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To determine prospeétively the cﬁagn_ostic performance of
CO, venogréphy, by ﬁsin_g conventional 'venography with
iodinated contrast matertal as the reference standard, for
the preoperative evaluation of upper-limb and central
_vems hefor ecr eauon ofﬁstulas for hemodzalyms access.

: The study was approved by the institutional review board
and informed consent was cobtained from all patients.
Twenty-two patients under went , comparative CO; and
conventional venography of upper-extremity and central
‘veins. Two independent observers evaluated the opacifica-
tion of the veins and grade of stenosis, if present. Interob--

. server agreements were estimated with the Cohen « coel- _
_ﬁc1ent Calculations of sensitivity, spec1ﬁc1ty and accuracv :
were used Tor 1mer'techmque observahons

For COZ venogr'lphy global lntelobselvel agreement was -
—good, with a k value of 0.00 {range, 0.71-1.00; 95% confi- | |
“dence interval: 0.84, 0.95). A « value of 0.96 (range, o
©0.86-1.00; 95% conlidence interval: 0.93, 0.99) was cal-
" culated for ‘global .interchserver agreement for conven-

: tlonaf venography The sensitivity, specificity, and accu-
“racy of GO, venography for 31] vem segmems were 9/% _
. 85%, and 95%, respectlvely

CO2 venography had a senslt[vn‘,y of 97% and a sl)ec:lf' icity
“of 85% in the assessment of upper-limb and central vein
patency and stenosis, with conventional venography used .
: as the refe! ence standar d
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n patients with end-stage renal dis-

ease who require hemodialysis, pro-

viding vascular access by creating an
arteriovenous fistula (AVF) is the pre-
ferred approach (1,2). Radiocephalic
fistulas are preferred because of a lower
complication rate and a greater longev-
ity. However, when the creation of these
passages is not possible, other surgical
arleriovenous anastormoses such as pri-
mary brachiecephalic or transposed bra-
chicbasilic fistulas in the elbow can be
made, or even a polyletralluoroethylene
graft can be inserted (1,2},

In the preoperative assessment be-
fore creation of a fistula lor hemodialy-
sis access, conventional venography of
the upper limbs and the central venous
system has been considered the refer-
ence standard. Indications for venogra-
phy include poerly developed superficial
veins in the upper limbs at physical ex-
amination and evaluation of potential
stenosis of the central veins, especially
in patients in whom central catheters
were previously placed. Because some
patients will not have undergone dialy-
sis before creation of the AVE, venogra-
phy with noniodinated contrast material
may be required lor precperative map-
ping of the veins.

CO,, has shown its value as an alter-
native contrast agent for evaluating in-
fradiaphragmatic arteries in patients in
whom the use of iodinated contrast ma-
terial is contraindicated, usually he-
cause of the high risk of renal toxicity or
allergic reactions (3,4). It has also been
recommended as a useful alternative
contrast agent for venography (5,6),
where the use of CO, resulted in better-
quality images of the upper-limb central
veins compared with the use of iodin-
ated contrast material (3).

The aim of our study was to deter-
mine prospectively the diagnostic per-

B (), venography is an acceplable
alternative (sensitivily, 97%;
specificity, §53%; accuracy, 95%)
for those patients with a contrain-
dication o conveniignal venogra-
phy with jodinated contrast
material,

formance of CO, venography, by using
conventional venography with iodinated
contrast material as the reference stan-
dard, for the preoperalive evaluation of
upper-limb and central veins hefore cre-
ation of fistilas for hemodialysis access,

Patient Population

The study was approved by the institu-
tional review board, and informed con-
sent was obtained from all patients. Dur-
ing a 15-month period (Jure 2003
through August 2004}, 22 patients meet-
ing our mclusion crileria (nine men, 13
women; age range, 25-82 years; mean
age, 60.6 years) underwent upper-ex-
tremity venography. Sixteen patients un-
derwent venography ol hoth upper ex-
tremities, and six patients required uni-
lateral upper-limb venography (four right
arms, two left arms).

Patients were included in the study
if they were older than 18 years, needed
venous mapping hefore AVFE creation,
and either had a normal serum creati-
nine level {<1.4 mg/dL) or were already
undergoing hemodialysis, ensuring that
venography with iodinated contrast ma-
terial could he performed safely. For
this reason, patients with a previous se-
vere allergic reaction Lo iodine were ex-
cluded.

In all patients but one, the indication
for venography was preoperative as-
sessment of the superficial venous struc-
tures and the central veins for creation
of a hemodialysis access fistula. In one
patient, who had hereditary hemochro-
matosis, venography was performed he-
fore the creation of an AVF [or ludure
frequent venotomies. All patients ex-
cept this one—who had a serum creati-
nine level of 0.95 mg/dL—were already
undergoing hemodialysis before venog-
raphy, with use of a central venous cath-
eter {n = 17} or a (emoral dialysis cath-
eter (i = 4); no residual renal function
was demonstrated.

Venography Procedure

All venographic examinations {conven-
tional and CO,) were performed by one
of six angiography nurses (8-33 years

of experience; mean, 16.7 years) follow-
ing a standardized protocol lor upper-
limb venography. In all patients, CO,
venography was started [irst and con-
ventional venography was started 5
minutes later. When hoth procedures
were done, the images were evaluated
for their technical success by a resident.

After placement of a tourniquet at
the level of the forearm, a superficial
vein at lthe dorsum of the hand was
punclured with a winged 18-gauge can-
nula (Insyte-W; Becton-Dickinson, Er-
embodegem, Belgium), either hilater-
ally or unilaterally. If no vein in the hand
could be punctured (six [16%)] of 38
examinalions), a superficial vein in the
distal part of the forearm was cannu-
lated. A vasodilator (nitroglycerin, 0.1
mg) was injected hefore venography to
dilate the veins and to prevent vaso-
spasin. The arm was positioned in supi-
nation and in slight abduction to enable
anatomically positioned images without
pseudostenosis in the axillary region.
No complications occurred during the
venographic procedures.

All CO, venograms were obiained
with a CQ, injector (CONNECT Auto-
fush Set; Angiodynamics, Queenshury,
NY}. The injection rate remained the
same for ali series (10 mlL/sec). The first
injection was always performed with a
volume of 10 ml. to accustom the pa-
tient to the sensation of a CO, injection.
Thereafler, the volume varied hetween
10 and 30 ml for the upper-extremity
veins and between 30 and 50 mL for the
central veins, CO, injections were well
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tolerated by all patients, without sub-
stantial discomfort.

Nonionic low-osmolarity iodinated con-
trast meterial (iohexol [Omnipaque],
240 mg of iodine per milliliter; GE
lealthcare, Wemmel, Belgium) was
used for conventional venography in all
patients. For opacification of the upper-
extremity veins, the axillary vein, and
part of the subclavian vein, a digital sul»-
traction angiographic series of the fore-
arm and upper arm was performed by
manually injecting 10 mL of jodinated
conlrast material per series, The medial
part of the subclavian vein, the hrachio-
cephalic vein, and the superior vena
cava were opacified by manually inject-
ing 20 mL of iodinated contrast mate-
rial. If the low was too slow in the cen-
tral veins, additional manual compres-
sion of the upper arm was performed.

Image Analysis

All images were evaluated indepen-
denily on a picture archiving and com-
mimicalion system workslation {Impax
D5300;  Agla-Gevaert, Kontich, Bel-
gium} by iwo vascular radiologists
{5.H., G.M.) with 3 and 9 vears of expe-
rience, respectively, in vascular and in-
terventional radiology. The cannulation
site (hand or wrist, radial or ulnar side)
was noted {or all examinations, The vein
segments that were examined were the
cephalic and basilic veins in the lorearm
and upper arm, the axillary vein, the
subclavian vein, the bhrachiocephalic
vein, and the superior vena cava. The
categories used for evaluation were no
opacification, segmental opacification,
total opacification without stenosis, to-
tal opacification with stenosis of less
than 50%, and total opacification with
stenosis of 50% or more. Segmental
opacification was defined as opacifica-
tion of at least 75% of the vein. Occlu-
sion ol a vein was included in the “no
opacification” calegory since the clinical
consequence (no surgery at the given
level) was the same [or both circum-
stances. I the central veins could not he
assessed adequately (owing to technical
problems, such as respiratory motion
artifacts or insulficient amount of con-
trast material reaching level of central
veins), this was noted, and these seg-

ments were not used for calculation. All
detected stenoses were graded by
means of visual estimation; if a central
venous catheter was present at the level
of the stenosis, this was noted in the
patient record.

The CO; and conventional venograms
were evaluated in: two different sessions. To
prevent bias, the studies of different pa-
tients were presented in random order dur-
ing both evaluation sessions. In the event of
a discrepancy, the observers reached a con-
sensus by reviewing the images.

Siatistical Analysis

The interohserver agreement for CO,
and conventional venography was eval-
uated by using the Cohen « coefficient.
A weighted version of k was used for the
3 X 3 and 4 X 4 tahles, The agreement

a. b

Figure 1:

cephatic (arrows) and bastlic (arrowheads} veins.

Anteroposterior venograms of the elbew region in a 27-year-oid man with renal insufficiency and
afailed hemodialysis AVF in the contralateral wristand elbow. (a) CC, venogram shows the cephalic (white
arrows), basilic (arrowheads), and deep (black arrows) veins. {b) Conventional venogram depicis only ihe

was caleulated for the cephalic and ba-
silic veins in both the forearm and the
upper arm and for the axiliary, subcla-
vian, and Innominate veins. Perfect
agreement resulted in a k value of 1;
agreement expected on the hasis of
chance alone resulted in a k value of 0.
Confidence intervals (Cls) were only in-
dicative, because they were constructed
on the assumption of independent ob-
servations, and no Cls were calculated if
the observed agreemeni was perfect.
Sensitivity, specificity, and accuracy
were calculated by using a dichotomous
scale; findings of no opacification at
hoth conventional and CO, venography
were considered true-negalive findings,
and findings of opacification (any type)
at both procedures were considerad
true-positive findings.
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Results differing by one or more cate-
gories were considered discrepant; the ex-
ceplion was segimental opacification versus
total opacification without stencsis, be-
cause the clinical and therapeutic conse-
¢quences for these categories would he the
same. All analyses were performed with

Interobserver Agreenient for the Different Vein Segments -

the SAS {version 9.1) for Windows (SAS
Institute, Cary, NC) statisticat package.

Most cannulations were performed in a
superficial vein on the back of the hand,

© Conventional Venography - -

: . — G0, Venography
Vein Segment-- 1w Value 85% Ci x Valug - 95% Cl -
Forwam RS -
Cephalic vein 0.94 0.86,1.00 1.00 .
Basilic vein 070 - 0.50,0.91 L poz 080,100
: 'Upper arm o
" Cephalic vein 0.90 0.78,1.00 o7, L 081,100
- Basilic vein 1.00 1.00
Axillary vein 1 1.00 B i T S
Subclavian vein 0.84 0.62,1.00 .86 0.71,1.00 -
fnnominaté vein 1.00 e 100 - st
1.00 1.00

- Superior vena cava

a b.

Figure 2:  Andereposlerior venograms of the right upper asm inthe 27-vear-old man described for Figure 1.
(a) GO, and (b) conventional venograms show patent cephalic (arrows) and basilic (arrowheads) veins.

more on the radial side (n = 21) than on
the ulnar side {n = 11). In six of the 38
examinations (16%}, however, this was
not possible, so a superficial vein in the
wrist {cephalic vein in five of six exami-
nations} was punctured. Global interob-
server agreement was high for both con-
ventional and CO, venography, with a
mean i value of 0.96 (95% CI: 0.93, 0.99)
for the conventional venographic studies
and a mean k value of 0,90 (85% CI: (.84,
0.95) for the CO, series (Table 1).

Consensus results are presenied in
Table 2. Three segments were not used
for the calculations of sensitivity, speci-
ficilty, and accuracy (one brachioce-
phalic vein segment, two superior vena
cava segments) because they were in-
terpreted as not assessable at conven-
tional or CO; venegraphy. Conventional
venography failed to depict these seg-
ments because of technical problems
(too slow flow and/or important meotion
artifacts), while CO; venography re-
vealed palent vein segments.

With conventional venography used
as the reflerence standard, the sensitiv-
ily, specificity, and accuracy of CO,
venagraphy were 97% (95% CI: 94%,
98%}, 85% (95% CL: 89%, 94%), and
95% (95% Cl: 92%, 98%), respectively
(Figs 1, 2). Results were discrepant in
20 of 285 vein segments (7.0%). Seven
vein segmenis {35%)} were not seen
with CO; venography, although conven-
tional venography revealed segmental
or tolal opacification, This discrepancy
occurred only with regard to the ce-
phalic and basilic veins in the forearm
(Fig 3). In five of 20 segments (25%),
the eephalic vein in the upper arm was
either segmentally or totally opacified
with COy, but conventionai venography
did not depict this segment. This also
oceurred with one cephalic vein seg-
ment. in the [orearm,

Stenosis was underestimated in the
central veins in six of 20 segments
(30%). In lour segments, conventional
venography revealed less than 50% ste-
nosis of the subclavian and brachioce-
phalic veing, but CO, venography de-
picted normal patent segments. In one
segment, CO, venography was unable
Lo depicl stenosis of 30% or more in the
subclavian vein, and In one segment,
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sienosis of 50% or more Wwas inter-
preted as stenosis of less than 50%. In
five of the six segments, a central vein
dialysis catheter was present at the ste-
nosis site {four inserted via the subcla-
vian vein and one inserted via the inter-
nal jugular vein). In the sixth segment,
conventional venography revealed sub-
clavian vein stenosis at the level of the
ctavicle, which was probably due to im-
perfect subtraction images (caused by
motion artilacts).

In one segment (5%), stenosis was
everestimated with CO, venography: A
stenosis of 50% or more was observed
at the level of the subelavian vein com-
pared with a finding of no stenosis at
conventional venography. A subclavian
vein catheter [or hemodialysis was
present at the stenosis site {Fig 4).

Preoperative evaluation of the veins in
the upper extremity belore creation of a
fistula for hemodialysis access is usually
conducied by means of physical exami-
nation. However, il the superficial veins
are poorly developed or not visible
throughout their course, or if evaluation
ol these veins is difficult owing to obese
arms, previous nndtipie venopunctures,
or previous surgical AVFEs, venography
is the investigation modality of choice.
Another indication for preoperative
venography is the evaluation of the cen-
tral veins to assess for possible stenosis,
especially in patients with a history of
central venous catheters (2,7}

CO, venography has been recom-
mended as a useful alternative to con-
ventional venography (5,6), and our
study results confirm these findings.
Overall interobserver agreement was
almost perfect (8) for vein evaluation
with conventional and CO, venography,
indicating that CO5 venography is a re-
producible technigue.

The problem of central veins not be-
ing assessable or visible with iodinated
contrast material because of technical
problems such as too slow fiow or mo-
tion artifacts can be avoided in most
cases by performing an additional can-
nulation of a cubital vein to shorten the
distance between the contrast material

& b,

Figure 3:

can ba seen with use of iodinaled contrast material,

Anteroposterior venograms of L forearm in the 27-year-okd man described for Figure 1. (8) GO,
venogramm depicis only the cephatic vein (arrows) with a proximal nontilling segment (arrowheads). (b) Gon-
verdonat venagram shows the segment in ais stenosed bul patent (arrowhgads); the basilic vein (arrows) also

injection site and the central veins.
However, even with this adaptation,
these vein segments may not be assess-
able, typically because the venous flow
remains too slow or the patient’s clinical
condition is poor. In snch instances,
CO, can be very valuable for showing
the patency of the central venous struc-
tures, as mentioned by Sullivan et al (5).

The high sensitivity of CO, venogra-
phy with only moderate specificity can
affect treatment decisions. For venogra-
phy performed before hemodialysis ac-
cess, high sensitivily is most important,
because false-positive [(indings will re-
st in [ailed surgery {because a vein is
actually absent or stenosed, increasing
the risk that a surgical AVF will not

mature sufficiently). False-positive find-
ings, however, are more preferable
than false-negative findings, which may
result in a patient not receiving an AVF
even though the vein is patent.

The veins in the forearm are less
opacified with CO, than with iodinated
contrast material. The reason [or this
difference could be the low viscosity of
€O, (about 400 times less viscous than
iodine). In our study, after lodinated
contrast material was injected into the
radial side of the hand dorsum, the ce-
phaiic vein was visualized and the basilic
vein also was opacified owing to con-
irasi. material reaching this vessel
through small superficial veing in the
forearm. CO, proceeded more straight-
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forwardly in the cephalic vein, and
those small superficial veins were less
often opacified. A possible solution to
this problem may be to use a tourni-
quet, which is commonly used in some
centers to fill collaterals to the hasilic
vein and to evaluate the possible disten-
tion of the veins (9). A disadvantage of
using a tourniquet is the vasospasm that

may occur and that may even be resis-
tant to vasodilative drugs.

Underestimation of the stenosis

grade at CO, venography, compared
with that at conventional venography,
occurred more frequently than overesti-
mation. These findings differ from those
of some other studies (10,11}, in which
the degree of stenosis was consistently

Consensus Results for 0, and Conventional Venography

Findings at Cenventional Venography -

. Total Total - Total.
B - Opacification, . Opacitication © Opacification
Findings al C0, -~ - No Segméntal .- Without Wilh Slenosis - “Wilh Slenosis -
Venography "~ =i Opagification . Opacification - Slenosis < h0% D= 0% Tolal
‘No opacification 33 SR 3 D o 40
- Segmentat
opacification 4 14 6 0 0 24
. Tolal opacification - ) . :
7 Without .
stenosis 2 2 202 4 1 211
i g g o ~ ; .
With stenosis
= 50% 0 0 i 0 1 2
Total- .. 380 . 20 ‘285

So12 11 ¢ .3

" Note—Resuts are given 'a_s numbers of veln ségmants. :

&

veins.

Figure 4:  Anleroposterior venograms of the right central veins in the 27-vear-old man described for Figure
1. {a) GO, venogram shows patency of the central vains but also stenosis {arrow) of the subelavian vein atthe

leve! of the central venous catheter. {b) Conventional venogram shows the innominale vein and superior vena
cava are not assessable because of motion artifacis caused by respiration and too slow flow in the central

b

overestimnated with CO, venography.
Such overestimation can occur because
CO, hegins to dissolve in the blood im-
mediately after intraarterial injection,
and slow blood flow accentuates this
dissolution owing to a longer period of
blood-gas contact (12},

Moresco et al (13), however, dem-
onstrated that CO, yielded significantly
larger vegsel diameter compared with
conventional angiography and intravas-
cular ulirasonography in an aorioiliac
flow model. They assumed that this dif-
ference may be caused by the elastic
nature of the vessel walls and the explo-
sive nature of CO, at the moment il
exits the injection catheter (13). This
may at least partialty explain the under-
estimation of the degree ol stenosis, es-
pecially in patients with relatively large
central vein catheters for hemodialysis, in
whom the luminal diameter may some-
times be more difficult to determine.

Our stucy had several lmitations.
Fiest, the number of patients was rela-
tively small. Second, the presence of
central venous catheters—which were
necessary because they served as tem-
porary hemodialysis catheters—made
evaluation of vein stenosis more diffi-
cult. Third, to enable statistical analysis,
we used the term occlusion to describe
those segments that were notl opacified
at venography. llowever, this term is
not completely correct: There may be
causes other than occlusion for a nonvi-
sualized vein, such as vasospasm or simn-
ple nonfilling of the vein (caused by too
slow flow or preferential filling of other
veins). The clinical consequences for ei-
ther nenopacified or occluded veins,
however, would be the same. Finally,
our results were undoubiedly inlluenced
by our venography technique, which did
not include the use of tourniquets. Tour-
niquets have the advantages of revealing
more veins, especially in the lorearm,
and demonstrating the diameters of di-
lated veins. The risk of inducing vasa-
spasm, however, is a disadvantage.

In conclusion, compared with con-
ventional venography as the reference
standard, CO, venography allows as-
sessment of the upper-limb vetns hefore
the creation of hemodialysis access fis-
twlas, with a sensitivity of 97% and a
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specificity of 85%. We believe it could
be an acceptable alternative for those
patients with a contraindication to con-
ventional venography with iedinated
cantrasl material, such as residual renal
function or allergy.
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