
The Allen's test: Analysis of four methods

Forty nonrandomly selected hands were studied with use of four types of Allen's test: (I) the
digital systolic blood pressure method, (2) the subjective method, (3) the pulse oximeter method,
and (4) the laser Doppler flowmetry method. The digital systolic blood pressure method, regarded
as the standard, indicated abnormal pressure in three hands. Laser Doppler fiowmetry gave the
same results as those obtained by the digital systolic pressure method and, in addition, was easier
to perform. Pulse oximetry falsely indicated adequacy of the collateral circulation in two of the
three hands with abnormal digital systolic pressure. Eleven hands, including the three with
abnormal digital systolic pressure, were abnormal according to the subjective method. The results
of the present study indicate the following: (I) the laser Doppler Allen's test is accurate, quick,
and easy to perform; (2) the pulse oximeter Allen's test should not be used because of potentially
dangerous consequences to the patient in the event of a falsely normal result; and (3) the subjective
Allen's test can be used as a quick screening test. (J HAND SURG 1991;16A:279·82.)
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The Allen's test, first described in
1929, I is used as an integral part of the diagnostic
work-up of patients with ischemia of the upper extrern
ity.' It is also used before harvesting a radial fore
arm flap' and before catheterization of the radial
artery. 4

When the Allen's test is done subjectively it has
several shortcomings. Approximately 50% of abnormal
results are falsely abnormal," performance of the test
is difficult in patients with extensive hand injuries and
in those who are uncooperative, and interpretation of
the test is difficult in subjects with deep jaundice or
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dark pigmentation. Although digital systolic pressure
measurement is an accurate means of measuring digital
perfusion,":" the technique is cumbersome and time
consuming.

Pulse oximetry has been proposed as another means
of performing the Allen's test,":" but its efficacy has
yet to be confirmed. Laser Doppler flowmetry has
gained wide acceptance as a means of monitoring tissue
perfusion and may therefore translate into a reliable
Allen's test, although this application has not been pre
viously described. The potential of these technologies
inspired the present study, which was designed to eval
uate the utility of the pulse oximeter and laser Doppler
Allen's tests.

Materials and methods

Twenty-one healthy subjects (17 men, 4 women)
ranging in age from 23 to 40 years were selected for
study. Three of these 21 volunteers were recruited for
study participation specifically because they were
known to have an abnormal subjective Allen's test. A
total of 40 hands were studied; both hands were eval
uated in 19 subjects, and I hand was evaluated in each
of 2 subjects.

Adequacy of the ulnar collateral circulation during
occlusion of the radial artery was assessed in each hand
by use of all four methods. Testing was done after the
subject spent at least 15 minutes adjusting to a room
temperature of 22° C.

Subjective method. An abnormal subjective Allen's
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Fig. 1. Summary of results in 40 hands.

test was indicated by lack of flushing of the thumb
within the first 6 seconds of ulnar artery release . 18. 19

Pulse oximetry. The "p" probe of a pulse oximeter
(Oximeter; Radiometer, Copenhagen) was placed on the
tip of the thumb during testing. An abnormal test was
indicated by exhibition of one or more of the following
during radial artery occlusion: a false heart rate, a
change in the percentage oxygen saturation of greater
than 3 from the resting level, total loss of signal, or the
presence of the low-signal-strength sign."

Laser Doppler flowmetry. The P-430 probe of a
laser Doppler flowmeter (model BPM 403; TSI Inc.,
St. Paul, Minn .) was fixed to the tip of the thumb with
double-sided adhesive tape. The average of 10 consec
utive flow measurements taken at l-second intervals
was recorded before radial artery occlusion and then
again 6 seconds after the radial artery was occluded .
Absolute flows of less than 3 mllminl100 gm tissue
have been regarded as abnormal.20 Because notable in
tersubject variability exists in the baseline as well as
the ischemic absolute laser flow, the percent reduc
tion in laser flow (loo - [loo x flow during occlu
sion/ baseline flow)) was also used." A reduction in
flow of greater than 75% was considered abnormal,
even if absolute flow remained >3 mllmin/lOO gm
tissue.

Digital systolic blood pressure method. Systolic
blood pressure was measured in the thumb before and
during radial artery occlusion . A 28-mm-wide cuff (Cri
ticon Inc. ; Tampa, Fla.) placed over the proximal pha
lanx was connected to a sphygmomanometer, and sys
tolic influx of blood was measured with a Whitney strain
gauge (Parks Medical; Aloha, Ore.) , Abnormal collat
eral circulation was indicated by a digital systolic pres
sure of less than 40 mmHg during occlusion of the
radial artery.v"

Data analysis. The results of the subjective, laser
Doppler, and pulse oximeter Allen's tests were com
pared with those of the digital systolic blood pressure
method . For each of these three methods , sensitivity,
i.e., the prob ability of obtaining an abnormal test result
in a person with disease (truly abnormal results I [truly
abnormal results + falsely normal results]), and spec
ificity, i.e., the probability of obtaining a normal test
result in a person who does not have disease (truly
normal results/[truly normal results + falsely abnor
mal results]), were calculated. Also, positive predictive
value, or the probability that a subject has the disease
given that he or she has an abnormal test result (truly
abnormal rcsults/[truly abnormal results + falsely ab
normal results]), and negative predictive value, or the
probability that a subject does not have the disease given
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Table I. Results of three Allen's test methods*
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Tjpe of Allen's test

Subjective
Pulse oximeter
Laser Doppler

flowmeter

Sens itivity

1.0
0.3
1.0

Specificity

0.8
1.0
1.0

Posit ive predictive value

0.3
1.0
1.0

Negative predictive value

1.0
0.9
1.0

'Compared with the digital systolic pressure method.

that he or she has a normal test result (truly normal
results/ [truly normal results + falsely normal re
sults J) were calculated."

Results

The results are summarized in Fig. I. The digital
systolic blood pressure method indicated abnormal
pressure in three hands. Pulse oximetryfalsely indicated
adequacy ofithe collateral circulation in two of these
three hands . Eleven hands, including the three with
abnormal digital systolic pressure, were abnormal ac
cording to the subjective method. Laser Doppler flow
metry gave the same results as those obtained by the
digital systolic blood pressure method and was easier
to perform.

Pulse oximetry was highly specific but not very sen
sitive, while the subjective method was highly sensitive
but not very specific (Table I).

Discussion

Laser Doppler flowmetry is an accurate, quick, and
noninvasive means of objectively performing an Allen's
test. It is also less cumbersome than measuring digital
systolic pressure. Although absolute flow and the per
centage reduction of flow may be used with equal con
fidence, we recommend that both indices be used be
cause certain clinical situations may exist that affect
these two measures differently. It remains to be shown
whether different laser Doppler devices provide the
same results . At present, the only drawb ack to laser
Doppler flowmetry is the high purchase price of a unit.
We presume that the cost will decrease as the popularity
of this new technology continues to rise.

The pulse oximeter Allen's test should not be used
because reliance on this method may lead to digit or
hand necrosis in the event of a falsely normal result.
The study by Lawson et aI., 23 which demonstrated that
pulse oximeter function ceases only after an arm cuff
is elevated to a pressure of greater than 90% of the
resting systolic pressure , is further evidence of the in
accuracy of this method. Pulse oximetry has been ad
vocated for monitoring perfusion in cases of digit
replantation" and shoulder arthroscopy," but the fact
that the pulse oximeter can register normally in the

presence of markedly reduced pressures raises serious
questions about the safety of these practices .

As others' have found, the subjective Allen's test
erred on the clinically conservative side, with a high
incidence of fasely abnormal results and a very low'
incidence of falsely normal results. It therefore can be
used as a quick screening test.

Individuals already known to have inadequate ulnar
collateral circulation were recruited for study partici
pation. Therefore, the present study cannot be used to
determine the incidence of this phenomenon in the gen
eral population. Two previous studies suggest the in
cidence of inadequate ulnar collateral circulation to be
0.5%26 and 5%,27 respectively, while a third study in
dicates the rate to be even higher (8%) in patients with
systemic atherosclerosis, presumably because the dis
ease frequently involves the ulnar artery."

During thermoregulatory vasoconstriction, the re
duction in skin blood flow occurs primarily in the ther
moregulatory arteriovenous shunts" and, to a lesser
extent, the nutritive capillaries." Since the methods
evaluated in the present study measure either one or
both of these components of skin blood flow, test ac
curacy is diminished in the presence of this phenom
enon. Significant vasoconstriction may be identified by
a forearm surface temperature that exceeds fingertip
surface temperature by at least 4° C. 30

In summary, the laser Doppler Allen's test is accu
rate, quick, and easy to perform. The pulse oximeter
Allen's test should not be used because of potentially
dangerous consequences to the patient in the event of
a falsely normal result. The subjective Allen's test can
be used as a quick screening test.

The authors are grateful to Judith Simon for editorial com
ment on the manuscript.
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