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Venogram of the Upper Extremity Using the Tourniquet Technique
for the Evaluation of Central Vein Patency: A Comparison to

Conventional and CO, Venogram
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Department of Radiology, Korea University Ansan Hospital, Korea University College of Medicine, Ansan, Korea

Purpose: To compare the tourniquet technique (TT) with the conventional veno-
gram (CV) and the carbon dioxide venogram (CO2V) for the evaluation of central
vein patency of the upper extremity.

Materials and Methods: CO2V, TT, and CV were performed on 100 upper extremities
prior to an arteriovenous fistula operation. The central vein was divided into four
segments. The best image of the venograms for each segment was chosen as a refer-
ence, and the venogram techniques for each segment were graded from 1 (invisible)
to 5 (excellent) compared with those of the reference image. The grades of the vari-
ous venogram techniques at each segment of the vein were compared statistically.
Results: For the SVC segment, the mean grades of CO2V, TT, and CV were 4.32, 3.60,
and 2.45, respectively. TT is statistically superior to CV but inferior to CO2V. On the
brachiocephalic vein, the mean grades of CO2V, TT, and CV were 4.41, 437, and 2.77
and were 4.81, 4.85, and 3.78 for the subclavian vein and 4.75, 4.93, and 4.57, re-
spectively, on the axillary vein. On these segments, TT was statistically superior to
CV, but no difference was noted with CO2V.

Conclusion: TT is superior to CV in every segment of the central vein and presents
similar values to those of the CO2V, except for the SVC.
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INTRODUCTION

Asymptomatic central vein stenosis has been shown to
compromise the sufficiency of blood flow during hemodialy-
sis, causing swelling of the extremities and venous hyperten-
sion (1, 2). Therefore, the diagnosis of central vein stenosis
before the arteriovenous fistula (AVF) operation greatly influ-
ences the success of AVF creation (1). For central vein evalua-
tion, the conventional venography has been used as the inves-
tigation modality of choice (3, 4). However, sometimes
central vein venography is not assessable or visible with io-
dinated contrast material because of insufficient flow due to
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the high viscosity of the contrast material, resulting in the di-
lution with non-contrast-enhanced blood (5). In this case,
CO, can be valuable for the evaluation of central vein patency
because it is about 400 times less viscous than iodine (5). In
spite of this basic advantage, CO, has not been widely used
because of its drawbacks (6), which include: 1) CO, is less
available than iodine contrast material in clinical practice and
an additional CO, stacking software program is needed; 2)
CO, may cause pain and discomfort at the delivery site in the
venous system (7-9), 3) the contrast material must be changed
when using CO, for the central vein after evaluation of pe-

ripheral veins with iodinated contrast, because iodine con-
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trast is better than CO, when it comes to the evaluation of pe-
ripheral veins (5); 4) CO, can produce a pseudostenosis
artifact because of the its buoyant nature (6, 10). Therefore, in
this study, the tourniquet technique was designed as a new
venogram method for central vein evaluation to solve the
problems associated with conventional and CO, venogram
techniques. The purpose of this prospective study was to
compare the tourniquet technique with conventional and

CO, venograms for the evaluation of central vein patency.

MATERIALS AND METHODS

Patient Population

The study was approved by the institutional review board
and was prospectively performed until 100 good quality
venograms were obtained. Between April 2008 and June
2009, upper extremity venograms were performed on 128
limbs of 66 patients for the evaluation of peripheral and cen-
tral veins prior to an arteriovenous fistula operation. A pe-
ripheral vein was evaluated by a conventional venogram, and
then the conventional, tourniquet, and CO, techniques were
performed for central vein evaluation. Of the patients, 62 un-
derwent a bilateral venography, while the others received a
unilateral venography (65 on the right, 63 on the left). Three
of the patients who underwent a bilateral venography had re-
ceived previous access in one arm. Three of the venograms
performed in the arm having previous fistula and 25 poor
quality venographies due to respiratory motion artifact or pa-
tient movement were excluded from the study. In total 100
cases in 56 patients were included. Forty-four patients under-
went bilateral venography, and 12 patients received unilateral
venography (51 on the right, 49 on the left). Thirty-two pa-
tients were male and 24 patients were female; patient age

ranged from 23 to 81 years, with a mean age of 59.8 years.

Venography Protocol

Iso-osmolar nonionic contrast agent (Visipaque®; GE health-
care, Carrigtohill, Ireland) was used for conventional veno-
grams and the tourniquet technique, while carbon dioxide
was used for the CO, venogram. A dorsal vein in the hand
was punctured with a 20-gauge Angiocath needle (Sminths

Medical International Ltd., Rossendale, UK) and the upper
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extremity was positioned in supination and abduction at 45°.
After performing the venogram for the forearm and upper
arm with iodinated contrast material, a central vein veno-
gram was performed using three different techniques (con-
ventional, tourniquet, and CO, in sequence). High-quality dig-
ital subtraction equipment (Integris Allura Biplane; Philips
Medical System, Best, the Netherlands) was used under the
following conditions: 65 kv, 300 ms, large focus, a sequence of
two images per second for five seconds, and then one image
per second for 20 seconds. Thirty to fifty milliliters of iodinate
contrast material was injected through a superficial dorsal
vein of the hand for the conventional venogram technique.
Pure normal saline was injected for removing the remnant
contrast material in the vein. After placement of a tourniquet
at the upper arm near the axilla, the iodinated contrast mate-
rial was injected until it fully filled the upper extremity of the
venous system. Then, 30 mL of pure normal saline was inject-
ed to push the contrast material within the upper extremity
vein into the central vein, while quickly untying the tourni-
quet. Pure normal saline was injected again for removal of the
remnant contrast material in the vein. Finally, CO, venograms
were obtained by injecting 50 mL of CO, through the dorsal
vein with a sequence of three images for five seconds, and then
an image per second until complete injection of CO, was
achieved. Composite images were constructed by superimpos-
ing multiple frames using stacking software and the contrast

agent and CO, were injected manually.

Image Analysis

The central venograms were evaluated by three radiologists
in consensus with more than five years of experience in vas-
cular imaging. The central vein was divided into four seg-
ments: the superior vena cava (SVC), brachiocephalic vein
(BC), subclavian vein (SC), and axillary vein (A), each of
which was evaluated independently. At first, the best image
for each segment of the central vein among the three veno-
gram types was chosen as the reference. Then, each venogram
method was graded at each segment according to the relative
density and diameter compared to those of the reference im-
age. The grades were assigned as follows: excellent (Grade 5) -
reference or comparable to the reference, good (Grade 4) -
both the density and diameter are more than 50% of that of
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the reference, fair (Grade 3) - either the density or the diame-
ter is less than 50% of that of the reference, poor (Grade 2) -
both the density and diameter are less than 50% of that of the
reference, and invisible (Grade 1) - no visible contrast materi-
al in the segment. If stenosis was detected during evaluation,

it was recorded.

Statistical Analysis

The grades of the conventional, tourniquet technique, and
CO, venograms were compared statistically using Friedman’s
test to determine the probability that the null hypothesis was
true. Subsequently, three paired sample t-tests were performed
at each central vein segment to compare the grades of two
venogram types: conventional vs. tourniquet, tourniquet vs.
CO,, and CO, vs. conventional technique. Then, the Bonfer-
roni correction was applied to the three p-values which were
previously obtained by paired samples t-tests. All statistical
analyses were performed using MedCalc version 11.0.0 (Med-

Calc Software, Mariakerke, Belgium).

RESULTS

The grades of the venogram techniques at each segment of
the central vein are shown in Tables 1, 2, 3, and 4.

The SVC segment was not visible in 50 cases (50%) with a
conventional venogram in 23 cases (23%) using the tourni-
quet technique, as well as in eight cases (8%) using the CO,
venogram. In the SVC segment, the distribution of the refer-
ence image modalities for CO, venogram, tourniquet tech-
nique, and conventional venogram were 47.9%, 36.4%, and

15.7%, respectively. The mean grades of the CO,, tourniquet
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technique, and conventional venograms were 4.32, 3.60, and
2.45, respectively. The tourniquet technique was superior to
the conventional technique (p < 0.0001), but inferior to the
CO, venogram (p = 0.0007) (Table 1). In 32 of 100 cases (32%),
the brachiocephalic vein segment was not seen with a con-
ventional venogram, but the tourniquet technique and CO,
venogram did not demonstrate the brachiocephalic vein in
only four (4%) and three (3%) cases, respectively. For the bra-
chiocephalic vein, the proportion of the reference image mo-
dalities was 44.7% for the tourniquet technique, 41.5% for the
CO, venogram, and 13.8% for the conventional venogram.
However, the mean grades of the CO,, tourniquet technique,
and conventional venograms were 4.41, 4.37, and 2.77, re-
spectively. The tourniquet technique is superior to the con-
ventional technique (p < 0.0001). However, there is no statis-
tically significant difference between the tourniquet technique
and the CO, venogram (p = 0.8091) (Table 2) (Figs. 1-3). Nine
cases (9%) were not seen using the conventional venogram,
but the tourniquet technique and CO, venograms were all visi-
ble in the subclavian vein. The modalities of the reference im-
age were distributed as follows; tourniquet technique (41.4%),
CO, (38.6%), and conventional venogram (20.0%). The mean
grades for the CO,, tourniquet technique, and conventional
venograms were 4.81, 4.85, and 3.78, respectively. The tourni-
quet technique was superior to the conventional venogram (p <
0.0001), but no statistically significant difference was found
between the tourniquet technique and the CO, venogram tech-
nique (p = 0.5663) (Table 3) (Figs. 1, 2). While using the con-
ventional venogram and CO, venogram, the axillary vein was
not seen in one case, although all of the axillary veins were

visible using the tourniquet technique. The mean grades ob-

Table 1. Numbers of Limbs for Each Grade of the Three Venogram Techniques for SVC Evaluation

G5 (Excellent) G4 (Good) G3 (Fair) G2 (Poor) G1 (Invisible) Mean Grade
Conventional VV 22 10 9 9 50 245
Tourniquet T 51 12 6 8 23 3.60
Co,V 67 15 9 1 8 432

Note.—Conventional vs. Tourniquet; p < 0.0001, Tourniquet vs. CO,; p = 0.0007, CO, vs. Conventional; p < 0.0001. T = technique, V = venogram, G = grade

Table 2. Numbers of Limbs for Each Grade of the Three Venogram Techniques for Evaluation of the Brachiocephalic Vein

G5 (Excellent) G4 (Good) G3 (Fair) G2 (Poor) G1 (Invisible) Mean Grade
Conventional VV 21 13 20 14 32 2.77
Tourniquet T 68 13 1 4 4 437
Co, Vv 63 23 9 2 3 4.41

Note.—Conventional vs. Tourniquet; p < 0.0001, Tourniquet vs. CO,; p = 0.8091, CO, vs. Conventional; p < 0.0001. T = technique, VV = venogram, G = grade
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served for the axillary vein using the CO, venogram, tourni-
quet technique, and conventional venogram technique were
4.75,4.93, and 4.57, respectively and the distribution of the ref-
erence image modalities was tourniquet technique (37.6%),
CO; (33.6%), and conventional venogram (28.8%). The tour-
niquet technique was superior to the conventional venogram
technique (p = 0.0001), but presented no difference when com-
pared to the CO, venogram (p = 0.0215) (Table 4) (Fig. 1).

In seven of 100 cases (7%), central vein stenosis was sus-
pected (four in the left brachiocephalic vein, two in the right
subclavian vein, and one in the left subclavianvein). Although
two stenosis cases were suspected for all three venogram types,
five cases of stenosis were not diagnosed on a conventional
venogram, but were detected using the tourniquet technique

or CO, venogram technique. These five cases showed invisible

or decreased opacification of the brachiocephalic or subclavi-
an veins with conventional venograms; therefore, stenosis
could not be confirmed. Additional findings suggesting that
stenosis, such as direct visualization of focal narrowing or col-
lateral vessels, was noted using the tourniquet technique and

CO, venograms (Fig. 3).

DISCUSSION

Arteriovenous fistula (AVF) is the preferred approach for
hemodialysis in patients with end-stage renal disease (3, 5,
10-12), and preoperative evaluations of the peripheral and
central veins are essential prior to AVF operation. In addition
to the preoperative detection of peripheral vein stenosis, diag-

nosing central vein stenosis prior to AVF operation greatly

Table 3. Numbers of Limbs for Each Grade of the Three Venogram Techniques for Evaluation of the Subclavian Vein

G5 (Excellent) G4 (Good) G3 (Fair) G2 (Poor) G1 (Invisible) Mean Grade
Conventional V 43 23 12 13 9 3.78
Tourniquet T 89 8 2 1 0 4.85
Co,V 83 15 2 0 0 4.81

Note.—Conventional vs. Tourniquet; p < 0.0001, Tourniquet vs. CO,; p = 0.5663, CO, vs. Conventional; p < 0.0001. T = technique, V = venogram, G = grade

Table 4. Numbers of Limbs for Each Grade of the Three Venogram Techniques for Evaluation of the Axillary Vein

G5 (Excellent) G4 (Good) G3 (Fair) G2 (Poor) G1 (Invisible) Mean Grade
Conventional VV 72 18 6 3 1 4.57
Tourniquet T 94 5 1 0 0 493
Co2Vv 84 N 2 2 1 4.75

Note.—Conventional vs. Tourniquet; p = 0.0001, Tourniquet vs. CO,; p = 0.0215, CO, vs. Conventional; p = 0.0746. T = technique, V = venogram, G = grade

A
Fig. 1. Venogram of the right central vein in a 48-year-old man.

c

Tourniquet technique (B) and CO, venogram (C) demonstrate the patency of the central vein very well, as opposed to the right brachiocephalic vein
and superior vena cava (SVC), which are invisible on conventional venogram, and the subclavian and axillary veins are similarly poorly visible (A).
Image qualities of the tourniquet technique and CO, venogram are quite similar, but a mild degree of pseudostenosis is shown in the right axil-

lary vein using the CO, venogram (arrow) (C).
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influences the success of AVF creation (1, 2). Conventional
venograms with iodinated contrast material have been the
most widely used for central vein evaluation (3, 4), but it is
sometimes not possible to assess or observe central vein ve-
nography with iodinated contrast material because of insuffi-
cient flow resulting in high viscosity (5). In this case, CO, can
be a valuable alternative for the of central vein patency (5).
Sullivan et al. (13) reported that CO, produced significantly
better quality upper extremity central vein images, which our
study results support. In all segments of the central veins ex-
cept the axillary vein, CO, venograms are statistically superior

to conventional venograms. Moreover, superior-quality imag-

A
Fig. 2. Venogram of the left central vein in a 65-year-old man.
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es of the central veins in CO, venograms are attributed to the
less viscous nature of CO, (about 400 times less viscous than
iodine), which allows it to travel more rapidly than iodine
contrast material (6, 13).

However, in spite of the advantage of CO,, it has not been
widely used because of its own drawbacks. 1) Contrary to re-
quiring only one contrast agent (iodinated contrast) for eval-
uation of both peripheral and central veins in conventional
venograms, the contrast agent must be changed for the mea-
surement of CO, in the central vein after evaluation of pe-
ripheral veins with iodinated contrast, because iodine con-

trast is better than CO, for the evaluation of the peripheral

c

Because the left brachiocephalic vein was poorly visible by conventional venogram (A), it was uncertain whether true stenosis was present or
whether it was the result of slow flow of the iodine contrast material due to its high viscosity.
However, the tourniquet technique (B) and CO, venogram (C) demonstrate patency of the left brachiocephalic vein.

A

c

Fig. 3. A venogram of the left central vein in a 72-year-old woman having situs inversus.
Conventional venogram (A) shows a poorly visible left brachiocephalic vein, which is not clear whether or not true stenosis is present.
Nevertheless, the tourniquet technique (B) demonstrated not only an actual narrowing of the brachiocephalic vein (black solid arrow), but also

combined collateral veins (dotted arrow).

The CO, venogram (C) also showed an actual narrowing of the left brachiocephalic vein (empty arrow), but the collateral veins were not visible.
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vein (5). 2) When CO, passes through bifurcations, the bolus
tends to break up into discrete bubbles. Moreover, because of
the buoyant nature of the gas, even large injection volumes
were not capable of displacing the slow-moving fluid; and as a
result, the gas will float on the surface. Pseudostenosis is an
artifact of these gas fragmentation and buoyancy characteris-
tics (6, 14, 15). 3) CO, may cause pain and discomfort at the
delivery site in the venous system. CO, delivery by a stand
power injector or manual injection would initially compress
the gas and result in the delivery of the majority of CO, in an
explosive manner. This may result in an unsatisfactory filling
of the arterial system and may cause pain and discomfort at
the delivery site. The explosive injection of CO, not only
causes pain and discomfort, but also leads to patient motion,
often resulting in degraded images (7-9). Furthermore, 4)
CO, is less available than iodine contrast material in clinical
practice and, as a result, additional CO, stacking software is
required. For these reasons, a CO, venography has not been
widely used despite its better image quality in the upper ex-
tremity central vein.

Based on this information, the tourniquet technique was
designed as a new venogram method for central vein evalua-
tion to overcome the slow flow of the iodinated contrast ma-
terial and the pseudostenosis or inconvenience of using CO.,.
After tying the tourniquet at the upper arm near the axilla,
contrast material was injected to fill the upper extremity vein.
Next, the contrast material in the upper extremity vein was
rapidly pushed into the central vein by injecting additional
normal saline, while quickly untying the tourniquet, yielding
a high-speed flow of contrast material sufficient for evaluation
of the central vein. Our study, which evaluated the techniques
based on the densities and diameters, showed that the tourni-
quet technique is superior to a conventional venogram in ev-
ery segment of the central vein, and has a similar value for
central vein evaluation as that of the CO, venogram, except in
the SVC segment. These results suggest that the tourniquet
technique can overcome the limitations of the conventional
venogram technique, which is sometimes not able to assess
the central vein because of insufficient flow and can be used
more conveniently than the CO, venogram.

In the case of an invisible central vein on a conventional

venogram, the determination of stenosis is uncertain. In spite
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of that uncertainty, this finding tends to be regarded as an in-
dication of a lack of stenosis in many practical centers be-
cause the incidence of central vein stenosis is not common,
and the evaluation of the venogram is more focused on pe-
ripheral veins where the operation will be performed. Be-
cause of its invasiveness, it is very rare to perform a catheter-
directed venogram for those invisible central vein segments in
non-symptomatic patients. However, if there was undetected
stenosis, it would result in failed surgery, dysfunctional fistu-
la, or severe arm swelling. In this study, venograms using the
tourniquet technique and CO, technique demonstrated lower
rates of invisible central veins than did conventional veno-
grams, along with better image qualities. Seven of 100 cases
(7%) showed central vein stenosis and five cases of stenosis
were not diagnosed using the only conventional venogram;
however, these stenoses were detected by the tourniquet or
CO, venogram techniques. Moreover, these five cases showed
non-visible or decreased opacification of the brachiocephalic
or subclavian veins on conventional venograms; therefore, it
is not certain whether stenosis was actually present. Addition-
al findings suggesting stenosis, such as direct visualization of
focal narrowing or collateral vessels, were noted with the
tourniquet technique and CO, venograms. Even though the
incidence of central vein stenosis is not common, the correct
diagnosis of central vein stenosis is very important for the
successful creation of an arteriovenous fistula, considering the
result of undetected central vein stenosis.

Furthermore, although a correct diagnosis of stenosis in the
central vein is important, it also seems to be meaningful that
‘no stenosis’ could be diagnosed correctly with the tourniquet
technique, allowing surgeons to perform AVF operations
with more confidence.

Our study had several limitations. First, the best image
technique among the three types of venograms was used as
the reference, instead of using the gold standard technique of
the catheter-directed central venogram for comparison be-
cause of its invasiveness. Second, we did not consider the di-
ameter or degree of patency in the upper arm or forearm
veins. It is believed that wider and more patent peripheral
veins show more potential for fast flow, so some conventional
venograms could demonstrate good image quality. Third, we
did not statistically analyze the detection rate of central vein
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stenosis itself, because the sample size of each group should be
very large for such a study, considering the low incidence of
central vein stenosis in the patients.

The tourniquet technique, a new method of upper extremi-
ty central vein evaluation, which is performed prior to the
creation of AVE is superior to a conventional venogram in
every segment of the central vein and provides a value similar
to that of the CO, venogram, except in the SVC segment. This
new technique can be used effectively for central vein evalua-

tion in clinical practice.
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