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Abstract: Introduction. Transradial (TR) approach for coronary and peripheral angiography has become a popular technique. The Allen’s test
(AT) could be used to determine the presence of collateral flow in the hand. Recently, angiographic background of modified AT was
evaluated, but patients with peripherial arterial disease (PAD) were excluded in these studies. Therefore, the present study was
designed to assess reliability of AT in patients with symptomatic PAD. Methods. The present study comprised 92 symptomatic
patients with PAD (Rutherford class 2-6). Perfusion of the hand was assessed with AT before outpatient peripheral angiography.
Results. Significant RA stenosis (n=6, 12.5%) and UA stenosis (n=26, 54.2%) were found in 30 patients with positive AT (62.5%).
In patients with negative AT, only UA showed significant stenoses (n=6, 13.6%). Thirty-eight patients with positive AT had anatomic
abnormality in the forearm arteries or in the palmar arch (79.2%). Anatomic abnormality in the forearm arteries or in the palmar
arch could be detected in 15 cases with negative AT (34.1%, p<0.0001). Conclusions. In the presence of an abnormal AT and
concommitant PAD, the use of RA for peripheral or coronary catheterization and angioplasty is not recommended.
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1. Introduction

Transradial (TR) approach for coronary and peripheral
angiography and angioplasty has become a popular
technique [1-5]. The Allen’s test (AT), first described
in 1929, could be used to determine the presence of
collateral flow in the hand [6]. Due to high rate of false
positive and negative results, modified Allen’s test with
pulsoximetry was introduced in the clinical practice.

Recently, angiographic background of modified AT was
evaluated, but patients with peripherial arterial disease
(PAD) were excluded in these studies [7]. Therefore, the
present study was designed to assess reliability of AT in
patients with symptomatic PAD.
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2. Materials and methods
2.1. Study population

The present study comprised 92 symptomatic
patients with PAD (Rutherford class 2-6). Perfusion of
the hand was assessed with AT and modified AT before
outpatient peripheral angiography. At the end of each
procedure, a transbrachial and subclavian angiography
was also performed. Angiographic data of forearm
arteries and palmar communications were analysed
following each procedure by one expert in interven-
tional radiology. Informed consent was obtained from
each patient and the study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki, as
reflected in a priori approval by the institution’s human
research committee.

2.2. Allen’s test

The AT was performed according to the following pro-
tocol. The examiner faced the patient, whose hand was
supinated. Radial (RA) and ulnar (UA) arteries were
then located by their pulses, and both arteries were
compressed simultaneously by 4 fingers. During direct
pressure, the patient was asked to clench and unclench
his/her fist several times. The patient was then asked
to relax his/her hand and extend fingers into a slightly
flexed position while the examiner maintained pressure
on the RA and UA. The hand at this point should appear
blanched. Examiner then released the pressure on the
UA and continued applying pressure on the RA. The
return of color to the hand and fingers was noted. An
abnormal AT result was defined as a recovery time of
more than 5 seconds [8] (Figures 1 and 2).

Figure 1. Selective angiography shows patent forearm arteries,
but the palmar arch is not complete (see arrows).

2.3. Modified Allen’s test

Modified AT was performed with placing pulsoxymetry on
the index finger. During dual RA and UA compressions,
hand ischaemia was induced and oxygen saturation and
waveform were assessed. Modified AT was considered
positive if the oxygen saturation got lower than 70% on
the index finger during compression and the waveform
was diminished or weak.

2.4. Angiography

Angiography was performed according to the stan-
dard clinical practice. At the end of angiography the
subclavian and brachial arteries were assessed by a
pigtail catheter. The forearm vessels were visualised
through a 4F sheath used for angiography. Two digital
substraction angiography shots were performed, which
showed hand circulation, as well. Routine measure-
ments were done in the RA and UA at the wrist level.
At the end of the angiography, subclavian and brachial
arteries were assessed with a pigtail catheter. Vessels
and lesions were analysed by using a computerized
quantitative analysis system (General Electric, Fairfield,
CT, US) after administration of intraarterial nitroglycerin
(0.2 mg). Anatomic variations were investigated such
as high origin of RA, RA and brachial artery loop, RA
hypoplasia. If an atherosclerotic lesion was found in the
RA or UA, quantitative measurements were taken at the
site of the stenosis (lesion length, reference diameter,
stenosis diameter and diameter stenosis). A stenosis
was considered significant if quantitative measurement
showed >70% diameter narrowing.

Figure 2. Selective angiography shows an ulnar artery occlusion
(Figure 2A) with patent palmar arch, and a critical ulnar
artery stenosis with week and atherosclerotic palmar arch
in Buerger disease (Figure 2B).
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2.5. Statistical analysis

All statistical analysis was performed with a commercial-
ly available software Statistica 8.0 (StatSoft Inc., Tulsa,
OK, USA). Continuous variables were expressed as
mean * standard deviation, and were compared using
unpaired t-tests. Dichotomous variables were compared
by x? and Fisher’s exact-test. Probability values lower
than 0.05 were considered to be significant.

3. Results

Results of Allen’s tests. A strong pulsoxymetry signal
at baseline could be detected in all subjects. All patients
with positive AT showed positive modified AT (100%).
Oxygen saturation got lower than 70% in 42 patients
(87.5%) and the signal was diminished in 6 patients
(12.5%) representing a positive modified AT. During RA
compressions, no symptoms were reported. Baseline
demographic and clinical characteristics of patients with
positive and negative AT are presented in Table 1.
Indications for peripheral angiography. The
indication for peripheral angiography was critical limb

ischaemia (Rutherford class 4-6) in 19 patients with
positive AT (39.6%) and in 13 patients with negative AT
(29.5%, p =0.31). Intermittent claudication (Rutherford
class 2-3) indicated angiography in 29 patients with
positive AT (60.4%) and in 31 patients with negative AT
(70.5%, p =0.31). Indications for peripheral angiography
are presented in Table 2.

Results of peripheral angiography are presented
in Table 3.

Forearm arteries: Significant subclavian or brachial
artery stenosis could not be detected in the presented
population. The mean diameter of RA and UA was 2.28
1+ 0.50 mm and 1.76 + 0.66 mm at the wrist level. Angiog-
raphy showed significant RA stenosis in 6 cases (6.5%)
and UA stenoses in 32 cases (34.8%). Significant RA
stenosis (n=6, 12.5%) and UA stenosis (n=26, 54.2%)
were found in 30 patients with positive AT (62.5%). In
patients with negative AT, only UA showed significant
stenoses (n=6, 13.6%). The interosseal artery showed
no significant stenosis in none of cases, but the artery
reached the wrist level only in 42 patients (45.6 %).

Anatomic variations: Anatomic variations could be
observed in 8 out of 92 patients (8.7 %). RA variations in-
cluded 6 tortuous configurations (6.5%), one hypoplasia

Table 1. Demographic and clinical charecteristics of patient with positive and negative Allen’s test

Number Positive AT Negative AT p value
(n=48) (n= 44)
Age (years) 65.1 = 10.5 642 =93 0.65
Male (%) 39 (81) 33 (75) 0.47
Current smoker (%) 20 (42) 18 (41) 0.94
Hypertension (%) 36 (75) 30 (68) 0.47
Diabetes mellitus (%) 12 (25) 16 (36) 0.24
Dyslipidemia (%) 8(17) 3(7) 0.06
Renal insufficiency (%) 0(0) 1@ 0.29
Previous coronary or peripheral intervention (%) 6 (13) 10 (23) 0.20
Previous thrombosis (%) 4 (8) 12 0.20
Previous stroke (%) 11 (28) 5(11) 0.14
Thrombophilia (%) 1(2) 12 0.95
Malignancy (%) 5 (10) 3(7) 0.54
Autoimmune disease (%) 12 1) 0.95

Abbreviations: AT = Allen’s test
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Table 2. indications for peripheral angiography

Positive AT Negative AT p value
(n=48) (n= 44)

Intermittent claudication (%) 29 (60.4) 31 (70.4) 0.31

Critical limb ischaemia (%) 19 (39.6) 13 (29.5) 0.31

Intermittent claudication 23 (47.9) 7 (15.9) 0.01

+ significant forearm stenosis (%)

Critical limb ischaemia 15 (31.3) 8(18.2) 0.05

+ significant forearm stenosis (%)

Abbreviations: AT = Allen’s test

Table 3. Results of peripheral angiography
Positive AT Negative AT p value
(n=48) (n=44)

Upper extremity Significant subclavian and anonym artery stenosis (%) | 0 (0) 0(0) 1.00
Significant brachial artery stenosis (%) 0 (0) 0(0) 1.00
Significant radial artery stenosis (%) 6 (12.5) 0(0) 0.03
Significant ulnar artery stenosis (%) 26 (54.2) 6 (13.6) <0.0001
Palmar arch - incomplete (%) 17 (35.4) 11 (25.0) 0.37

- weak (%) 12 (25.0) 14 (31.8) 0.50
- strong (%) 19 (39.6) 19 (43.2) 0.83

Anatomic abnormality (sum) (%) 38 (79.2) 15 (34.1) <0.0001

Lower lliac artery stenosis (%) 19 (39.6) 13 (29.5) 0.38

extremity
Femoral artery stenosis (%) 32 (66.7) 37 (84.1) 0.06
Popliteal artery stenosis (%) 15 (31.3) 4(9.1) 0.01
Below-the-knee lesion (%) 29 (60.4) 19 (43.2) 0.14

Abbreviations: AT = Allen’s test
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(1.1%), and one radioulnar loop (1.1%). High origin of
the RA was not found in the investigated population. UA
showed no anatomic variations in this population.

Palmar arch: Incomplete communications were
found between the superficial and deep palmar arches
in 17 patients with positive AT (35.4%) and in 11 patients
with negative AT (25.0%, p=0.37). Normal palmar arch
was found in 31 patients with positive AT (64.6%) and in
33 patients with negative AT (75.0 %, p=0.37).

Anatomic abnormalities: Thirty-eight patients with
positive AT had anatomic abnormality in the forearm
arteries or in the palmar arch (79.2%). Anatomic ab-
normality in the forearm arteries or in the palmar arch
could be detected in 15 cases with negative AT (34.1%,
p<0.0001) (Table 3).

Prognostic value of AT. Positive prognostic value
of AT for anatomic abnormality was found to be 79.2%,
while negative predictive value of AT was 65.9%. Sen-
sitivity and specificity proved to be 71.7% and 74.4%,
respectively.

4. Discussion

The dominant site of access during angiography has
been the femoral artery for over two decades and con-
tinues to be today. Alternative access sites, including ra-
dial, brachial and axillary arteries, have been employed
in clinical scenarios, where groin access is contraindi-
cated or the bleeding risk is to high. At first, brachial and
axillary access were introduced, but these approaches
have been associated with a relatively high risk of vas-
cular and nerve complications [9,10]. Furthermore, can-
nulation of these arteries involves a potential thrombotic
occlusion, which may put the entire distal artery at risk.
The TR route achieves an excellent procedural success
rate and virtually eliminates access site complications,
allows rapid ambulation and even procedures to be per-
formed in an outpatient setting. Randomised trials show
benefit for the TR access in clinical situations associated
with a higher risk of bleeding complications, such as the
management of acute myocardial infarction [2,3], obese
patients [11] and in cases of concomittant PAD [12].
Despite the safety of TR route, the zero vascular compli-
cation hypothesis is not true. The complication profile of
TR access is different from those related to the femoral
route with no life-threatening complications and no need
of vascular surgery and blood transfusions. Reported
complications include brachial artery dissection and
perforation [13,14], arteriovenous fistula formation [15]
and pseudoaneurysm formation [16]. The most frequent
complication after TR access is RA occlusion, which
occurs in 3-5% of the cases [17]. Predictive factors for

RA occlusion include long duration of catheterisation,
high sheath/artery ratio, heparin dosage, longer sheath
and prolonged compression times [17]. There are case
reports of digital ischemia in patients undergoing RA
cannulation in the surgical intensive care, perioperative
setting, and after TR angioplasty [18]. The anatomic
background of the very rare digital ishaemia following
RA occlusion is due to double hand supply of the fore-
arm, collaterals from the interosseus artery and double
palmar arterial supply. The parallel arterial systems (RA
and UA and paired proper digital arteries) allow the
upper extremity to maintain normal perfusion at rest
even in the setting of significant obstructive disease.
The redundancy in the forearm and hand arterial sys-
tems is completed by multiple tributaries, which serve as
collaterals in the setting of obstructive disease. In cases
of RA/UA occlusion, collaterals from the mid-arm to the
distal and/or proximal forearm and/or retrograde filling
via the palmar arch may be observed.

Several methods have been introduced to assess
patency of forearm arteries including AT [6], modified AT
[7], pletysmography [7], Doppler ultrasound, segmental
pressure measurement etc. AT is an easy-to-perform
method where there is no need for a device, but the
test is limited by false positive and negative results.
Jarvis et al. published 79.6% diagnostic accuracy at 5s
cut-off point and sensitivity and specificity were found
to be 75.8% and 81.7%, respectively [8]. There are
some reports on digital ischemia requiring amputation
in patients with a negative AT [18,19]. Greenwood et al.
have investigated the effect of RA occlusion in patients
previously screened by AT [20]. In this study RA was
occluded for 30 minutes and patients were screened
for hand ishaemia, UA flow and venous lactate level.
Patients with positive AT had higher UA flow following
RA occlusion than patients with negative AT (240% vs
135%), but flow velocity in the principal artery of the
thumb was diminished better (3.2 cm/s vs 15.9 cm/s)
and lactate level was increased higher in the thumb than
in patients with negative AT.

These findings represent normal conditions, where
UA is free of disease. The aim of the present work was
designed to study a population with symptomatic PAD.
Significant forearm stenosis was found in 38 patients
(41,3%) and palmar circulation was incomplete in 28
patients (30.4%). Forearm anatomic problem could be
encountered more frequently in patients with abnormal
AT as compared to those with negative AT. Moreover,
significant forearm stenosis was found more frequently
in patients with positive AT than in cases with negative
AT. However, the occurence of forearm stenosis was not
significantly higher in patients with critical limb ischemia
than in subjects with intermittent claudication.
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Conclusions. Although collateral circulation of the
hand is dynamic in normal anatomical setting, forearm
stenosis is highly frequent in the presence of PAD, which
increases the possibility of hand ischaemia following RA
occlusion. Regarding to the result of the present study, in
the presence of an abnormal AT and concommitant PAD,
the use of RA for peripheral or coronary catheterization
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