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Radial artery cannulation and khaemic damage: a review
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Summary
A review of the literature concerning ischaemic complicationsfollowing radial artery cannulation suggests that the Allen
test has little predictive validity. Other methods of assessing the ulnar collateral circulation are discussed.
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Arterial cannulation is now performed widely, during
major surgery or in intensive care to permit
continuous monitoring of the systemic blood pressure
and estimation of arterial blood gases. The commonest
approach is percutaneous cannulation of the radial
artery at the wrist.'
Occlusion of the radial artery may follow arterial
cannulation, and if the ulnar collateral circulation is
inadequate, may lead to ischaemic damage to the
hand.' The adequacy of the ulnar collateral circulation
is generally assessed by the Allen test, first described in
1929 as a means of assessing the circulation in patients
suffering from thrombo-angiitis obliterans.*
This paper reviews the literature concerning the
incidence of ischaemic complications following radial
artery cannulation, critically assesses the validity of the

Allen test, and discusses possible alternative methods of
assessing the collateral circulation and of minimising
the risk of ischaemic damage.
Incidence of ischaemic complications
All the reports which have described the complications
following radial artery cannulation have stressed the
high incidence (about 20%) of early radial artery occlusion and the rarity of late ischaemic
Recannulation of the occluded artery generally occurs,
but may take several weeks.$ Results drawn from
experience obtained in the early 1970s, when arterial
cannulation became common, and from a decade
later, are shown in Table 1.
However, case reports describing the Occurrence

Table 1. The incidence of ischaemic complications following radial artery cannulation
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Zorab'
(Compilation)
Brown'
Bedford'
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Evans'
Kima
Davisg
Jones'O
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-

0
0
0
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cannulation been performed, no ischaemic damage
of permanent ischaemic damage following radial
would have followed.
artery cannulation have been p~blished.''-~' In the
Evaluation of the incidence of a false positive result,
majority of these reports, there were additional factors
present which may have contributed to the onset
with permanent ischaemic damage occurring following
a normal Allen test result, is difficult because the total
of tissue necrosis. These include emboli originating
from a proximal ~ i t e , ' ~ . ' ~excessive
.'~
trauma from
numberofcasesofnecrosisissmallandotherpotentially
very long or large-bore cannulae,'8.'' prolonged
causative factors complicate the situation. However, in
the majority of cases of permanent damage
s h o ~ k , ' ~ ~ ' ~ ~ hyperlip~proteinaemia,'~
'~*'~~'~
or
described,'2-'6.18.20 the Allen test result was quoted
prior vascular disease.19
Reports of permanent ischaemic damage attributas normal.
able solely to radial artery cannulation are
A few authors have proceeded to cannulate the radial
apparently few,' but aggressive management-for
artery despite an abnormal result with the Allen test.
example brachial plexus or stellate ganglion b l o ~ k , ~ . ' ~Slow or equivocal Allen test results do not appear to be
or surgical exploration,'8.22-may be required to
associated with any significant risk to the
and
avoid permanent necrosis if arterial occlusion causes
even in the presence ofa completely abnormal result, no
any sign of ischaemia.
permanent ischaemic damage occurred in 10 cannu la ti on^,^ in 16 cannulations, or in an estimated 68
In spite of the extremely small risk of permanent
cannulations. *
ischaemic damage following radial artery cannulation
in patients lacking other contributory risk factors, the
It could be argued that the Allen test is not designed
question remains of the feasibility of avoiding necrosis
to predict ischaemic damage after arterial cannulation,
in patients with preexisting risk factors or those who are
but to assess the adequacy of the collateral circulation
in the hand.' In these terms, it isassociated with an 0.8%
likely to develop such contributory factors. Several
incidence of false positive results, and a 53% incidence
approaches may be considered. Attempts may be made
of false negative, when compared with measurements of
to confirm the presence of ulnar collateral Row, by the
use of an Allen test or other technique, so that no area
the systolic pressure in the thumb.z8However, from the
of the hand is seriously at risk should permanent
patient's viewpoint, the risk-benefit equation is
ischaemic damage versus benefits of monitoring and it
radial artery occlusion occur. If the patient's history
seems that an apparently normal collateral circulation
and the findings at general examination suggest an
does not preclude ischaemic complications'2-'5~20~22
increased risk of arterial occlusion (e.g. the presence of
nor does an abnormal result predict them.5,9."
hyperlipoproteinaemia). cannulation of the radial
artery could be avoided. Additionally, consideration
could be given to those aspects of the cannulation
Other tests
technique thought to be associated with an increased
risk of occlusion and these factors avoided whenever
Doppler ultrasonic Row probesz9have for several years
possible.
been used to localise the radial artery prior to cannulation in ~ h i l d r e n ~ ' . or
~ ' in difficult adult case^.^"^^ The
Doppler probe can also be used to map out the
Assessing the collateral circulation
Ultra' . ~ ~ . ~ ~
adequacy of the ulnar collateral R ~ w . ~ . ~
sonic evaluation of the circulation of the hand has the
The Allen test
advantage of requiring no patient cooperation, and the
A commonly preferred modification of the Allen test is
results suggest, in a series of 140 hands examined,34the
likelihood of ischaemic damage to be between 4.8 and
as follows. The patient is required to make a tight fist,
12.8 patients per thousand, with a possible risk in an
whilst the examiner occludes both ulnar and radial
additional 25 to 50 patients per thousand. The validity
arteries with his fingers. The patient's hand is then
opened, and ulnar pressure is released. Ulnar collateral
of the predictions was not, however, tested. Two
patients in a series of 1000. with normal Doppler
adequacy is shown by immediate erythematous blushevaluated collateral circulation, required surgical
ing of the entire palmar surface of the hand and fingers.
Blushing within 7 seconds is graded normal, 8-14
intervention to treat ischaemic changes after cannulaseconds slow or equivocal, and more than 15 seconds
tion." The use of plethysmography has also been
a b n ~ r m a l . Modifications
~
of this test have been
e ~ a m i n e d . ' ~The
. ~ ~results suggested the absence of an
de~cribed.'~-'~
adequate collateral Row in 10% of hands;37 again,
cannulation in these circumstances was not attempted,
An ideal test produces neither false positive nor false
negative results. In the case of the Allen test. a false
and therefore the validity of this prediction cannot be
positive result would indicate normal Row but the
judged .
absence of a collateral blood supply might lead to
subsequent ischaemic damage. A false negative result
Other predictors of ischaemir risk
would indicate an abnormal Row leading to denial of
the benefits of radial artery cannulation. when, had
Other factors associated with an increased risk of
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though large scale studies will be needed in view of the
arterial occlusion are female S ~ X , low
~ ~ cardiac
~ ~ ' ~
rarity of permanent damage.
output s t a t e ~ , ' ~ ' ~ ' ' ~use
'~
of vasoconstrictor
d r ~ g s . ' ~ ' * ~and
' ~ pre-existing peripheral vascular
disease."." Age has not been shown to be a relevant
factor.'.' Wrist circumferences of less than 18 cm may
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Intravenous regional anaesthesia with ketamine
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Summary
Ketamine. 40 ml 0.5% solution, was used in the technique of intravenous regional anaesthesia in 14 patients undergoing upper limb surgery. Satisfactory analgesia was obtained in 12 ofthe patients. The method is limited by thefact that
allpatients became unconscious within a,fewminutes oftourniquet release, andthat this couldnot be preventedby naloxone.

Key words
Anaesthetic techniques. regional; total intravenous.
Anaesthetics. intravenous: ketamine.

Despite much work on the subject, little is known
concerning the mechanism of action of ketamine. It
seemed to the authors that ketamine might be a very

Correspondence should be addressed to Dr J.H.Palacci.

useful drug to use for the technique of intravenous
regional anaesthesia. It had not previously been used
in this manner.

