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A Prospective Study of Carbon Dioxide-Digital
Subtraction vs Standard Contrast Arteriography
in the Evaluation of the Renal Arteries

David Z. Schreier, MD; Fred A. Weaver, MD; Joseph Frankhouse, MD; George Papanicolaou, MD;
Ernest Shore, MDt; Albert E. Yellin, MD; Frances Harvey, RN

Objective: To compare carbon dioxide—digital subtrac-
tion arteriographic (CO,-DSA) images of tenal artery
anatomy with staridard iodinated contrast arterio-
graphic (1CA) images.

Design: One hundred patients with vascular disease who
required abdominal aortography were evaluated by both
CO,DSA and 1CA modalities. Two blinded readers in-
terpreted arteriograms for the degree of renal artery ste-
nosis, and a third reader was employed to resolve differ-
ences in reader interpretations.

SeMing: University medical center.

Main Quicome Measures: The sensitivity, speci-
ficity, negative predictive value, positive predictive
value, and accuracy were calcnlated for the ability
of CODSA to demonsirate a 60% or greater steno-

sis of the main renal artery; « values for CO,-DSA -

and ICA were calculated to assess intraobserver
variability.

Results: Of the 200 main renal arteries imaged, 17 (9 by
means of CO,~DSA, 8 by means of ICA) were eliminated
because of inadequate visualization of the renal artery. In
identifying a renal artery stenosis of 60% or greater, COp-
DSA had a sensitivity of 0.83, specificity of 0.99, positive
predictive vatue of 0.94, and negative predictive value of
.98, The overall accuracy was 0.97. The k statistic was 0.75
for CO,-DSA and 0.70 for 1CA, hence, the variation in the

interpretations of CO,-DSA and ICA were comparable.

Cenclusfon: Images by means of of CO,-DSA accu-
rately reflect pathologic changes in renal arteries and are
thus useful in the diagnosis of clinically occult occlu-
sive renal artery disease in patients at risk of contrast
medium—related nephrotoxicity.

(Arch Surg. 1995;131:503-508)
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F THE ESTIMATED 30 to

60 million Americans

with hypertension, 1%

to 10% have hyperten-

sion because of critical
renal artery stenosis.’? Renal artery
stenosis is found on aortograms in 31%
to 60% of patients with documented
abdominal aortic aneurysm, aorto-
occlusive disease, or lower-extremity
occlusive disease.® In those patients
found to have critical renal artery steno-
sis, loss of renal mass is common, and
diameter stenosis progression occurs
at a rate of 4.6% per year.* Ischemic
nephropathy, defined as the presence of
anatomically severe occlusive disease of
the extraparenchymal renal artery in a
patient with excretory renal insuffi-
ciency, is the primary cause of end-stage
renal disease in 6% of patients and in
14% of those older than 60 years.® In
addition, occlusive renal artery disease
contributes to renal excretory dysfunc-
tion in another unknown percentage of
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patients with azotemia who do not
require dialysis.® The frequency of ische-
mic nephropathy as a cause of end-stage
renal disease has increased from 6.7% for
the period of 1978 through 1981 10
16.5% for 1982 through 1985.7 As a
result, surgical intervention for occlusive
renal artery disease, which historically
focused on the amelioration of hyperten-
sion, is now most frequently employed
to preserve or retrieve renal excretory
function ®® o
In most medical communities, arte-
riography remains the principal and most
reliable diagnostic test for occlusive re-
nal artery disease. Despite advances in less
invasive methods of renal artery assess-
ment such as renal artery duplex ultra-
sonogtaphy, arteriography is eventually re-




PATIENTS AND METHODS

PATIENTS

From 1991 to 1995, 100 patients seen at and evalu-
ated by the vascular surgery service who required a diag-
nostic arteriogram were entered into a study designed to
compare CO,-DSA with iodinated contrast arteriography
(ICA). Patienis with renal insufficiency (serum creatinine
level, >1.8 mg/dL), congestive heart failure, or known con-
trast-medium allergy were excluded. Institutional Review
Board approval was obtained prior to the initiation of the
study, and informed consent was obtained prior to partici-
pation.

Patients’ ages ranged from 24 to 85 years, with a mean
age of 62 years. Forty-five percent of patients were female,
and 55% were male. Risk factors for vascular disease were
tobacco use in 57%, diabetes in 48%, and hypertension in
50% of patienis. The indications for arteriography were rest
pain in 27%, claudication in 32%, ischemic ulcer or gan-
grene in 34%, hypertension in 12%, and femoral artery-pseu-
doaneurysm in 3% of patients.

METHODS

All studies were performed using digital subtraction
technique, with the patient in the supine position. Views
of the renal arteries were obtained by flush acrtogram only,
- Selective renal artery. injections and repositioning to.oh-
tainother views of the renal artéries were not performed
Arterial access was obtained via femoral artery cannula-
tion with 5F to 5.5F catheters, The CO,-DSA study was per-
formed first by sequential hand injections of 50 mL of

CO4ICA followed using a;power injector and nondonic io-
dinated contrast medium:

For each patient, the digital subtraction’ 1mages ob-
tained with either CO, or iodinated contrast were identi-
tied by a four-digit number. All images were first reviewed
by two of us (G.P and E.5.), and those found to be techni-
cally inadequate were removed from further-evaluation. For
the images further evaluated, 1 or 2 optimal views of the
renal arteries were selected, placed in separate envelopes,
and identified only by a 4-digit code number. These films
were placed in random order and analyzed independently
by 2 vascular surgeons blinded to patient and study re-
sults.

Readers were instructed to focus on renal artery
anatomy and assess the location and degree of main renal
artery stenosis. Location was classified as proxinal (orifi-
cialy, middie, or distal third of the renal artery. RenaFar- -
tery stenosis was graded as 0% stenosis, 1% to 39% steno-
sis, 60% to 99% stenosis, or occlusion. Left and right renal
arteries were each separately evaluared. Visualized acces-
sory renal arteries were aiso noted. in addition, the CO,-
DSA images were evaluated by a single reader (G.P.) re-
garding the visualization of branch anatomy ¢ of the renal
artery and renal nephrogram.

Uf reader interpretation of renal artery anatomy forei-
ther the CO,-DSA or ICA iniages differed, a third blinded
reader was employed as a tiebreaker for the purposes of sta-
tistical calculations. Using the 1CA findings as the “gold
standard,” the sensitivity, specificity, positive predictive
value, negative predictive value; and accurdcy-of €O
DSA renal artery images compared with TCA images'were
determined. Iniraobserver variability fot both: the. €O,
DSA and ICA studies was determined by means of the
statistic.®

quired when surgical or endovascular intervention is being
considered.” A diagnostic evaluation that requires ad-
ministration of nephrotoxic contrast medium may harm
excretory renal function and is particularly trouble-
some if renal artery anatomy is found to be normal. Fur-
thermore, despite improvements in contrast media and
refinements in techniques, morbidity and mortality re-
lated to the use of iodinated contrast agents remains sig-
nificant.!! Clinical experience has demonstrated the neph-
rotoxic potential of ionic and nonionic contrast agents
to be equivalent,” and deterioration in renal function fol-
lowing contrast arteriography has been reported to be as
high as 11%.1>1*

Carbon dioxide—digital subtraction arteriography
(CO,-DSA) was introduced in 1982 and offers the
advantages of a nontoxic, nonallergenic gas as the con-
trast agent. These attributes make it ideally suited as a
diagnostic tool for renal artery disease in the patient
with azotemia.'” Since its introduction, the safety and
efficacy of CO,-DSA in demonstrating arterial anatomy
have been documented by several investigators.'¢®

A focused investigation on the validity of renal
artery pathology demonstrated by CO,-DSA has not
been reported. In this study, a blinded comparison of

i CODSA renal artery images with standard iodinated

contrast images was performed to determine the reli-

ability of CO,-DSA and, hence, its usefulness as a tool
to arteriographically screen patients with azotemia for
occlusive rena!l artery disease.

All studies were completed, and no adverse events
occurred {ollowing either CO; or iodinated contrast
injection. The CO;-DSA required up to 15 hand injec-
tions of 50 ml. of CO;, and ICA required between 50
and 125 mL of nonionic iodinated contrast. The entire
procedure lasted 1.5 to 4 hours. Of the 200 main renal
arteries available for comparison, 17 were excluded
because of poor technical quality, excessive overlying
bowel gas, or poor contrast enhancement of the renal
arteries (8 being 1CA and 9 CO,-DSA images). There
was no overlap between the 8 ICA and 9 CO,-DSA
tmages. In fact, the excluded ICA studies had a CO;-
DSA comparison that was evaluable. The failure rate in
demonstrating the anatomy was comparable for both
CO,-DSA and ICA (approximately 8.5%). This left 183
renal arteries for comparison.

The 2-reader interpretations for ICA and CO;-DSA
are listed in Table 1 and Table 2. The « statistic was
0.75 for ICA and 0.70 for CO,-DSA. A third reader, the
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T v rowts

ade'r Interpretati

s

ﬁns for ICA*

Table 1. cnmpériéon of Re

*ICA indicates iodinated contrast anteriograms; parenthetical values,
percontage of stenosis (range). k Statislics =, 75.

*L0,-DSA indicates carbon oxide-digital subtraction arteriograms;
parenthetical valuss, perceniage of stengsis (range). x Statistics =.70.

“

required in the evaluation of 21 renal

tiebreaker, wds
arieries.

in 183 CO,-DSA images, primary segmental branches in

154 images, and secondary branches in 86 images

(Flgore 1

nephro,
{Figure T

Ty
on CO,-DSA. Stenotic lesions of the renal artery ranging
from 1% to 99% were found in 29 CO,-DSA images and
confirmed by ICA in 20 (Table 3). Of the 15 CO,-DSA
images inferpreted as showing stenoses of 60% or greater,

all when compared with 1CA images.
_-There were 164 true-negative, 15 true-positive, 1
false-positive, and 3 false-negative CO,-DSA images.
Analysis of the 1 false-positive result demonstrated that
a stenosis was present but called a greater-than-60%
_.. stenosis on CO,-DSA compared with a less-than-60%

- stenosis on HCA. For 1 false-negative image, the reverse
was true, a less-than-60% stenosis was called on the CO;-
DSA and a greater-than-60% stenosis on 1CA (Figure 3).
In the remaining 2 false negatives, CO,-DSA failed to dem-
onstrate a greater-than-60% stenosis (Yakie 4). The
sensitivity, specificity, positive predictive and negative
predictive values and the accuracy of CO,-DSA to detect
4 greater-than-60% stenosis were 0.83, 0.99, 0.94, 0.98,
-and (.97, respectively.

: Arteriography has been considered the_ “ggl_d standard”
for the diagnosis of renal artery stenosis since the mid
060s.2-% However; it-is recognized that the verach

The main renal artery was 'r:)omp}etely demonstrated

gram was observed in'36 images -,

2 stenoses were correctly ideritified in

Figure 1. Carbion dioxide-digital subtraction arteriogram demonstrating
renal artery anatomy. '

ACCESSOW.
4{25%)

Nephrogram,

] 36 (20%;}

- Primary Branch,
A 154 (85%)

Secondary Branch,
B8 (47%)

Main Renal Artery,
183 (100°%)

Figure 2. Renal anatomy demonstrated by carbon dioxide-digita].
“suldeaction arieripgraphy. The branch anatomy and renal parenchyms
suecessfully visualized are tabulated.

arteriographic findings can, in certain circumstLances,.
compromised. Dean et al* have delineated 5 a
patterns of renal artery anatomy, in-which the
of stenotic lesions may be problematic: (1
originating from the anterior or pos
(2) renal artery coursing from the aorta in an
posterior plane; (3) 2 renal arteties to :
superimposed; (4) complete occlu
terior, or posterior segment of the
ing of renal arwysmosi&
teries. These 5 anatomic paiterns T
on CO,-DSA. Selective injection of
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ide study alone? This is a model for the objective analysis of a
new technique.

James j. Peck, MD, Portland, Ore: We have been less happy
with our results with CO-DSA for renal artery disease in Or-
egon. In our experience, the CO, tends 1o float up into the an-
terior vessels and the hairpin distal renal arteries, obscuring our
view. Without oblique views CO,-DSA has not been very help-
ful, especiaily when you use it selectively. The authors did men-
tion I of the patients was missed because of a posterior place-
ment of a2 vessel. Secondly, there have been several recent studies
reporting similar results with MRA, magnetic resonance angi-
ography, which is a noninvasive screening technique. Even with
the commercially available 2D TONE, there has been a sensi-
tivity of 91% reported from the University of Pennsvlvania, with
an overall accuracy of 81%. If you simply add 3D TONE, which
is simply increasing the flip angle, you can get the sensitivity
te 100% with a specificity of 89%. There are patients who, be-
cause of ferromagnetic implants or because of claustrophobia,
are not candidates for MRA. On the other hand, the cost is very
sirnilar to this invasive procedure.

Jonathan B, Towne, MD, Milwaukee, Wis: We have used
CO; angiography in very select patients in whom we have been
concerned about with contrast. { do not think it is as good, in
my experience, as the classic selection of catheterization with
contrast, but it serves the purpose in a pinch. We are in a pro-
cess of very rapidly evolving technology. One technique that
has not been mentioned is spiral CT. As the super CT pro-

grams get developed, it is absolutely mind-boggling the type

of visnalization you can get and, in this case, with a totally non-
invasive techiigue, although one that does require the injec-
tion of contrast. _

' Dr Weaver: With regard to Dr Gewertz’ questions, we to,

were a little disappointed in the number of lesions that were*”

ultimately diagnosed in this comparative stady. However, there
were 29 renal arteries that had some degree of stenosis. Con-
seqquently, this is about what you would expect if you investi-
gate patients with vascular disease and occult clinical renal ar-
tery disease. Concerning the diagnostic accuracy of CO,
compared to duplex scan, we have not done a comparative study.
‘We have a very good renal artery dixplex scanner at our insti-
tution and use it liberally. In my experience, the expertise that
is required to provide high-quality renal artery duplex scans is
considerable, as well as very time-consuming, and very tech-

—

Axiom. On cutting through the abdominal wall, the en-
countering of a layer of loose areolar tissue is a signal
that a change int direction of muscle fiber is imminent.

L. Grant JCB. A Method of Anatomy: Descriptive and Deductive. Sth ed.
Balthmore, Md: Williarms & Wilkins Co; 1952:215.

nically dependent.. The CO-DSA. is.apother option for those
medical communities.that do not have renai artery. duplex scan-
ning available.

The CO,-DSA is certamly cheaper than conventional
arteriography, simply because of the cost of contrast, Non-
iomnic contrast presently costs about $1/cc. You can perform
about 30 CO,-DSA studies with 1 tank of carbon dioxide,
which is very inexpensive; CO,-DSA is more expensive than
a renal artery duplex scan. There is a learning curve in intes-
preting and creating the images, and I think this goes to
what Dr Peck was saying about their difficulty in Oregon in
using carbon dioxide. It took us.a while to fearn how to opti-
mize the technique, and how to interpret it. The learning
curve is no different from that for interpreting the “gold
standard” of iodinated contrast arteriography; it is just that
we are used to looking at conventional contrast arterio-
grams. If you look at the x values we found for CO,-DSA
and 1CA, which basically looks at the variabilify of interpre-
tation between 2 interpreters, it i$ quite similar between the
CO,-DSA and the iodinated contrast. Selective injection
might help; position probably helps the most. The buoyancy
of gas does allow rapid filling in nondependent-placed struc-
tures, so that if you place the patient in an oblique position,
you are mote likely to get betier views of the renal arteries
than is possﬂ)le in the supine position. One of the interesting
findings in this study is that we found such good resolution
of the renal arteries and parenchymal vessels keeping the
patient in the supine position alone.

Do we feel comfortable in planning a renal artery inter-
vention? We do, and we have. We have actually performed at
least 2 renal angioplasties using CO,. We have aiso done a dozen

; rascularization procedures hased.on €O,
we Have not bieen disappointed. The other technolo-

‘gies that are available are more costly. The spiral CT does pro-

vide magnificent images, but it also requires iodinated con-
trast and thus eliminates it as a possible option in the azotemic
patient population. As far as MRA is concerned, in our insti-
tution, we have not had the kind of good results that have been
reported in the Hterature. Selected institutions have access to
a tremendous amount of experimental software, and they can
provide renal artery images by MRA that most centers on the
West Coast cannot reproduce, not to say that this will not oc-
cur in the future.




patients at risk of progressive loss of renal function caused
by renal artery disease. In contrast, the lower sensitivity
indicates that significant stenoses may be missed. How-
ever, ] false-negative result was caused by a difference
in interpreting the severity of a recognized stenosis. Ul-
timately, only 2 studies clearly and completely missed a
significant stenosis seen on ICA.

There are other modalities available 10 evaluate re-
nal arteries, each with its own advantages and disadvan-
tages. Duplex scanning of the renal arteries has vasty im-
proved the capacity to noninvasively screen the patients
with hypertension and azotemia for occult renal artery
disease. However, the efficacy of duplex scanning in this
role is dependent on operator expertise, body habitus,
and the dedication of selected centers in developing this
valuable tool. In institutions where duplex technology
is advanced, it should be the primary screening exami-
nation. In those institutions lacking this capability, CO,-
DSA is an accurate alternative and has the additional ad-
vantage of providing a visual road map for surgical or
endovascular intervention.”

Magnetic resonance angiography with gadolnium
has also been used to evaluate the renal arteries. This ap-
proach is expensive, of limited availability, and soft-
ware dependent. Other problems include motion arti-
fact from patient respiration,* as well as patient discomfort
in the claustrophobic environment of the magnetic reso-
nance imaging gantry. Spiral computed tomography is
also being investigated as a modality for evaluated
branches of the arterial tree. However, iodinated con-
trast medivum is necessary, and computer time {or pro-
cessing the images is lengthy and expensive.

This comparative study establishes the accuracy and
reproducibility of CO,-DSA renal artery images when ob-
jectively compared with JCA images. The advantages of
this form of diagnostic arteriography are well suited to
the population of patients with azotemia, and it pro-
vides another safe avenue of investigation for patients sus-
pected of having occult occlusive renal artery disease.
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Bruce L. Gewertz, MD, Chicago, Hl: The authors have pre- -
sented a very clear and well-designed study comparing a new .
and nonnephrotoxic imaging technique with standard 2

raphy in the evaluation of renal artery lesions. There 180
to recommend their careful work: 1t is prospective,

tive, and scrupulously objective. _
A few of the limitations are already discussed in (he

script. For example, it is possible that the value of angﬁa@m -
phy was limited by avoiding selective injeciiony, : o
monly used clinically in the cvaluation
have improved the accuracy of

Only 12% of paticnis had hyperensic
snen)c;ses greater than 60%. Henee, the
ien was hot yested in o large number iﬂ'
maght add s 1 do not capsad thai o
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ICA were similar, indicating that variability in interpre-
tation: of renal artery anatomy is equivalent. Further-
more, of the 200 renal artery images reviewed, 17 were
removed because of poor visualization of the renal ar-
tery. The studies discarded were evenly divided be-
tween CO,-DSA and ICA. The familiar difficulties in tim-
ing of contrast injection and radiograph exposure, patient
cooperation, or overlying bowel gas equally compro-
mised both modalities.

The unique properties of CO, as a contrast agent may
explain why 1 renal artery was incorrectly identified as

*GO;-DSA rnd:cates carbon dloxade—dfglta.r subtractmn arterragraphy
1GA, fodinated contrast arteripgraphy.

stenotic. Because of the buoyancy: of CO,, dependent ves-
sels may not be perfused by CO,."” Posterior displaced
renal arteries may not opacify and, thus, may take on the
appearance of a critical stenosis, Conceivably, had this
patient been placed in an oblique or lateral decubitus po-
sition, a better image would have been obtained.

Renal artery anatomy was demonstrated beyond
the first bifurcation (154 images [86%]); beyond the
second bifurcation (86 images [47%]); and to nephro-
gram phase (36 images [209%]). Accessory renal arter-
ies were not well demonstrated. Since branch anatomy
and accessory pathologic features are less reliably
imaged than the main renal artery, critical lesions
could be missed. In this respect, CO,-DSA suffers from
the same limitations as renal artery duplex ultrasonog-
raphy.'® Again, clarity may, be positional, and accuracy
and distal detail may be enbanced with positional
changes.

Substantial variability occurred in differentiating a
normal main renal artery from 1 with a subcritical ste-
nosis on ICA and vice versa. However, for critical le-
sions (260% stenosis), CO,-DSA had a specificity and a
negative predictive value of 0.99 and 0.98, respectively.
As a screening test, it therefore accurately excludes those

Figure 3. Side-by-side comparison of iodinated contrast arteriographic (fefl) and carbon diexide—digital subtraction arteriographic (right) images, in which
right renal artery stenosis on carbon dioxide—digital subtraction arteriogram was incorrectly categorized as less than 60%.

C0,-DSAACA, % Stenosis

60"

>60/<60

I 1

Resuit. : Side Reader 1 Reader 2 Tiebroaker ‘ - Comments

False negative ft 0/0 />80 X>60 Tiebreakes: ageeed with reader 2; both studies were
: ‘ somewhat: difficult to interpret

False negative >60/>60 0r>60 o Tlebreakar agreed wﬂh reader 2 on C0-DSA; no

Renal: artery stenosis: tlos gl iCA demonsmtes
high-end 1%-59% stenosis, and C0,-DSA
demoastrates k;w»end 60%«99% stenosls
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