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General care of the ventilated patient in the

intensive care unit

Martin R Hamilton-Farrell, Gillian C Hanson

Care of the airway
Patients whose conscious level is impaired
often require an artificial aid to maintain a
clear airway. An oral (Guedel) airway may be
sufficient temporarily, ana It allows tne pas-
sage of a suction catheter alongside. A naso-
pharyngeal airway _ore c,omfbrthJ, and
may permit-passage of a fine catheter through
the larynx, though this may be traumatic if
repeated too often.
An endotracheal tube or tracheostomy is

necessary to secure the airway against laryn-
geal obstruction, to provide a route for
artificial ventilation, to allow suction of bron-
chial secretions, and to protect the lungs
against aspiration of pharyngeal and gastric
contents. Early problems with endotracheal
tubes include misplacement into the oeso-
phagus or a mainstem oroncnus;' and nexion,
extension, or turning of the neck may displace
the tube tip. Other complications include
aspiration past an incompletely inflated
balloon cuff,' injuries of oropharyngeal mucus
membranes, paralysis and granulomas of vocal
cords, and laryngotracheal stenosis.2 Acciden-
tal and self extubation is a risk, especially with
young children,3 and the intlated cuff may
damage the larynx as it passes through.
Although the oral route is often easier for

intubation, nasal endotracheal tubes have the
advantages of avoiding trauma tot
and of being more comfortable for the awake
patient. They are also longer and narrower
than oral tubes, and occasionally present
problems with suctioning. They may be
associated with paranasal sisiti'^j7 par-
ticularly in patients receiving corticosteroids.
The use of plastic materials, standardised

connector sizes, and uniform fixation tech-
niques have helped to reduce some of the
problems of endotracheal tubes.8 The
introduction of high volume, low pressure
cuffs may help to prevent trachneal mucosal
damage, though other factors are also impor-
tant. Periods of hypotension and sepsis may
compromise mucoa Dblood supply, and
frequent changes of tube may damage the
larynx. Tracheal mucosal damage is associated
with local sepsis.'

Ulceration and granulomas of vocal cords
occur in many patients after periods of intuba-
tion of five to tourteen ctays'" and vocal cord
paresis may atso cxaur.l These complications
areassociated witfh laryngeal oedema, arid
usually resolve in the days or weeks after
extubation. Tracheostomy will prevent these
lesions.

Suctioning may cause mucosal damage, and

ciliary action may be impaired by the frequent
use of high vacuum suction apparatus
attached to a catheter with a single end placed
hole.2 13 Pneumothorax may also occur with
suctioning, especially in young children.
Neonates are liable to develop subglottic
oedema and stenosis after intubation.14 15 Sub-
sequent hoarseness and inspiratory stridor
may be precipitated by an upper respiratory
tract infection. In a small minority of cases,
reparative surgery may be necessary.
Tracheostomy is necessary for patients

requiring long term continuous positive pres-
sure ventilation or continuous positive airway
pressure, and those who need long term air-
way protection or tracheal suctioning.6 Com-
plications of inalsotireptate
the decision to provmideatracheostoiii his
is preferable to intubation for children, where
the risk of self exiuhatLon requires constant
observation-and a high level of staffing that
is not always possible.'7 Once a tracheostomy
has been provided, it offers the chance of
staged decannulation, with the use of fenes-
trated tubes and tracheal buttons,'8 and this
may permit an early transTer out of the inten-
sive care unit.
The previous policy of carrying out a

tracheostomy after a given period of intuba-
tion is becoming less popular.'9 Patients with
facial injuries may require tracheostomy from
the outset and ients who wil clearly
require intubation for a long time, such as
those with the Guillain-Jarre syndrome'9 and
tetanus,20 should receive a tracheostom as
soon as possible. Fatients with chest trauma
requiring continuous positive airway pressure
may remain awake with regional analgesia,
and find a tracheostomy more tolerable than
intubation. On the other hand, with
improvements in tube design and attention to
risk factors for laryngeal damage, many con-
sider that intubation may be tolerated for
longer than was previously thought.'9
Although the operating theatre provides the

best surgical environment, there are risks
associated with transferring patients from an
intensive care unit. Tracheostomy can be per-
formed in the intensive care unit so long as
equipment and trained assistance are available
for the surgeon.2'2' A minitracheostomy is
useful for patients w are unable to expec-
torate but who do n require_continuous
positive airway pressure or assisted positiye
pressure ventilation. It is used as an adjunc to
regular physiotherapy.24 Such procedures can
be done at the bedside, with a local anaesthetic
only.25 But they carry many of the risks of
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General care of the ventilated patient in the intensive care unit

formal tracheostomy,22 and the potential for
haemorrhage should not be underestimated.

Early complications of tracheostomy
include pneumothorax and pneumomedia-
stinum,subb, al
haemorrhage, and tube displacement. Aspira-
tion of gastric contents may occur during any
airway m a n t roective
reflexes are obtunded. hi rico-
thyrotomy approach may produce laryngelal
injury, but is not associate with al
damage. Stomal bleeding is common, though
usually not serious. StomaTInfection is seen in
about 12% of all tracheostomies." and otten
arises on the fourth or htth postcperative day.

Later complications of tracheostomy
include tube obstruction, aspiration, -wallow-
ing dysfunction, and erosion into the oeso-
Por te innominate artery. Even if

stenosis does not occur, abnormal scar forma-
tion and granuloma may occur at the stoma
site.26T ptor
adults only when over 757oA ot the lumen is
obstructed.27 The most direct method of
assessing tracheal stenosis is by fibreoptic
bronchoscopy or tbreoptic laryngoscop5y,
though this carries a risk from the anaesthetic.
Lateral soft tissue radiographs of the neck
with fluoroscopy are helptul. Maximum flow-
volume loops and computed tomography are
less sensitive methods of assessment.

All artificial airways require humidification
or at least the conservation of exhaled water
vapour. Heat-moisture exchangers are
adequate for hostcases, dsuUghlI lligllnow
rates and tenacious secretions may require a
heated humidifier.28 The use of bacteriostatic
materials is now common. Patients with
tracheal tubes or tracheostomies are vulner-
able itfetitbecause of disruptAed local
clearance mechanisms, underlying immuno-
suppression, frequent suctioning, and the
microbiological environment of the intensive
care unit.29 Viral infection is easily spread
from staff toyatients.0 Conamination of tne
tracheal tube often precedes pneumonia by
two to four days.3' Pseudomonas aeruginosa is
associated specifically with having a tracheo-
stomy.32

Sedation and analgesia
Patients in the intensive care unit are exposed
to many harmful stimuli. Some are later forgot-
ten, but sensations that are even temporarily
unpleasant should be avoided if possible.
Among the common problems are anxiety,
pain, lack of rest, thirst, tracheal tubes, face
masks, nasogastric tubes, urinary catheters,
and physiotherapy." Any nursing procedure,
such as turning or changes of dressing, are
likely to be at the least uncomfortable.
Much can be achieved by careful explanation

and appropriate reassurance from intensive
care unit staff.34 Attitudes to the use of sedative
drugs have changed in the last few years5' 6 and
there is increasing recognition that sedation,
analgesia, and muscle relaxation should be
provided specifically where indicated.37'39 The
use of muscle relaxants is restricted to patients
in whom movement is dangerous (particularly
with raised intracranial pressure, or where

artificial ventilation is difficult, as in severe
asthma). Muscle relaxants are not sedatives,
and awareness of paralysis is terrifying and
should be prevented by the use of sedatives.
Apart from subjective assessments of the

adequacy of sedation, several sedation scoring
systems have been designed. One system uses
simple end points: fully alert, roused by voice,
roused by pain, unrousable, paralysed, asleep.'4
Another identifies anxiety or restlessness as a
separate category.4' There are several other
systems.424' Such a system should be used by
all staff in an intensive care unit, so that
assessments can compare different patients and
different drugs.
The simplest method of administering

sedatives and analgesics uses repeated bolus
doses. This, however, permits peaks and
troughs of awareness and pain, which can be
avoided by using intravenous infusions." The
institution of an infusion should be preceded
by a loading dose, account being taken of any
cardiovascular or respiratory depressant effects
that the drug may have. The rectal route has
also been used,44 and subcutaneous infusions of
opiates have been in use in our intensive care
unit for several years.45 Patient controlled seda-
tion and analgesia are also used in some
centres.46
The ideal sedative (and analgesic) drug has

been described47"9 as having the following
properties: rapid onset and recovery by bolus
or infusion; wide tnerapeutic index; miimal
cardiovascular effects; respiratory depression
that does not persist; water solubility; lack of
irritation to veins; absence of metabolic,
immunological, or hypersensitivity reactions;
and absence of confusion after the drug is
stopped. Such a drug should also be cheap.
This is still a tall order, and no drug approaches
it. Most intensive care units use a combination
of opiates and benzodiazepines, given by bolus
injection or infusion," but there has never been
a wholly satisfacry alternative to the effective
but dangerous drugs etomidate and Althesin.50

Opiates are widely used, each intensive care
unit having its current preference for one or
another. All pure opiate agonists are res-
piratory depressants and antitussive agents,
which may be useful; these properties,
however, also delay weaning from the ven-
tilator. Vasodilatation is common with opiates,
which may be dangerous in the hypovolaemic
patient; and gastric emptying and intestinal
motility are slowed, which this may delay
enteral feeding.

Tolerance to analgesia is common, hut
addiction is very unlikely if the drug is used for
a patient in pain.5' Relying on opiates alone for
sedation is inappropriate in view of their
problems, especially in patients with renal
impairment, where clearance may be very
slow.36 39
Morphine is very useful (and cheap) but has

active metabolites. Papaveretum, being half
morphine, has similar properties. although its
other constituent alkaloids may be more
sedative. The short duration of a single bolus
dose of fentanyl is due to redistribution rather
than clearance, and its elimination half life is
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Hamilton-Farrell, Hanson

longer than that ofmorphine; there is therefore
no indication for its use in intravenous
infusions.52

Alfentanil,4347"558 with a short elimination
half life and a small volume of distribution, is
well suited to continuous intravenous use. It is
dependent on hepatic metabolism, however,
and is expensive. Pethidine has less sedative
effect than the other opiates while being an

effective analgesic, so it is useful in the awake
and spontaneously breathing patient.
The use of regional analgesia is increasing.

Epidural opiates do not require such precise
placement of an epidural catheter as do local
anaesthetics. The risk from respiratory depres-
sion is much reduced in an intensive care unit,

where constant monitoring and observation
should prevent complications. Non-opioid
analgesics may be given intramuscularly or

rectally. Indomethacin reduces opiate
requirements, particularly after operation,4'
but may produce gastrointestinal bleeding.
The benzodiazepines are purely sedative,

and used alone are inappropriate for patients in
pain. They also reduce muscle tone, and
promote amnesia. Diazepam has an active
metabolite, N-desmethyl diazepam, which has
a long elimination half life, and this reduces its
usefulness for intravenous infusions.
Midazolam is water soluble and has an

elimination half life of two to four hours after a

single dose.42 lt is particularly useful for

intravenous infusion but bolus doses may

produce hypertension, especially in the
hypovolaemic patient.59 It has a large volume of
distribution in some patients, particularly in
those with hypoalbuminaemia.'"6' This may
explain the apparently unpredictable pro-
longed effect in patients with multiple or
failure.62 infusion of a combina-

tion of alfentanil and midazolam has beer

recommended,43 56 but the mixture of the two

drugs in one syringe is therapeutically unsound
as each patient has cirtering requirements for
analgesia and sedation. The use of midazolam
is common in children.6364

Chlormethiazole given by intravenous
infusion gives a rapid onset sedation that is
easily adjusted, and it is specifically anticonvul-
sant65; it contains a large water load, however,
and is slow to wear off.66

Chloral hydrate, often given to neonates and
infants by nasogastrical tube, reduces opiate
and benzodiazepine requirements.

Chlorpromazine, given intramuscularly or

rectally, is useful for calming patients suffering
from opiate or other drug withdrawal. Its alpha
blocking properties may cause problems in
hypovolaemic patients.

Ketamine, unlike other sedatives, increases
arterial resistance and causes bronchodilata-
tion. These effects may be useful in hypo-
volaemic and asthmatic patients respectively.
Concurrent use of midazolam may reduce
psychological after effects.67

Propofol infusions are being used increas-

ingly in the intensive care unit.49 67Our policy
is to use this excellent but expensive agent for

short periods only, particularly when the

neurological state has to be examined fre-

quently.
Inhaled sedative agents such as isoflurane

have been introduced in some intensive care
units,72-74 where scavenging of exhaled gas is
possible. The cost of isoflurane used in this way
is high, and this has discouraged its widespread
application.75
The pharmacological choice for sedation and

analgesia in the intensive care unit is large but
in the end each unit tends to have its own
policy, which medical and nursing staff clearly
understand. This is a sensible approach, so
long as alternatives are constantly considered.

Non-respiratory monitoring of the ven-
tilated patient
Haemodynamic monitoring is essential when
the critically ill patient is ventilated. All
patients should have a correctly sited central
venous pressure (CVP) line. Central venous
pressure measurements are useful in the fluid
management of patients who have no appreci-
able pulmonary hypertension or cardiovascular
disease. It is important for the patient not to
have a low central_yen"Qrepre-QQv1' b4Wore
assisted ventilation is started as the combina-
tion of an inadequate venous return to the right
heart and positive pressure ventilation may
lead to a catastrophic fall in blood pressure.
The alterations in cardiac output during
positive pressure ventilation have been
ascribed to alterations in preload, with
increased intrathoracic pressure causing peri-
pheral translocation of central blood volume.76
The elegant work of Wise et al 77 78 and Sylve-
ster et al 79 has examined many of the factors
affecting ventricular performance during
mechanical ventilation with positive end
expiratory pressure. It is now accepted that
where ventilator reserve is limited and positive
end expiratoryrt
have to be aFus;ted these adjustments should
be made to optimise oxygen delivery and mixed
venous oxygen saturation (which should if
possible be over 70/). As with right atrial
pressure, measurement of pulmonary capillary
wedge pressure requires correct zero record-
ings and calibration; the measurement should
be taken from the "a" wave at end expiration so
that the level is not influenced by respiratory
pressures.80

Other requirements for accurate measure-

Table 1 Conditions for accurate measurement of
pulmonary capillary wedge pressure in the ventilated
patient

Correct zero and calibration
Measure at end expiration from the "a" wave
Ensure that the catheter tip is sited below the level of the

left atrium
Ensure no interference with pulmonary venous drainage

between the catheter tip and left atrium (for example,
pulmonary embolus)

There should be no appreciable gradient between left
atrium and left ventricle (for example, mitral valve
disease, where large "v" waves may be mistaken for "a"
waves)

When the balloon is deflated there should be a distinct
pulmonary artery trace

Should a wedge trace appear the catheter must be
withdrawn until the pulmonary artery trace reappears
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General care of the ventilated patient in the intensive care unit

Table 2 Indicationsfor measuring cardiac output,
oxygen delivery, and mixed venous oxygen saturation in
the ventilated patient

Raised central venous pressure
Appearance of pulmonary oedema on the chest radiograph
Hypotension in the presence of normal central venous

pressure and hypervolaemic response to volume
challenge

Optimisation of ventilation
Optimisation of inotropic support

ment are enumerated in table 1. A pulmonary
capillary wedge pressure below 18 mm Hg is
not associated with pulmonary oedema related
to pressure, pulmonary oedema below these
pressures being related to permeability. Pres-
sure related pulmonary oedema generally
develops above pressures of 25 mm Hg, but in
patients with longstanding high left atrial
pressures oedema may not develop until the
pulmonary capillary wedge pressure is over 30
mm Hg.

In patients with high airwaypressures the

difference between the pressure transmitted to
the catheter tip (wedge pressure) and that
transmitted to the left atrium cannot be pre-
dicted.8' In critically ill patients the mean
effective pulmonary capillary pressure

(measured from the-downstroke of the wedge
pressure as the point when the rapid decline
changes to a slower decline) may be a better
measure than pulonaryIlar wede rs-
sure as any increase in the former may worsen
gas exchange.82

Cardiac output measurements are usually
made by using a pulmonary artery catheter
with a thermistor probe at its tip. The
thermodilution technique is as accurate and
reproducible as the dye dilution technique,
provided that the catheter is placed accurately,
the volume and temperature (0°C) of the injec-
tate are accurate, and the injection is always
performed at the same point in the respiratory
cycle. The derived variable, oxygen delivery, is
of particular value for optimising ventilation
and can be combined with the measurement of
mixed venous oxygen saturation (Siro2) in the
pulmonary artery, by blood sampling or the use
of a catheter with an optical probe at its tip.
Mixed venous oxygen saturation may not be an
early predictor of change in cardiac output but
it provides an indication of the delicate balance
between oxygen delivery andexTrarnaxlr.a

Indications for haemodynamic monitoring
and measurement of derived variables are listed
in table 2. Recent work has explained the
importance of right ventricular performance in
patients with acute respiratory failure83 and
how it changes"with positive end expiratory
pressure. Measurement of right ventricular
volume variables has been made possible by the
"fast response" thermodilution technique.
Bronet and coworkers83 found that, though in
many patients with acute respiratory failure
and increasing pulmonary hypertensionrthe
right ventricle dilated and right ventricular

ejection fraction decreased, stroke volume was

maintained unless there was concomitant
disease, such as septic shock or viral myo-

carditis. Preload augmentation in these

patients is clearly important, and it is necessary
in respiratory failure to ensure that left atrial
pressures are maintained. Positive end
expiratory pressure has been found to have two
effects on right ventricular function.' In most
patients it causes unloading of the right ventri-
cle by reducing venous return, and in a few it
leads to right ventricular dilatation and a
decreased ejection fraction. A further study
suggested that the changes in the right ventricle
induced by positive end expiratory pressure are
probably a function of the initial right ven-
tricular ejection fraction and right ventricular
end diastolic volume index.85

Nutrition in the ventilated patient
Acute weight loss of 30-40% of the original
body weight is usually lethal,86 and maximal
physical performance is impaired in healthy
individuals who have lost around 10% of body
weight.87 Increased mortality and morbidity
correlate closely with an acute loss of body
weight of 10-30% of the individual's normal
weight.88

Clearly the best route for providing nutrition
is the gastrointestinal tract. Calories given via
the gastrointestinal tract maintain the integrity
ofthe liver and oxidation ofnutrients, a process
that is imprecisely understood.89 This route is
often not suitable, however, in the ventilated
patient because of the nature of the illness and
the use of drugs that suppress bowel motility.
When bowel absorption is not possible
intravenous nutrition may be necessary, but it
is important to reintroduce gastrointestinal
feeding as soon as possible. When it is re-
introduced after several days or weeks ofparen-
teral nutrition, this must be done gradually;
diarrhoea may ensue unless the osmolality of
the feed is increased slowly over several days.

In the critically ill ventilated patient
metabolic and volume normality must be
established before nutrition is started (table 3).
When a normal arterial carbon dioxide tension
cannot be achieved by adjusting the ventilator
settings, the total calories given as glucose
should be reduced to cut down carbon dioxide
production.

Parenteral nutrition should be given via a
designated feeding line. The line is best tun-
nelled subcutaneously and is generally inserted
into the subclavian vein by the infraclavicular
technique. This method may be complicated in
the ventilated patient by a pneumothorax, and
should therefore be avoided in patients with
poor respiratory function (low arterial oxygen

Table 3 Check list beforefeeding

All electrolyte deficiencies must be corrected
Acid-base state must be stable
Adjust ventilation to ensure a normal arterial oxygen

tension
Ensure normal calcium, magnesium, and inorganic

phosphate concentrations
Determine serum B12, folate, and albumin concentrations

before starting treatnent
Cardiac and renal function must be known
Tolerance to a glucose load must be known
Is there evidence of hepatocellular failure?
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Table 4 Determination of energy requirementsfor total parenteral nutrition*

Formula for estimating energy requirements

Normal "I basal metabolic rate x "stress factor" (2) x 1-25 (3) = daily energy requiremr
for weight maintenance + 1000 (4) kcal-daily energy requirement for weight gain

1 Normal basal metabolic rate can be determined by using standard nomograms or
formulas (usually 1500-1800 kcal/day).

Resting metabolic rate for adults of average size (approximate values)
Body weight (kg) 50 55 60 65 70

Table S Nutritional considerations during weaning

Observe arterial carbon dioxide tension in relation to
carbohydrate load

ient Ensure a non-protein calorie:nitrogen ratio of around
150:1

Carbohydrate load should be 40-60% of total non-protein
calories, the rest being given as fat

Nitrogen load should in general not exceed 14 g daily; if
hyperventilation is present consider the possibility that
the nitrogen load is excessive

80 Ensure a normal serum phosphate and potassium content
Observe the fluid balance; do not overload

1316 1411 1509 1602 1694 1872

2 "Stress factor": the normal BMR is Correction for the disease process stress factor
applied to the normal basal metabolic rate

Mild starvation 0-85-1-00
Postoperative (no complication) 1-00-1-05
Cancert 1-10-1-45
Peritonitist 1-05-1-25
Severe infection or multiple traumat 1-30-1-55
Burnt 1-50-1-70

3 The basal caloric requirements of stressed patients are not adjusted upward when they
are heavily sedated and ventilated, but consider an increase of up to 20% in non-
sedated patients.

4 If anabolism and weight gain are the goals, an additional 1000 calories/day may be
added.

*Modified from Apelgren and Wilmore."
tProportional to the extent of disease or injury.
Conversion from traditional to SI units: 1 kcal = 4 184 kJ.

tension and saturation despite optimum venti-
lation and high fractional inspired oxygen),
particularly when airway pressures are high. In
these circumstances a feeding line may be
inserted high into the internal jugular vein and
tunnelled in the neck.
Energy requirements for the critically ill

have traditionally been established by the use
of the Harris-Benedict equation.' The total
energy expenditure is then calculated by mul-
tiplying the basal metabolic rate by a stress
factor, which may be augmented by an
allowance for physical activity. This method
was admirably described by Apelgren and
Wilmore,91 and is still being used in units where
the total energy expenditure cannot be
estimated by indirect calorimetry (table 4).
Cortes and Nelson92 showed that clinical
assessment may overestimate energy expen-
diture because the apparent degree of illness
used as the basis for determining the stress
factor is not an accurate guide. Not only is
bedside calorimetry useful in more accurately
assessing energy expenditure but it may also
lead to financial saving. A nomogram for rapid
calculation of metabolic requirements has been
described.93 It relies on the assumption that the
respiratory quotient (RQ, the ratio of carbon
dioxide production to oxygen consumption) is
0-8 and that expired gas can be analysed for
carbon dioxide. Carbohydrate has an RQ of 1,
fat 0 7, and protein 0-82, however, and lipo-
genesis (the synthesis of fat from glucose) has
an RQ of 8. Carbohydrates given in excess of
energy consumption promote lipogenesis, with
a consequent increase in carbon dioxide
production. In respiratory failure adjustment
ofthe ventilator settings to lower the Paco2 may
not be possible. In these circumstances, to
avoid hypermetabolism related to a high
glucose load, the proportion of carbohydrate

non-nitrogen containing calories should be 40-
60%, the rest being given as fat.94
The use of fat rather than dextrose as a

source of calories has two advantages. The
respiratory quotient of fat oxidation is 0 7,
compared with 1-0 with dextrose, so carbon
dioxide production is lower; and fat, being iso-
osmolar and of neutral pH, can be given via a

peripheral vein.
The nitrogen requirements are generally

assessed by measuring the urinary urea

nitrogen loss in the urine.95
Nitrogen (N) balance = grams ofN - grams ofureaN + 4 g

IN OUT

The 4 g factor accounts for the unmeasured
nitrogen losses in skin and stool. Askanazi and
coworkers96 investigated the respiratory res-

ponse of patients to increasing protein supply
and found that progressive increase enhanced
ventilatory drive and minute volume, but that
in patients with limited reserve this may lead to
respiratory failure in the spontaneously breath-
ing patient. Precise protein reguirements in

patients requiring ventilatory support remain

to be established.'Even in the presence ot high
nitrogen losses the nitrogen load iS rarelj
increased above 14 g daily.

It is important in parenteral feeding to assess

electrolyte and fluid balance regularly, with
special attention to potassium and phosphate
requirements. Hypophosphataemia is known
to reduce oxygen transport and- enegy pply,
and when severe may lead to respiratory
failure.97 Vitamins and trace elements should
be replaced if feeding is continued for more

than five days. Prolonged nutrition is best
supplied by a mixture of protein, fat, -lec-
trolytes, vitamins, and trace elements made up
into a 3 litre bag, prescribed early in the
morning and supplied by the pharmacy later in
the day. The mixture has to be carefully
compiled to ensure compatibility between the
different constituents of the feed.
Some studies suggest that ventilator weaning

may be facilitated by preceding nutritional
support.9899 Evidence suggests that respiratory

muscle function is diminished in poorly nour-

ished patie . Kciiy evaluatedihitial max-

imuminspiratory mouth pressure as an index
of respiratory muscle function in 51 patients in
hospital. Malnourished patients were found to
have significantly less inspiratory force than
normally nourished patients. The electrolyte
content of the diet is particularly important
during weaning-see table 5 (weaning is con-

sidered in more detail in the next article in this

series). Further details on nutrition are sup-

kcal/day
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plied by Apelgren and Wilmore,9' and, for
acute respiratory failure, by Pingleton."'0

Psychological and sleep disturbances
during assisted ventilation
Psychiatric symptoms relating to assisted ven-
tilation will not be manifest while the patient is
heavily sedated and ventlation is controlIed
but are likely to emerge during weaning. It is
clearly important to exclude organic dysfunc-
tion of the brain and physiological derange-
ments due to blood gas or metabolic abnor-
malities.
The intensive care environment is recog-

nised as causing stress, as a result of the alien
and frightening atmosphere, sleep deprivation,
unfamiliar noise, and a feeling of being con-
fined by equipment, for example.'02 Assisted
ventilation produces additional stresses,
related to awareness of the endotracheal or
tracheostomy tube, the discomfort of suction
and complicating hypoxia, and the horror of
depending on a machine for ventilation.

Gries and Fernsler'03 conducted a survey to
assess the causes of stress associated with
ventilation in 17 patients, whose ages ranged
from 35 to _8 years. Five patients could not
recall the period ofventilation and three did not
wish to discuss the problem. The others
categorised the stresses as shown in table 6.
The major complaints were related to restric-
tion of activity, the awareness and unpleasant-
ness of the tracheal tube, suction, and the
process of extubation. Inability to communi-
cate was also frustrating. Some had vivid
dreams, probably related to drugs. The more
serious psychological problems-"the inten-
sive care syndrome--include disturbances of
cognitive, affective, and perceptual functions.
These occur in 12-5-18% of patients,104-07 and
are likely to be relatRed to metabolic,
neurological, or pharmacological factors. Many
are related to drug dependence and with-
drawal, and commonly occur during weaning.
l4sl1i.wii is (pleasant and unpleasant) are
common, and may manifest themselves as

Table 6 Stressors associated with mechanical
ventilation*

Intrapersonal: physiological
Frustration from activity restriction
Awareness of spontaneous breathing restriction related to

ventilation
Intrapersonal: psychosocial and cultural
Insufficient explanation and hence misinterpretation of

medical condition
Activity restriction producing a feeling of inability to cope
Ventilator dependence
Vivid dreams
Awareness of extubation
Interpersonal
Insufficient explanations
Inability to communicate
Loss of confidence in and criticism of nursing care

Extrapersonal
Unpleasant experiences relating to

the tracheal tube
suctioning
extubation
noise-from ventilator or surroundings

*Modified from Gries and Fernsler.'0'

aggression, non-recognition of relatives,
periods of agitation, and non-cooperation.
These changes are most likely to arise in the
patient who has been ventilated for a long time
or who has previously been depdeclr-on
drugs-f5r example, on benzodiazepines,
opiates, or alcohol. Drug withdrawal during
weaning from the ventilator may be extremely
difficult. Methadone is useful, enabling opiates
to be rapidly reduced, and on occasion, where
they are considered safe, beta blocking drugs
may alleviate the tachycardia and anxiety
related to opiate withdrawal. Rectal chlor-
promazine given regularly, at the onset of
weaning, has a potent calming effect without
depressing the respiratory centre.

Gale and O'Shanick'08 discussed preventive
psychological interactions for the ventilated
patient, which are noted, with modifications, in
table 7. Communication problems may in the
future be reduced by the use of a word proces-
sor by the patient."'

Patients in an intensive care unit rarely sleep
more than a tew hours at a time,"10 and-fre-
quently do not complete a sleep cycle. Comple-
tion-of6a sleep cycle is essentiaf for maintaining
and restoring physical and psychological func-
tions. Experiments in which people are
deprived of sleep show that after two to five
days su'bjects become anxious, suspicious, and
disorientated, some developing delusions and
paranoia."' Lack of prolonged sleep may be an
important factor contributin to the intgie
care syn me. Weissman and colleagues"3
toundithat the average length of a sleep period
in an intensive care unit was only 24 minutes.
The noise level in an intensive care unit is high,

Table 7 Preventive psychological interactions

Communication problems
Talk to the patient
Provide alphabet, sign, or picture board

writing tablet
word processor

Dependence and loss of control
Allow the patient choice when possible

(position in bed, radio station, etc)
Keep patient informed of progress
Inform patient of procedures to be undertaken, and the

reasons for them
Fear of death or disability
Explain the ventilator and its alarm systems
Inform the patient of changes in ventilator settings and the

reasons for them
Allow the patient to express his emotional problems and

give support
Keep discussion and controversies about
management away from the bedside

Isolation andfear of strangers
Establish continuity of care
Encourage visits by family and close friends
Sensory alteration
Maintain the patient's orientation with a calendar and

clock on the wall, family photographs, and visits by
relatives and close friends

Establish a day-night routine if at all possible
At night

minimise noise
minimise movement of and interference with the patient
ensure adequate analgesia and maximise comfort

During the day provide a daytime environment with, for
example,
visits
television, music, etc.
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and has been found to be a major cause of sleep
deprivation."4 115 Methods whereby a normal
sleep cycle can be encouraged are summarised
in table 7.
The psychological needs of the ventilated

patient have so far received scant attention.
Aspects of care include maintaining a normal
sleep cycle, minimising noise (partlculartylat
night), awareness of the problems associated
with drug dependence and withdrawal, helping
and communicating with patients, and
endeavouring to establish reorientation and
a pleasant and calm environment during
weaning.

1 Brunel W, Coleman DL, Schwartz DE, Peper E, Cohen HH.
Assessment of routine chest roentgenograms and the
physical examination to confirm endotracheal tube posi-
tion. Chest 1989;95:1043-5.

2 Astrachan DI, Kirchner JC, Goodwin WJ Jr. Prolonged
intubation vs. tracheostomy: complications, practical and
psychological considerations. Laryngoscope 1988;
98:1165-9.

3 Scott PH, Eigen H, Moye LA, Georgitis J, Laughlin JJ.
Predictability and consequences of spontaneous extuba-
tion in a paediatric ICU. Crit Care Med 1985;13:228-32.

4 Aebert H, Hunefeld G, Regal G. Paranasal sinusitis and
sepsis in ICU patients with nasotracheal intubation. Intens
Care Med 1988;1:868-9.

5 Meyer P, Guerin JM, Habib Y, Levy C. Pseudomonas
thoracic empyema secondary to nosocomial rhinosinusitis.
Eur Respir J 1988;1:868-9.

6 Grindlinger GA, Neihoff J, Hughes SL, Humphrey MA,
Simpson G. Acute paranasal sinusitis related to naso-
tracheal intubation of head-injured patients. Crit Care
Med 1987;15:214-7.

7 Kronberg FG, Goodwin WJ Jr. Sinusitis in intensive care
unit patients. Laryngoscope 1985;95:936-8.

8 Pippin LK, Short DH, Bowers JB. Long-term tracheal
intubation practice in the United Kingdom. Anaesthesia
1983;38:791-5.

9 Chalon J, Ramanathan S. Care of the airway. Int Anesthesiol
Clin 1986;24:53-64.

10 Kastanos N, Estopa-Miro R, Marin-Perez A, Xaubert-Mir
A, Agusti-Vidal A. Laryngotracheal injury due to
endotracheal intubation; incidence, evolution, and predis-
posing factors. A prospective long-term study. Crit Care
Med 1983;11:362-7.

11 Marsh HM, Gillespie DJ, Baumgartner AE. Timing of
tracheostomv in the critically ill patient. Chest 1989;
96:190-3.

12 Loubser MD, Mahoney PJ, Milligan DW. Hazards of
routine endotracheal suction in the neonatal unit. Lancet
1989;i: 1444-5.

13 Bailey C, Kattwinkel J, Teja K, Buckley T. Shallow versus
deep endotracheal suctioning in young rabbits: pathologic
effects on the tracheobronchial wall. Pediatrics 1988;
98:1165-9.

14 Dankle SK, Schuller DE, McClead RE. Prolonged intuba-
tion of neonates. Arch Otolaryngol Head Neck Surg
1987;113:841-3.

15 Jones R, Bodnar A, Roan Y, Johnson D. Subglottic stenosis
in newborn intensive care unit graduates. Am J Dis Child
1981;135:367-8.

16 Stock MC, Woodward CG, Shapiro BA, Cane RD, Lewis V,
Pecaro B. Perioperative complications of elective
tracheostomy in critically ill patients. Crit Care Med 1986;
14:861-3.

17 Arndal H, Andreassen UK. Acute epiglottitis in children
and adults. Nasotracheal intubation, tracheostomy or

careful observation? Current status in Scandinavia.
J Laryngol Otol 1988;102:1012-6.

18 Watson CB. A survey of intubation practices in critical care
medicine. Ear Nose Throat J 1983;62:494-501.

19 Gracey DR, McMichan JC, Divertie MB, Howard FM Jr.
Respiratory failure in Guillain-Barre syndrome: a 6-year
experience. Mayo Clin Proc 1982;57:742-6.

20 Udwardia FE, Lall A, Udwardia ZF, Sedhar M, Vora A.
Tetanus and its complications: intensive care and man-
agement experience in 150 Indian patients. Epidemiol
Infect 1987;99:675-84.

21 Hawkins ML, Burrus EP, Treat RC, Mansberger AR Jr.
Tracheostomy in the intensive care unit: a safe alternative
to the operating room. South Med J 1989;82:1096-8.

22 Stevens DJ, Howard DJ. Tracheostomy service for ITU
patients. Ann R Coll Surg Engl 1988;70:241-2.

23 Dayal VS, el Masri W. Tracheostomy in intensive care

setting. Laryngoscope 1986;96:58-60.
24 Lewis GA, Hopkinson RB, Matthews HR. Minitrache-

ostomy. A report on its use in intensive therapy. Anaesthe-
sia 1986;41:931-5.

25 Hazard PB, Garrett HE Jr, Adams JW, Robbins ET,
Aguillard RN. Bedside percutaneous tracheostomy:
experience with 55 elective procedures. Ann Thorac Surg
1 988;46:63-7.

26 Schloss MD, Gold JA, Rosales JK, Baxter JD. Acute
epiglottitis: current management. Laryngoscope 1983;
93:489-93.

27 Heffner JE, Miller KS, Sahn SA. Tracheostomy in the
intensive care unit. Part 2: Complications. Chest 1986;
90:430-6.

28 Cohen IL, Weinberg PF, Fein IA, Rowinski GS. Endo-
tracheal tube occlusion associated with the use of heat and
moisture exchangers in the intensive care unit. Crit Care
Med 1988;16:277-9.

29 Salata RA, Lederman MM, Shlaes DM, et al. Diagnosis of
nosocomial pneumonia in intubated, intensive care unit
patients. Am Rev Respir Dis 1987;135:426-32.

30 Valenti WM, Clark TA, Hall CB, Menegus MA, Shapiro
DL. Concurrent outbreaks of rhinovirus and respiratory
syncital virus in an intensive care nursery: epidemiology
and associated risk factors. JPediatr 1982;100:722-6.

31 Comhaire A, Lamy M. Contamination rate of sterilized
ventilators in an ICU. Crit Care Med 1981,9:546-58.

32 Freeman R, McPeake PK. Acquisition, spread, and control
of Pseudomonas aeruginosa in a cardiothoracic intensive
care unit. Thorax 1982;37:732-6.

33 Aitkenhead AR. Analgesia and sedation in intensive care. Br
J Anaesth 1989;63:196-206.

34 Sedation in the intensive care unit [editorial]. Lancet
1 984;i: 1388-9.

35 Bion JF, Ledingham IM. Sedation in intensive care a

postal survey. Intens Care Med 1987;13:215-6.
36 Gast PH, Fisher A, Sear JW. Intensive care sedation now.

Lancet 1984;ii:863-4.
37 Miller-Jones CM, Williams JH. Sedation for ventilation, a

retrospective study of 50 patients. Anaesthesia 1980;
35:1104-6.

38 Edbrooke DM, Hebron BS, Mather SJ, Dixon AM.
Etomidate infusion: a method of sedation for the intensive
care unit. Anaesthesia 1981;36:65.

39 Aitkenhead AR, Pepperman ML, Willatts SM, et al. Com-
parison of propofol and midazolam for sedation in
critically ill patients. Lancet 1989;ii:704-9.

40 Shelly MP, Dodds P, Park GR. Assessing sedation. In: Care
of the critically ill, 1986:170-1.

41 Ramsay MAE, Savage LTM, Simpson BRJ, Goodwin R.
Controlled sedation with alphaxalone alphadolone. Br
Med J 1974;ii:656-9.

42 Dirksen MS, Vree TB, Driessen JJ. Clinical pharmaco-
kinetics of long-term infusion ofmidazolam in critically ill
patients-preliminary results. Anaesth Intens Care 1987;
15:440-4.

43 Hopkinson RB, O'Dea J. The combination alfentanil-
midazolam by infusion: use for sedation in intensive
therapy. Eur J Anaesthesiol 1987;1 (suppl):67-70.

44 Reasbeck PG, Rice ML, Reasbeck JC. Double blind con-

trolled trial of indomethacin as an adjunct to narcotic
analgesia after major abdominal surgery. Lancet
1982;ii: 1 15-8.

45 Waldman CS, Eason JR, Rambohun E, Hanson GC. Serum
morphine levels. A comparison between continuous sub-
cutaneous infusion and continuous intravenous infusion
in post-operative patients. Anaesthesia 1984;39:768-71.

46 Loper KA, Ready LB, Brody M. Patient-controlled
anxiolysis with midazolam. Anaesth Analg 1988;67:1 18-9.

47 Yate PM, Thomas D, Short SM, Sebel PS, Morton J.
Comparison of infusion of alfentanil or pethidine for
sedation of ventilated patients on the I1I'U. Br J Anaesth
1 988;61 :583-8.

48 Beller JP, Pottecher T, Lugnier A, Mangin P, Otteni JC.
Prolonged sedation with propofol in ICU patients:
recovery and blood concentration changes during periodic
interruptions in infusion. Br J Anaesth 1988;61:583-8.

49 Sear JW. Overview of drugs available for ITU sedation. Eur
J Anaesthesiol 1987;1(suppl):55-6 1.

50 Ledingham IM, Bion JF, Newman LH, McDonald JC,
Wallace PG. Mortality and morbidity amongst sedated
intensive care patients. Resuscitation 1988;16(suppl):
S69-77.

51 Merriman HM. The techniques used to sedate ventilated
patients: a survey of methods used in 34 ICUs in Great
Britain. Intens Care Med 1981;7:217-24.

52 Shafer A, White PF, Schuttler J, Rosenthal MH. Use of a

fentanyl infusion in the intensive care unit: tolerance to its
anaesthetic effects? Anaesthesiology, 1983;59:245-8.

53 Cohen AT, Kelly DR. Assessment of alfentanil by intra-

venous infusion as long-term sedation in intensive care.

Anaesthesia 1987;42:545-8.
54 Sear JW, Fisher A, Summerfield RJ. Is alfentanil by

infusion useful for sedation on the ITU? Eiur J Anaes-
thesiol 1987;1(suppl):63-6.

55 Cohen AT. Experience with alfentanil infusion as an inten-
sive care sedative analgesic. Eur J Anaesthesiol 1987;
1(suppl):67-70.

56 Hoffman P. Continuous infusions of fentanyl and alfentanil
in intensive care. Eur J Anaesthesiol 1987;1(suppl):71-5.

57 Sinclair ME, Sear JW, Summerfield RJ, Fisher A. Alfen-
tanil infusions on the intensive therapy unit. Intens Care
Med 1988;14:55-9.

58 Yate PM, Thomas D, Sebel PS. Alfentanil infusion for
sedation and analgesia in intensive care. Lancet
984;ii:396-7.

59 Geller E, Halpern P, Barzelai, et al. Midazolam infusion
and the benzodiazepine antagonist flumezenil for seda-
tion of intensive care patients. Resuscitation 1988;16
(suppl):S31-9.

60 Shelly MP, Mendel L, Park GR. Failure of critically ill
patients to metabolise midazolam. Anaesthesia
1987;42:619-26.

61 Vree TB, Shimoda M, Driessen JJ, et al. Decreased plasma
albumin concentration results in increased volume of

968

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.45.12.962 on 1 D

ecem
ber 1990. D

ow
nloaded from

 

http://thorax.bmj.com/


General care of the ventilated patient in the intensive care unit

distribution and decreased elimination of midazolam in
intensive care patients. Clin Pharmacol Ther 1989;
46:537-44.

62 Bodenham A, Park GR. Reversal of prolonged sedation
using flumazenil in critically ill patients. Anaesthesia
1989;44:603-5.

63 Silvasi DL, Rosen DA, Rosen KR. Continuous intra-
venous midazolam infusion for sedation in the paediatric
intensive care unit. Anesth Analg 1988;67:286-8.

64 Shapiro JM, Westphal LM, White PF, Sladen RN,
Rosenthal MH. Midazolam infusion for sedation in the
intensive care unit: effect on adrenal function. Anaes-
thesiology 1986;64:394-8.

65 Scott DB. Chlormethiazole in intensive care. Acta Psy-
chiatr Scand 1986;329(suppl):185-8.

66 Scott DB, Beamish ID, Hudson IN, Jostell KG. Prolonged
infusion of chlormethiazole in intensive care. Br J
Anaesth 1980;52:541-5.

67 Park GR, Manara AR, Mendel L, Bateman PE. Ketamine
infusion. Its use as a sedative, inotrope and bron-
chodilator in critically ill patients. Anaesthesia 1987;
42:980-3.

68 Farling PA, Johnston JR, Coppel DL. Propofol infusion
for sedation ofpatients with head injury in intensive care.
A preliminary report. Anaesthesia 1989;44:22-26.

69 Grounds RM, Lalor JM, Lumley J, Royston D, Morgan
M. Propofol infusion for sedation in the intensive care
unit: preliminary report. Br Med J 1987;294:397-400.

70 Aitkenhead AR. Propofol and intensive care. Lancet
1989;ii:1281.

71 Manners JM. Propofol and intensive care. Lancet
1989;ii:975.

72 Beechey AP, Hull JM, McLellan I, Atherley DW. Sedation
with isoflurane. Anaesthesia 1988;43:419-20.

73 McLellan I. Isoflurane compared with midazolam in the
intensive care unit. Br Med J 1989;299:259-60.

74 Kong KL, Willatts SM, Prys-Roberts C. Isoflurane com-
pared with midazolam for sedation in the intensive care
unit. Br Med J 1989;298:1277-80.

75 Park GR, Bums AM. Isoflurane compared with midazolam
in the intensive care unit. Br Med J 1989;298:1642.

76 Seely RD. Dynamic effect of inspiration on the stroke
volume of the right and left ventricles. Am J Physiol
1980;154:273-80.

77 Wise R, Robotham J, Bromberger-Bames B, Permutt S.
The effect of PEEP on left ventricular function in right
heart bypassed dogs. J Appl Physiol 1981;51:541-6.

78 Wise R, Robotham J, Bromberger-Barnes B, et al. Eleva-
tion of left ventricle diastolic pressure by PEEP in the
isolated in-situ heart. Physiologist 1979;22:134-8.

79 Sylvester JT, Goldberg HS, Permautt S. The role of the
vasculature in the regulation of cardiac output. Clin
Chest Med 1983;4:111-26.

80 Runciman WB, Putten AJ, Ilsley AH. An evaluation of
blood pressure measurement. Anaesth Intens Care
1981;9:314-25.

81 Downs JB, Douglas ME. Assessment of cardiac filling
pressure during continuous positive pressure ventila-
tion. Crit Care Med 1980;8:285-90.

82 Cope DK, Allison RC, Parmentier JL, Miller JN, Taylor
AE. Measurement of effective pulmonary capillary pres-
sure profile after pulmonary artery occlusion. Crit Care
Med 1986;14:16-22.

83 Bronet F, Dhainaut JF, Devaux JY, Huyghebaert MF,
Villemert D, Monsallier JF. Right ventricular per-
formance in patients with acute respiratory failure. Intens
Care Med 1988;14:474-7.

84 Neidhert PP, Suter PM. Changes of right ventricular
function with positive end expiratory pressure (PEEP) in
man. Intens Care Med 1988;14:471-3.

85 Brienza A, Dambrosio M, Bruno F, Marucci M,
Belpiede G, Giuliani R. Right ventricular ejection
fraction. Measurement in acute respiratory failure
(ARF). Effects of PEEP. Intens Care Med 1988;14:
478-82.

86 Moore FD. Metabolic care of the surgical patient. Philadel-
phia: Saunders. 1959:421.

87 Keys A, Brozek J, Henschel A, et al. The biology of human
starvation. Vol 1. Minneapolis: University of Minnesota
Press, 1950:714.

88 Studley HO. Percentage ofweight loss. A basic indicator of
surgical risk in patients with chronic peptic ulcer. JAMA

1936;106:458.
89 Defronzo RA, Jacot E, Jequier E, Maeder E, Wahren J,

Felber JP. The effect of insulin on the disposal of
intravenous glucose. Diabetes 1981;30: 1000.

90 Harris JA, Benedict FG. A biometric study of basal meta-
bolism in men. Washington DC: Carnegie Institute,
publication No 279:1919.

91 Apelgren KN, Wilmore DW. Nutritional care of the
critically ill patient. Surg Clin N Am 1983;63:487-507.

92 Cortes V, Nelson LD. Errors in estimating energy expen-
diture in critically ill surgical patients. Arch Surg
1989;124:287-90.

93 Smith HS, Kennedy DJ, Park GR. A nomogram for rapid
calculation of metabolic requirements on intubated
patients. Intens Care Med 1984;1O: 147-8.

94 Askanazi J, Nordenstrom J, Rosenbaum SH, et al. Nutri-
tion for the patient with respiratory failure. Glucose vs
fat. Anaesthesiology 1981;54:373-7.

95 Barrett TA, Robin AP, Armstrong MK, et al. Nutrition
and respiratory failure. In: Bone RC, George RB,
Hudston LD, eds Acute respiratory failure. New York:
Churchill Livingstone, 1987:265-303.

96 Askanazi J, Weissman C, Lafala PA, Milic-Emili J, Kinney
JM. Effect of protein intake on ventilatory drive. Anaes-
thesiology 1984;60:106-10.

97 Spector N. Nutritional support of the ventilator dependent
patient. Nursing Clin North Am 1989;24:407-14.

98 Larca L, Greenbaum DM. Effectiveness of intensive
nutritional regimens in patients who fail to wean from
mechanical ventilation. Crit Care Med 1982;1O:297-300.

99 Bassili HR, Deitel M. Effect of nutritional support on
weaning patients off mechanical ventilation. J Parenter
Enter Nutr 1981;5:161-3.

100 Kelly SM, Rosa A, Field S, Coughlin N, Schizgal HM,
Macklem PT. Inspiratory muscle strength and body
composition in patients receiving parenteral nutrition
therapy. Am Rev Respir Dis 1984;130:33-7.

101 Pingleton SK. Nutrition in acute respiratory failure. Lung
1986;164: 127-37.

102 Rappa D, Lavery R. Psychological dependences on
mechanical ventilation resolved by "sigh-breathing"
intermittent mandatory ventilation. Respir Care 1976;
21:708-11.

103 Gries ML, Fernsler J. Patient perceptions of the mechani-
cal ventilation experience. Focus on Critical Care 1988;
15:52-9.

104 Komfield DS, Zimberg S, Malm JE. Psychiatric complica-
tions of open-heart surgery. N Engl J Med 1965;273:
287-92.

105 Lazarus LR, Hagens JH. Prevention ofpsychosis following
open-heart surgery. Am J Psychiatry 1968;124:1190-5.

106 Holland J, Sgroi LSM, Marwit SJ, Solkoff N. The ICU
syndrome: fact or fancy? Psychiatry Med 1973;4:241-9.

107 Komfield DS, Heller SS, Frank KA, Moskowitz R.
Personality and psychological factors in post-cardiotomy
delerium. Arch Gen Psychiatry 1974;31:249-53.

108 Gale J, O'Shanick GJ. Pschiatric aspects of respiratory
treatment and pulmonary intensive care. Adv Psychosom
Med 1985;14:93-108.

109 Cronin LR, Carrizosa AA. The computer as a communica-
tion device for ventilator and tracheostomy patients in
the intensive care unit. Critical Care Nurse 1984; Jan-
Feb:72-6.

110 Belitz J. Minimising the psychological complications of
patients who require mechanical ventilation. Critical
Care Nurse 1983; May-June:42-6.

111 Helton MC, Gordon SH, Nunnery SL. The correlation
between sleep deprivation and the intensive care unit
syndrome. Heart Lung 1980;9:464-8.

112 Cousins MJ, Phillips GD. Sleep, pain and sedation. In:
Shoemaker WC, Thomson WC, Holbrook PR, eds
Textbook of critical care. Philadelphia: Saunders, 1984:
797-800.

113 Weissman C, Kemper M, Elwyn DH, Askanazi J, Hyman
AI, Kinney JM. The energy expenditure of the
mechanically ventilated critically ill patient. Chest 1986;
89:254-9.

114 Bentley S, Murphy F, Dudley H. Perceived noise in
surgical wards and an intensive care area: an objective
analysis. Br Med J 1977;ii: 1503-6.

115 Redding JS, Hargest TS, Minsky SH. How noisy is
intensive care? Crit Care Med 1977;5:275-6.

969
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thx.45.12.962 on 1 D
ecem

ber 1990. D
ow

nloaded from
 

http://thorax.bmj.com/

