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'STRACT: The effects of cuirass-assisted ventilation have becn studied in 25

fjects with chest wall discasc, Cuirass respirators increase ventilation in

portion to the peak negative pressure within the cuirsss sholl and the
respiratory rate, Positive pressure applied during expiration produces little
additional vemtilation. During cuirass-assisted ventilation end-expiratory
volume increases, arterial carbon dioxide tension (Paco,) falls and arterial
uoxygen fension (Pao,} rises. Cardiac output is unchanged. Paradoxical chest
wall motion is corrected by cuirass-assisted ventilation and restriction of chest
wall expansion by the cuirass shell is minimal. Jacket-type respirators can
produce larger tidal volumes than the cuirass at the same peak negative

pressure, bui are assgciated with greater air leakage.
Fur Respiv J. 1988, 1, 198-203.

Nocturnal hypoveniilation can be corrected by a
variety of mcthods of assisted ventilation [12]. If
hypoventilation is the result of upper airway obstruc-
tion, continuous positive airway pressure can be
applicd through a nasal mask. Iniermittent positive
pressure ventilation via a nasal mask has been used in
patients with ncuromuscular diseasc [10], but is more
usually employed with a tracheostomy. In the absence
of upper airway obstruction, other methods of
providing assisted ventilation may be used. Postural
ventilation using a rocking bed and electrophrenic
respiration arc generally only suitable for use in
patients with normal tung and chest wal mochanics
[12]. External negative pressure ventilation can be
used in the form of a tank ventilator {iron lung), a
jacket respirator or a cuirass respiralor. Cuirass
respirators are the simplest form of external nepative
pressure ventilator, consisting of a single rigid shell
which fits over the thorax anteriorly. They can be
used easily at home by the unaided patient, can he
transported in a small car, and are rclatively cheap.
We have investigated some cflcets of cuirass respira-
tors in patients with chest wall diseasc.

Subjects and methods

Twenty-five subjects with chest wall disease were
studied. Details of these subjecis are given in table 1,
Forced vital capacity (FVC) and forced expiratory
volume in one second (FEV,) were measured using a
Vitalograph wcdge spirometer. End-expiratory vol-
umes {ELCV} wcre measured hy hclium  dilution.
Residual volume (RV) and total tung capacity (TLC)
were calculated froin EEY, cxpiratory reserve vol-
ume and inspiratory capacity. Tidal volumes (VT)
were taken as the mean of five breaths recorded on a
PK Morgan wet spirometer. Arterial blood was
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sampled from the radial artcry and analysed in a
Radiometer biood gas analyser. Ribcape and abdom-
inal motion were asscssed using a Respitrace induc-
lance plethysmograph, calibratied by the isovolume
technique [18]. The same posture was maintained
during spontaneous and cuirass-assisted ventilation,
and calibration was checked by comparison of the
sum of the nbcage and abdominal signals with the
voiume signal from a PK Morgan dry spiromcter.,

In cipht patients a fow-directed balloon catheter
was introduced into the pulmonary artery. Cardiac
output was measured by thermodilution using this
catheter in conjunction with an Instrumentation
Laboratories cardiac output computer. The mean of
three injcctions of 10 mls of cold saline was used n
the calculation ol cardiac outpul.

Individual cuirass respirator shells werc con-
structcd in Vitrathinc from plaster casts of each
patient [2]. The edges were padded with foam and
covered in Neoprene rubber 1o provide a seal (fig. 1).
The cuirass shell fits over thc patient’s chest and
abdomen anteriorly with the sides resting on the bed.
It is held in place by a Neoprene sirap passing behind
the patient. A connector is positioned on the cuirass
shell anteriorly and a 2 metre long, 35 mm internat
bore, connecting tube led from the inside of the
cuirass shell 1o the ncgalive pressurc pump. A
Newmarket punip (Si Plan Electronics Research Ltd)
was used to generatc positive and negative pressure
(fig. 2), [11]. This uses an industrial fan rotated by an
clectric motor. The ncgative pressure side of the [an is
opened intermittently by a rotary valve to the inside
of the cuirass. A signal generator controls an electric
motor and associated gearbox, which actuate the
rotary valve. Respiratory rate and pcak negative
pressure can be altered using the signal generator, and
positive pressure may be used, during the expiratory









CUIRASS RESPIRATION

Table 3. - Mean (sp) minute volumes in litres during cuirass-
assisted ventilation using diflerent respiratory rates, with a
peak extarnal negative pressure of 30 cm of watar and an
inspiratory/expiratory ratio of 1/1,

Respiratory 10 15 20 25 30
ratefmin

Scoliosis 5.37 7.86 933 1072  9.16
(n=5) (237 (3.59) (545 (7.18) (2.08)

Thoracoplasty 722 B.14 9.56 1139 1303
(n=8) 3.05) (326 4200 (4.81) (6.02)

Neuromcuscular  6.24 152 945 940 11.21

(n=6) B.11) 421y (611 (6.57) (635
All subjects 6.37 7.89 .46 10,59 10.86
n=1%)

(3.16) {347} (491) (5.85) (5.82)

ventilation was 1.29 (0.66) /, and during cuirass-
assisted ventilation using external negativc pressure
alonc was 1.50 (0.83) { (p<0.05). On addition of
EPEP, the EEV fell to 1.35 (0.79) / {0.1 > p> 0.05).

The minute volumes obtained at different respira-
tory rates are given in table 3. Each increase in rate
of five breaths per minute produced a significant
increase in minute volume {p <0.05).

During spontaneous ventilation, two patients with
neuromuscular disease, two with scoliosis and one
with a thoracoplasty had paradoxical inward move-
ment of the abdomen during inspiration. Two
patients with a thoracoplasty had paradoxical motion
of the ribcage during spontaneous ventilation. Respi-
trace analysis of ribcage and abdominal motion in
these patients demonstrated synchronous cxpansion
of both Lhe ribcage and abdomen during cuirass-
assisted ventilation.

Daytime Paco, lor the sixteen patients studied was
6.8 (0.9) kPa during spontaneous vcntilation and
6.2 (1.3) kPa during cuirass-assisted ventilation
(p<0.0l). Daytime Pao, for these patients was 8.7
{2.2) kPa during spontancous ventilation and 9.2 {2.4)
kPa during cuirass-assisted ventilation (p <0.05).

The mean (3D} cardiac output for the eight patients
studied was 4.5 (1.3) //min during spontaneous
ventilation, and 4.3 (1.3} //min during cuirass-assisted
ventilation (p>0.1}.

The flow rates required to produce different peak
external negative pressures during cuirass-assisted
ventikation are shown in fgure 3. The pressure drop
down the 2 metre length of tubing was linearly related
to flow down the tube when meuasured over the range
of 300-1500 {/min, being approximately 0.5 cm of
water per 100 //min of flow.

The VT using the cuirass, Tunnicliffe, Emerson and
individually moulded jacket respirators at different
PENP are given in table 4. The VT/PENP relation-
ships for these four respirators are shown in figure 4.
The pump was unable to generate PENP of greater

Flow rate
{/min)
2000

1500 1

1000 4

500 1

10 20 30 40
External negative pressure {em HQO}

Fig. 3. Pump flow rates at different peak external negative
pressures duriug cuirass-assisted ventilation. Mean and standard
deviation for ten patients.

Table 4. - Tidal volumes (VT} obtained at diferent peak
extarnal negative pressures (PENP) using four respirators
{t=greater than cuirass at the same PENP, p<0.05).

PENP 10 20 a0 40

cmH,0
Cuirass 429 472 516 568
(176) (175 (220) (190)
n 12 13 13 7
Tunnictiffe 478 525+ 483 473
(218 (212) (165 (33)
n 11 11 10 4
Emerson 458 543%  625¢ 467
(218) (256) (292) (8)
n 10 10 6 2
Moulded 437 518 544 359
Jacket (162) (235) (258) (61)
n 11 11 8 2

Mean + (SD)

than 20 ¢cm of water in cvery subject, and where the
PENP was achieved in less than five subjects the
points are omtitted from figure 5. The Tunnicliffe
jacket produced significantly larger VT than the
cuirass al PENP of 20 cm of water (p <0.05) but not
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Fig. 4. The relationship between peak extcrnal negative pressure
and tidal volume for four external negative pressure respirators.

at other PENP. The VT obtained with the moulded
jacket were not significantly different from those
obtained with the cuirass at any PENP. The Emerson
respirator produced VT significantly larger than those
obtained with the cuirass at PENP of 20 and 30 cm of
water {p<0.05).

Discussion

In the middle decades of this century, cuirass
respirators were developed for use in the management
of poliomyelitis with respiratory muscle involvement
[3, 5, 15, 17} More recently, their value in the
management ol hypoventilation in patients with other
diseases of the chest wall has been recognised [6, 7, 9,
13, 14, 16, 19]). Standard cuirass shells are often
unsuitable for use in patients with chest wall
deformity {7, 16, 19], and a cuirass shell moulded to
the shape of the patient’s thorax is required [1, 7, 13,
16, 19]. We used a simple technique to construct
cuirass shells individually shaped to each patient.
Ventilation increased during cuirass-assisted ventila-
tion using these shells in proportion to the PENP
produced inside the shell and to the respiratory rate.
This increase in ventilation was reflected by a decrease
in Paco,. Previous studies of cuirass respirators have
demonstrated improvement in Paco, during cuirass-

assisted ventilation in scoliosis {7, 13, 16] and
neuromuscular disease [14].

Use of a cuirass shell strapped round the chest
might be expected to reduce EEV, atthough previous
reports of the effect of cuirass respirators on EEV are
conflicting [4, 5]. The increase in EEVY seen in our
patients during cuirass-assisted ventilation could be
artefactual as a result of improved mixing of helium
with the increase in ventilation. It could reflect
premature termination of expiration during cuirass-
assisted ventilation with an expiratory time which was
too short. Expiratory muscle activity may be present
at resting EEV in patients with chest wall disease, and
abolition of active expiration could also explain the
increase in EEV. The increase in Pao, seen during
cuirass-assisted ventilation in our patients may have
been related to the increase in EEV, with improved
venlilation-perfusion matching.

EPEP during cuirass-assisted ventilation has been
shown to produce a small increase in tidal volume (3,
4] and a decrease in EEV [5]. In our patients the
increase in VT on addition of EPEP was only
significant with a PENP of 10 and 20 cm of water, and
was associated with a fall in EEV. EPEP Ilifted the
cuirass away from the patient and increased the leak
around the rim of the shell. EPEP was uncomfortable
for most patients and none used it at night in the long
term.

Previous studies, using cinefluorography in animals
and carotid thermography in man, have suggested an
increase in cardiac output during cuirass-assisted
ventilation [8]. External negative pressure around the
thorax should increase venous return from the
peripheries, although venous return from the legs may
be restricted by compression of the lower abdomen by
the lower rim of the cuirass, With a cuirass shell
covering the abdomen, pooling of blood in the
abdomen could occur during the negative pressure
phase of the pump cycle. Pulmenary vascular resis-
tance will be increased by lung inflation but may
decrecase with improved oxygenation, which can also
improve myocardial contractility. Lowering of Paco,
may produce vasoconstriction. We did not demon-
strate a significant change in cardiac output during
cuirass-assisted ventiiation. The magnitude of change
of Pao, or Paco, seen in our patients was unlikely to
produce a significant effect on cardiac output. During
cuirass-assisted ventilation, blood cannot be sampled
from the femoral arteries and sampling from the
radial or brachial arteries proved difficult in these
patients. Arterial blood gases were measured at the
same time as cardiac output in an insufficient number
ol patients for conclusions to be drawn about oxygen
delivery during cuirass-assisted ventilation, but the
improvement in Pao, described above would suggest
a small increase in systemnic oxygen delivery despite
the absence of change in cardiac output.

There is considerable leakage of air into the sheil
around the edges of the cuirass when there is a
negative pressure within the cuirass shell. During
cuirass-assisted ventilation, this leakage depends on
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the PENP used., and also on the position of the
paticni. Al the pump flow rates required, there is an
appreciable fall in pressure down the connecting tube,
and it is therefore essential to measure the pressure
within the cutrass shell in any study of cuirass-assisted
ventilation.

The use of a cuirass shell which covers the chest and
abdomen corrects paradoxical motion of part of the
chest wail. The cuirass shell may restrict expansion of
the chest wall wherc the edges seal onto the patient.
The Tunnicliffe jacket covers morc of the upper
ribcage than the cuirass, but less of the abdomen, and
the fall in VT on increasing the PENP from 20 to 30
cm of water may reflect restriction of abdominal
expansion, The Emerson respirator covers a larger
area than any of the other respirators, and produced
the largest VT. The shell of the individually mouided
jacket respirator covers a similar arca of the patient to
the cuirass but does not touch the chest wall. The
tidal volumes obtained with this respirator were not
significantly grealer than with the cuirass, suggesting
that restriction of expansion of the chest wall by the
cuirass is minimal,

The pump was only able to generate a PENP of 40
cm of water in the cuirass in 58% of subjects. The
greater Icaks with the other external negative pressure
respirators restricted (his PENP to 36% of patients
using a4 Tunnicliffe jacket, 20% of patienls using the
Emerson respirator and 18% using a moulded jacket
respirator. Thus although Tor any PENP the jacket
respirators produced a larger VT, the largest VT was
obtained with the cuirass in one third of patients on
account of the greater PENP which could be obtained.

Conclusions

The cuirass respirators used in this study produced
an increase in tidal volume and end-expiratory
volume, a reduction in Paco,, a rise in Pao,, no
change in cardiac ouiput, and synchronous ribcage
and abdominal expansion. An individually designed
cuirass respirator increases ventilation in most sub-
jects with chest wall disease who require external
negative pressure ventilation. It is cheaper and much
easier for the patient to use than any of the jacket
respirators, which should be reserved for the small
number of patients in whom a cuirass is not effective.
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RESUME: Les effets d'une ventilation assistée & l'aide d’une
cuirasse ont été étudiés chez 25 sujets atteints d'une maladie de la
paroi thoracigue. Les respirateurs de type cuirasse augmesient Ju
ventifution proportionnelioment & lu dépression maximaly intra-
vitirasse et . g fréquenve respiratuire. Une pression positive
appliquée pendant Vexpiration n'augnente que faiblement la
ventilation. MPendant la ventilition ke volume de fin Jd'expiration
angimente, Pacor, chite el Puu, s'aeeroil: lo débit cardiaque reste
inchangé. Les mouvements purdoxaux de la paroi bronchique
somlb corrighs sous cuirasse, laquelle ne himite que trés peu des
pussibililés dexpansion de ks cuge thoracque. Les respiralenrs de
type Juguelle peuvent produice de plus grands volumes courants
que la cuirasse, mais sonl gusst associes avee des Tuiles aériques
supericures.





