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Abstract

Background: Transradial approach (TRA) is widely used all around the world in coronary angiography and percutaneous coronary
interventions. Ulnar artery (UA) access can be used as an alternative to TRA in coronary catheterization. Transulnar approach (TUA)
is as effective and safe as TRA in coronary angiography and angioplasty.
Objectives: The aim of the present study was to evaluate the effects of unilateral reciprocal compression of radial artery (RA) and
ulnar artery (UA) on arterial diameter, flow velocity, and volume flow in healthy individuals.
Patients and Methods: A total of 210 extremity arteries of 105 consecutive cases were evaluated using Doppler ultrasonography. At
the wrist level, UA and RA were sequentially compressed for 60 seconds. The diameter, peak systolic velocity (PSV), and volume flow
(VF) were evaluated during UA and RA compressions.
Results: The mean baseline RA diameter was 2.04 ± 0.33 mm and the mean baseline UA diameter was 1.92 ± 0.38 mm, indicating
a significantly greater RA diameter than the UA diameter (P = 0.005). Baseline diameters, PSV, and VF of the RA and UA significantly
increased during reciprocal compression (P < 0.001). The increase in the diameter, PSV, and VF of UA in percent during reciprocal
compression was higher, compared to the increase in the RA.
Conclusion: The present study results showed significant increases in the diameters, PSV, and VF values of both RA and UA during
reciprocal compression, compared to baseline values. The increases in the diameter, velocity and volume flow of the UA from base-
line were more prominent compared to the RA. Our study results showed that an ultrasonographic measurement of diameter, PSV
and VF would still be necessary in preoperative period.
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1. Background

Transradial approach (TRA) is widely used all around
the world in coronary angiography and percutaneous
coronary interventions (PCI) (1, 2). Compared to femoral
artery, radial artery has a more superficial course and it
is of lower caliber. Therefore, access site complications
such as bleeding, hematoma, and pseudoaneurysms are
less commonly seen and vascular hemostasis can be more
easily achieved, allowing early discharge (3, 4). Patients
also prefer TRA due to the shorter length of hospital stay,
less need for supine position during the procedure, and
improved and early physical functioning after the proce-
dure (5). Hand circulation is supplied by two arterial sys-
tems, radial artery (RA) and ulnar artery (UA). Transradial
approach is used in coronary angiography in conditions

where there is sufficient ulnar circulation (6). However, ap-
proximately 5% - 15% of patients undergoing coronary an-
giography or angioplasty are not suitable for TRA due to
various reasons such as abnormal Allen’s test (AT), signif-
icant anatomic variations, arterial stenosis or hypoplasia,
aberrant vessel origin, and arterial vasospasm (7). In addi-
tion, TRA may not be possible in patients with low RA diam-
eter, even if there is sufficient ulnar collateral circulation
(7). UA is one of the two terminal branches of the brachial
artery and has a greater diameter than RA, and UA access
can be used as an alternative to TRA in coronary catheter-
ization (2). There are reports in the literature suggesting
that TUA is as effective and safe as TRA in coronary angiog-
raphy and angioplasty (2).

There are anastomotic connections between the RA
and UA at the level of wrist and had through superficial and
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deep palmar arches (3). Hand and forearm therefore re-
ceive double blood supply with these anastomotic connec-
tions, and these anastomotic connections protect hands
against ischemia (3). Ischemia of the hand can occur after
TRA in the presence of occlusive atherosclerotic lesions in
the upper extremity arteries and underdevelopment of the
superficial palmar arch, malformations of UA, dominant
RA in vascularization of the hand, and anatomic variations
(3). RA cannulation can result in a decrease in blood flow
and sometimes occlusion in the early or late periods (7, 8).
Radial artery occlusion (RAO) occurs in 0.8% to 30.0% of
cases following RA cannulation (9). Therefore, the authors
suggest that evaluation of RA diameter and flow parame-
ters would assist clinicians and prove useful in selection of
the most appropriate access site and device before the pro-
cedure, thereby, reducing possible complications related
to the procedure.

Arterial blood pressure measurement and assessment
of the integrity of the palmar arch of the hand are rec-
ommended before coronary catheterization and removal
of a vessel for coronary artery bypass grafting (CABG) (3).
Allen’s test is the most frequently used method in evalu-
ation of collateral blood flow to the hand. However, this
test remains incapable due to its subjective nature and
high false positive and negative results (10). Therefore, we
need a more superior test to determine whether the RA
is a suitable access point. Doppler ultrasonography (DUS)
has been recently introduced into the practice in addition
to the use of AT and similar clinical tests (11). Assessment
of the functions of the superficial palmar arch using DUS
aims at detecting congenital and/or acquired changes in
the UA.

2. Objectives

In the present study, we hypothesized that flow param-
eters of the RA and UA would increase with reciprocal com-
pression and aimed to evaluate the changes occurring in
flow parameters and diameter, peak systolic velocity (PSV),
and volume flow (VF) values of RA and UA on DUS during
reciprocal compression and at rest in healthy individuals
having no risk factor for atherosclerosis.

3. Patients and Methods

3.1. Study Group

Among patients who were admitted to the ultrasonog-
raphy unit of the radiology clinics for non-urgent condi-
tions between April 2016 and June 2016, 105 patients who
volunteered for the study and signed an informed consent
were included in the study. The study group was composed

of volunteers aged 15 to 35 years who did not have a known
risk factor for atherosclerosis (i.e. diabetes, hypertension,
hyperlipidemia, smoking, and age). Demographic data,
height, weight, and gender were recorded. Body mass in-
dex (BMI) was calculated by dividing body weight in kilo-
grams by the square of body height in meters. Both RA
and UA in the upper extremity of each case were evaluated
using DUS. Patients who had prior RA catheterization, ar-
teriovenous fistula, scleroderma, previous upper extrem-
ity amputation or trauma to the arm requiring treatment,
and extremity abnormality were excluded from the study.

3.2. Ultrasonographic Assessment

B-mode and DUS examinations of both hands were per-
formed using SSA-390A (Toshiba, Tokyo, Japan) model de-
vice using 7.5 to 11 MHz multi-frequency linear-array trans-
ducer. Examinations were performed at room tempera-
ture, following 10 minutes of rest with the hand in supine
position. Initially, the lumen diameters, PSV, and VF were
obtained at the wrist level for RA and UA. The measure-
ments were taken in a short axial view by a single operator
who had 10 years of experience in DUS. A vertical diameter
was obtained for each RA on diastolic phase (from intima
to intima). In the presence of intimal thickening, the thick-
ening was also included in the measurement. The mea-
surements were obtained by magnification without dis-
turbing the resolution, and compression was avoided dur-
ing the measurement. All measurements were performed
considering the short axial view of the hypoechogenic vas-
cular area (Figure 1). Flow profiles were obtained in longi-
tudinal planes using color DUS. The VF was calculated by
measurement of the mean areas under three consequent
spectral waves and the vessel diameter in a short axis.

3.3. Ultrasonographic AssessmentDuringUnilateral Reciprocal
Compression

The UA was palpated at the level of the wrist joint, at
Guyon’s canal. It was then, manually compressed with
complete obliteration of the ulnar pulse for a total dura-
tion of 60 seconds. The RA Duplex DUS evaluation was
performed continuously, and the effect of UA compression
was recorded. The VF was calculated at baseline and after
UA occlusion by the RA pulsed Doppler envelope. Three
sampled beats were analyzed and the mean values were
recorded. The PSV of the RA flow envelope before and dur-
ing UA compression was recorded. Diameter of the RA
was recorded before and during UA compression. The RA
was palpated just proximal to the wrist joint, pressing the
artery on to the anterior surface of the radius. It was then,
manually compressed with complete obliteration of the
radial pulse for a total duration of 60 seconds. The UA Du-
plex DUS was performed continuously, and the effect of RA
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Figure 1. Radial artery (RA) diameter before compression (A) and during compression (B)

compression was recorded. The VF was calculated at base-
line and after RA occlusion by the UA pulsed Doppler enve-
lope. Three sampled beats were analyzed and the mean val-
ues were recorded. The PSV of the UA flow envelope before
and during RA compression was recorded. The diameter of
the UA was recorded before and during RA compression.

3.4. Intra- and Inter-Observer Variability of Ultrasound Assess-
ment

To assess the intra-observer variability, DUS measure-
ments were repeated in 10 participants the following day
by the same researcher. The measurements of the RA diam-
eter showed an internal consistency coefficient (ICC) and
Kappa values of 0.98 and 0.929, respectively, indicating an
almost excellent agreement. In addition, to demonstrate
the repeatability of the measurements, the inter-observer
variability was assessed by two different researchers per-
forming DUS on the same 25 patients. The inter-observer
measurements of the RA diameter were also in almost per-
fect agreement with the ICC and Kappa values being 0.97
and 0.881, respectively.

3.5. Ethical Considerations

An approval was obtained from the institutional ethics
committee. The study was conducted in accordance with
the principles of the declaration of Helsinki (approval No:
25.04.2016/29/05). A written informed consent was ob-
tained from each participant.

3.6. Statistical Analysis

Statistical analysis was performed using the statisti-
cal package for social sciences (SPSS) for Windows version
22.0 software (SPSS Inc., Chicago, IL, USA). Descriptive data
were expressed in mean± standard deviation, median (in-
terquartile ranges), frequency distribution, and percent-
age. The Pearson’s chi-square test was used to analyze cate-
gorical variables. The variables were tested for conformity
to normal distribution using visual (histogram and proba-
bility graphs) and analytic methods (Kolmogorov-Smirnov
Test). For normally distributed variables, the Student’s t-
test was used to compare two independent groups, while
Paired Sample t-test was used to compare two dependent
groups. The relationship between the variables was ana-
lyzed using the Pearson’s correlation coefficients. Indepen-
dent effects of variable predictors on the RA and UA before
compression were evaluated using univariate and multi-
variate linear regression model. The diagnostic value of RA
and UA diameter in predicting a height above 160 cm, body
weight above 80 kg, and BMI above 25 kg/m2 was evaluated
using the receiver operating characteristic (ROC) curve. A
P value of < 0.05 was considered statistically significant.

4. Results

A total of 210 upper extremities (UE) of 105 patients
were evaluated. Demographic characteristics of the pa-
tients are presented in Table 1.

The mean baseline RA diameter was 2.04 ± 0.33 mm
and the mean baseline UA diameter was 1.92 ± 0.38 mm.
The mean RA diameter was significantly greater than the
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Table 1. Baseline Demographic Characteristics of the Study Population

(n = 105) Mean ± SD Minimum Maximum

Age (years) 21.49 ± 5.61 16 35

Male sex [n (%)] 38 (36.2)

Height (cm) 168.54 ± 9.40 150 190

Weight (kg) 66.01 ± 14.01 45 115

BMI (kg/m2) 23.08 ± 3.35 16.2 31.9

Abbreviations: BMI, body mass index; cm, centimeter; kg, kilogram; m2 , square
meter; SD, standard deviation.

mean UA diameter (P = 0.005). All participants were right-
hand dominant. The diameters of the RA and UA in the
dominant hand were greater than the diameters of the cor-
responding arteries in the other hand (P < 0.05). We also
found significant increases in the diameter, PSV, and VF of
the RA and UA during reciprocal compression (compres-
sion of either the ipsilateral RA or UA while examining the
other). The increases in the diameter, PSV, and VF of UA in
percent during reciprocal compression were higher, com-
pared to the RA (Table 2).

The RA and UA diameters were greater in men than in
women. The right and left upper extremity RA and UA di-
ameters of the men were similar, while the right RA and UA
diameters of the women were greater than the left UE. The
RA and UA diameters and VF values of the men at rest and
during compression were greater than in women. In addi-
tion, the increase in the RA diameter during compression
was significant in men; whereas, the increase in women
was not significant (Table 3).

Furthermore, sex was an independent predictor of the
RA diameter. Sex and BMI were independent factors pre-
dicting the UA diameter (Table 4). The diagnostic value of
sex in predicting the RA diameter and UA diameter was
evaluated using the ROC curve analysis (area under the
curve (AUC) of radial artery diameter = 0.782 (95% confi-
dence interval [CI]: 0.685 - 0.878), P < 0.001; AUC of ulnar
artery diameter = 0.681 (95% CI: 0.577 - 0.875) (Figures 2 and
3).

The diagnostic value of BMI in predicting the UA diam-
eter was evaluated using the ROC curve analysis (AUC of
ulnar artery diameter = 0.659 (95% CI: 0.550 - 0.768), P =
0.012). A cut-off value of 1.98 mm for UA diameter in par-
ticipants with a BMI≥ 25 kg/m2 was associated with a sen-
sitivity of 72.4% and a specificity of 61.3% (Figure 4).

5. Discussion

The present study found that the diameters, PSV, and VF
values of both RA and UA increased during reciprocal com-
pression, compared to baseline values. In addition, the in-
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Figure 2. Receiver operating characteristic (ROC) analysis to predict sex by radial
artery (RA) diameter
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Figure 3. Receiver operating characteristic (ROC) analysis to predict sex by ulnar
artery (UA) diameter

creases in the diameter, PSV and VF of the UA were more
prominent compared to the RA-related parameters.

The studies on RA and UA diameters in the literature
reported different results. One study using DUS reported
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Table 2. Changes in the Ultrasonography Measurements of Radial and Ulnar Arteries During Ipsilateral Reciprocal Compressiona

(N = 105) Baseline During Ipsilateral Reciprocal Compression ∆ ∆% P value

Radial artery

Diameter 2.04 ± 0.32 2.08 ± 0.35 0.048±0.189 2.69 ± 9.73 0.011

PSV 44.64 ± 13.45 60.57 ± 21.28 15.94±15.81 38.95 ± 38.18 < 0.001

VF 18.71 ± 12.89 28.28 ± 21.14 9.57±14.82 60.10 ± 85.53 < 0.001

Ulnar artery

Diameter 1.92 ± 0.38 2.04 ± 0.39 0.123±0.209 7.26 ± 11.02 < 0.001

PSV 51.26 ± 15.48 102.41 ± 28.36 51.15±23.05 109.43 ± 64.88 < 0.001

VF 22.89 ± 16.15 32.58 ± 20.81 9.69±13.91 56.40 ± 78.50 < 0.001

Abbreviations: PSV, peak systolic velocity; SD, standard deviation; VF, volume flow.
a Values are expressed as mean ± SD.

Table 3. Mean of Diameter, PSV and VF of Radial and Ulnar Arteries Before and After Compression in Two Gendersa

Male (N = 38) Female (N = 67) P value

Radial artery

Diameter
Before compression 2.25 ± 0.33 1.92 ± 0.26 < 0.001

After compression 2.33 ± 0.35 1.95 ± 0.27 < 0.001

P value 0.021 0.184

PSV
Before compression 47.81 ± 14.82 42.84 ± 12.37 0.052

After compression 64.87 ± 19.13 58.13 ± 22.17 0.034

P value < 0.001 < 0.001

VF
Before compression 23.95 ± 16.84 15.74 ± 8.83 0.003

After compression 38.55 ± 24.71 22.46 ± 16.32 < 0.001

P value < 0.001 <0.001

Ulnar artery

Diameter
Before compression 2.07 ± 0.33 1.84 ± 0.38 < 0.002

After compression 2.28 ± 0.37 1.91 ± 0.33 < 0.001

P value < 0.001 0.005

PSV
Before compression 53.74 ± 14.10 49.83 ± 16.15 0.217

After compression 108.21 ± 25.71 99.07 ± 29.45 0.201

P value < 0.001 < 0.001

VF
Before compression 25.40 ± 14.86 21.45 ± 16.79 0.047

After compression 41.70 ± 21.56 27.33 ± 18.58 0.001

P value < 0.001 < 0.001

Abbreviations: PSV, peak systolic velocity; SD, standard deviation; VF, volume flow.
a Values are expressed as mean ± SD.

no difference between the diameters of the RA and UA in
the measurements through the distal wrist (12). In a study,
which evaluated 327 patients using DUS, the RA diameter
at the wrist level was found to be significantly greater than
UA diameter (13). In another study, RA diameter remains
unaffected by hand dominance; however, UA diameter was
greater in the dominant hand (14). In the present study, RA
diameter at the wrist level was greater than UA diameter.
In addition diameters of the two arteries were greater in

the dominant upper extremity. Therefore, we suggest that
UA in the dominant hand can be used as an alternative ac-
cess site during percutaneous coronary intervention (PCI)
in patients with RA occlusion or in those in whom an inter-
vention through the RA fails.

Several studies examined the relationship between sex,
race, height, weight, BMI, and RA and UA diameters (6, 14-
18). The RA diameter in males was found to be higher than
in females. This finding was attributed to the lower height
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Table 4. Relationship Between RA and UA Ultrasonographic Measurements and Baseline Characteristicsa

Radial Artery Ulnar Artery

Diameter PSV VF Diameter PSV VF

Age (years)

r 0.077 -0.062 0.022 0.146 -0.013 0.020

P value 0.438 0.529 0.827 0.140 0.898 0.842

Height (cm)

r 0.299 0.111 0.213 0.301 0.101 0.268

P value 0.002 0.258 0.029 0.002 0.310 0.006

Weight (kg)

r 0.286 0.141 0.181 0.416 0.279 0.369

P value 0.003 0.151 0.065 < 0.001 0.004 < 0.001

BMI (kg/m2)

r 0.172 0.093 0.081 0.359 0.307 0.312

P value 0.079 0.345 0.411 < 0.001 0.002 0.001

Abbreviations: BMI, body mass index; cm, centimeter; kg, kilogram; m2 , square meter; PSV, peak systolic velocity; VF, volume flow; RA, radial artery; UA, ulnar artery.
ar (linear correlation coefficient): A number closer to 1 means a strong relationship. A number closer to 0 means a weak correlation.
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Figure 4. Receiver operating characteristic (ROC) analysis to predict body mass in-
dex (BMI) ≥ 25 by ulnar artery (UA) diameter

of females (14). Male sex and high BMI were also associ-
ated with a greater RA diameter (15). In the good radial
artery size predictor (GRASP) study, male sex, wrist circum-
ference, and non-South Asian race were found to be asso-
ciated with and independent predictors of the greater RA
diameter (17). In the present study, RA and UA diameters

in males were greater than in females. Thus, PCIs are safer
and easier in males than in females. Several studies have
shown that the incidence of RAO following PCI is higher in
females with low BMI due to presence of a low-caliber RA
(15, 18). Although the present study found no effect of BMI
on RA diameter, the diameter of UA was greater in subjects
with a BMI of ≥ 25 kg/m2.

The use of TRA in cardiac catheterization and interven-
tional procedures has gained wide acceptance in the past
decade (19). However, TRA has some limitations such as
low caliber of the RA limiting device selection, higher in-
cidence of arterial spasm (10%), and presence of anatomic
variations in approximately 5% of the patient population
(19). The development of post-procedural occlusion follow-
ing TRA limits the repetitive use of same artery in the fu-
ture (9, 20). Moreover, collateral circulation from the UA
is insufficient in certain patients. The UA in the opposite
hand can be used as an alternative access site in patients
developing RAO, particularly in those with insufficient col-
lateral circulation in the UA (20).

A study in the literature reported no ischemic events,
despite the occurrence of partial or complete occlusion in
more than 25% of patients following TRA (21). Thus, most
patients with RAO are asymptomatic (21, 22). Increases in
the diameter and flow rates of the other arteries in patients
developing RAO or ulnar artery occlusion (UAO) ensure
sufficient blood supply to the hand and protect the hand
against ischemic events (4). Significant increases in the
diameter, velocity and volume flow of the arteries during
reciprocal compression of the two arteries in the present
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study support this assumption. Thus, the use of TUA as
an alternative in patients developing RAO, particularly in
those with peripheral vascular disease, would avoid trans-
femoral puncture and difficulties of re-intervention to the
already occluded RA.

Blood supply to the forearm completely relies on UA
upon removal of the RA for CABG; the studies have ob-
served a steady increase in the flow velocity of UA for 5 to 10
years starting in the early postoperative period (23). If col-
lateral circulation is lack of sufficient reserves to maintain
blood supply to the hand at rest after removal of RA, acute
hand ischemia develops in the early period, and if collat-
eral circulation is sufficient at rest but lacking sufficient
reserves to maintain blood supply to the hand during exer-
cise, then subclinical ischemia and associated exercise in-
tolerance will develop in the same arm in later periods (23).
In a series of 3,977 patients reported by Meharwal et al. (24),
5% of the patients developed paresthesia and pulselessness
in the early postoperative period after removal of RA and
they found weakness in the same hand for four weeks. The
decision to perform surgery in this case series was based
on AT performed in the preoperative period. In another
study, Agrifoglio et al. (10) evaluated hand circulation us-
ing DUS during RA compression and the removal of the RA
was deemed unsuitable for use in CABG surgery. Therefore,
avoiding in 5.3% of the patients, other patients undergo-
ing operation had no hand or wrist ischemia in the post-
operative period (25). Abu-Omar used DUS in the presence
of abnormal AT to evaluate patients undergoing total arte-
rial revascularization. In preoperative assessment, 38 out
of 43 patients with abnormal AT were found to be normal
on DUS and no ischemic sequel was observed after removal
of the RA (26).

Selection of appropriate arterial conduit for CABG
surgery should take into consideration long-life ex-
pectancy, particularly in young patients. Hence, we
consider that measurement of flow characteristics of RA
and UA during reciprocal compression in the preoperative
period would be beneficial. The VF calculated by the area
under the spectral curve and measurement of diameter
would provide sufficient information about circulatory
reserves. Therefore, we believe that evaluation of blood
supply to the forearm and hand using DUS before PCIs and
procedures during which RA is to be used in CABG and
assessment of volume flow in addition to flow velocity
would provide more reliable and useful data.

Nonetheless, the present study has some limitations. It
is a single-center study with a small sample size. Sex and
BMI have low specificity and sensitivity in predicting ap-
propriate arterial diameter. Further studies are therefore,
required to identify whether changes in the UA volume
flow and velocity parameters on DUS in preoperative as-

sessment correlate with postoperative changes in patients
undergoing coronary artery bypass graft (CABG) surgery
using RA conduit. Such study design would ensure the
safety of VF parameter.

In conclusion, our study results showed that an ultra-
sonographic measurement of diameter, PSV and VF would
still be necessary in the preoperative period. The increases
in the diameter, PSV, and VF of the RA and UA during recip-
rocal compression were higher, compared to the increases
in the RA. We therefore, suggest that assessment of forearm
and wrist arteries in the preoperative period using DUS at
rest and during reciprocal compression is a safe and ef-
fective method in predicting postoperative hand ischemia,
and the use of VF parameter, in addition to PSV would give
more accurate data.
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