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Objective .
To investigate the clinical utility of CO, gas as an arferial contrast agent, the experience with CO,
arteriography at the University of Florida was reviewad. '

‘Summary Background Data - ‘

~ Preliminary studies have demonstrated the feasibility of €O, arteriography and shown that arterial
injection of CO, gas appears non-toxic {which could limit the risks ‘of contrast induced renal

injury and allergic reacfion). However, numerous technical problems make CO, arleriography a

gemanding technique and recent studies have suggested that distal lower, extremnity vessels are

difficult to image using CO, arteriography, espacially when significant arterial occlusive disease is

present. ' R ‘ Co ' ' '

Methods | o

One hundred twenty-gight CO, arteriograms done in 115 patients were reviewed. CO,
arleriograms were graded as excelient, good, poor, of inacequate by two blinded observers and
resuits of CQ, studies compared 1o results of standard contrast studies (done in 98 patients for
image comparison}. In addition, a therapeutic plan based on the CO, aderiograms was

. compared with the therapy each patient received. '

Results .

One hundred-seventeen (91%) of the CO, arteriograms were of good or excellent quality and
agreement betwean CO, studies and standard contrast stucies was seen in 93 of 98 cases
(95%). Accurate therapeutic plans based on CO; sludies were possible in $2% of cases with
inadequate visualization of infrapopliteat arteries being the major firmtation (7 cases). No aflergic
reactions occurred and only one patient polentially had contrast-induced nephrotoxicity.

Conclusions .

CO, artenography provides accurate, clinically useful artenal imaging with minimal risk. Thus, this
new technalogy significantly increases the utility of arleriography in patents with peripheral
vascular disease. '

Improvements in surgical arterial reconstruction and
introduction of endovascular therapy of arterial lesions
have significantly lessened the morbidity associated with

treatment of peripheral vascular disease. However. arten-

688

ography. which is necessary to determine the location.
nature. and extent of arterial lesions continucs 10 be as
sociated with small but significant risks of vessel injuny.

contrast-induced nephrotoxicity. and allergic reacvons
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Elderly patients presenting with peripheral vascular dis-
ease often have co-existing renal. cardiac. and other med-
ical illnesses that increase the nsk of these complications.
Therefore. in many patients, much 6f the risk associated

with treatment of peripheral vascular disease is due 10

the risk of arteriography. In addition. in some patienis,
these risks are such that therapy of peripheral vascular
disease must be deferred because aneriogra_phy is con-
‘traindicated.

Hawkins' initially described the use of CO, zas for
arterial imaging in 20 patients in 1982. Injection of CO,
gas transiently displaces blood from the artery being stud-
ied and arterial imaging is then achieved using digital
subtraction techniques {DSA) to detect small differences
in density between the gas-filled arterial lumen and the
surrounding arterial wall. CO, gas does not appear to be
nephrotoxic, does not cause allergic reactions and can be
delivered through small catheters. Therefore, use of CO,
gas as a contrast agent for arteria] imaging potentially
can significantly reduce the risk of arteriography.

Numerous technical problems including the possibil-
ity of “explosive™ type injection, the buoyancy of the gas.
which makes imaging of dependent arteries difficult and
the break-up of the gas column as it moves distally
makes CO» artenography a demanding technique. In ad-

dition, prehrnmary reports of the clinical use of CO; arte- -

riography by other authors™ have suggested that distal
lower extremity vessels are\d:fﬁcuit 1o adequately image,
espec;aliv when significant artena} occlusive disease is
‘present Thus, the overall utility of CO, arteriography in
the managément of patients with penpheral vascular dis-
ease remains in doubt. To answer this question, patients
undergoing CO, arteriography at the University of Flor-
ida during the last 27 months are reviewed. This review
determined whether image quality of arteriograms done
using CO, gas was sufficient to ajlow appropriate thera-
peutic decisions to be made.

MATERIAL AND METHODS
- Patients

The use of CO, gas as an arterial contrast agent was
approved by the Institutional Review Board of the Uni-
versity of Florida and the Subcommitzee for Chinical In-
vestigation of the VA Medical Ceater, Gainesville, Flor-
ida.-and more than 700 CO, arteriograms have been
done the last 10 vears. One hundred twenty-eight proce-
dures done in 1 13 patients were reviewed. The mean age

Address reprint requests o James M. Seeger. M.DL Section of Yascular
Surgery. Depastment of Surgery. Box 100286 JHMHC, Gaines-
ville. FL 32610.

Accepted for publication January 20. 1993,

CO, Aneriograpny 689

of patienis undergoing CO. arteriography was 64,3 veun
(range. 3483 yr). Concomitant medical illnesses present
at the time of aneriography included renal insuffciency -
(serum creatinine > 1.3 mg/dl) in 70. hypertension re-
quiring therapy with antihypertensive agents in &5_dia-
betes meilitus in 44, significant coronary artery disease
in 62. and significant cerebral vascular disease in 27.
Seven of the patients with renal insufficiency were being
treated with hemodialvsis or peritoneal dialysis at thé
time of arteriography and five had previousty undergone
renal transplantation. Fifty-eight of the 115 pautents
{50.4%) had previously had one or more arterial recon-
strucnve procedures and three had previously under-
gone cardiac transplantation.

Eighty-one arteriograms were done in 71 patients with

* symptomati¢ peripheral arterial occlusive disease (37

studies for severe intermittent claudication. 43 for rest
pain or tissue loss. and 1 10 assess infrainguinal graﬁ
patency). Twenty-four arteriograms were done in 23 pa-
nents to evajuate arterial aneurysms (18 abdommal 307~

‘tic aneurysms, 2 popliteal aneurysms, 4 iliac or femoral

pseudoaneurysms) Nineteen renal arteriograms were
done in 17 patients with severe hyperiension or progres-
sive renal failure potentially due to renal artery stenosis.
whereas 4 patients had mesenteric arteriograms done be-
cause of symptoms of acuie or chronic mesenteric isch-
emia. Specific reasons for using COz gas as the contrast
agent included renal insufficiency in 80 studies in 70
patients, contrast allergy in 22 studies in 20 patients, pre-
vious renal transplantation in 5 studies in 5 patients and
previous use of a large amount of iodinated contrastin 5
studies in 5 patients. Eleven patients had multiple indica-~
tions for CO, use {12 studies done in 10 patients with
both renal insufficiency and contrast allergy. and | study
done in a patient with renal insufficiency. contrast al-
lergy and a previous renal transplant). The remaining
CO, arteriograms inciuded in this review were done in
27 patients who did not have specific indications for CO,
arteriography and were not at increased risk for angiogra-
phy using standard contrast agents. In twenty-nine of
these studies, both iodinated contrast and CO, gas were
used to allow direct comparison of the two different con-
trast agents. :

Based on results of these arteriograms, ninety subse-
quent surgical and/or endovascular procedures were
done in 82 patients. Thirty-two surgical artenal recon-
structions. |5 penpheral endovascular procedures. 6
combined endovascular and surgical reconstructions.
and 4 amputations were done in 5} patients with artenal
occlusive disease. Thirteen patients had repair of abdomi-
nal aortic aneurysms, two repair of popliteal aneurysms.
and three repair of iliac or femeral pseudoancurysms.
Four patients had renal artery bypass procedures, seven

~ had renal artery balloon angioplasty (including one who
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QUALITY OF CO, ARTERIOGRAPHIC IMAGES
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- Figure 1. Percent of CO, arteriogram images by location which were
graded as either excellent/geod or poorfinadequate on binded review.

also had an iliac artery angioplasty), one had renal artery
angioplasty and renal artery bypass surgery, one had a

nephrectomy for renal vascular hypeniension and/or pro- -

gressive repal insufficiency. One patient had an aorta to

- celiac and aorta to superior mesenteric artery bypass for ©

chromc mesenteric msuﬂiczency Indicated surgical pro

,cedures were deferred in nine patlcnts (ome of whom had:

: prevxousiy had a femoral to tibial artery bypass baséd o
a CO,. arterfogram) becatise’ of severe medical problem
that made the risk of 1 th, proc‘edures prohlbltwe Six pa
tients thh dlffuse artenal distase who were poor candi
dates for arterial bypass surgery responded to medical
therapy alone and five patients were found on arteriogra-,
phy 1o be unreconstructable. Eleven patients (including.
one who had undéergone a femoral popliteal bypass based
on a CO, arteriogram | week earlier) were shown by CQ,

~arteriography to have no signiﬁca'nt arterial disease or

bypass graft defects requiring mterventxon and four pa» .

tients rei‘used indicated procedtxres.

Technique of CO, Arteriography

After an overnight fast, a bolus of glucagon (0.3 mg) is
given to decrease the effécts of bowel gas motion. The
patient is then positioned supine on a standard arterio~
graphic table and the common femoral or axiifary artery
is punctured. A 4 Fr arleriographic catheter is intro-
duced and positioned in the approprate location for the
type of stidy to be done (renal. mesenteric. aostic. in-
frainguinal). This catheter is then connected 1o a proto-
type, dedicated CO, gas artenial injector {Angiodyna-
mics, Glen Falls, New York) developed at the University
of Florida. This injector is equipped with multiple check
valves that ensure a controlled delivery of CO, gas vol-
ume and prevent “explosive type” delivery of the CO;
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gas. Care is taken to avoid introduction of air during
connection of the arteriographic catheter 1o the COs in-
jector and to ensure that the cvlinder from which the
CO, gas is loaded does not contain water. Water com-
bines with CO, gas to produce carbonic acid that could
be injected into the patient and water and a large amount
of rust have been found in several CO, gas cylipders.
Because of this, only CO, gas from disposable CO. Tylin-
ders {Medipure Carbon Dioxide, Union Carbide Gases.

- Linde Division. Danbury, CT) s used.

Fifty 10 70°cc of CO, gas are delivered at a rate of 140
ce/sec for aortic or renal artery studies while 20-40 cc at

740 ce/sec are used for peripheral artenial studies. Arterial |
images arc then obtained using a 1024 X 1024 pixe] DSA -

system and images are post-processed if needed by com-
piling muttzple dig]tai images into a single composite
image using a “stacking”™ software program (Toshiba

- America, Tustin. CA). When arterial segments are not

adequately imaged in the supine position. the study is
repeated with the extremity elevated or with the patient
ina Trendetenburg posmon of 2010 30 degrees. This is

Figure 2, Acrloliac CO, arieriogram showing right external dac adnny
occlusion {arrow} wilh commeon femnoral artery reconstiulion
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Figure 3. cO, antériogram of the rzght fliac artery and femoral arleries. An
endclummnal slem can be seen in the externat iliac adery {arrow)

accomplished by using wedges 1o elevate the legs or with
a specialized tilting arteriographic table: Visualization of
renal arteries duning CO, renal arten'ogra'ms is improved
by positioning the kidney to be studied above the level of
the catheter through which the CO, 1s injected. Injec-
tions of CO. gas are spaced 2 to 3 minutes apart and the
extremities are returned to the horizontal position or the
patient 1o the supine position between injections 10 im-
prove clearing of the CO, from the extremity.

Data Analysis

To determine the accuracy and clinical utility of CO;
arteriography, CO, arteriograms were reviewed in a
blinded manner by two vascular surgeons (JMS, TRSH).
Images were graded as excellent. good. poor. or inade-
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guate with excellent being defined as a complete image
of the arterial segment being studied including the nrst
and second order arterial branches and fine detail of the
arterial wall, good being an adequate image of the arte-
ral segment involved including the first and second
order arterial branches but without visualization of the
fne detail of the arterial wall. poor being an adequate
image of the arlerial segment being studied but without:
clear imaging. of the first or second order anerial
branches or the fine detail of the arterial wall and inade-
quate being defined as an incomplete image of the arte-
rial segment being studied. Image quality and results of
arterial imaging using CO, anenograms were compared
to resu[ts of arteriography using iodinated contrast in
those patients who had both studies, Therapeutic plans
were then formulated based on the CO, arterniograms
alone and compared with intraoperative findings. intra-
operative pre-bypass arteriography, or subsequent chint-
cal course in those patients in whom arterial reconstruc-
tive procedures were not done. Finally. complications
directly attributable 10 CO, arteriography and the poten-
tial ‘benefit of using CO, gas as a contrasi agent were
determined.

RESULTS

Thirty arteriographic studies were done using CO, gas
alone while in 61 studies small amounts of dilute iodin-
ated contrast were also used. The amount of iodinated

~contrast used in these ¢ombined CO, gas and iodinated

contrast studies was 39.5 cc compared with 196.5 cc in
the remaining 37 studies in which standard contrast arte-
riograms were done in addition to CO, studies (p < .03).
[n the 70 patients with renal insufficiency. twenty studies
were done with CO, gas alone and 52 studies were done
with CO, gas plus a small amount of iodinated contrast.
in the 19 patients with contrast allergy. 13 studies were
done with CO, gas alone and 7 with CO, gas plus a small
amount of iodinated contrast. In the five patients who
had previously undergone renal transplantation. 4 stud-
ies were done with CO, gas alone and one with CO. gas
plusa small amount of iodinated contrast, Patients with
iodinated contrast allergy were also pretreated with ste-
roids and no contrast hypersensitivity reactions oc-
curred. )

" One hundred and seventeen of the 128 CO, artene-
grams (91%) were judged 1o be of good or excelient qual-
ity by the iwo blinded observers. Only one CO; study
was found to be completely inadequate. Image qualm
was best in the aorta. iliac, renal and mesenteric arternies
(Figs. 4) Image quality declined somewhatin the arter-
ies below the inguinal ligament (Fig. 1): however. 90% or
more of images of the coramon femoral. profunda fe-

_moric and superficial femoral areries were sull of good
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Figure 4. Left: Renal CO; arteriog

renat artéry Tesion.

or excellent quality (Fig, 5). In contrast, only 83% of
popliteat artery images and 60% of infrapopliteal artery
images were judged to be good or excellent (Fig. 6). Use
"of the “stacking program’’ improved image quality, par-
ticularly in the infrapopliteal arteries (Fig. 7). Good or
excellent images of ixjf;fa;}b'iaiite%l_‘érteﬁes were obtained

using CO; gas in 69% of infrapopliteal studies in which.

the “stacking” program was used compared with 47% of
stidies done without use of this post processing pro-
gram. In addition. in some patients, use of CO, arteriog-
-raphy demonstrated infrapopliteal arternial anatomy bet-
tér than studies done with standard iodinated contrast
agents (Fig. 8). ‘

Agreement between CO, arteriograms and arterio-
grams done using fodinated contrast was seen in 93 of 98
cases (95%). Using iodinated contrast, infrapopliteal ar-
teries were better imagined in four studies and an infe-
rior mesenteric artery stenosis was better demonstrated
in one study, Comparison of findings during arterial re-
constructive surgery to CO, arteriograms revealed more

" disease than predicted by CO, studies (and by todinated
contrast studies) in three patieats. In addition. in one
patient less disease was found in the aorta than predicted
by the COs-study. possibly due to inadequate aortic fill-
ing by CO, gas during a renal arteriogram (Fig. 9.

A therapewtic plan. based on the CO; arteriogram
alone was possible in 104 of the 128 studies. In eight
studies done for occlusive disease, inadequate imaging of
the infrapopliteal vessels in seven and of the common
femoral artery in one precluded a therapeutic decision.
1n one additional study done for possible mesenteric arte-

-3 B
_ ram showing a severe left renal artery stenosis (aITow), Mod _
¢an also be seen in the right renal artery. Right: Repeat CO, study after success balloon angioplasty of the left

3, Moderate namowing

rial disease, motion ‘ar‘tifagt made digital subtractioa_i arte-
_riography impossible. In the remaining 15 studies:-a -

complete evaluation of the lower extremity arterial tree
using CO, gas was not done so that a therapeutic deci-

sion based on CO, arteriography alone could not be de-

rived, These IS patients all had complete studies using

iodinated contrast and- CO, arteriograms of selected .-

areas of the arterial tree were only done for comparnison.
Compared with findings at the time of surgery. o endo-
vascular procedures and 1o subsequent clinical follow-up
in patients who did not have a reconstructive proce-
dures, therapeutic decisions based on CO, arteniography
were accurate in all 104 cases in which a therapeutic plan
was possible. Thus, accurate therapeutic plans, based on
CO, studies alone. were possible in 104 of 113 patients
(92%) in whom complete CO, arteriograms were done.

Complications potentially atiributable to CO,artenog-
raphy were seen in only two patients. One patient with 2
Jarge abdominal aortic aneurysm and rena) insufficiency
(serum creatinine 3.5 mg/dl) developed profuse watery
diarrhea after a CO, arteriogram. He had received 1940
cc of CO, gas over a 30-minute perod during the study
and was thought to have had transient ischemic colitis.
The patient recovered from the diarrhea without se-
quelae and undervent aneurysm repair without further
complication. A second patient being evaluated for sep-
is and abdominal pain potentiaily due to acute mesen-
teric arterial insufficiency suffered a respiratory arrest kY
minutes after an emergency mesenteric CO, arleno-
gram. The patient was severely ilt at the time of the ane-
riogram and subsequently died. Whether the CO, arteries
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i iy

; femor_aj artery stenosis (arow) and sggmﬁcant

delaﬂ are eas:ly seen, R|gh§ Repeat CO, study afier success bafioon angioplasty of the iocai stenosts.

gram actually contributed to the respiratory arrest is un-~
clear as sufficient time for clearance of the injected CO,
gas had elapsed before the arrest and artenial blood gases
were not done in the interval between the arteriogram
and the arrest.

A rise in serum creatinine after artenographv was seen
in seven patients. all of whom also received jodinated
contrast. Increased renal insufficiency was likely due to
complications of renal balloon angioplasty in two of
these patients. to worsening nephrotic syndrome in one
patient. and to dehydration secondary to diarrhea asso-
ciated with ischemic colitis.in one patient, In two of the
other three patients. the increase in serum creatinine was
only seen at 2 and § weeks after the arteriogram. Thus.
no patients had a rise in serum creatinine aflerarteriogra-
phy using CO. gas alone and only one patient (0.8%
overall. 1.3% of those with renal insufficiency) poten-
tially had contrast-induced nephrotoxicity after arteriog-
raphy using CO, gas plus a small amount of iodinated
contrast.

Eighty-eight patients in this study could have bene-
fited from the use of CO, gas as a contrast agent for

arteriography because they had a relative contraindica-
tion to standard arteriography using iodinated contrast.
Complications potentially atuributable to CO, arteriogra-
phy occurred in two of these patients and one additional
patient potentially had contrast-induced nephrotoxicity
as described. In addition. therapeutic decisions could not
be made based on CO, arteriograms ajone in seven pa-

" tients. However. only small amounts of contrast were

required to complete the arteriograms in these seven pa-
tiems. Thus, use of CO, gas as an artenal contrast agent
likely reduced the risk of arteriography in 78 of the 33

| patients (89%) and may have decreased that nskinupto

85 patients {97%).

DISCUSSION

Severe hypersensitivity reactions associated with arten-
ography using iodinated contrast agents occur inapproxi-
mately 1 in 1000 studies™ and death due 1o contrast
hypersensitivity is estimated to occur in between one m

12 000 and one in 75.000 procedures. ™ The incidence
of contrast-induced hypersensitivily reactions increases
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Figure 6. Poplneas and CO; ar
artery occlusion (asrow), ibial perongal frunk stenosis, a patent peroneal
antery of good caliber and occlusion of both the anleror and poslerior
tibsal artenes.

e

with the amount of contrast used” and in patients with a
history of contrast allergy. approaches 25% when ionic
contrast is u_sed.8 Introduction of non-tonic contrast and
pre-treatment of patienis with stercids has reduced but
not eliminated this risk.”?

Acute renal dysfunction after arteriography has been
reported by Martin-Paredero et al.’ to occur in 11.3% of
400 patients undergoing peripheral arteriography for oc-

clusive or aneurysmal peripheral vascular disease. They

ogram showing poplileal

Ann Surg - June 993

also found contrast-induced renal insufficiency in 41.7%
of patients with pre-existing abnormal renal function.
Hall et al.'® found that the risk of contrast-induced neph-
rotoxicity increased as the baseline serum creatinine in-
creased. with 2% of patients with a serum creatinine
< 1.2 mg/dl. 10% of patients with a serum creatinine
between 1.3 and 1.9 mg/dl and 62% of patients with a
serum creatinine greater than 2.0 mg/dl developms
cute renal dysfunction afier arteriography using. ionic
co

sufficiency was present. Animal studies have suggested
that non-ionic contrast agents are less nephrotoxic’? but
Schwab et al.”® in a randomized, controiled clinical trial
of ar{ériqgraphy‘ using ionic and nonionic contrast
agents could not confirm this, Unfortunately, contrast-
induced renal insufficiency is not always transient and

‘both Gomes et aL.' and Martin-Paredero et al.” have

reported permanent renal failure requiring dialysis due
to contrast induced nephrotoxicity.

- The potential of CO. artefiography to essentially elimi-
nate contrast-induced hypersensitivity reactions and
nephrotoxicity is demonstrated by the study presented

“here. No allergic reactions were seen in any of the 115

patiems studied, including the 21 patients with a history
of contrast allergy. Similarly, despite pre- existing renal
msufﬁcxency in70 of 115 patients, a transient increase in.
serum. Creatinine potentxally due. to contrast induced”
nephrotoxicity was seen in only one patient. Although
arteriography using CO, gas alone was not possible in all
patients, even in those in whom iodinated coatrast was
necessary, use of CO, gas significantly reduced the
amount of iodinated contrast used to complete the
study. which hkely reduced the risk of hy pemensumz\
reaction and nephrotoxicity. '
That CO, gas can be used as an intravascular contrast
agen! without risk of gas embolism has previously been
demonstrated. Intravenous injection of CO, gas in doses
of 100 10 200 cc was used commonly in-the past for the
detection of pericardial effusion’*'® and thousands of
patients were studied without reported complications. In
addition, previous animal studies have demonstrated

+ that injection of up to 3 cc per pound of CO, gas into

either a peripheral vein'? or a pulmonary vein®® does not
cause gas embolism. CO, gas is 20 times more soluble 1n
blood than oxvgen and rapidly combines with blood
buffers. facilitating its transport to the lungs where it 15
eliminated.? Peripheral arterial injection of CO, gas for
arteriography also has thz added safety factor of at leas
one and usually two (including the lung) capillary beds
through which the gas must pass before reaching the coro-
nary or cerebral circulation which further reduces the
likelihood of gas embolism. Experience with injection ol

-

L Iy .} ;’"‘ti:&ﬁﬁﬁl‘mﬁ'@
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(- Interestingly. Parfrey et al." ‘did not find an
“inereaséd risk of contrast-induced nephrotoxicity in pa-
" _tients with diabetes mellitus unless pre-existing renal in-
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- Figure 7. Example_o\f improved image quality using the "stacking” pro:
gram. Lelt: Poor initial image qf distal infrapopliteal arteries due to break-
up of the gas column. Right! Composite mage generated using the
“stacking” program. An excefient image of all three infrapopliteal arteries

al the ankle is obtained.

CO, eas for peripheral arteriography in more than 700 .

patients at our institution has confirmed this as no evi-
dence of gas embolism has been seen.

The only patient (of the entire group of more than 700
patients undergoing CO, arteriography at the University
of Florida) who sustained a complication clearly attribut
able to CO, gas injection has been the patient reported
bﬁ:fe who developed transient ischemnic colitis. This com-
plication was likely due to trapping of a large amount of
CO, gas in a large infrarenal aortic aneurysm which then
formed a “vapor lock™ in the inferior Inesenternc arery:

CO, Anteriography 6495

" Trapped CO; gas can éiso‘ekcﬁange with tissue nitrogen

gas. potentially leading to embolization of insoluble ni-
trogen bubbles. Because of this. repeated injection of
CO, gas should not be done when trapping of CO; gas
within an aneurysm or any other part of the arterial svs-
em is observed. In addition. CO, arteriography should
not be done in patients with severe respiralory Compro-
mise unless blood gases are oblained frequently during
the procedure as patients with high arienal pCO, values
(suggesting difficulty in eliminating CO, gas) may be at
risk from this procedure.
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Fi gure 8. Left: Distal popliteal and in apop iteal a.rienog{am sing
iodinaled contrast showing apparent occlusion of a popliteal to posterior
tibial artery bypass (arrow). Right: Repeat study done with CO, gas as the
.contrast agent showing a patent graft (arrow). Flow into the graft was very
slow ciue to a distat graft stenosis which pravented demonstration of the
graft using standard wodinated contrast.

COy gas also is not used for cerebral anenography or
aortic studies above the dxaphragm in our msntunon be-

cause of the risk of neurotoxicity. In a previous ammai-

- study from the University of Florida,? mgmﬁcant peuro-

logic deficits were seen in rats after direct m_;ect;on of

CO, gas into the carotid arteries. Hxstologxc examination
of brain tissue revealed multi- focal ischemic mfarct:on
and disruption of the blood brain barrier. The quantity

of cerebral tissue infarcted roughly parallel the amount

of CO, gas injected. In contrast, Shifrin et al.** has re-
poried that injection of 3-5
. aortic arch and carotid arteries of dogs was associated
with no electroencephalographic changes during the pro-
cedure and no immediate or tong- term neurologic defi
cits. However, unti} the question of neurotoxicity of CO,
gas is resoived..injection of CO, gas in any situation in
which the cerebral circulation could be exposed to gas,
should be avoided.

As one of the principal indications for CO, anenograu.
phy is renal insufficiency. the effect on renal function of .
direct CO, gas injections into renal artedies has also been

carefully investigated in animals. Large volumes of CO,
gas were injected into the renal arteries of dogs and no
decrease in renal blood flow or renal function (as mea-
sured by.**™Tc dimurcaptosuccinic acid and 'lodine
sodium jodohippurate (Hippuran scans) was seen within
24 hours afier CO, injection (IF Hawkins. Jr. unpub-
lished data). [n addition, no microscopic changes in the
endothelium of the major renal arteries or in the glomer-
uli were seen by scanning or transmission electron mi-
croscopy when studies were done with the animal si-
pine. Only when the kidney was positioned vertically

5 cc of CO, gas/kg into the

Ann Surg - June 1983

above the injection site in three animals were ‘changes
cempatible with minimal acute tubular necrosis seen by
transmission electron microscopy. A preliminary ulira-
sound study demonstrates that if the kidney is vertically
oriented. a period of approximately 2 minutes afier in.
jection is required for CO, gas 1o clear from thecortex of
the kidney. In contrast. when the kidney is positioned
horizontally. the CO, gas completely clears from the kid-
ney in approximately 30 seconds. Because of this. our
current practice is to return the patient to a prone posi-
tion between CO. injections immediately after filming.
Thus. use of CO, gas as a contrast agent for peripheral
arteriography appears to be safe. However, for this new
type of peripheral arterial imaging to be useful. arterial
images must be of sufficient quality to allow accurate
therapeutic planning in patients with peripheral vascular
disease. Greater than 90% of CO, arterial images blindly
reviewed by two vascular Surgeons in this study were
thought to be of good or excellent quality and agreement
between results of CO, arteriograms and studies ob-
tained with todinated contrast was seen in 95% of cases.
More significant, accurate therapeutic plans were possi-

- ble tn 92% of cases. The principal drawback with the

clinical use of CQ, arteriography in this study, as in previ-
» ously reported studies from other institutions,?? was dif-
ﬁculty with i 1ma°mg of mfrapopizteal arteries, Use of the

stackmg program > has 1mproved results of mfrapoph-,_ .

. teal artery 1magmv and m contrast to 1h_e results reported
by Weaver et al

Figure 9. Aortic and renaJ CO; anencg{am showmg a severe ragm erd
arlery stenosis and what zppears 1o be a large plague on the nghl soe 7
the aona at the level of the rght renal arlery (armow). The renat A7E
stenosis was confimned during renal bypass surgery but the aomc o3
was found 1o be relalive free of disease.

xmaga ng of mfrapéphtea! arteries distal
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to significant su perficial fernoral or popliteal artery oc-
clusive disease is NOW possible in almost 70% of cases.
Further refinements with positioning and use of better
DSA equipment may further enhance these restlts.

Thus. CO- arteriography appears t0 provide good 10
excellent irnages upon which accurate therapeutic deci-
sions can be based in the greal majority of patients stud-
ied using this new modality. Because CO2 artericgraphy
is safe and essentially eliminates the risks associated wit}x
injection of either ionic or non-fonic jodinated contrast
agents. greater than 90% of patients undergoing CO, arie-
riograms benefit from the procedure. New developments
with. computer software and imaging lechniques will
fikely further improve cesults of CO, aneriography and
as CO, is a cost-effective contrast agent. the benefits of
CO, arteriography in patients with peripheral vascular
disease are significant. |
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Discussion

Dr. ROBERT B, SMITH. [1} (Atlanta, Georgia): We huve per-
formed a limited number of CO-, angiograms at Emory over the

" yeary compared with the extensive experience of Dr. Seeger

and his colieagues a1 the University of Florida. I have had the
opportunity to visit their enit and they have a most im pressive
setup. Out radiologists have observed some of the same techni-
cal problems 10 which Dr. Seeger has slluded. Compressibility
of the CO, gas leads to sudden injection of the bolus with rapid.
dissipation of the image in some patients, Anteriorly Jocated
vessels fill best requiring careful positioning of the patient and
ideally the availability of a tiltable x-ray table. Cerebral 1oxicity
is a definite risk with this method. We have had one pavent
who developed a temporary global neurclogic deficit after CO,
injection into the abdominal aorta. These relative disadvan-
1ages can be more than balanced by the obvious benefits of CO,
angiography in patients with known severe contrast allergy or
preexisting renal insufficiency. In addition, COy, is inexpensive
compared with iodinated contrast agents. Expanded applica-
tion of MR angiography perhaps supplemented by a more lb-
eral use of CO, imaging in selected patients will eventually
completely replace iodinated contrast angiography as the pre-
ferred method of study in vascular patients. In patients judged

to have unreconstructible infra-inguinal disease by CO; angiog- -

raphy. do vou routinely confirm that impression by contrast
angiography using iodinated agents before concluding that the
patient is not a candidate for revascularization? Is it feasible o
perform renal and visceral transluminal balloon angioplasty
using CO. iechnigues alone? What are 1the costs of CO: angiog-
raphy versus standard contrast studies in vour center. and also
the time required for the 1wo procedures?

Dr. WiLLLax H. EpwarDS {Nashville. Tennesseel As with
rnany other areas of new technology. it takes nol ontvaneathu-
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siastic physician but someone in the manufacturing business

with a profit in mind 10 allow the technology 10 advance, This”

obviously is not the case with Dr, Hawkins and his pioneening
efforts in CO, angiography as the €O, is faisly cheap. in his
review, Dr. Seeger went back over 27 months 10 iy to deter-
mine the efficacy of CO, angiography and on the basts of the
arteriograms that he reviewed. was able 10 make a decision in
retrospective manner as 1o therapy that might be offered. and
he found it 10 be the case in a high percentage of cases. Because
the CO, angiograms were used in a select group of patients, that
is. those that were felt 1o be sensitive to jodinated contrast or
had renal insufiiciency. 2 fairly select group. Those with iodin-
1ed contrast that were used along with the CO, angiograms did
have elevation of their serum creatinine as he indicated: how-
ever. those patients also had other procedures such as balloon
angioplasty. and intrinsic renal disease as he mentioned. With
the expanding population and the instance of renal antery oc-
clusive Jesions and renal insufficiency. techniques such as-CO;
angiography offer us a wonderful chance to perform the neces-
sary arteriograms 10 try to determine if they are lesions that we
might cotrect 1o allay the apprehensions of nephrologists. Asa
vascular surgeon who has remained active in the field of arteri-
ography. | believe the application of CO; angiography will be
best used in those patients with renal insufficiency. Hypersensi-
tivity to contrast. including bives, can usually be well con-
trolled with steroids. Benadryl. and Tagamet. The rare case of
anaphylaxis can be a major problem. [n the last 135 vears in
40.000 arteriograms we have not had a severe anaphylactic

reaction: How many timés was there a failure of a planned CO;”
angiogram requiring a conventional iodinated or nonjodinated -
contrast to replace it? In previous discussions Dr. Seeger has

afluded 1o the technical problems that can be encountered with
CO, angiography. Would he elaborate a little bit on this? Have
these technical problems been overcome and is thisa technique
that might be available 10 more centers as they become inter-
ested? He showed on one of his slides and he mentions in his
manuscript as one of the advantages of CO; angiography vessel
injuries from arteriograms. Exactly what is different in the CO,
angiogram that might allow you to make that staternent?

Dr, JaMes M. SEEGER (Closing Discussion): To deal with
the guestions about the cost of CO; arteriography compared

anr Suyeg - Jung 19€3

‘with standard contrast aneriography. the cost is basically the

same for the technical component of the procedure but the

contrast costs are different. One tank of disposable CO, gas”

costs about $20.00 2nd vou can 40 a number of studies with
this realiy. up into 40 or 50 studies. Compare that 1o the cost o
the nonionic contrast that costs $1.00 per cc and the usua!l
dosage for a standard contrast arteriogram which 1s around 20
cc of dve. and vou can see the cost differential. Do we confirm
unreconstructible discase shown by CO. aneriography Wik
contrast? In the early part of the experience with CO, anério-
grams that was a routine procedure. At this point. particularh
if it is a good study that is well shown with the addition of the
computer stacking program. our confiderice in CO, arteniogra-
phy is such that, particularly in those patients with severe renai
insufficiency. that is not done. That is further strengthened by
the comparison in this siudy to findings at surgesy in essentially
all of these patients. We commoniy explore people who look

" like they may be unreconsiructible and our intraopesative find-

ings and ‘intraoperative arteriograms showed that 1o be the
case. The second question was regarding the value of CO2 ane-
riography in renal and visceral arieriography. This is one of the
more common uses of CO; arteriography in our institution.
Renal artery studies are easy 10 gbtain with good positioning
and CO, can be used as a control for balloon angiopiasty in

" these studies. What about the faiiure of the CO, arteriograms?
‘What causes the faiiure? In generzl, it is two things. One is

motion artifact since this is the digital subtraction technigue
and when patients move, digital subtraction techniques cannot
be used. Secondly. it is the breakup of the CO, gas as it travels
distally as | showed. Stacking has helped in that and now partic-
ularly with vessels of the ankle. we are obtaining studies in
probably about 90 10 95% of cases. There suill are a few cases in
which you can not study. Interestingly. even if you do not get'a

complete study. you can markedly reduce the amount of con- -

trast that is used. In the studies in which we had to use conlzast
as well as CO,. we only had 1o use approximately 30 ccofdye
compared with the standard conirast arteriogram which r2-
Guires 200 cc. What about vessel injury? CO, can be injectad
through' very small catheters. Arieriograms are routinely per-
formed through #3 French catheters. which is the size of an
18-gauge needle or smaller. It is easier 1o do these on an oulpd-

tient basis and this potentially could reduce the risk of vesser

injury,
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