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ABSTRACT: We investigated the long-term effectiveness of cuirass-assisted ventilation. and examined whether mortality and morbidity could have been predicted
at the time of admittance.
Twenty five pat.ients were commenced on nocturnal cuirass-assisted ventilation
between 1983 and 1985, 10 with scoliosis or kyphosis, 8 with a thoracoplasty and 7
with neuromuscular disease. Mean pretreatment vital capacity was 30% of predicted, and arterial carbon dioxide tension (PacoJ was 8.2 k.Pa (62 mmBg).
Fifteen patients were alive 5 yrs later. Two had discontinued assisted ventilation,
both dying soon afterwards, and three had been changed to intermittent positive
pressure ventilation. Survival could not have been predicted from age, severity of
disease, lung volumes or arterial blood gases at presentation. Paco1 in the survivors had risen from a mean of 6.1 kPa (46 mmBg) after one year to 6.8 k.Pa (52
mmBg) after 5 yrs (p<O.OS), but remained significantly less than at presentation.
There were no significant change in arterial oxygen tension (PaoJ, lung volumes,
respiratory muscle strength, haemoglobin, right hea.r t failure, exercise tolerance,
mental function and symptom scores after 5 yrs, compared to after 1 yr. The median amount of time spent in hospital declined from 15 days per patient in the first
year after initial discharge with cuirass-assisted ventilation, to between 3-5.5 days
per patient in subsequent years.
We conclude that nocturnal cuirass-assisted ventilation has a role in long-term
management of patients with neuromuscular and skeletal chest waU disorders. A
raodomized comparison with nasal intermittent positive pressure ventilation is now
indicated.
Eur Respir J., 1993, 6, 630-635.

The technique of external negative pressure ventilation
using cuirass-assisted ventilation was flrst reported over
100 yrs ago, but it was the stimulus of the poliomyelitis
epidemics in the middle decades of the present century
that lead to the improvements that made it practical for
clinical use [l). A proportion of poliomyelitis victims
continued to need assisted ventilation in the long-tenn [2],
and for some of these cuirass-assisted ventilation was an
effective and more convenient alternative to a tank ventilator (iron lung}, or positive airway pressure through a
tracheostomy [3, 4). It was subsequently realized that the
technique of cuirass-assisted ventilation could be of value
in managing chronic hypoventilation resulting from other
diseases affecting the respiratory muscles [5-12], or chest
wall deformities [13-16]. Non-invasive assisted ventilation is increasingly used in the management of these
disorders, particularly since the introduction of intermittent
positive pressure ventilation (IPPV) via a nasal mask [17].
Little infonnation is available, however, about which patients are most likely to beneflt, or about the demands
that patients commenced on long-tenn assisted ventilation
at home make on health services.
Between 1983 and 1985, we commenced 25 patients
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with neuromuscular and skeletal chest wall disorders on
nocturnal cuirass-assisted ventilation at home [18]. We
have reviewed these patients after 5 yrs, to see in which
patients cuirass-assisted ventilation remained effective,
whether long-tenn survival could have been predicted at
the time of presentation and how often they were admitted to our Assisted Ventilation Unit.

Subjects and methods
Of the 25 patients originally commenced on cuirassassisted ventilation, 12 were female. The median age was
53 yrs (range 12-68 yrs), and vital capacity (VC) was
31 % predicted (range 8-69% predicted). Twenty three
patients had a VC less than 50% predicted, and 21 had
an arterial carbon dioxide tension (PaCOz) greater than 6
kPa (46 mmHg) at presentation. Five patients had previously required IPPV via an endotracheal tube for acute
respiratory failure. Nine patients had a thoracic scoliosis
(idiopathic in seven and secondary to poliomyelitis in
two), and one had a thoracic kyphosis as a result of spinal tuberculosis. Eight patients had had a thoracoplasty
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performed for tuberculosis in the 1950s. In addition to
the two patients with previous poliomyelitis included in
the scoliotic group, seven patients had a neuromuscular
disease affecting the respiratory muscles (Duchenne's
dystrophy in two, other muscular dystrophy in two, and
an unclassified myopathy in three).
Individual cuirass shells were made for each patient
(1 9], and these were used with either a Cape cuirass
pump or Newmarket pump (SiPlan Electronks Research
Ltd) (20]. Approximately half of the patients used a
Cape pump injtially, but after 5 yrs all had changed to a
Newmarket pump. The cuirass was used overrught, and
additional1y during the day when necessary, at the most
negative pressure the patient could tolerate and at the
respiratory rate that they found most comfortable. The
ability of cuirass-assisted ventilation to produce adequate
ventilation and to rest the respiratory muscles was confirmed by measurements of tidal volume, blood gases and
the electromyographlc activity of the respiratory muscles.
When doubt arose as to whether the patient was using
cuirass-assisted ventilation at home, this was verified from
a clock on the pump. Upper airway obstruction during
currass-assisted ventilation was excluded by clirucal observation, and morutoring of oxygen saturation and carbon
dioxide levels during sleep.
Patients who were alive after 5 yrs were reassessed
during a routine visit to the Assisted Ventilation Unit.
Arterial blood was sampled from the radial artery with
the patient breathing air, and analysed in a Radiometer
blood gas analyser. VC was measured using a wedge
spirometer (Vitalograph), and functional residual capacity
(FRC) by helium dilution (P.K. Morgan). Total lung
capacity (TLC) and residual volume (RV) were computed
from FRC, inspiratory capacity and expiratory reserve
volume. Predicted values were taken from standard
equations [21], using arm span as an estimate of height
in those patients who were unable to stand or who had
a scoliosis (22]. Maximum mouth pressures were recorded using a pressure transducer (SiPian Electrorucs
Research Ltd) connected to a mouthpiece with a 22 gauge
leak. Maximum inspiratory pressure (MIP) was obtained
at RV, and maximum expiratory pressure (MEP) at TLC.
Maximum voluntary ventilation was estimated by measuring expired volume, whilst the patient breathed for 15
s through a low resistance valve (P.K. Morgan). Ambulant patients performed a 6 min conidor walk. Symptoms
were assessed using visual analogue scales and a depression questionnaire, and the patients also performed simple
mental function tests consisting of copying, deletion of
numbers from a matrix, decoding of letter-number pairs
and a trail test. Details of hospital actrrussions and travel
with the cuirass and pump were obtained from hospital
records, and from an interview with the patient In calculating the number of days spent in hospital, the initial
adrrussion to irutiate currass-assisted ventilation was excluded. Clinical signs of right heart fai lure and electrocardiographic evidence of right heart "strain" were scored
by the system used by HoEPPNER et al. [23]. For the index of diuretic usage, one unit was arbitrarily defined as
40 mg of frusemide, 1 mg of bumetanide, 5 mg of
arniloride or 50 mg of spironolactone.

Statistical comparisons were made using non-parametric tests in the "First" statistical package on an A3000
microcomputer (Acorn), the level of statistical significance
being taken as 0.05.
Results

Two patients with scoliosis refused to continue with
assisted ventilation. and both died within one year. The
survival curve for the other 23 patients is shown in figure
1. Fifteen patients were alive after 5 yrs. Two patients
who lived alone, one with a scoliosis and one with a
thoracoplasty, died within one week of their initial discharge from the Assisted Ventilation Unit. Two patients with
myopathies died during acute respiratory tract infections,
one despite being intubated and ventilated, and the other
in the ambulance on his way to the Assisted Ventilation
Urut. Two patients, one with a myopathy and one with
a thoracoplasty, died with gradually worsening right heart
failure. One patient with a thoracoplasty and a history of
asthma died at home during an acute wheezy episode.
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Fig. 1. - Survival of 23 patients wilh chest wall disease treated with
nocturnal cuirass-assisted ventilation at home.

Table 1. - Age, vital capacity and arterial blood gases
at the time of initial presentation of patients who died
within 5 yrs of commencing nocturnal cuirass-assisted
ventilation, compared to those who survived

------

Alive
n=15

Age yrs
VC % pred
Paco1 kPa
Pao1 k.Pa

58 (23-68)
26 (8-48)
7.8 (5.4-10.9)
7.9 (5.5-11.3)

Dead
n=10
48
36
7.6
7.7

(12--64)
(25-69)
(5.2-9.5)
(5.2-12.8)

Data are presented as mean and range in parenthesis. VC: vital
capacity; Paco1 : arterial carbon dioxide tension; Pao2: arterial
oxygen tension.
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Table 2. - Arterial blood gases, lung volumes, maximum mouth pressures, 6 min walking distance, haemoglobin concentration, clinical right heart failure scores,
electrocardiographic right heart strain scores and diuretic
therapy index in 12 patients before, after 1 yr and after
5 yrs of nocturnal cuirass-assisted ventilation
Before

Paco2 kPa
Pao2 kPa
VC I
TLC l
FRCI
RV I
MIP cmHp
MEP cmHp
MVV l·min·'
6 min walk m
Hb g·dl·'
Rt heart failure
Rt heart strain
Diuretic therapy

8.2±1.7
8.1±2.0
1.06±0.52
2.00±1.03
1.25±0.46
1.23±0.70
44±19
62±28
20±8
219±136
15.3±0.9
1
(0-2)
1
(0-4)
2
(0-4)

After
1 yr
6.1±0.81
9.2±1.5
1.07±0.49
2.09±0.59
1.40±0.37
1.17±0.46
47±12
66±21
26±9
317±1091
14.7±0.91

0
(0-1)
1
(0-3)
1
(0-4)

6.8±1.01*
9.4±1.9
1.00±0.40
2.17±0.77
1.48±0.56
1.28±0.66
41±15
81±54
30±81
225±89
14.9±1.0
1
(0-2)
0
(0-3)
2
(0-8)

Table 3. - Mean symptom scores in six patients
before, after 1 yr and after 5 yrs of nocturnal cuirassassisted ventilation
Before

After
1 yr

After
5 yrs

28

34

40

6

25

15

0

2

2

6

3

7

(0-62)

0

=opitimal score.

Table 4. - Mean time taken to complete mental function tests in six patients before, after 1 yr and after 5
yrs of nocturnal cuirass-assisted ventilation

Trail test s
Deletion test s
Copying test s
Decoding test s

10

After

5 yrs

Data are presented as mean±so, or median with range in parenlhesis. TLC: total lung capacity; FRC: functional residual
capacity; RV: residual volume; MlP: maximal inspiratory
pressure; MEP: maximal expiratory pressure; MVV: maximal
ventilatory volume; 1: p<0.05 compared to before; *: p<0.05
compared to 1 yr. For further abbreviations see legend to
table 1.

Breathlessness
(0-100)
Tiredness
(0-100)
Happiness
(0-100)
Depression

15

After

After

Before

lyr

5 yrs

41
33
40
59

33
38
30
47

40
31
34
49

5

0

2

3

4

5

Yrs
Fig. 2. - Median number of days spent as in-patients on the Assisted Ventilation Unit by 15 patients with chest wall disease after
initial discharge from hospital with cuirass-assisted ventilation.

The other death occurred in a patient with scoliosis, in
another hospital at night, during cuirass-assisted ventilation, 2 days after an elective tracheostomy had been
performed. In total, four of the 10 deaths occurred in hospital. There were no significant differences in age, VC,
arterial oxygen tension (PaOz) or Paco2 at the time of initial presentation, between those patients who died and
those who survived for 5 yrs (table 1).
During the five year period of follow-up, two patients
were changed to IPPV via a nasal mask, in both cases on
account of increasing difficulty fitting the cuirass through
a combination of limb muscle weakness and either
severe thoracic deformity or obesity. After an unsuccessful trial of IPPV via a nasal mask, one further patient
was changed to IPPV through a tracheostomy, for deteriorating respiratory failure.
Details of changes in physiological variables for the 12
patients still using nocturnal cuirass-assisted ventilation
after 5 yrs are given in table 2. Lung volume and maximum mouth pressure measurements were not made in
two patients prior to commencing assisted ventilation, and
one patient with muscular dystrophy was too weak to perform the tests after 5 yrs. Changes in symptom scores
and mental function tests are given in tables 3 and 4,
there being no statistically significant difference in the
median scores after one or 5 yrs. Figure 2 shows the
median number of days spent in hospital each year, including planned check-up admissions, and admissions
precipitated by an acute illness. Only one of the 15 patients had been admitted to another hospital during the 5
yrs, and she was the only patient to live more than lOO
km from the Assisted Ventilation Unit. One patient had
undergone an operation in Newmarket General Hospital,
spending the postoperative period on the Assisted Ventilation Unit. Five of the 15 patients had been on holiday
in the United Kingdom with their cuirass, as had one of
the 10 patients who were not alive at 5 yrs. Two had
also been abroad. Only one patient remained in employment Two patients who lived alone had managed
nocturnal cuirass-assisted ventilation successfully for 5
yrs.
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Discussion
In the absence of a control group, any conclusions
about the effect of nocturnal cuirass-assisted ventilation
on the natural history of our patients must be made with
caution. Although it would have been preferable from a
scientific point of view to withhold treatment from half
of the patients in a random manner, we did not feel that
this was ethically acceptable. The patients who discontinued assisted ventilation do not constitute an adequate
control group, and although their death could be interpreted as showing that assisted ventilation was necessary
for their survival, an alternative explanation is that the
patients' rejection of assisted ventilation reflected the absence of any beneficial effect
Table 5 gives details of other studies of assisted ventilation in patients with chest wall disease, in which a
5 yr survival rate is given or can be calculated [5, 8,
13, 24-29]. The overall figure of 60% in our patients is
rather less than previous reports, although in some of
these studies it is not entirely clear if all relevant deaths
were reported. Our patients showed a similar variation in
survival pattern to previous reports [24], with 80% of
scoliotic and kyphotic patients surviving 5 yes, but only
60% of patients with a thoracoplasty. Differences in case
mixture make comparison with other series difficult, particularly in patients with progressive neuromuscular diseases, and we do not feel that sufficient evidence is
available to conclude that cuirass-assisted ventilation is
less effective than other methods of ventilatory assistance.
We were unable to predict which patients would survive from data available at the time of their initial presentation in either acute or chronic respiratory failure. We
do not feel that assisted ventilation should be denied patients merely on the grounds of their age, the extent of
their disease, or the severity of respiratory failure at the
time of presentation. As in previous studies [30], even
patients with progressive neuromuscular diseases appeared
to derive considerable benefit from assisted ventilation.
Table 5.
lation
First
author

WEIRS
ALExANDER
SPLAINGARD
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The demand of these patients on acute medical services
was low, declined with time, and was probably less than
it would have been had they not received assisted ventilation.
In retrospect, some of the deaths could probably have
been prevented. One patient died after surgery in another
hospital, emphasizing the importance of close monitoring
and surveillance by staff from the Assisted Ventilation
Service after any operative procedure. The deaths shortly
after initial discharge of two patients living alone might
have been prevented by closer supervision, although their
discharge home in each case followed a lengthy admission, with arrangement of the maximum home support
available. One patient, who had been doing well on
cuirass-assisted ventilation, developed what was thought
to be a minor upper respiratory tract infection. He deteriorated and died in the ambulance on the way to hospital.
This illustrates the importance of emphasizing to the
patient, their carers and local medical practitioner that
prompt treatment should be given for any respiratory tract
infection.
The physiological benefits seen after one year of nocturnal assisted ventilation in these patients [18] were less
evident in the smaller number of patients still using
cuirass-assisted ventilation after 5 yrs. Although the mean
Paco2 had risen compared to the level after one year, it
remained significantly less than prior to commencing assisted ventilation. In the absence of any significant change
in lung volumes or respiratory muscle strength, the increase in maximum voluntary ventilation between one and
5 yrs is likely to represent a learning effect, although an
improvement in respiratory muscle function, which was
not picked up by maximum mouth pressures, or a reduction in airway resistance are alternative explanations.
In normal subjects and patients with chronic airflow
obstruction, nasal IPPV has been shown to be more effective than external negative pressure ventilation in unloading the respiratory muscles during wakefulness [31],
but the relevance of this in the long-term has not yet been

Five year survival rates of patients with chest wall disease using nocturnal assisted venti[Ref.]

[13]
[5]
[26]
[8]
[25)
[24)
[27]
[28)
[29)

Present
study

Patients
n

3
5
40
6

18

80
9
92
255
25

Disease

P,S
NM
NM
P, S
NM
S, TB
NM
p

NM, S, TB
P, NM,S, TB

VC mean
pre treatment
% pred

Method of
ventilation

19

Cuirass
Cuirass
Tank
Tank/Jacket
Tank
TIPPV
TIPPV
MJPPV
NIPPV
Cuirass

?

?

32
13
<.55
13

30
<20

30

5 yr
survival
%

67

40
76

lOO
76
74
89
92

88*
60

P: poliomyelitis; NM: other neuromuscular; S: scoliosis; TB: sequelae of tuberculosis (including thoracoplasty);
TIPPV: intennittent positive pressure ventilation via a tracheostomy; MIPPV: via a mouthpiece; NIPPV: via a
nasal mask; VC: vital capacity. *: 4 yr survival rate.
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established. At the time our patients were commenced
on assisted ventilation, we were unable to offer nasal
IPPV as an alternative. Whilst a few patients currently
using external negative pressure ventilation may need to
be transferred to nasal IPPV [32], the majority of our
patients are in a stable clinical state, and are happy with
cuirass-assisted ventilation. Some patients prefer external
negative pressure ventilation to nasal IPPV [33], and our
current practice is to try both techniques in most cases,
and to choose whichever is more effective and more acceptable for the patient. External negative pressure ventilation may be better tolerated by young children than
nasal IPPV [34], and at present it is more reliable and
cheaper. Difficulties in fitting cuirass shells to patients
with severe thoracic deformities, obesity, or immobility
have been described previously, but were uncommon in
patients presenting to our Assisted Ventilation Unit. We
did not encounter the problems with recurrent aspiration
which have been reported previously [27], possibly because of the semi-recumbent position in which most of
our patients slept with their cuirass respirators. Similarly,
upper airway obstruction was less of a problem than
previously described with external negative pressure ventilation [17, 26, 30, 35], and none of the patients were
prescribed protriptyline.
The use of nocturnal assisted ventilation is likely to
increase in the future, as patients present with respiratory
failure, as a late complication of poliomyelitis [36, 37],
or thoracoplasty [38, 39], and as the beneficial effects for
patients with nocturnal hypoventilation as a result of
scoliosis or progressive neuromuscular diseases are recognized. Our experience suggests that cuirass-assisted
ventilation will continue to have a role in the management
of these patients. A randomized comparison of this
technique with nasal IPPV is now indicated.
References

1. Woolam CHM. - The development of apparatus for intermittent negative pressure ventilation. Anaesthesia 1976; 31:
537- 547.
2. Affeldt TE, West HF, Landauer K, et al. - Functional
and vocational recovery in severe poliomyelitis. Clin Onhop
1958; 21: 16-21.
3. Dunkin U. - Home ventilatory assistance. Anaesthesia
1983; 38: 644-649.
4. Holtackers TR, Loosbrock LM, Gracey DR. - The use
of the chest cuirass in respiratory failure of neurogenic origin.
Respir Care 1982; 27: 271- 275.
5. Alexander MA, Johnson EW, Petty J, et al. - Mechanical ventilation in patients with late stage Duchenne muscular
dystrophy: management in the home. Arch Phys Med Rehabil
1979; 60: 289- 292.
6. Aberion G, Alba A, Lee MHM, et al. - Pulmonary care
of Duchenne type muscular dystrophy. NY State J Med 1973;
73: 1206-1207.
7. Johnson EW, Kennedy JH. - Comprehensive management of Duchenne's muscular dystrophy. Arch Phys Med
Rehabil 1971; 52: 110-114.
8. Garay SM, Turino GM, Goldring RM. - Sustained reversal of chronic hypercapnia in patients with alveolar
hypoventilation syndromes. Am J Med 1981; 70: 269-274.
9. Curran FJ. - Night ventilation by body respirators for

patients in chronic respiratory fail ure due to Duchenne
muscular dystrophy. Arch Phys Med Rehabil 1981; 62: 270274.
10. Lob L, Hughes JMB, Newsom Davis J. - Gas exchange
problems in bilateral diaphragm paralysis. Bull Eur Physiopathol Respir 1979; 15: 137-141.
11. O'Leary J, King R, Leblanc M, et al. - Cuirass ventilation in childhood neuromuscular disease. J Pediatr 1979; 94:
419-421.
12. Riley DJ, Santiago TV, Doniele RP, et al. - Blunted
respiratory drive in congenital myopathy. Am J Med 1977; 63:
223-232.
13. Weirs PWJ, Le Coultre R, Dallinga OT, et al. - Cuirass
respirator treatment of chronic respiratory failure in scoliotic
patients. Thorax 1977; 32: 221-228.
14. Pawner DJ, Hoffman LG. - Bedside construction of a
custom cuirass for respiratory failure in kyphoscoliosis. Chest
1978; 74: 469-470.
15. Fulkerson WJ, Wilkins JK, Esbenshade AM, et al. Life-threatening hypoventilation in kyphoscoliosis: successful
treatment with a moulded body brace-ventilator. Am Rev
Respir Dis 1984; 129: 185-187.
16. Binet L, Bour H, Bochet M, et al. - La respiration
assistee par cuirass thoraco-abdorninale. Presse Med 1961; 69:
1737- 1740.
17. Ellis ER, Bye PTB, Bruderer JW, Sullivan CE. Treatment of respiratory failure during sleep in patients with
neuromuscular disease. Am Rev Respir Dis 1987; 135: 148152.
18. Kinnear W, Hockley S, Harvey J, Shneerson J. - The
effects of one year of nocturnal cuirass-assisted ventilation in
chest wall disease. Eur Respir J 1988; 1: 204-208.
19. Brown L, IGnnear WJM, Sargeant KA, Shneerson JM.
- Artificial ventilation by external negative pressure: a
method for making cuirass shells. Physiotherapy 1985; 71:
181-183.
20. Kinnear WJM, Sbneerson JM. - The Newmarket Pump:
a new pump for external negative pressure ventilation. 11wrax
1985; 40: 677-681.
21. Quanjer P. - Standardised lung function testing. Bull
Eur Physiopathol Respir 1983; 19 (Suppl. 15); 1-95.
22. Jobnson BE, Westgate HD. - Methods of predicting vital
capacity in patients with thoracic scoliosis. J Bone Joint Surg
1970; 52: 1433-1439.
23. Hoeppner VH, Cockcroft DW, Dosman JA, Cotton DJ. Nighttime ventilation improves respiratory failure in secondary
kyphoscoliosis. Am Rev Respir Dis 1984: 129: 240--243.
24. Gerard M, Robert D, Salarnand J, et al. - Etude de la
survie chez 150 insuffisants respiratoire chroniques tracheotornises traites par le ventilation assistee a domicile. Lyon
Medical 1981; 245: 555-558.
25. Curran FJ, Colbert AP. - Ventilator management in
Duchenne muscular dystrophy: twelve years' experience. Arch
Phys Med Rehabil 1989; 70: 180-185.
26. Splaingard ML, Frates RC, Jefferson LS, Rosen CL,
Harrison GM. - Home negative pressure ventilation: report
of 20 years' experience in patients with neuromuscular disease.
Arch Phys Med Rehabil 1985; 66: 239-242.
27. Baydur A, Gilgoff I, Prentice W, Carlson M, Fischer DA.
- Decline in respiratory function and experience with longterm assisted ventilation in advanced Duchenne's muscular
dystrophy. Chest 1990; 97: 884-889.
28. Bach JR. Alba AS, Bohatiuk G, Saporito L, Lee M. Mouth intermittent positive pressure ventilation in the management of post-polio respiratory insufficiency. Chest 1987;
91: 859-864.
29. Leger P, Bedicarn JM, Comette A, et al. - Long-term

NOCTIJRNAL CUIRASS-ASSIS1ED VENTILATION

follow-up of severe chronic insufficiency patients {n=373)
treated by home nocturnal non-invasive nasal IPPV. Am Rev
Respir Dis 1991; 143: A73.
30. Sawicka EH, Loh L, Branthwaite MA. - Domiciliary
ventilatory support: an analysis of outcome. Thorax 1988; 43:
31- 35.
31. Belman MJ, Soo Hoo GW, Kuei J, Shadmehr R. - Efficacy of positive vs negative pressure ventilation in unloading
the respiratory muscles. Chest 1990; 98: 850-856.
32. Rodenstein DO, Stanescu DC, Delguste P, Lustro G,
Aubert-Tulken G. - Adaption to intermittent positive pressure ventilation applied through the nose during day and night.
Eur Respir J 1989; 2: 473-478.
33. Heckmalt JZ, Loh L, Dubowitz V. - Night-time nasal
ventilation in neuromuscular disease. lAncet 1990; 335: 579582.
34. Samuels MP, Southall DP. - Negative extrathoracic

635

pre.~sure in treatment of respiratory failure in infants and young
children. Br Med J 1989; 299: 1253-1257.
35. Goldstein RS, Molotiu N, Skrastins R, et al. - Reversal
of sleep induced hypoventilation and chronic respiratory failure
by nocturnal negative pressure ventilation in patients with restrictive ventilatory impairment. Am Rev Respir Dis 1987; 135:
1049- 1055.
36. Lane DJ, Hakleman B, Nichols PJR. - Late onset respiratory failure in patients with poliomyelitis. Q 1 Med 1974;
172: 551-568.
37. Howard RS, Wiles CM, Spender GT. - The late sequelae of poliomyelitis. Q J Med 1988; 66: 219-232.
38. Bredin CP. - Pulmonary function in long-term survivors
of thoracoplasty. Chest 1989; 95: 18-20.
39. PhiUips MS, IGnnear WJM, Shneerson JM. - Late sequelae of pulmonary tuberculosis treated by thoracoplasty.
Thorax 1987; 42: 445-451.

