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EDITORIAL I

THE PRIMING PRINCIPLE: HOW DOES IT WORK AND SHOULD WE BE USING IT?

The first reports that the onset of neuromuscular
block could be hastened by administering non-
depolarizing blocking drugs in divided doses
(using a small initial dose) appeared in this Journal
in 1983 [1, 2]. The small initial dose was subse-
quently termed the "priming dose" by Foldes
[3], and the literature on the "priming principle"
increased rapidly. From a clinical standpoint, the
use of the priming principle promised the much
needed ability to perform tracheal intubation
rapidly (60-90 s) using non-depolarizing neuro-
muscular blocking drugs, a property of particular
value in circumstances in which suxamethonium
administration is contraindicated. From an
"academic" standpoint the almost limitless
permutations available by varying the size and
proportions of priming and intubating doses, the
time interval separating them and the specific
agent used, promised a large number of "me too"
publications.

The main questions arise when summarizing
and critically reviewing the extensive literature on
priming, including the communication by Pollard
which appears in this issue of the Journal [4], and
that of Storella and his colleagues which appeared
in the May issue of the Journal [5]. First, does the
administration of a non-depolarizing neuromus-
cular blocker in divided doses significantly hasten
the onset of neuromuscular block (and if so,
why) ? Second, if priming does hasten paralysis,
can the principle be used to define the optimum
combinations of doses and intervals in order that
tracheal intubation may be achieved as safely after
non-depolarizing drugs as after suxamethonium
(and, used in this way, does the method have any
complications or untoward side-effects)? The
literature on priming is now sufficiently com-
prehensive for these questions to be answered
with confidence.

The varying conclusions of the published
reports on whether or not priming really does
shorten the onset of paralysis arise from dif-

ferences in both the size and proportions of
priming and principal dose and the interval
separating them. (The confusion has been com-
pounded to some extent by different authors
basing their conclusions on different methods of
monitoring paralysis, such as the use of single
twitch or train-of-four patterns of nerve stimu-
lation, in addition to use of electro- or mech-
anomyographic methods of response recording.)
For example, using atracurium in a priming dose
of 50 ug kg"1, an interval of approximately 4—5
min and an intubating dose of 350 ug kg"1,
Ramsey and colleagues [6] reported that priming
had no effect in hastening onset of block compared
with a single bolus dose of 400 ug kg"1 (time to
peak effect 165 s primed, 138 s bolus). However,
Naguib and colleagues [7] administered a slightly
greater total dose of atracurium, either 500 ug
kg"1 as a bolus or 60 ug kg"1 as a prime and 440 ug
kg"1 3 min later, and reported peak onset time
reduced from 137 to 76.5 s. The precise doses
used and the time interval separating them are
obviously of crucial importance. In particular, it
would appear that the priming dose should be a
certain minimum amount for clinically significant
differences to be observed. If these minimum
requirements are fulfilled, there is no doubt that
administering neuromuscular blocking drugs in
divided doses does measurably hasten the onset of
paralysis. This observation has been documented
reliably with all available blocking drugs, although
by its very nature the technique is most suited to
shorter acting agents, such as vecuronium and
atracurium, and the literature on these agents is
most comprehensive.

What, then, is the mechanism underlying the
phenomenon? Of the theoretical mechanisms
which could be evoked, two principal ones emerge
for which there is some supporting evidence.
First, the priming dose occupies a proportion of
(presumably) postsynaptic nicotinic receptors,
hence reducing the safety margin present nor-
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mally in neuromuscular transmission. The intu-
bating dose thus blocks more rapidly that critical
mass of receptors necessary for clinical paralysis
to occur. In this postsynaptic theory, the priming
dose may be thought of as taking up some of the
slack which provides the normal safety margin in
transmission and it follows that the size of the
priming dose is of fundamental importance (in
order to occupy a critical mass of receptors), as is
the time separating priming and intubating doses
(in order to maximize receptor occupancy). The
second theory is that the priming dose blocks
presynaptic nicotinic receptors, reducing the
mobilization and release of acetylcholine such that
the intubating dose produces paralysis more
rapidly. In the May issue of this journal Storella
and co-workers [5] reported their results using an
isolated in vitro nerve-muscle preparation (which
is free from a number of complicating pharmaco-
dynamic influences present in the intact animal
such as protein binding, metabolism and ex-
cretion) and, using an acceptable mathematical
model, compared predicted and measured onset
times in both primed and non-primed conditions.
They demonstrated clearly that the effectiveness
of priming is related to the concentration of drug
achieved at the neuromuscular junction at the end
of the priming interval; that, using Fick's law of
diffusion, the onset of block could be predicted
accurately; and that this does not differ in the
primed compared with the unprimed state. In
addition, Naguib and co-workers [7] have re-
ported previously that different train-of-four
ratios present at the end of the priming period are
associated with virtually identical onset times
after administration of the intubating dose. Taken
together, and assuming train-of-four fade reflects
some aspect of a presynaptic action of neuro-
muscular blockers, the reports of Storella and
Naguib suggest that presynaptic theories do not
have to be evoked in order to explain the
mechanism(s) underlying priming. However, it
should be noted that both reports use surrogate
techniques to infer drug site of action, and more
precise methods, such as intracellular recordings
and the measurement of miniature end-plate
potentials, will be needed before a more definitive
conclusion can be reached.

Thus priming works, and does so by reducing
the margin of safety present in transmission; but
what is the optimum technique and does this
provide intubating conditions comparable to those
of suxamethonium ? It has already been stated

that the effectiveness of priming relates directly to
the concentration of drug present at the neuro-
muscular junction at the end of the priming
period [5]. This factor is put into clinical context
by the observation of two other studies: Baum-
garten and colleagues [8] in a series of controlled,
randomized, double-blind investigations, used a
variety of drugs and dose time intervals and
concluded that priming did produce significantly
improved intubating conditions compared with
an equivalent bolus dose, but that these did not
match the uniformly good conditions produced by
suxamethonium; similarly, Harropp-Griffiths,
Grounds and Moore [9] studied intubating con-
ditions following priming with alcuronium and
used a logistic transformation technique to cal-
culate the priming dose needed to produce
adequate intubating conditions in 99 % of patients
at 60s. This was 106.50 ^g kg"1; however, 30%
of patients complained of unpleasant side-effects
using a dose less than half of this (50|igkg-').
Thus, at best, priming produces intubating con-
ditions less uniformly acceptable than those
provided with suxamethonium, but the priming
dose needed for even this limited improvement,
compared with a single bolus dose, is associated
with an unacceptably high frequency of un-
pleasant side effects. Storella and colleagues [5]
also emphasized that adjustments to priming dose
and interval cannot substantially reduce the
weakness associated with priming without also
slowing the onset of full paralysis. Other authors
[6] have been unable to demonstrate any ad-
vantage with priming; however, they used a dose
which was calculated not to cause an unacceptably
high frequency of paralysis, and "in these cir-
cumstances they were unable to demonstrate any
hastening of onset of block.

In an attempt to refine the principle, in order to
reduce the incidence of side effects whilst re-
taining effectiveness, two modifications of the
technique have been proposed. One of these is
based on the observation that certain combina-
tions of myoneural blockers exhibit synergism
[10]; that is, their combined effect is more than the
sum of their individual effects. In this issue of the
Journal, Pollard [4] has compared alcuronium and
tubocurarine—a combination known to exhibit
marked synergism—and used them both to prime
themselves and to prime each other. He used an
ED9S dose of each agent, a priming interval of
3 min, and a priming dose of 10 % of the principal
dose. Control (unprimed) groups were included

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/63/1/1/268705 by guest on 20 M

arch 2024



EDITORIAL

and he demonstrated that, although priming
produced results significantly different from the
controls, the use of synergistic pairs as priming
and principal drug had only a small effect, which
did not reach statistical significance. Thus any
advantage which may be present from the use of
synergistic combinations of neuromuscular block-
ing drugs is minor. Donati and colleagues have
reported similar results [11] using the synergistic
combination of pancuronium and tubocurarine.
Both Pollard and Donati concluded that the use of
synergistic mixtures may produce some improve-
ment compared with single drug priming; how-
ever, this improvement is too small to be of
clinical significance.

The other modification suggested is that of
sensitivity-adjusted priming [12]. Some prelimi-
nary work has been performed in cats in which
incremental doses of blocking drugs were used in
order to determine the individual dose-response
curves of the animals. The authors went on to
demonstrate that, using 2 x ED95 doses of vecuro-
nium, given as 20 % priming and 80 % principal
dose (4-min interval), sensitivity adjusted priming
was more reliable than "average dose" priming.
This approach—in which individual dose-
response relationships have to be determined—is
the only proven method of reducing the chances
of over priming (sensitive individuals) or under
priming (resistant individuals). It is obviously
incompatible with most clinical situations and
could not be used in precisely those circumstances
in which rapid tracheal intubation is required.

Finally, reports of a histaminoid reaction to a
priming dose of vecuronium [13] and of pul-
monary aspiration following priming with this
drug [14] only serve to emphasize the dangers
inherent in the technique.

In conclusion, the administration of non-
depolarizing neuromuscular blocking drugs in
divided doses does hasten the onset of paralysis,
although the priming dose needed to provide
intubating conditions approaching those of suxa-
methonium is associated with an unacceptably
high incidence of unpleasant and potentially
dangerous side effects. Pollard, amongst others,
has demonstrated that, although certain tech-
niques may be used to refine and optimize the
principle, these either lead to little or no sig-

nificant improvement in clinical acceptability, or
are practically unworkable. The report of Storella
and colleagues suggests a kinetic basis for this
interesting pharmacological phenomenon which
has, however, no useful role in clinical anaesthesia.

R. M. Jones
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