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inferior to mustine in the treatment of inoperable cases of lung
cancer, though Bond et al. (1964) suggest that owing to a
sensory neurotoxic effect ethoglucid may be of special value
for relieving pain. It may also prove to have advantages when
given intra-arterially (Bond et al., 1964; Bailey et al., 1964).

Summary

Patients with inoperable lung cancer who had dyspnoea,
dysphagia, or mediastinal-compression syndrome were allrcated
at random to treatment with ethoglucid 200-250 mg./kg. in
a single intravenous dose or mustine 0.5 mg./kg. similarly given.

Thirty-one patients were treated with each agent. Ethoglucid
produced much the same immediate symptomatic relief as
mustine, but benefit was more ephemeral and radiological im-
provement less frequent. Immediate reactions from the drugs
were of comparable frequency and severity and neither drug
caused side-effects from bone-marrow depression. Intravenous
ethoglucid (200-250 mg./kg.) was therefore less effective than
intravenous mustine (0.5 mg./kg.), and had no compensating
advantages.
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Use of a Patient-triggered Intermittent Positive-pressure Respirator
in Respiratory Paralysis
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The current practice in most artificial respiration units in this
country is to use tracheostomy and intermittent positive-
pressure ventilation (I.P.P.V.) to provide controlled ventilation
(Smith et al., 1954). This method is relatively easy to use in
patients with complete respiratory paralysis. However, in
partial respiratory paralysis, when the patient requires only
assistance to spontaneous respiratory efforts, the problem of
providing this assistance in synchrony with the patient's own
efforts is considerable. Such patients tend to breathe against
the rhythm of the respirator and increase their respiratory
distress, necessitating sedation or curarization procedures
which are not always desirable. The problem was overcome
by the use of a patient-triggered respirator in treating two
patients at the Western Hospital recently. This paper reports
the use of this machine, an Air Shields Electronic Respirator,'
a time-cycled, volume-limited instrument which requires the
patient to displace only 4 ml. of air to trigger the assistor.

Description of the Respirator

The illustrations show a photograph (Fig. 1) and schematic
drawings (Figs. 2 and 3) of the respirator.
When the unit is operating, a motor blower (B in Fig. 2)

draws air into the blower housing. A portion of this air
provides cooling for the motor and warms the water in the
humidity chamber (P). The remainder is delivered to the
bellows chamber (N) surrounding the bellows (M), causing the
bellows to contract and set up a positive ventilatory flow. The
flow from the blower to the bellows chamber is controlled by
a solenoid (C) and a flow valve (D).
During the inspiratory phase (Fig. 2) the positive pressure

acts on the outside of the bellows, causing it to rise and
displace the air contained inside through the humidity
chamber and delivery tube to the patient at T. The air in
the bellows is not mixed with the air from the motor blower

but is room air drawn into the bellows through the filter (V).
During the expiratory phase the expired air passes through
the exhalation valve (S). As the weighted bellows falls it is
refilled with filtered room air.
The respirator, as mentioned above, is a time-cycled unit

with independent adjustment of the inspiratory and expiratory
phases. For any given setting of the inspiratory phase the
actual volume delivered by the respirator can be varied by
means of the flow valve. The flow can be adjusted from
almost zero to 100 litres per minute.
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* Registrar, Artificial Respiration Unit, Western Hospital, London.
1 The Air Shields -Electronic Respirator by Air Shields Incorporated of

U.S.A. was kindly lent to us, and the schematic drawings and
photograph were supplied, by their subsidiary in the United
Kingdom.
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The maximum pressure the respirator can deliver is 40 to
50 cm. of water. No adjustment of pressure is provided, as
it is not necessary in this machine. The pressure attained in
the lungs depends upon the inspiratory phase, the flow settings,
and the compliance of the lungs. Being volume-limited, it is
claimed that the respirator is able to compensate for changes
in compliance by automatically altering the delivered pressure
to maintain a pre-set tidal volume. Leakage around the mask
or tracheostomy tube will not cause the respirator to stop
working, and can be compensated for by increasing the flow.

Humidification of the inspired air is achieved by a built-in
humidifier which has a high-speed spinning disk (R). This
breaks up the water into particles of small size. Oxygen may
be added as desired, the oxygen supply being connected to
the nipple at the side of the filter-housing.

If the patient should attempt to breathe on his own (Fig.
3) the negative flow created by his inspiratory effort
activates the pressure switch (G). This energizes the solenoid,
and the inspiratory phase starts again. An amber light (H)
on the control panel flashes with each patient-triggered
inspiration.
A new exhalation valve at S (which we have not used)

apparently allows a measuring device such as a Wright
respirometer to be attached direct to the expiratory port
while the respirator is cycling, so that tidal volumes can be
measured.
Two cases are reported below.

Case 1

An Indian man aged 33 contracted poliomyelitis of bulbo-spinal
type in Madras, the symptoms starting on 14 November 1963.
Initially he developed patchy paralysis, involving upper and lower
limbs and intercostal and diaphragmatic muscles. This reduced his
vital capacity (V.C.) to one-quarter of normal. Later, bulbar
symptoms were noticed with facial weakness and palatal and
pharyngeal paralysis, resulting in difficulty in swallowing and a
tendency to aspirate fluids. Tracheostomy was performed at this
stage and manual I.P.P.V. started through a cuffed tracheostomy
tube. Attempts to change over from this to an automatic
mechanical respirator were unsuccessful because the patient's spon-
taneous respiratory efforts failed to synchronize with the rhythm
of the machine. During this time the patient developed collapse
and infection of the left lung.
On 12 December he was flown from Madras to this country and

admitted to the Western Hospital. He was still on manual I.P.P.V.
Examination on arrival revealed an unaided respiratory rate of 32
per minute, dullness to percussion and diminished breath sounds
over the lower part of left lung, a V.C. of 800 ml., a tidal air of
less than 350 ml., and an arterial PCo2 of 41 mm. Hg. In spite
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of a V.C. of 800 ml. the patient could not maintain spontaneous
respiration for any length of time. It appeared that the finding of
a normal Pco2 was the outcome of the vigorous manual I.P.P.V.
he had been receiving prior to the taking of the sample. Mechanical
I.P.P. respiration was again tried, using the Radcliffe respirator
(Russell et al., 1956), but, as had happened in Madras, he failed
to synchronize with the rhythm of the machine.
The patient-triggered Air Shields Respirator was substituted for

the Radcliffe and proved to be most satisfactory. The effect was
very dramatic. It followed efficiently the rhythm imposed by the
patient, who showed no further respiratory distress and complete
freedom from anxiety. After 10 days on this respirator, during
which time he received intensive chest physiotherapy, the left lung
re-expanded and his V.C. improved to 1,350 ml. Five months later
his V.C. reached 3 litres, and in the limbs there was only residual
paralysis of the right lower limb.

Case 2

A man aged 52 was transferred from another hospital with a
diagnosis of polyneuritis after mumps. He was admitted with
symptoms of progressive weakness and probable impending
respiratory muscle involvement. At this stage his chest expansion
was only 11 in. (3.8 cm.), although his V.C. was over 3 litres and
his cough reflex normal. The next day his V.C. decreased to 2.5
litres and he started to produce mucopurulent sputum. By the
third day after admission he was using accessory muscles of
respiration, his voice was feeble, and his cough reflex weak. His
V.C. was now reduced to 1,400 ml. He was first tried in a cabinet
respirator, but his V.C. continued to decrease and two days later
he was noted to be cyanotic and not synchronizing fully with the
machine. There was a collection of frothy secretions in the hypo-
pharynx and his V.C. had dropped to 600 ml. Air entry at the
base of the right lung and over parts of the left lung was
diminished. It was obvious at this stage that he was unsuitable for
a cabinet respirator. A tracheostomy was performed, and, using a
cuffed tube, he was connected to a Radcliffe respirator. He failed
to synchronize with the machine and began to show signs of
respiratory distress. He was then connected to the Air Shields
Respirator and soon settled on this machine, first triggering it and
then synchronizing with it. Later his respiratory muscle power
improved and the patches of lung collapse re-expanded. After a
period of approximately three weeks he was gradually weaned off
the respirator and the tracheostomy allowed to close.

Comment

In both these instances the patients presented difficulties in
that they had sufficient spontaneous respiratory effort to inter-
fere with controlled ventilation. This problem was overcome
by the use of a patient-triggered machine, the patients first
triggering it and later synchronizing with it. An impressive

PtM. 2.-Schematic drawing of the respirator (inspiratory phase). A=Timer. B=Motor blower. C=
Solenoid. D=Flow valve. E=DDsk valve inlet. F=DDisk pump valve. G=Pressure switch. H=Amber
light. J=Disk valve inlet. K=Disk valve outlet. M=Bellows. N=Bellows chamber. P=Humidity
chamber. R=Spinning disk. S=Exhalation valve. T=Patient input. V=Filter.

FIG. 3.-Schematic drawing
(patient demand).
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feature was the confidence shown by the patients in the
machine and the immediate relief of respiratory distress,
apprehension, and agitation.
The machine appears to have many advantages. The

simplicity of its operation appealed to the nursing staff. It is
electrically powered and mains-operated, and consequently
not dependent on cylinder-gas supplies for operation. The
effective triggering mechanism allows the machine to assist
the patient's spontaneous efforts, yet the machine takes over
completely during apnoea. It is claimed that, being a
volume-limited respirator, it can compensate for changes in
compliance by automatically altering the delivered pressure to
maintain a pre-set tidal volume. Inspiratory and expiratory
times are adjustable independently of each other. Tidal
volumes as low as 20 ml. can be delivered, so that the
respirator can be used to ventilate children and infants arti-
ficially. The monitoring system sets off an alarm buzzer on
mechanical failure of the respirator and on pressure build-up
or leakage in the circuit. It also operates if expiration or
inspiration is unduly prolonged, in which event the electrical
power to the respirator is automatically cut off.
The disadvantages we encountered were few. The degree

of humidification is not controllable. During suctioning of
the trachea the drop in pressure too easily sets off the alarm
buzzer. No battery operation or hand-pumping facilities are
available if the mains power supply fails. However, a hand-
operated bellows can be easily connected to the side tube of

the tracheostomy connexion. The respirator does not provide
negative pressure during the expiratory phase.

Summary

Patients in partial respiratory paralysis can be artificially
ventilated by using a patient-triggered respirator.
The details of such a respirator used by us are described.
Case reports are presented of two patients who were

artificially ventilated with this machine; one a patient with
paralytic poliomyelitis and the other with polyneuritis who
had partial respiratory paralysis. Both these patients were
first tried without success on respirators providing controlled
ventilation alone.
The effectiveness of the respirator used and its advantages

and disadvantages are discussed.

I thank Dr. W. Howlett Kelleher and Dr. Eugene O'Sullivan,
consultant physician and physician respectively to the Artificial
Respiration Unit of the Western Hospital, for their assistance and
guidance in preparing this paper.
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Rapid Estimation of Urea in Whole Blood with Urastrat

D. N. BARON,* M.D., M.R.C.P., F.C.PATH.; GWILYM HUGHES,t M.B., B.S.
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Urastrat (Warner; Urograph in the U.S.A.) is a commercial
" stick " test for the estimation of urea in a sample of serum
or plasma.
The stick is dipped into 0.2 ml. of serum for 30 minutes.

The serum passes up the stick by capillary action and the urease
in the stick reacts with the serum urea to produce ammonia;
this diffuses further up the stick and reacts with bromo-cresol
green to produce a blue coloured column. The height of this
column is proportional to the serum-urea concentration: the
column height can be measured, or be compared with the manu-
facturer's chart.
A drawback to Urastrat is that it cannot be used on whole

blood. The viscosity of the sample is critical in this procedure,
and the viscosity of blood is different from that of plasma;
also the erythrocytes impede capillary action. This paper
describes a satisfactory modification to enable whole-blood urea
to be estimated with Urastrat.

Method

Reagents.-(1) Urastrat. (2) Sedimenting solution: to one
5-ml.-size phial of phytohaemagglutinin M(Difco) is added
5 ml. of a 1% solution of dextran of molecular weight approxi-

mately 500,000 (dextran 500 (Pharmacia) was used) in isotonic
saline, 200 i.u. of lithium heparin, and 0.1 ml. of 1: 1,000
merthiolate. This solution has the viscosity of plasma (1.7
approximately, as measured with an Ostwald viscometer). It
is stable in the refrigerator for two to three months.

Procedure.-0.1 ml. of the sedimenting solution is put into
a tube measuring 10 by 7.5 mm., and 0.1 ml. of whole blood
added. The blood may be fresh venous or capillary, heparinized.
oxalated, or from sequestrene bottles. The tube is gently
"flicked" to ensure thorough mixing and is then left un-
disturbed for 10 minutes. During this time rapid agglutination
takes place and the erythocytes form a firm " button " at the
bottom of the tube, leaving a clear supernatant. Urastrat is
gently lowered into the mixture and the reaction is allowed
to proceed at room temperature for 30 minutes+ 1 minute, in
the usual way. When the reaction is complete the urea con-
centration is calculated by comparison with the maker's chart.
As Urastrat is manufactured in the U.S.A. the chart is calibrated
in blood urea nitrogen. It is therefore necessary to multiply
the figure corresponding to the height of the column by 4 to
calculate the true blood urea-multiply by 2 to convert from
blood urea nitrogen to blood urea (mg./100 ml.) and by 2
because of the 1 + 1 dilution of the original blood. The sedi-
menting solution can also be used to dilute plasma of high urea
concentration. The manufacturers recommend Versatol (a
control serum of known urea concentration) for this purpose,
but this entails unnecessary calculation.

* Professor of Chemical Pathology, Royal Free Hospital, London.
t Registrar, Department of Chemical Pathology, Royal Free Hospital,

London.
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