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Introduction
The radial artery has become the third most frequent con-
duit for use in coronary artery bypass graft (CABG) opera-
tions owing to modification of harvesting techniques 
leading to good, long-term results.1 Although the incidence 
of clinically significant hand ischemia following radial 
artery harvest is uncommon, the consequences can be 
disastrous.2,3

In addition to radial artery harvesting, prolonged can-
nulation of the radial artery and resulting thrombosis also 
creates some risk of hand ischemia. Although radial artery 
access for catheterization of the coronary arteries accounts 
for < 2% of all catheterizations in the US, the frequency is 
on the rise because of reduced morbidity and quicker return 
to normal activities.4 One of the complications of radial 
artery access is hand ischemia. In a review of complications 
following radial artery catheterization, permanent hand 
ischemic damage was reported in 0.09%.5 Some studies 
have reported a 25–33% incidence of flow reduction or 
thrombosis after radial artery cannulation and, although 
any hand ischemia after radial artery cannulation is 1 in 500 
in another series, the consequences of an ischemic hand 
have been emphasized.6,7 Radial artery occlusion specifi-
cally following radial artery access for coronary angiogra-
phy varies between 5% and 38%.8 Factors associated with 
greater occlusion rates include: prolonged circulatory fail-
ure, hypotension, high-dose vasopressor therapy, duration 
of cannulation, number of puncture attempts, larger arterial 
sheaths (> 5 French), peripheral arterial occlusive disease, 
younger age and female sex.8,9 Symptoms can vary from 
numbness, stiffness and coolness of the hand or digits to 
rarely rest pain from acute ischemia. It is important to note 

that not all patients found to have radial artery occlusions 
become symptomatic. Of 455 patients prospectively 
scanned by ultrasound after radial artery access for coro-
nary angiograms, 97 (21%) were shown to have occluded 
radial arteries.8 However, 42.5% of these patients were 
symptomatic within 24 hours and another 7.1% became 
symptomatic up to 8 days following the procedure. 
Although none of the patients developed critical ischemia, 
if 10% (half of 21%) of all patients undergoing radial artery 
access for coronary catheterization develop symptoms, a 
screening examination is clearly warranted.

The first objective for some form of objective evaluation 
prior to harvesting the radial artery is that collateral circula-
tion via the ulnar artery is adequate to perfuse the hand. The 
second objective is choosing an adequate size conduit free 
of atherosclerosis. About one of four radial arteries in some 
series is reported as being unusable for grafting due to size, 
anatomic absence, plaque or inadequate collateral circula-
tion to the hand.10,11 Therefore, a thorough knowledge of 

Assessment of collateral circulation to the  
hand prior to radial artery harvest

Joseph Habib, Laureen Baetz and Bhagwan Satiani

Abstract
Assessment of collateral circulation to the hand is required prior to invasive procedures or harvesting of the radial artery 
(RA). A modified Allen’s test (MAT) is commonly used to assess palmar arch collaterals. A variety of non-invasive methods 
including digital pressures, plethysmography, pulse oximetry and duplex ultrasonography are available to supplement 
physical examination. However, no consensus exists about the proper role of the MAT and the most appropriate 
non-invasive test (NIT) in this situation. Interpretation of the MAT and NIT findings are also controversial. This paper 
reviews the anatomy and the physiologic basis for the MAT and various NITs, the pros and cons of various NITs and 
recommendations for the assessment of collateral circulation to the hand prior to interventions directed at the RA.

Keywords
hand ischemia; palmar circulation; radial artery harvest

Vascular Laboratory, The OSU Heart & Vascular Center and the 
Division of Vascular Diseases & Surgery, The Ohio State University 
Medical Center, Columbus, Ohio, USA

Corresponding author:
Bhagwan Satiani 
Division of Vascular Surgery 
The Ohio State University 
376 W. 10th Avenue
Prior Hall 701 
Columbus, OH 43210 
USA 
Email: bhagwan.satiani@osumc.edu

451514 VMJ17510.1177/1358863X12451514Habib J et al.Vascular Medicine
2012

http://crossmark.crossref.org/dialog/?doi=10.1177%2F1358863X12451514&domain=pdf&date_stamp=2012-07-19


Habib J et al.	 353

the anatomy and physiology of the palmar arch, variations 
in anatomy and the pros and cons of a variety of methods to 
assess the collateral circulation of the hand is required. 
Because of the variability of the Allen’s test and the subjec-
tivity associated with it, an additional objective testing 
modality is necessary for assessing hand collateral 

circulation. This paper reviews the normal anatomy and 
common variations of the palmar arch, Allen’s test and the 
pros and cons of various non-invasive tests available for 
determining adequate collateral circulation to the hand.

Normal anatomy, variations, and 
vessel diameters

Arterial supply to the hand is provided by the superficial 
and deep palmar arches. However, there have been a num-
ber of anatomic variations reported for the arterial patterns 
of the hand. The superficial arch is usually formed by direct 
continuity between the ulnar artery and the superficial 
branch of the radial artery.12 Four common palmar digital 
arteries then arise from the superficial arch, with each com-
mon palmar digital artery giving rise to two proper palmar 
digital arteries (Figures 1 and 2).

The deep palmar arch is most often formed by an anas-
tomosis between the deep palmar branch of the ulnar artery 
and the dorsal radial artery13 (Figures 1 and 2). Four palmar 
metacarpal arteries arise from the deep palmar arch and 
give a contribution to each common palmar digital artery 
arising from the superficial arch. The princeps pollicis 
artery and radial indicis artery also arise from the deep arch.

The superficial arch can be classified as either complete 
or incomplete. To be classified as a complete arch an anas-
tomosis must be present between the vessels constituting 
it.14 Fortunately, the majority of superficial arches are 
complete.13,14

There have been no incomplete deep palmar arches 
identified in the literature. Three types of complete deep 
palmar arches have been identified. In the most common 
pattern the deep arch is formed by an anastomosis between 
the deep volar branch of the radial artery and the inferior 
deep branch of the ulnar artery. The second type is where 
there is an anastomosis between the deep volar branch of 
the radial artery and the superior deep branch of the ulnar 
artery. The third type is where the anastomosis is formed by 
the deep volar branch of the radial artery with both superior 
and inferior deep branches of the ulnar artery.13,14

The mean diameter of the radial artery at the wrist dif-
fers depending on whether the superficial palmar arch is 
complete or incomplete. Radial artery diameter at the wrist 
in hands with a complete palmar arch is reported to be 3.1 
± 0.2 mm, whereas for the incomplete arch the mean diam-
eter is 2.6 ± 0.3 mm.14 The mean diameter for the ulnar 
artery at the wrist in hands with a complete arch is 2.5 ± 0.2 
mm and for the incomplete arch the diameter is 2.6 ± 0.2 
mm. The mean diameter of the median artery at the wrist is 
1.7 ± 0.3 mm.

Allen’s test
The Allen’s test was first described in 1929 in three patients 
with thromboangiitis obliterans by Dr Edgar V Allen.15 His 
description entailed making a fist with the radial artery 
occluded for 1 minute followed by extending the fingers 
and watching for return of color. The original technique has 

Figure 1. Arterial anatomy of the hand with direction of blood 
flow with manual occlusion of the radial artery.

Figure 2. Arterial anatomy of the hand with direction of blood 
flow with manual occlusion of the ulnar artery.
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been altered and is called the modified Allen’s test.16 The 
test is conducted by having the patient make a fist for 30 
seconds. Pressure is applied over the radial and ulnar arter-
ies to occlude them. The patient is then instructed to open 
the fist and the ulnar artery is selectively released (Figures 
1 and 2). Care is taken to avoid a false-positive (abnormal) 
test by hyperextension of the hand or wide separation of the 
digits. If sufficient collateral circulation is present there 
should be normal return of color to the hand within about 
3–12 seconds. If return of color does not occur this is called 
a positive modified Allen’s test and is thought to preclude 
radial artery harvest. In the original description, no time 
limit for blushing of the palm is described and to date there 
is no consensus regarding the optimum cut-off time for a 
positive modified Allen’s test.

The modified Allen’s test is often used in the preopera-
tive evaluation of the radial artery for coronary artery 
bypass graft to determine whether sufficient collateral cir-
culation is present throughout the hand to allow harvesting. 
In a study of 1000 patients undergoing cardiac catheteriza-
tion, 49% had a normal modified Allen’s test (< 5 seconds), 
24% borderline (5–9 seconds) and 27% abnormal (> 10 
seconds).17 However, an abnormal modified Allen’s test 
does not necessarily imply that hand ischemia will result if 
the radial artery is harvested. An angiographic study of 
patients with indwelling radial artery catheters showed 
complete or partial radial artery thrombosis in 76% and yet 
none of the hands was clinically symptomatic.18 With 
regard to using the modified Allen’s test prior to radial 
artery access for coronary catheterization or prolonged 
radial artery lines, the data are certainly not convincing. 
There is lack of incontrovertible evidence that it can predict 
hand ischemia and there have been cases of hand ischemia 
following observance of a normal modified Allen’s test.9 
Part of the explanation may be that digital embolization is 
the etiology, which can lead to digit and hand ischemia in 
the setting of anatomically normal arteries as well as a nor-
mal modified Allen’s test.9

While the modified Allen’s test has been used reliably 
prior to coronary artery bypass grafting as well as percuta-
neous procedures, there are some limitations to using the 
test exclusively. Pallor, an uncooperative or unconscious 
patient or other anatomic factors makes the test highly sub-
jective in nature. The modified Allen’s test may be mislead-
ing because of anatomic anomalies within the forearm 
arteries. False-positives and negatives can also occur 
because there are observer biases in deciding when the nor-
mal return of color to the hand occurs. In addition, if the 
radial artery is not completely occluded during the test it 
can lead to false-negatives. Conversely, false-positives may 
occur if the wrist is hyperextended.19

Various non-invasive tests have therefore been added to 
the modified Allen’s test to improve the reliability of the 
test and avoid hand ischemia.20 Jarvis and colleagues com-
pared a modified Allen’s test to a Doppler ultrasound 
assessment of collateral ulnar flow in 93 coronary artery 
bypass graft patients.19 By using the receiver operating 
characteristics, a cut-off of 6 seconds resulted in a 

sensitivity of 54.5% and a specificity of 91.7%. If a cut-off 
of 5 seconds was used, the sensitivity increased to 75.8% 
but the specificity dropped to 81.7%. For a cut-off of 3 sec-
onds the sensitivity was 100% but the specificity dropped 
to 27%. The authors proposed that the modified Allen’s test 
should be abandoned and replaced with more objective 
tests such as Doppler ultrasound. However, Meharwal et al. 
reported no acute ischemic hand symptoms in a large series 
of 4172 harvests in 3977 patients.2 They utilized a cut-off 
of 3–12 seconds of a palmar flush to indicate a positive 
modified Allen’s test along with intraoperative pulse oxi-
metry and the only adverse finding was a 5.2% incidence of 
hand ‘weakness’ at 4 weeks. Ruengsakulrach and col-
leagues also validated the modified Allen’s test with a 10 
second cut-off in a series of 71 patients undergoing coro-
nary artery bypass grafting.21 An abnormal modified Allen’s 
test was noted in four (5.6%). All patients with a recovery 
time of < 10 seconds had uneventful harvesting of their 
radial arteries.

Starnes compared the modified Allen’s test with Doppler 
ultrasound and to digital blood pressures before and after 
radial artery compression. They identified a false-positive 
(abnormal modified Allen’s test rate of 50% in their series), 
and radial artery harvest was performed in 52/129 patients 
with no ischemic sequelae.22 Because of the limitations of 
the Allen’s test, some experts have reported harvesting the 
radial artery despite an abnormal Allen’s test23 (Table 1).

Non-invasive determination of 
adequate collateral circulation

There is no consensus in the literature on the most appropri-
ate pre-operative non-invasive testing modality prior to 
radial artery harvest for coronary artery bypass grafting. 
We now explore some of the most frequently used non-
invasive methods to evaluate the radial artery for possible 
use in coronary artery bypass graft procedures.

Digital plethysmography

Digital plethysmography can be performed using photo
plethysmography or pulse volume recordings.

A photoplethysmography sensor is placed on the tip of 
the finger using double-sided tape to help hold the sensor in 
place and a 3–4 cm cuff is placed at the base of the finger 
(Figure 3). The hand needs to be resting flat palm side up 
with the patient in a supine position to allow for minimal 
movement. It is important for the hand to be steady so a reli-
able tracing can be obtained. Once a reliable tracing is noted, 
free of motion artifacts, a minimum of at least three cardiac 
cycles should be captured. Our protocol is to record baseline 
waveforms of the first, second and fifth digits. If the baseline 
waveforms are of normal contour, compression maneuvers 
are then performed. Compression maneuvers are performed 
for each digit examined with the radial artery compressed 
while a photoplethysmography tracing is captured and then 
a tracing is taken with the ulnar artery compressed.
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Interpretation.  The photoplethysmography tracings should  
be classified as either normal or abnormal. Normal photo-
plethysmography tracings should have the following char-
acteristics: a sharp upstroke during peak systole, a 
prolonged downstroke with a dicrotic notch and the wave-
form should downslope towards the baseline (Figure 4). In 
contrast, an abnormal photoplethysmography waveform is 
suggested by a prolonged onset to peak with a rounded 
appearance at the peak. The waveform then bows away 
from the baseline and the overall amplitude is decreased 
(Figure 4).

If there is no noticeable decrease in amplitude of the 
waveforms with compression maneuvers, a good collateral 
circulation to the hand is presumed. A complete disappear-
ance of the oscillations clearly suggests inadequate arterial 
circulation to the finger being evaluated.

Fronek used photoplethysmography sensors attached to 
the tips of the first, third, and fifth digits to help objectively 
evaluate the patency of the radial and ulnar arteries.29 Pulse 
volume oscillations were recorded in the first, third, and fifth 
fingers after sequential compression of the radial and ulnar 
arteries. In 25 normal subjects, they found that there was a 
35% reduction in the pulse volume recording with compres-
sion of either artery. In patients with an occluded ulnar artery, 
compression of the radial artery resulted in a disappearance 
of the pulse volume recording. A pulse volume drop of > 
55% was found in patients with varying degrees of ulnar and 
radial artery stenosis.29 However, there appears to be no 
absolute value for a normal response to radial artery com-
pression in the amplitude of the waveform since the change 
in oscillation is subjective and not easily quantifiable.

Digital Doppler waveforms and pressures

Digital pressures are obtained by cuff inflation at the base 
of the digit until the signal is obliterated then slowly 
released to obtain a pressure. The same method is used with 
the radial artery and then the ulnar compressed to evaluate 
the patency of the palmar arch.

Interpretation.  Normal values for digital pressures are 
considered to be a finger–brachial index of > 0.90 using 

Table 1.  Literature review of Allen’s test

Author Year Conclusion Time threshold for clinical Allen’s  
test/accuracy/comments

Glavin et al.24 1989 Unable to confirm benefit of Doppler 
ultrasound method in assessing adequacy  
of collateral flow in hands

< 6 s
Allen’s test vs Doppler ultrasound (sensitivity 
0.87, specificity 0.57)

Johnson et. al.25 1998 Modification to Allen’s test using pulse 
oximetry

12 s
(arbitrarily selected)

Jarvis et al.19 2000 Allen’s test does not perform satisfactorily 
and should be replaced by more objective 
tests

6 s (sensitivity 54.5%)
5 s (sensitivity 75.8%)
3 s (sensitivity 100%)

Ruengsakulrach et al.21 2001 Provides validation of the MAT < 10 s
  Abnormal MAT found in 5.6% (4/71) of patients
Meharwal et al.2 2001 MAT and pulse oximetry both used with  

no case of acute hand ischemia
No time cut-off reported

Sajja26 2008 Allen’s test when combined with pulse 
oximetry and intraoperative return of RA 
pulse with proximal occlusion resulted in  
no cases of hand ischemia

< 6 s
False-negative rate was 0.4%

Barbeau et al.20 2004 Plethysmography and pulse oximetry more 
sensitive than MAT

< 9 s
6.4% out of 1010 patients had positive MAT

Abu-Omar et al.23 2004 Allen’s test is a quick, easy and reliable 
screening test before radial artery harvest

< 5 s
15% (43/287) had abnormal Allen’s test

Agrifoglio et al.27 2005 Clinical Allen’s test is not sufficient to assess 
hand collateral flow

No time cut-off reported

Kohonen et al.28 2008 Allen’s test is a good and valid screening  
test for the hand

6 s
(sensitivity 73.2%, specificity 97.1%)

s, seconds; MAT, modified Allen’s test; RA, radial artery.

Figure 3.  Photoplethysmography sensor placed on the tip of 
the finger using double-sided tape and a 3–4 cm cuff is placed at 
the base of the finger.
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the brachial artery pressure of the ipsilateral arm.30 There 
is no agreement on what is considered a significant drop 
in pressure. Starnes et al. suggest a 40 mmHg pressure 
drop after radial artery compression is significant.22 They 
showed a poor correlation between a modified Allen’s test 
and a decrease in digit pressures after radial artery com-
pression in normal volunteers. They also observed that 
50% of extremities with an abnormal modified Allen’s 
test had a change in digit pressures of 40 mmHg with 
radial artery compression. Therefore, these patients would 
have been excluded from radial artery harvest if the modi-
fied Allen’s test had been the sole criterion. Also, 9% of 
limbs with a negative modified Allen’s test had a reduc-
tion in digit pressure of 40 mmHg or more with radial 
artery compression. This latter group of patients may have 
been exposed to the risk if digit ischemia after radial 
artery harvest.

Based upon experience with a steal syndrome associ-
ated with dialysis grafts, Rodriguez and colleagues con-
sider a 40% decrease in the digital systolic pressure in the 
first and fifth digits after radial artery compression to be 
abnormal.10 They evaluated 346 arms in 187 patients with 
Doppler ultrasound imaging and digital plethysmography. 
A total of 27% were excluded from harvest based on either 
anatomic or physiologic criteria. Nineteen arms demon-
strated > 40% decrease in systolic pressures with an aver-
age of 71% from baseline pressures. Based on this 
protocol, no digit ischemia developed after harvesting of 
the radial artery. It is notable that they also excluded from 
harvest a small group (5.5%) of patients with low baseline 
digit pressures despite normal palmar arch reversal and 
ulnar increases with radial compression. Another impor-
tant point emphasized by the authors is that more than half 
the limbs excluded from harvest were because of ana-
tomic abnormalities such as calcification, which would 
not have been observed with an Allen’s test or digit pres-
sures and waveforms.

Duplex ultrasonography

Duplex ultrasonography is a useful tool to evaluate the 
radial artery in addition to indirect methods. A high-fre-
quency transducer between 8 and 15 MHz is selected for 
better wall definition since the arteries in the arm are usu-
ally superficial. Ultrasonic gel is applied to the forearm. 
The transducer is aligned in the proximal forearm in the 
transverse plane to the radial artery. The radial artery diam-
eter is measured in the proximal, mid and distal segments. 
Additional measurements are taken if there is the presence 
of a branch, a reduction in diameter is visualized or if any 
pathology is noted.

The transducer is then turned 90 degrees to obtain a long 
axis view of the radial artery. A Doppler waveform is 
obtained using a 60 degree angle in the middle of the vessel 
parallel to the walls. A peak systolic velocity is recorded. 
Color Doppler is also applied to assist with evaluating the 
velocity and direction of flow in the radial artery.

Interpretation.  There is no consensus with regard to the 
acceptable diameter of the radial artery for use in a coro-
nary artery bypass grafting procedure. The normal diameter 
range of the radial artery is between 2.3 mm and 5 mm.14 It 
is suggested that a diameter of < 2.0 mm makes the radial 
artery less than ideal for use as a coronary artery bypass 
graft conduit. Visualizing calcification within the radial 
artery wall and identifying a significant stenosis are contra-
indications for use in coronary artery bypass grafts. Rodri-
guez et al. excluded radial arteries if they were < 2 mm in 
diameter, had diffuse calcifications or had anatomic vari-
ants.10 They defined diffuse calcification as multiple echo-
genic foci with shadowing or diffusely increased 
echogenicity of the vessel wall with luminal narrowing. 
Agrifoglio et al. excluded patients from radial artery har-
vest when the radial artery peak systolic flow velocity is 
< 0.20 m/s, or the radial artery diameter is < 2.0 mm, or if 

Figure 4.  (Left) A normal photoplethysmography tracing showing a sharp upstroke during peak systole, a prolonged downstroke 
with a dicrotic notch. (Right) An abnormal photoplethysmography waveform shows a prolonged onset to peak and has a rounded 
appearance at the peak. The waveform then bows away from the baseline and the overall amplitude is decreased.
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there are radial artery calcifications and atherosclerotic 
plaques.27

In terms of hemodynamic parameters, a peak systolic 
velocity of between 40 and 90 cm/s is considered to be 
within a normal value range in the radial artery.31 A tripha-
sic Doppler waveform in the radial artery also indicates 
good arterial perfusion. However, many factors may affect 
the characteristics of the Doppler waveform, such as room 
temperature and clenching the fist.31

Measurement of flow velocities and waveform analysis 
of the radial artery and ulnar artery have been used with 
duplex ultrasonography alone or in conjunction with the 
modified Allen’s test to assess collateral circulation to the 
hand. Abu-Omar and co-authors reported using a modified 
Allen’s test and duplex ultrasonography in 287 patients 
undergoing coronary artery bypass graft. Forty-three (15%) 
had an abnormal modified Allen’s test and were then sub-
jected to duplex ultrasonography.23 The authors reported on 
their ability to use the radial artery conduit in 99% of 
instances. Normal findings (patent vessel, normal wave-
forms and velocities) were noted in 38 patients whereas 
five had abnormal radial artery or ulnar artery findings 
(occlusion or a doubling of systolic velocities suggesting > 
50% diameter stenosis).

Sullivan et al. have reported no correlation between 
ulnar artery velocity changes and digit pressure change dur-
ing radial artery compression in 40 normal subjects.32 They 
concluded that velocity changes cannot be used to deter-
mine potential digit ischemia following radial artery har-
vesting and therefore recommend using digital pressure 
measurement with radial artery compression as the preop-
erative screening tool prior to radial artery harvest.

Advantages of duplex ultrasonography include the 
ability to map the entire vessel for size and morphology, 
note calcified or stenotic areas, and observe common ana-
tomic variants of the radial artery such as a high takeoff 
and record hemodynamic parameters in the forearm and 
hand.

Duplex ultrasonography dynamic test

Dynamic tests using duplex ultrasonography can be per-
formed to assess hand collateral circulation. The duplex 
ultrasonography dynamic test is performed in the following 
fashion. A 10 MHz transducer is used to determine the peak 
systolic velocity in the ulnar artery at the wrist, the superfi-
cial palmar branch of the radial artery and the dorsal digital 
thumb artery. In one version of the dynamic Allen’s test 
performed with duplex scanning, the ulnar artery peak sys-
tolic velocity at the wrist is measured before and after radial 
artery compression. An increase in velocity after radial 
artery compression is a sign of adequate collateral perfu-
sion. Radial artery flow reversal after radial artery com-
pression is also evidence of good collateral circulation 
(Figure 5).

Rodriguez et al. used color flow duplex ultrasonography 
to determine radial artery reversal of flow during radial 
artery compression in the mid or proximal forearm and also 
to detect stenoses.10 A doubling of the velocity from the 
pre-stenotic to the stenotic area was defined as a significant 
stenosis. Velocity in the ulnar artery with radial artery com-
pression was also determined with Doppler. An increase in 
ulnar artery velocity less than 20% from baseline with 
radial artery compression was considered abnormal.

The palmar arch test is where the probe is positioned on 
the thenar eminence to measure the superficial palmar 
artery flow direction during radial artery compression. 
Backward flow here indicates good perfusion of the super-
ficial palmar arch. In a patient with an incomplete palmar 
arch, no flow reversal in the radial artery occurs. Instead, 
there is very low-flow antegrade flow (Figure 6). The test 
can also be conducted by placing the Doppler probe in the 
anatomic snuffbox.

Pola and his colleagues described their experience using 
dynamic duplex ultrasonography in identifying 11 of 188 
patients in whom the collateral circulation to the hand was 
deemed inadequate.33 One of the criteria used was an 

Figure 5.  Duplex ultrasound of the first digit with manual compression of the radial artery showing reversal (retrograde) of flow 
indicating adequate collateral circulation to the hand.
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absence of increase in blood follow velocity in the ulnar 
artery following flow disappearance in the superficial pal-
mar arch during radial artery compression. The authors 
contended that an increase in blood flow in the ulnar artery 
after radial artery occlusion was expected due to an increase 
in the pressure gradient between the ulnar artery and the 
capillary bed of the palm. An absence of flow in the dorsal 
digital artery to the thumb during radial artery compression 
was considered an absolute contraindication to radial artery 
harvesting.

In another report, no ischemic events developed in 142 
patients undergoing radial artery harvest when echo color 
Doppler was performed during static and dynamic tests.27

Pulse oximetry

This technique consists of attaching a pulse oximeter sen-
sor on the thumb or forefinger and measuring first the base-
line oxygen saturation and waveform. Following this, both 
the radial artery and the ulnar artery are compressed until 
the saturation reaches zero. The pressure on the ulnar artery 
is then released and the time to reach baseline saturation 
and the waveform is recorded.

Although the test has not usually been utilized as the 
sole method of assessing collateral circulation to the hand, 
intraoperative pulse oximetry has been used to supplement 
a preoperative Allen’s or a modified Allen’s test.2 Johnson 
used pulse oximetry to identify return of perfusion to con-
trol levels during an Allen’s test in 452 forearms using an 
arbitrary 12 second cut-off time.25 In the same time period, 
the authors identified 21 patients (5%) with radial artery 
dominance in whom the radial artery was not harvested. In 
another series of 241 patients undergoing coronary artery 
bypass grafting, a modified Allen’s test was used along 
with pulse oximetry. No adverse consequences were noted 

utilizing a cut-off of 6 seconds for reappearance of the 
pulse wave on pulse oximetry.26 Glavin, using 6 seconds as 
a cut-off, showed that the test was associated with both 
false-positives and false-negatives.24 Limitations of the test 
include the fact that the amplitude of the waveform may 
vary depending on which finger the probe is placed as well 
as the proximity of the probe to the patent arterial source.34

Contraindications to radial artery harvesting

Contraindications to radial artery harvesting can be 
determined by a modified Allen’s test, Doppler ultra-
sound, plethysmography or duplex ultrasonography. 
Contraindications may be classified as morphological or 
circulatory. Morphological contraindications include a 
radial artery inner diameter < 2 mm, diffuse intimal or 
medial calcification or anatomical anomaly.10 Circulatory 
contraindications include the absence of flow reversal in 
the radial artery during radial artery compression or < 
20% increase of ulnar peak systolic flow during radial 
artery compression.32,33 Contraindication by plethys-
mography includes a > 40% decrease in digital pressure 
during radial artery compression. When there is a con-
traindication for radial artery harvest in the non-domi-
nant hand, the risk of having a non-harvestable artery in 
the dominant hand is doubled.28

Patients with hand ischemia after radial artery harvest 
can present with a variety of symptoms ranging from hand 
fatigue, to resting pain and gangrene. Severe ischemia has 
been reported to develop in up to 0.03%, whereas mild 
ischemia may develop in up to 10%.35 Ischemia after radial 
artery harvest may result from occlusive artery disease in 
the forearm or poor ulnar artery flow reserve. Scanning of 
the ulnar artery and examining flow during the Allen’s test 
may be useful as a preoperative screening test.36 According 

Figure 6.  Duplex ultrasound of the first digit with manual compression of the radial artery showing no appreciable flow and also 
no reversal of flow.
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to Manabe, severe hand ischemia has not been documented 
as a result of an incomplete palmar arch.36

Conclusions
A complete palmar arch and a normal ulnar artery are 
essential prior to procedures that risk radial artery conti-
nuity. Between 15% and 23% of patients being considered 
for coronary artery bypass grafting appear to have an 
abnormal modified Allen’s test.19,25 The specificity of the 
modified Allen’s test is in the 97% range with a 6 second 
cut-off. Therefore, if the modified Allen’s test is abnormal 
an additional non-invasive test is appropriate since the 
relatively lower sensitivity of the modified Allen’s test 
means that the radial artery may be safe to harvest in many 
patients.25

The prevalence of patients at risk for hand ischemia fol-
lowing radial artery harvest can be extrapolated. There are 
approximately 183,000 coronary artery bypass graft opera-
tions performed in the US annually.37 Of these, 15% can be 
expected to have an abnormal modified Allen’s test and 
about 11.6% of those with an abnormal modified Allen’s 
test will have an abnormal duplex ultrasound examina-
tion.23 Exactly how many actual ischemic hands would 
have resulted after harvesting of the radial artery is hard to 

extrapolate from available data since most centers use some 
form of pre-operative screening test.

There is no consensus on the best test for assessing col-
lateral circulation of the hand and the choice of non-inva-
sive test depends upon the preference of the individual 
vascular laboratory or surgeon. To date, no guidelines have 
been published for differentiating between normal and 
abnormal Doppler ultrasonographic results. Similarly, no 
standard set of plethysmography pressure measurements 
have been established for radial artery harvest. Digital 
Doppler waveforms, pressures, pulse oximetry and duplex 
ultrasonography with systolic velocity measurements all 
have their advantages and disadvantages (Table 2). The 
major limitation of the physiologic, non-imaging methods 
is that they cannot provide information about the size and 
morphology of the radial artery in assisting the surgeon 
who is deciding whether to utilize the radial artery for coro-
nary artery bypass grafting. In addition, plethysmography 
waveforms can be highly subjective and digital pressures 
even in ‘normal’ hands can vary significantly from digit to 
digit, often providing conflicting information.

For patients being evaluated for arterial blood gases, 
blood draws and short-term arterial lines, a modified 
Allen’s test that shows adequate collateral flow may be all 
that is necessary. For patients subjected to cardiac 

Table 2.  Pros and cons of various non-invasive tests for the assessment of palmar circulation

Pros Cons

Modified Allen’s test – simple and cheap – prone to observer biases and subjectivity
  – false-positives occur with the wrist extended
  – �false-negatives if the radial artery is not totally 

occluded

Doppler plethysmography – �offers objective evaluation and 
documentation of patency of the major 
arteries supplying the hand

– �provides no information on the morphology of the 
artery

– will not identify anatomic variants
– time-consuming
– �no absolute value for the normal response in 

the amplitude of the waveform with radial artery 
compression

– �change in oscillation is subjective and not easily 
quantifiable

  – severely abnormal findings are obvious
 
 
 

Doppler digital pressures and 
waveforms

– simple and objective test
– little extra cost
– severely abnormal pressures are obvious

– �provides no information on the morphology of the 
artery

  – will not identify anatomic variants
  – �no agreement as to what is considered a significant 

drop in pressure

Duplex ultrasonography – �allows mapping of the entire vessel for 
size and morphology as well as flow  
velocity and direction

– more expensive equipment (scanner) required
– �clenching of the fist may affect the characteristics of 

the Doppler waveform
  – �good for viewing stenotic or calcified 

areas of the artery
  – good for identifying anatomic variants  

Pulse oximetry – simple to do
– adds little extra cost

– �amplitude of the waveform may vary on which finger 
the probe is placed and the proximity of the probe to 
the arterial source

  – �no agreement on time to normalize
  – �room temperature may affect the characteristics of 

the Doppler waveform
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catheterization or long-term lines or radial artery harvest, a 
dynamic duplex ultrasonography can provide anatomic, 
morphologic and physiologic information and it may be the 
best available non-invasive test to supplement the modified 
Allen’s test, particularly if the latter is abnormal. From a 
physiologic standpoint, the absence of reverse flow in the 
superficial palmar branch in the hand upon radial artery 
occlusion or an absence of flow in the dorsal digital artery 
to the thumb during radial artery compression appear to 
represent contraindications to radial artery harvest.

Funding
This research received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors.

Conflict of interest
None declared.

References
  1.	 Iaco AL, Teodori G, Di Giammarco G, et al. Radial artery for 

myocardial revascularization: Long-term clinical and angio-
graphic results. Ann Thorac Surg 2001; 72: 464–469.

  2.	 Meharwal ZS, Trehan N. Functional status of the hand after 
radial artery harvesting: Results in 3,977 cases. Ann Thorac 
Surg 2001; 72: 1557–1561.

  3.	 Nunoo-Mensah J. An unexpected complication after harvest-
ing of the radial artery for coronary artery bypass grafting. 
Ann Thorac Surg 1998; 66: 929–931.

  4.	 Rao SV, Ou FS, Wang TY, et al. Trends in the prevalence 
and outcomes of radial and femoral approaches to percu-
taneous coronary intervention: A report from the National 
Cardiovascular Data Registry. J Am Coll Cardiol Intv 2008; 
1: 379–386.

  5.	 Scheer BV, Perel A, Pfeiffer UJ. Clinical review: 
Complications and risk factors of peripheral arterial catheters 
used for haemodynamic monitoring in anaesthesia and inten-
sive care medicine. Crit Care 2002; 6: 198–204.

  6.	 Gardner RM, Schwartz R, Wong HC, et al. Percutaneous 
indwelling radial-artery catheters for monitoring cardiovas-
cular function. Prospective study of the risk of thrombosis 
and infection. N Engl J Med 1974; 290: 1227–1231.

  7.	 Valentine RJ, Modrall JG, Clagett GP. Hand ischemia after 
radial artery cannulation. J Am Coll Surg 2005; 201: 18–22.

  8.	 Uhlemann M, Möbius-Winkler S, Mende M, et al. The 
Leipzig Prospective Vascular Ultrasound Registry in Radial 
Artery Catheterization. Impact of sheath size on vascular 
complications. J Am Coll Cardiol Intv 2012; 5: 36–43.

  9.	 Brzezinski M, Luisetti T, London MJ. Radial artery can-
nulation: A comprehensive review of recent anatomic 
and physiologic investigations. Anesth Analg 2009; 109: 
1763–1781.

10.	 Rodriguez E, Ormont ML, Lambert EL, et al. The role of 
preoperative radial artery ultrasound and digital plethys-
mography prior to coronary artery bypass grafting. Eur J 
Cardiothorac Surg 2001; 19: 135–139.

11.	 Hosono M, Suehiro S, Shibata T, Sasaki Y, Kumano H, 
Kinoshita H. Duplex scanning to assess radial artery suit-
ability for coronary artery bypass grafting. Jpn J Thorac 
Cardiovasc Surg 2000; 48: 217–221.

12.	 Fazan VPS, Borges CT, da Silva JH, Caetano AG, Filho 
OAR. Superficial palmar arch: An arterial diameter study. J 
Anat 2004; 204: 307–311.

13.	 Loukas M, Holdman D, Holdman S. Anatomical variations 
of the superficial and deep palmar arches. Folia Morphol 
2005; 64: 78–83.

14.	 Gellman H, Botte MJ, Shankwiler J, Gelberman RH. Arterial 
patterns of the deep and superficial palmar arches. Clin 
Orthop Relat Res 2001; 383: 41–46.

15.	 Allen EV. Thromboangiitis obliterans; methods of diagnosis 
of chronic occlusive arterial lesions distal to the wrist with 
illustrative cases. Am J Med Sci 1929; 178: 237–244.

16.	 Fuhrman TM, Pippin WD, Talmage LA, Reilley TE. 
Evaluation of collateral circulation of the hand. J Clin Monit 
1992; 8: 28–32.

17.	 Benit E, Vranckx P, Jaspers L, Jackmaert R, Poelmans C, 
Coninx R. Frequency of a positive modified Allen’s test in 
1,000 consecutive patients undergoing cardiac catheteriza-
tion. Cathet Cardiovasc Diagn 1996; 38: 352–354.

18.	 Martin C, Saux P, Papazian L, Gouin F. Long-term arterial 
cannulation in ICU patients using the radial artery or dorsalis 
pedis artery. Chest 2001; 119: 901–906.

19.	 Jarvis MA, Jarvis CL, Jones PM, Spyt TJ. Reliability of 
Allen’s test in selection of patients for radial artery harvest. 
Ann Thorac Surg 2000; 70: 1362–1365.

20.	 Barbeau GR, Arsenault GF, Dugas L, Simard S, Lariviere 
MM. Evaluation of the ulnopalmar arterial arches with pulse 
oximetry and plethysmography: Comparison with the Allen’s 
test in 1010 patients. Am Heart J 2004; 147: 489–493.

21.	 Ruengsakulrach P, Eizenberg N, Fahrer C, Fahrer M, Buxton 
BF. Surgical implications of variations in hand collateral 
circulation: Anatomy revisited. J Thorac Cardiovasc Surg 
2001; 122: 682–686.

22.	 Starnes SL, Wolk SW, Lampman RM, et al. Non-invasive 
evaluation of hand circulation before radial artery harvest for 
coronary artery bypass grafting. J Thorac Cardiovasc Surg 
1999; 117: 261–266.

23.	 Abu-Omar Y, Mussa S, Anastasiadis K, Steel S, Hands L, 
Taggart DP. Duplex ultrasonography predicts safety of radial 
artery harvest in the presence of an abnormal Allen test. Ann 
Thorac Surg 2004; 77: 116–119.

24.	 Glavin RJ, Jones HM. Assessing collateral circulation in the 
hand – four methods compared. Anaesthesia 1989; 44: 594–595.

25.	 Johnson WH, Cromartie RS, Arrants JE, Wuamett JD, Holt 
JB. Simplified method for candidate selection for radial 
artery harvesting. Ann Thorac Surg 1998; 65: 1167.

26.	 Sajja LR. Assessment of ulnar collateral circulation by the 
Allen test in patients undergoing radial artery harvest. Eur J 
Cardiothorac Surg 2008; 33: 755.

27.	 Agrifoglio M, Dainese L, Pasotti S, et al. Preoperative assess-
ment of the radial artery for coronary artery bypass grafting: 
Is the clinical Allen test adequate? Ann Thorac Surg 2005; 
79: 570–572.

28.	 Kohonen M, Teerenhovi O, Terho T, Laurikka J, Tarkka M. 
Non-harvestable radial artery. A bilateral problem? Interact 
Cardiovasc Thorac Surg 2008; 7: 797–800.

29.	 Fronek A, King D. An objective sequential compression to 
test evaluate the patency of the radial and ulnar arteries. J 
Vasc Surg 1985; 2: 450–452.



Habib J et al.	 361

30.	 Papasavas PK, Reifsnyder T, Birdas TJ, Caushaj PF, Leers 
S. Prediction of arteriovenous access steal syndrome utiliz-
ing digital pressure measurements. Vasc Endovascular Surg 
2003; 37: 179–184.

31.	 Zwiebel W, Pellerito J. Introduction to vascular ultrasonog-
raphy, 5th edition. Philadelphia, PA: WB Saunders, 2004.

32.	 Sullivan VV, Higgenbotham C, Shanley CJ, et al. Can ulnar 
artery velocity changes be used as a preoperative screening 
tool for radial artery grafting in coronary artery bypass? Ann 
Vasc Surg 2003; 17: 243–249.

33.	 Pola P, Serricchio M, Flore R, Manasse E, Favuzzi A, Possati 
GF. Safe removal of the radial artery for myocardial revascu-
larization: A Doppler study to prevent ischemic complications 
to the hand. J Thorac Cardiovasc Surg 1996; 112: 737–744.

34.	 Paul BZS, Feeney CM. Combining the modified Allen’s test 
and pulse oximetry for evaluating ulnar collateral circulation 
to the hand for radial artery catheterization of the ED patient. 
Cal J Emerg Med 2003; 4: 89–91.

35.	 Tatoulis J, Buxton BF, Fuller JA. Bilateral radial artery grafts 
in coronary reconstruction: Technique and early results in 
261 patients. Ann Thorac Surg 1998; 66: 714–719.

36.	 Manabe S, Tabuchi N, Tanaka H, Arai H, Sunamori M. Hand 
circulation after radial artery harvest for coronary artery 
bypass grafting. J Med Dent Sci 2005; 52: 101–137.

37.	 The Society of Thoracic Surgeons. Available at: http://
www.sts.org/sites/default/files/documents/2011%20-%20
Adult%20Cardiac%20Surgery%20-1stHarvestExecutive-
Summary_0.pdf (accessed 17 April 2012).


