
EDITORIAL

Some is good and more is bad: getting the dose
right in the critically ill

Critically ill patients are the sickest patients in the

hospital. The patient’s attendants naturally feel that

if they are giving a drug or using a technique to

improve the patient’s condition, then giving them as

much as possible has to be good. But is this really so?

Clearly, for some drugs, this is wrong. Usually these

drugs have easy laboratory measurements or clinical

measures of effect. For example, heparin and insulin

have simple, quantitative analyses of their effects:

thrombin time and blood glucose concentration.

Given in excess, both drugs can cause the life-

threatening complications of haemorrhage and hypo-

glycaemia. Not all drugs have the same easy methods

of monitoring nor the potential life threatening

complications. The antibiotics vancomycin and genta-

micin may cause deafness with high concentrations

over time. Their assays should be available in every

hospital in which they are prescribed, but they are

more difficult than the measurements of blood

glucose concentration and thrombin time.

We may not know fully the relationship between

dose, plasma concentration and the physiological

change, for example digoxin. Similarly, corticoste-

roids have been used in pharmacological doses in

the treatment of shock [1]. Such doses have been

shown to be associated with an increased mortality,

especially in those patients with renal failure [2]. More

recently, the use of lower doses of corticosteroids has

been shown to improve outcome of survival from

septic shock [3]. Dopexamine is the synthetic analogue

of the naturally occurring catecholamine, dopamine. It

produces changes in cardiac output, arterial pressure,

systemic vascular resistance, oxygen transport and

other haemodynamic variables. The role of dopexa-

mine has been studied in the preoperative ‘optimiza-

tion’ of the high-risk surgical patient, using these

variables. A large multicentre study was performed

in which a placebo group was compared with a low-

dose dopexamine (0.5 mg kg�1 min�1) group and a

high-dose dopexamine (2.0 mg kg�1 min�1) group [4].

At 28 days, there was no significant difference in

mortality between the three groups. However, posthoc

analysis has shown that the low-dose dopexamine

group had a reduced mortality in the cohort of emer-

gency surgical patients. Accepting the difficulty with

posthoc analysis, it is surprising that the lower dose,

with limited cardiovascular effects, should have this

favourable outcome.

Improving patient comfort (reducing anxiety and

agitation, inducing sleep) is one of the major concerns

of those looking after critically ill patients. However,

there is no easy measure that encompasses all aspects

of patient comfort. Sedation scores tend to be moni-

tors of conscious level, while plasma concentrations of

drug are difficult, and correlate poorly with effect. Even

when sedation scales are used as part of protocol-

driven treatment, they tend to be poorly or inappro-

priately used. Over-sedation is common [5 – 7]. This

makes patients easier to look after; they stay still, do

not extubate their tracheal tubes, or pull out their

intravascular cannulae, or ‘fight’ the ventilator. All of

these may be good; however, the overall risks to the

patient of over-sedation are considerable [8]. Failure

to wake up results in an increased rate of ventilator-

associated pneumonia and cranial computerized

tomography scans. Other more subtle risks include

changes in the immune system, critical care neuro-

pathy, muscle wasting and pressure sores [9]. Neuro-

muscular-blocking agents may be essential in a few

selected patients. Their use by continuous infusion,

but without monitoring (either electrostimulatory or

by intermittently stopping), may lead to an increased

risk of postintensive care weakness, although this has

been disputed [10,11].

Feeding is life-saving treatment. Once again, there

is an often held belief that the more the better. An

excessive intake of carbohydrates leads to an increase

in carbon dioxide production. This may then be

responsible for prolonged weaning from mechanical

ventilation [12,13]. In addition, the increase in meta-
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bolism can result in fever. Fats are also an essential

component of enteral and parenteral nutrition. The

adverse effects of administering too much have been

well reported. Pancreatitis, cholestasis and hepatic

dysfunction are not uncommon. These conditions may

be also inadvertently caused when drugs, solubilized

in fat, are given along with total parenteral nutrition.

For example, the fat load given to a patient receiving

total parenteral nutrition and sedated with propofol

can be far in excess of requirements [14].

It is not just drugs, which may be given in excess.

Humidification of the artificial airway is another area

where there is often little consideration and adjust-

ment of the treatment to the patient’s needs. The

problems of over and under humidification of mecha-

nically ventilated patients have been well documented

[15,16]. These may be a reflection of the difficulties of

monitoring effect. The Sputum Scoring System has

been developed to standardize the amount and con-

sistency of sputum [17]. There may be a change from

a heat and moisture exchange (HME) to a hot water

bath humidifier when the secretions become sticky

and viscous. In our experience, the reversion back to

HME when the secretions become watery is rare.

Perhaps a change in practice would come about if a

more reliable method of monitoring humidification

became commonplace. Alternatively, new technology

may be able to self-regulate according to the patient’s

requirement [18].

High values of positive end-expiratory pressure

(PEEP) and other intrapulmonary pressures in a patient

whose lungs are being mechanically ventilated may

result in the detrimental effects of barotrauma and

volume trauma [19]. Originally, large (>12 mL kg�1)

tidal volumes were thought to increase recruitment

of alveoli and improve gas exchange. However, this is

now known to be hazardous in most patients. Venti-

lation strategies using tidal volumes of 6 – 8 mL kg�1

along with higher positive end-expiratory pressures

of 10 –15 cmH2O have been associated with a reduced

mortality [20,21]. This has been called the ‘open

lung’ approach [22]. In addition, Ranieri and his collea-

gues [23] showed in a randomized controlled trial of

patients with acute respiratory distress syndrome that

the cytokine response to mechanical ventilation may be

attenuated by minimizing overdistension of the lungs.

There have been many debates in recent years over

the correction of low plasma concentrations, even to

normal physiological values. There is some evidence

that indeed such attempts at correction may be hazar-

dous to the patient. The administration of albumin to

correct hypoalbuminaemia is, at best, ineffective at

altering the outcome, and at worst, it may increase

mortality (although this remains contentious) [24–26].

Similarly in sepsis, plasma iron concentrations

decrease because of redistribution but total body iron

stores remain normal. By withholding iron supple-

mentation, micro-organisms are depleted of an essen-

tial growth factor. Therefore, giving iron may increase

host susceptibility to infection [27,28]. Zinc is another

trace element that has a decrease in plasma concen-

tration during acute critical illness. If supplementation

is provided to patients with catheter sepsis or pan-

creatitis, fever is increased [29].

Traditionally in the UK, in patients needing mecha-

nical ventilation of the lungs, haemoglobin concen-

tration has been kept at around 10 g dL�1 . This value

was thought to be the best balance between viscosity

and oxygen delivery, to improve arterial pressure and

outcome. However, the Canadian Transfusion Study

showed that a lower haemoglobin concentration

(7–8 g dL�1) is associated with reduced mortality in

this group of critically ill patients [30].

There is still much for us to learn and appreciate

about the use of drugs and techniques in the critically

ill population. Therapeutic failure is usually easy to

recognize. For a few drugs, overdose is easy to recog-

nize either in the laboratory or clinically, for example

the opioids and the catecholamines. As time passes

and more sophisticated modes of monitoring become

incorporated into clinical practice, then many of the

concerns about over-treatment may be alleviated. The

introduction of the bispectral index monitor (BIS) may

be of benefit, in conjunction with other monitoring

systems, in the prevention of over sedation [31]. For

many drugs, however, the clinician’s scepticism about

the safety of drugs and therapy in large doses remains

the best defence for the patient against toxicity,

morbidity and potentially mortality.
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