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Generalized urticaria in a volunteer following rapid infusion of
oxypolygelatin. No significant increase in plasma histamine level
was observed (see Lorenz and Doenicke):
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FOREWORD

When I use a word, it means just what I choose
it to mean - neither more nor less. The question
18 which s to be master - that's all.

Humpty Dumpty — Lewis Carroll

This couplet is an apposite one in the context of this
volume, dealing as it does with the subject of adverse
drug reactions in a particular situation. Adverse reac-
tions to intravenous drugs may present a wide spectrum of
clinical effects from mild facial flushing to cardiac
arrest and death; the pharmacokinetics and mechanisms of
the reaction are equally diverse; and even the terms used
to describe some of the reactions are confused and even
misleading on initial inspection, anaphylaxis, anaphylac-
toid and histaminoid acquiring almost a special meaning
in the context of reactions to drugs administered by the
intravenous route.

The classic mode of classification of adverse reactions
to drugs into overdosage, intolerance, side effects, sec-
ondary effects, idiosyncracy and hypersensitivity (Rosen-
heim and Moulton, 1958) is gradually giving way to the
simpler Type A, exaggerated pharmacological action, and
Type B, aberrant effects, classification (Rawlins and
Thompson, 1977). Most of the reactions and mechanisms
discussed in this volume fall into the second of‘these
categories - that of qualitative abnormality in response -
the reactions forming a heterogeneous group being neither
predictable in relation to the normal pharmacology of the
drug, related to dosage, not detectable in the normal
toxicological screening during development and manufacture.
The incidence of these reactions varies widely from drug
to drug, but the mechanisms involved and the pharmakine-



FOREWORD

tics of intravenous administration tend to make the mor-

bidity and mortality high. The volume is not intended as

a comprehensive treatise on the subject, restricted as it
is to anaesthetic agents, muscle relaxants and plasma ex-
panders, but rather as a monograph relating the specific

situations and reactions invoked by the route of adminis-
tration of these agents.

This volume arose out of a Symposium held in the Uni-
versity of Sheffield Medical School in June 1977, at which
invited participants discussed the incidence of and mech-
anisms involved in adverse reactions to intravenous anaes-
thetic agents and plasma expanders. Various additional
chapters have been contributed to the final volume which
enlarge both its scope and depth. The volume divides
broadly into four sections dealing in turn with clinical
aspects and pharmacokinetics, incidence, mechanisms, and
management.

The first section consists of three chapters covering
the pharmacokinetics of intravenous drug administration
and the clinical aspects of adverse reactions in both the
general sense and that specifically relating to two intra-
venous anaesthetic agents.

The second section focuses attention on the incidence
of reactions to intravenous anaesthetics and to plasma
substitutes. The mechanisms involved in these reactions
are discussed in the third section with contributions
covering the major biological effector systems, comple-
ment, histamine, and prostaglandins, as well as the in-
fluence of stress. The section is concluded with reference
to responses in animals, with obvious implications to
veterinary medicine as well as providing a useful model
for the experimental study of reactions in man.

The final section deals with the important question of
management of reactions as well as steps that may be taken
to limit its effect on future exposure.

The volume concludes with an edited version of the

viii
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general discussion which took place at the 1977 Symposium
in Sheffield. This is included to air some of the less
formalised ideas that were presented at the time; the
interval between the Symposium and publication of this
volume does not render them any less pertinent although
experience in the intervening months has allowed some of

these ideas to germinate and even grow to bear fruit.

Sheffield John Watkins
June 1978 A. Milford Ward
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PHARMACOKINETIC ASPECTS OF THE INTRAVENOUS BOLUS
G. T. TUCKER

Department of Pharmacology and Therapeutics,
University of Sheffield Medical School,
Hallamshire Hospital, Sheffield S10 2RX

An understanding of mechanisms of adverse responses to
intravenous agents is incomplete without an appreciation
of factors affecting drug delivery to sites of toxicity.
Although the clinician has control over the rate of drug
input, once the agent leaves the syringe a complex
sequence of events is initiated which he can do little to
influence other than sometimes by injection of further
compounds. The chambers of the heart and the lung are the
first structures to be exposed to the agent, while within
the vascular space interactions may occur with both fixed
and mobile receptors. Distribution to other tissues,
including those ultimately responsible for removal of the
agent from the body, is in proportion to their share of
the cardiac output.

Injection Rate and the Concentration of the Bolus

If a dose of 100 mg of a drug is rapidly injected into
the antecubital vein, what sort of concentrations will be
achieved at the threshold of the first capillary bed to be
encountered, namely that of the lung?

In order to make some rough calculations we must first
suppose that none of the dose diffuses through the venous
wall into the subcutaneous space at the site of injection.
This phenomenon is a possibility, particularly with highly
lipid-soluble drugs, but there appear to be no data on the
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subject. However, assume that such temporary drug losses
are negligible. Assume also that the volume of blood
between the vein and entry into the lung is about 160 ml,
comprising 8 ml for cubital fossa to superior vena cava
(40 cm length, 0.5 cm diameter), 40 ml for the superior
vena cava itself, 90 ml for the right heart and 20 ml for
the pulmonary artery and that it takes about 6 seconds to
travel the distance (Crawford, 1966). Accordingly, injec-
tion of the dose at a constant rate over 10 seconds should
result in a slug of drug entering the lung at a concentra-
tion of about 375 pg/ml. At times before re-circulation
occurs this concentration should decrease in proportion to
any increase in injection time. Obviously, if the latter
is prolonged beyond the fastest re-circulation time, drug
returning from other tissues will begin to add to the in-
put concentration to the lung. Initially, the magnitude

of this contribution may oscillate since fractions of the
primary bolus delivered to various organs will return at
different times. The oscillations soon become negligible,
however, as a pseudo distribution equilibrium is
approached throughout the body and elimination proceeds.

The Strategic Position of the Lung

Because it receives all of the cardiac output and,
therefore, all of an intravenous injection, the lung is
in an ideal position for protecting other organs from
high drug concentrations in the bolus. This is illustrated
in Fig. 1 which shows how the lungs attenuate acute con-
centrations of lignocaine in the pulmonary artery such
that the arterial concentrations supplied to the main
target of toxicity, the brain, are much lower. The con-
centration-time profile in the carotid arteries should be
similar to that in the brachial artery.

This "buffering'" effect of the lung may be achieved in
several ways. Firstly, as in any organ, blood entering the
lung during a given time interval will not leave as the
same unit at some later time but will be dispersed with
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respect to time. Thus, there are a multiplicity of blood
transit times. The mean transit time for the lung is about
7 seconds, although the exact value will depend upon
ventilation and posture; there is also evidence that the
distribution of transit times is skewed and multimodal
(Neufeld, 1971). The effect of transit, therefore, is to
'smear out' the incoming bolus such that it has a lower
'warhead' concentration which decreases progressively
towards a 'tail' (Crawford, 1966).
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Fig. 1. Plasma lignocaine concentrations in a subject following cuff
release after intravenous regional anaesthesia. 3 mg/kg lignocaine HC1
45 min cuff time. Reprinted by permission from Tucker and Boas (1971).
Anaesthesiology, 34, 538.

If extravascular uptake of drug occurs in the lung its
mean transit time will be prolonged over blood transit
time, resulting in even greater reductions in drug concen-
tration (Sierler, 1961). In particular, basic lipophilic
amine drugs such as lignocaine, propranolol, imipramine
and methadone are highly concentrated in the lung
(Anderson et al, 1974; Dollery and Junod, 1976; Junod,
1972, 1975; Ludden, Schanker and Lanman, 1976). For
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example, in isolated perfused rat lungs tissue/medium
ratios of up to 17 have been observed with imipramine,
with an extraction of 90% of circulating drug (Junod,
1972). The mechanism of uptake of these drugs appears to
involve a saturable carrier mediated component, quite
separate from the system that scavenges endogenous amines
such as 5-hydroxytryptamine and noradrenaline (Junod,
1975). Several theoretical consequences follow from these
observations, although their clinical significance is
unknown. If uptake is saturable, successive bolus injec-
tions should result in more of the dose escaping first-
pass removal as drug accumulates in the lung from
previous injections. The chances of precipitating systemic
drug toxicity may also be increased when two or more basic
drugs given sumultaneously compete for lung uptake.
Similarly, administration of one drug could provoke the
release of an already stored drug or drug metabolite with
undesirable consequences.

In addition to binding as a mechanism of drug uptake
by the lung, a role of ion-trapping is also indicated. The
extravascular pH of the lung may be very low (about 6.7 in
the dog) (Effros and Chinard, 1969). Therefore, a large pH
gradient between blood and lung tissue will encourage weak
bases to be more ionised and, therefore, more concentrated
in the lung; the reverse will be true of weak acids such
as the barbiturates (Effros, Corbeil and Chinard, 1972).
A corollary of this is that acid-base disturbances have
a profound effect on lung uptake of partially ionised
drugs. The extravascular pH of the lung seems more closely
linked to arterial pH than the cellular pH's of other
tissues which tend to follow pCO, changes. In the lung
local alterations in tissue pH due to pCO, changes appear
to be buffered quite rapidly (Effros, Corbeil and Chinard,
1972).

Apart from transit and uptake, metabolic breakdown of
drugs within the lung might also lower exit drug concen-



