermanML, Bladder G, Meinesz AF, Wijkstra PJ. Home mechani-

cal ventilatory support in patients with restrictive ventilatory disorders:

a 48-year experience. Respir Med 2006;100(1):56-65.

19. Gonzalez C, Ferris G, Diaz J, Fontana I, Nuñez J, Marı́n J.
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