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OBJECTIVE. The purpose of this study was to assess the value and [imitations of carbon
dioxide (CO5) as a contrast agent to guide vascular interventional procedures.

SUBJECTS AND METHODS. Twenty-two adults underwent 26 vascular interventional
procedures (21 arterial, five venous). We aimed to use only CO, if possible because these pa-
tients had renal insufficiency (n = 21; mean creatinine level, 2.8 mg/dl} or were allergic 1o
contrast material (n = 1). Arterial procedures performed included renal angioplasty or stent (n
= 6), iliac angioplasty or stent (r = 5}, infrainguinal angioplasty (n = 59, arterial bypass graft
angioplasty {# = 3), and thrombolysis (n = 2). Venous procedures included transjugular intra-
hepatic portosystemic shunt recanalization (n = 3), angioplasty of the venous anastomosis of a
thigh diatysis graft {n = I}, and angioplasty of the inferior vena cava {(n = 1).

RESULTS. Twenty-five of the 26 procedures were successfulty performed. Of the 26 proce-
dures, eight required no iodinated contrast material and 11 required less than or equal to 20 mi of
contrast material. CQ, proved to be inadequate for the remaining seven procedures. Iliac artery
angioplasty or stent placement required an average of 9 ml of iodinated contrast material; infrain-
guinal angioplasty required an average of 22 ml of jodinated contrast material.

CONCLUSION. CO, can be successfully used as a contrast agent in 2 variety of vaseu-
lar interventional procedures. Such procedures can usually be performed in the iliac and in-
frainguinal arteries using minimal supplemental iodinated contrast material. However, CO,

i
failed to provide satisfactory guidance in half of the intraabdominai procedures in our study.

risk of nephrotoxicity or allergic reaction.
We report our initial experience using GO 10

guide vascular interventional procedures-in
patients considered to B¢ at W

complication 1f imaged using todinated cop-
trast material. Q/
Subjects and Methods }
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Between April 1993 and September 1997, 22

enal insufficiency occurs.in 1.7-

teriography [1, 2]. Although this
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gffect is transient in most patients, this com-
phication is not benign, In a study of 16,248
inpatients who received 1V or intraarterial jn-

“ections of iodinated contrast materjal, the
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mortality before hospital discharge in 133

jents with_acuy T

trol group © atients without renal fail-
_aurg [3]. Some authors have suggested that
the risk of decreased renal function after the
administration of iodinated contrast material
correlates with the volume of the contrast
material [2, 4-6], status of renal function be-
fore the procedure [4, 5, 7-10], and presence
of diabetes mellitus [4, 6, 9, 11]. However,
other researchers have not found an associa-
tion with contrast material dose [7, 8, 12—
14), underlying renal insufficiency [2, 3, 11,
13, 14], or diabetes [5, 8, 10, 13, 141
Carbon dioxide (CO,) is an alternative in-
travascular contrast material that poses no
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patients {15 men, seven women) underwent 26 in-
terventional procedures in which CO; was used as
the initial intravascular contrast agent for guid-
ance; we intended to use only CO; for contrast
material if possible. These patieats were retrospec-
tively identified by computer search of the radiol-
ogy depariment records at our institution. The
average age of the patieats was 67 years (range,
4186 years). The contraindication for use of iodi-
nated contrast material was renal insufficiency in 21
patients who were rot undergoing hemodialysis. Re-
nal insufficiency was defined as a serum creatinine
level of at least 1.7 mg/di. The mean serum creai-
nine level of these patients before the procedure was
2.8 mg/dl {median, 2.7 mg/dk; range, 1.7-7.3 mg/d).

e remaining patient previously had a severe reac-
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tion to jodinated contrast material and was under
going hemodialysis, Seven (32%) of the 22
patients had diabetes meilitus,
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Arterial Interventions | L

Twenty-one arterial interventionai procedures
were performed in 18 patients, including stent
placement in the iliac artery (n = 4) {Fig, 1), stent
placerment in the renal artery (n.= 3), angioplasty
of the renal artery (12 = 3), angioplasty of a femo-
ropopliteal artery (n = 3), angioplasty of an in-
frainguinal vein byPass graft (n = 3) (Fig. 2),
angioplasty of an infrapopliteal arféﬁrw {n=2), ini-
tiation of thrombolysis in a bypass grafi {# = 2).
and angiopiasty of an iliac artery {n = 1}, On& pa-
tieat underwent angioplasty of a new vein graft
stenosis 6 months after angioplasty of a different
stenosis in the same bypass graft: these procedures
are listed separately above. Another patient under-
went thrombelysis of a vein bypass graft, anteriog-
raphy afler urokinase infusion in conjunction with
angioplasty of several vein bypass graft stenoses,
and stent placement in the contralateral iltac artery
over 2 days; these are listed above as three sepa-
rate procedures. Multiple Iesions within one arte-
rial segment were also treated during the same
procedure in the patient who underwens angio-
plasty of the iliac artery, in a patient who under-
went angioplasty of the femoropopliteal arteries,
and in the two patients who underwent angioplasty
of infrapopliteal arteries.

Fourteen patients had previgus diagnostic stud-
fes that showed stenoses greater than or equal to
50% of the cross-sectional diameter of the vessel,
These studies included eight MR arteriograms,
three arteriograms using iodinated ‘contrast mate-
rial, three Doppler sonographic examinations, and
one arteriogram using CO; as contrast material.
The three patients who underwent diagrostic arte-
riography with iodinated contrast material experi-
enced increases in serum creatinine levels from
200 5.9, from 2.3 1o 27, and from 1.2 1o 1.6
mg/dl, respectively. The serum creatinine level To-
turned 10 near baseline before the interventional
procedure in the first two patieats, whereas the
third had 2 progressive stight increase in serum
creatinine level. In the four patients without previ-
ous diagnostic examinations and in those patients
with MR angiograms or sonographic examina-
tions, arteriography using CO, was performed be-
fore the interventional procedure to confirm that
the diameter of the stenosis was more than 50% of
the vessel diameter.

Fifteer: lower extremity interventional procedures
were performed in 13 limbs of 12 patients. The indi-
cations included nonhealing ischemic foot wcers in
eight limbs, graft thrombosis with rest pain in two,
half-bicck claudication in one, rest pain in one, and
two different stenoses in a vein graft detected on
separate $onographic surveillance examinations in
an asymptomatic patient. The patient who under-
went three separate arterial interventional proce-
dures had rest pain attributed to wvein graft
thrombosts in the left leg and a nonhealing ischemic
uicer on the right foot. Six unilateral angioplasties,
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stent placement proceduses, or both in the renat ar-
teries were performed for pootly controlled hyper-
tension and progressive reral insufficiency.

T e

Venous Interventions =5 i

R

Five interventional procedures were performed in
the vencus systems of four patients. Three procedures
were done after transjugular intrahepatic portosys-
temic shunt (TIPS} placement in two patients, One
patient underwent angioplasty of a hepatic vein. An-
other patient underwent thrombolysis, thrombectomy,
and angioplasty of the shunt after Doppler sonogta-
phy showed shunt occlusion, This same patient later
underwent thrombolysis and steat placement in the
shunt. Two TIPS revisions were performed without
diagnestic imaging studies because of the reaccumu-
tation of ascites. Transiugular transshung portography
was performed during these three procedures using
€0y as contrast material initialfy.

The two additional venous procedures were an-
gioplasty of the inferior vena cava in a patient 21
months after an orthctopic liver wansplant and an-
gioplasty of the venous anastomosis of a thigh dialy-
sis graft in a patient who had not taken an oral
steroid preparation because of a previous severe re-
action to todinated contrast material. The patient
who underwenr angioplasty of the inferior vena cava
had diagnostic sonographic and MR examinations
that showed occlusion of the intrahepatic inferior
vena cava. The patient who underwent angioplasty

of a dialysis graft had a fistulogram after an intraop-
erative graft thrombectomy. Both patients under-
went diaghostic studies using CO, before the
interventional procedure was performed.

Techniques

Using instrument-grade CO,, which is 99.99%
pure. angiography was performed using rapid hand-
injections of the gas, A 60-mi syringe was used for
aortography, venacavogfifﬁﬁy:)r portal venography;
ard a 20-ml syringe was nsed for selective pelvic,
lower e;tae?nqiiy. or renal arteriography. To prevent air
contamination, the syringes were filled with COy ina
sterile fashion through a stopeock ané were purged
three times each before they were finally filled with
€Oy and the stopeock closed. The time between fll-
ing the syringes and injecting the gas was minimized

1o prevent diffusion. The catheter was initially primed
with COy to limit the explosive delivery of the gas,

Images were acquired using digital subtraction tech-
nique on & DPS 4190 Plus system/Version 11E
{ADAC Eaboratories. Milpitas, CA) at a rate of three
or four images per sccond on a 512 x 512 marix, In
most cases. 2 5-French sizing pigtail or straight cathe-
ter (Cook. Bicomingion. IN} was used ¢ calcutate
the diameter of the treated antery. Six patients had
prior conventional arteriograms or caleifications in
the arterial wall visible on a scout radiograph, which
were used 10 determing the diameter of the treated
segment, In the three patients undergoing TIPS revi-

Fig. 1~75-year-old man who presented with diminished right common femoral artery pulse, ankle-brachiaf in-
dex 5f9.51, and nenhealing ulcer on right foot, Serum creatinine fevel was 2.9 mg/dl.

A, Arteriogram obtained with carbon dioxide {CO4) a5 contrast agent shows short 80-90% stenasis {straight arrowd of
distal right commen Hliac artery, Sizing pigtail catheter (curved arrowd was used to determine vessel diameter,

B, Arteriogram obtained with £0; as contrast agent after suceessiul deployment of Paimaz 2905 stent [Johnson and

Johnson, Warren, NJ} {arrows) across stenosis, which was focalized usi

g only CC, as contrast agent Placernent of stent

was successful no translesional pressure gracient at rest or with distat augmentation using infraarteriai nitroglycerin was
found. After sheath removal, patient had strong pulse in right common femeral artery. Foot ulcer subsequentiy heafed.
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sion and in the patient undergoing angioplasty of the
dialysis graft, the diameters of the indwelling Wall-
stents (Schneider, Minneapolis, MN) and dialysis
graft were known. Angioplasty of the inferior vena
cava was performed using a bifloon thas was smaller
than the estimated dizmeter of the cestral inferior
vena cava, In all other patients, an angioplasty balloon
or stent was selected that appropriately matched the
diameter of the normal vessel adjacent to the lesion.

Eight patients underwent stent placement. Six of
these patients had arterial placerment of a Palmaz bal-
loon expandable sient (Cordis; Johnson and Johnsos,
Warren, NJ). A Wallstent was used in one patient in
whom a Faimaz stent could not be advanced info a
renal artery origin. One patient undergoing revision
of a TIPS required placement of an additional Walj-
stent; no other stents were placed in patients undergo-
ing venous interventional procedures.

Lesions were localized using skelew! land-
marks, vascular calcifications, or metal markers
placed during fluoroscopically guided irjections of
CO; or iodinated contrast material. Arteriography
was performed after each interventional procedure
using COy or jodinated contrast material. The goal
was 10 use CO, as much as possibie and to mini-
mize the use of iodinated contrast material. jodi-
nated contrast material was substituted for CO, if
the physician performing the procedure felt that the
lesion could not be localized before the interven-
tional procedure or that the success or failure of the
procedure could not be determined using COa.
Measuremenis of simultaneous pressure, pullback
pressure, or both across the treated segment were
obtained after nine arterial procedures: stent place-
ment in an iliac artery (n = 4}, stent placement in a
renal artery (n = 2}, angioplasty of an iiac artery
(n = 1), angioplasty of a renal artery {n = 1}, and
angioplasty of a vein bypass graft (n = 1), Pressure
measurerments were also obtained in all venous in-
terventional procedures except in the patient under-
going angioplasty of the inferior vena cava, -

Follow-Up

Serum creatinine levels were measured after | or
2 days after 21 procedures. Multiple serum creaii-
nine levels were measured for more than 2 days after
19 of these procedures. Serum creatinine levels were
rot measured after five procedures performed with
only CO,; one of these patients was already regu-
larly undergoing hemodialysis. A 25% increase in
serum creatinine 1o a level of at least 2 mg/di was
considered significant after the administration of io-
<inated congrast material {31 Hospital and physician
office records were reviewed to assess for sequefae
of these procedures. Patients were monitored clini-
caily until stenosis or occiusion at the intervention
site recurred or untit death.

Analysis

The patients were retrospectively divided into
three groups 1o assess the adequacy of CO; to
gunle vascular interventional procedures. The three
groups included patients in whom no iodirated
contrast material was required to adequately per-
form the procedure, in whom less than or equal o
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20 ml of full-strength equivalent {76% iodine con-
Eémtion) contrast material was required, and in
whom maore than 20 m! of full-strength equivalent
contrast material was required. When difuted con-
trast material was injected. the volume was reduced
for the sake of comparison with the equivalent
amount of 76% jodine contrast material. The vol-
ume of contrast material was calculated to include
the injections botk for imaging and for fluoroscopic
observation. In one patient, two iniraarterial hand
injections (<20 ml) of diluted gadopentetats dime-
glumine (Magnevist; Berlex Tmaging, Wayne, NJ}
were substituted for iodinated contrast material af-
ter angioplasty of the renal artery [13]. The mean
volumes of todinated contrast material adminis-
tered during angioplasty or stent placement of a re-
nal artery, angioplasty or stent placemnent of an iftac
artery. angioplasty of an infrainguinal artery, and
angiopiasty of a bypass graft were calculated.

Results

Twenty-five (96%) of 26 interventional pro-
cedures were technically successful. Success
was defined as a residual stenosis of less than
or equal to 30% and no significant pressure
gradient, if measured. A significant pressure
gradient was considered to be less than or
equal to a resting systolic gradient of 10 mm
Hg in the arterial system and a portosystemic
gradient of fess than or equal to 12 mm Hg in
patienss undergoing TIPS revisions.

e

Y
29

Eight (31%) of 26 procedures were per-
formed without using iodinated contrast mate-
rial: stent placement in an iliac artery (n = 4),
angioplasty of a renal artery (n = 1), angio-
plasty of several lesions in the superficial fem-
oral and popliteal arteries {n = 1), angioplasty
of a vein graft {n = 1), and angioplasty of a di-
alysis graft (n = 1). In seven procedures (27%),
€O, was the only contrast agent administered.
The patient undergoing angioplasty of the re-
nal artery had a small amount of gadopentetate
dimeglumine injected.

Eleven (42%) of 26 procedures were per-
formed using less than or equal to 20 m] of
full-strength equivalent iodinated contrast
material; stent placement in a renal artery
(n = 2), angioplasty of a femoropopliteal ar-
tery {n = 2}, initiation of bypass graft throm-
bolysis (n = 2), angioplasty of a vein bypass
graft (n = 2), angioplasty of infrapopliteal ar-
teries (n = 1), recanalization of a TIPS {n= 1),
and angioplasty of the inferior vena cava (n= 1),
The range of full-strength equivalent iodinated
contrast material administered was 5-20 ml,
with a mean and median of 14 mi. lodinated
contrast material injections were administered
to confirm appropriate positioning before vas-
cular intervention or to improve the quality of
angiography after the procedure.

B

Fig. 2.--B6-year-oid man who had previously undergone renal transplantation had surveillance Doppler sono-
graphic examination: (not shewn} shewing significant stenosis in proximal aspact of eft commen femoral to pos-
terior tibial artery vein bypass graft, He was asymptomatic, and serum creatinine levet was 1.3 mg/dl.

A, Arteriogram obtained with carbon dioxide {C05) as contrast agent shows short 70-80% stenosis {arrow] in
vein graft eorresponding to abnormality detected by sonography.

B, Arteriogram using CO; as contrast agent obsained after anglopiesty shows good result (arrowd. No transle-
sional pressure gradient was present. £0; was used for alf locatization and imaging.
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Seven (27%) of 26 procedures required
more than 20 ml of full-strength equivalent
iodinated contrast material: revision of a
TIPS (n = 2), angioplasty of a renal artery (n
= 2), stent placement in a renal artery (n= 1),
angioplasty of separate common and exter-
nal iliac artery stenoses (n = 1), and angio-
plasty of infrapopliteal arteries (# = 1). The
range of todinated contrast material adminis-
tered was 35-350 mi, with a mean of 120 ml
and a median of 80 ml.

Five (50%) of the 10 intraabdominal proce-
dures required more than 20 ml of iodinated
contrast material, whereas only two ( 13%}) of
the 16 extraabdominal procedures required
more than 20 ml of iodinated contrast material
(p = 051}. The average volume of iodinated
contrast material administered for the six an-
gioplasty or stent procedures in a renal artery
was 107 ml. In comparison, a mean of 215 ml
of iodinated contrast material was required for
¥ angioplasty or stent placement in the renal ar-
tery in patients at our institution over the past 2

b

¢, years when CO, was not used. In this study, an

average of Y ml of iodinated contrast material
~was required for the five angioplasty or stent
procedures of the iliac arteries, and an average
of 22 mi was required for the eight angioplas-
ties of infrainguinal arteries (including vein
bypass graft). When the two angioplasties of
infrapopliteal arteries are excluded, an average
of only 10 ml of jodinated contrast material
was required for the angioplasties of the femo-
ropopliteal arteries and the bypass grafts. Our
average contrast material volumes for arterial
interventions in the iliac or infrainguinal arter-
ies of patients without compromised renal
funciion cannot be compared with these resulis
because these procedures are usually accom-
panied by complete diagnostic arteriography.
After I8 procedures in which iodinated con-
trast material was administered, three patients
had a significant increase in serum creatinine
levels; two of these patients were diabetic. One
patient who received 15 ml of iodinated con-
trast material had a 0.7 mg/dl increase in se-
rum  creatinine level (30% greater than
baseline). The level returned to baseline within
a week. Two patients who received 45 and 350
ml of iodinated contrast materiai, respectively,
had increases in their respective serumn creati-
nine levels of 0.8 mg/dl (42%) and 1.8 mg/dl
(35%). The first patient had partial recovery of
renal function. The serum creatinine level of
the other patient remained elevated, but to date
this patient has not required dialysis. No pa-
tient had any other apparent reason for renal
compromise such as hypotensive event, sepsis,
cholesterol embolization, or administration of
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aminoglycosides or additional icdinated con-
trast material,

Eleven (61%) of 18 patients had a slight de-
crease in thefr serum creatinine levels after the
administration of jodinated contrast materiai.
Three patients had stable serum creatinine Jev-
els. One patient who received 15 ml of iodi-
nated contrast material had an increase of 0.4
mg/dl (24%) in serum creatinine level, which
returned to baseline after 1 week,

Complications

One procedure was not successful, Angio-
plasty was successfully performed for stenoses
in the tibioperoneal trunk and proximal pero-
neal artery. However, angioplasty of an addi-
tional stenosis in the mid peroneal artery
produced a 2-cm-Jong occlusion. Intraarterial
urokinase was infused for several hours, bat
progressive pericatheter thrombosis occurred in
the peroneal artery despite systemic anticoagu-
lation. The patient was not considered a candi-
date for prolonged thrombolysis. The foot was
not threatened, and a bypass graft to the dorsa-
lis pedis artery was performed 1 week tater for
the nonhealing ulcer. This complication was
not considered attributable to the use of CO;,.

A patient who underwent diagnostic pelvic
and lower extremity arteriography using CO, be-
fore angioplasty of the superficial femoral artery
experienced abdominal pain several hours later.
Mesenteric arteriography using iodinated con-
trast material showed two small filling defects
representing emboli or intimal injuries in the
proximal Jeft colic_artery. The patient’s symp-
toms resolved after systemic anticoagulation; no
sequelae ocourred, ard the serum creatinine level
did not increase after arteriography using iodi-
nated contrast material. During attempts to selec-
tively catheterize the left common iliac artery
without injecting iodinated contrast material, the
guidewire was inadvertently advanced into the
inferior mesenteric artery several times, which
presumably caused this complication. This com-
plication may have been prevented with the use
of iodinated contrast material.

Another patient had a decrease from 30 1o
0 mm Hg in the systolic translesional gradi-
ent after angioplasty of a renal artery. The
angioplasty site appeared patent using CO,
and gadopentetate dimeglumine, and the pro-
cedure was considered successful based on
the pressure measurements. Because this pa-
tient had a continuing increase in serum cre-
atinine level from 3.9 mg/dl to 6.3 mg/dl,
conventional arteriography using iodinated
conlrast material was performed 4 days later.
This showed a large intimal fap at the angio-
plasty site and a short occlusion near the ori-

gin of the contralateral renal artery that was
not identified previously using CO;, aortog-
raphy. Bilateral renal artery Palmaz stent
placement was performed; pressure mea-
surements were not repeated across the an-
gioplasty site before stent placement. This
patient required hemodialysis for 7 months
after the procedure. Dialysis was not neces-
sary over the following 9 months, but be-
cause of progressive renal failure, this patient
now requires dialysis again,

After antegrade punciure for angioplasty
of the superficial femoral artery, a smafl
pseudoaneurysm of the distal external iliac
artery developed in one patient. This compli-
cation was not considered to be related to the
_use of CO, and was successfully treated by
sonographically guided compression.

Follow-Up

Because a variety of procedures were per-
formed on a heterogeneous group of patients,
overali patency data are not reported. Follow-
up of 20 patients ranged from 7 days to 54
months (mean, 9 months; median, 6 months)
from the time of their last procedure.

In 10 of 12 patients who underwent pe-
ripheral arterial interventional procedures,
follow-up ranged from 7 days to 13 months
{mean, 5 months; median, 3 months). Four
patients are currently asymptomatic. One pa-
tient died of multiorgan system failure un-
refated to the interventional procedure.,
Because their symptoms recurred or pro-
gressed, two patients underwent a bypass
graft and two patients had an amputation.
Two of these patients died postoperatively,
and the other two were subsequently lost to
follow-up and likely also died, Both patients
who had andergone angioplasty of a vein by-
pass graft were monitored using Doppler
sonography and arteriography. The angio-
plasty site was patent in one patient after 6
menths. In the other patient, stenosis of the
vein graft angioplasty sites recurred, but the
contralateral iliac artery stent was patent; the
patient died shortly thereafter of congestive
heart failure, No other imaging was per-
formed of these intervention sites.

Six of six patients who underwent renal ar-
tery interventional procedures are alive a mean
of 7.5 months (median, 6 months; range, 1-16
monihs) after the procedures, None have expe-
rienced worsening of hypertension; although
all still require medication for blood pressure
control, dosages were decreased. Four have
never required dialysis. One patient required
dialysis for 7 months after angioplasty and
subsequent placement of bilateral renal artery
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stents using iodinated contrast material. An-
other patient began dialysis 5 months after
stent placement in a renal artery, although arte-
riography with pressure measurements con-
firmed stent patency. No other renal artery
imaging was performed in these patients.

The patient who underwent two TIPS revi-
sions died of sepsis and hepatorenal failure 3
months after the second procedure. Doppler
sonography performed a few days before this
patient’s death showed that the TIPS was

Carben Dioxide as a Contrast Agent

atients rebral ar-
teries. Three of these patiel ]

reflux of CO, into a vertebral

et extremity dialysis graft during outflow oc:

clusion to visualize the arterial anastomosis [17,
"TI[ ihereTore, we do ot perform arterial GOy
injections above the diaphragm. A recent case
féport attributes livedo reticularis, thabdomyol-

ysis, massive miestnal itarction, and death to
-0 areriography In one pafient without patho-
Togic confirmation of atheroemboli [23]. To our

patent. In the other patient who underwent A~ faowledEe, This complication has not been re-

TIPS revision, Doppler sonography showed a
patent shunt; this patient has not had a recur-
rence of ascites 15 months after the proce-
dure. The patient who underwent angioplasty
of a thigh dialysis graft had a recurrent
venous anastomnotic stenosis 4 months later
that was successfully treated by angioplasty
using nonionic iodinated contrast material af-
ter an oral steroid preparation. The patient
who underwent angioplasty of the inferior
vena cava had no symptoms of ascites or leg
swelling 54 months after the procedure.

Discussion

When CQ, is used as a contrast agent for dig-
ital imaging, the blood in a vessel is displaced by
this gas; iodinated contrast material, on the other
hand, mixes with the blood [16]. No risk of al-
lergy or renal toxicity from CQ; is known [16],
and it is inexpensive {17]. Large quantities may
be injected in boluses of up to 60 ml each {16].
CQ, is dissolved in blood almost 23 times faster

than oxygen at 35°C [18, 19], and it is elimi-
nated by the lungs 1 a SITZIE pass. Because the

gas is buoyant, imaging may be improved by
moving vessels of interest into nondependent lo-
cations. For example, filling of a renal artery
may be improved by elevating the side of inter-
est 5o that the gas rises into that vessel. Likewise,
the legs may be elevated to improve flow of the
gas into the distal arteries {16, 20, 21]. In our ex-
perience, vessel opacification with CO; is often
poor distal 1o an arterial occlusion.
Complications resuiting from intravascular
CO, injection are rare. They often relate to air
contamination of the CO, or inadvertent deliv-
ery of a large volume of gas [ 17], However, sev-
eral complications from CO, use for
angiography have been described. In supine pa-
tients, the gas may be mapped anteriorly in an
abdominal zorfic aneurysm. This can result in
the nondependent infertor mesenteric artery fill-

~~—ing-with-COx-which can produce stasis and is-

chemia [17]xSeizures,-loss. of consciousness,

brief respiratory arrest, or some combinatio
ese complications have been described in four
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ported by others...

The literature describing CO, use in inter-
ventional procedures is limited. The use of
CO, as a contrast agent has been described
for venacavography before filter placement
[16, 24] and for fluoroscopic guidance dur-
ing placement of peripherally inserted cen-
tral catheters [253, 26]. Rees et al. {27] have
performed three TIPS procedures using only
CO,, and several authors describe angiogra-
phy using CO, to guide angioplasties of the
renal, iliac, or femoropopliteal arteries [16,
20, 21, 28-30]. Frankhouse et al. [31] re-
ported findings similar to those of this study
in 26 patients undergoing angioplasty of the
renal, iliac, femoropopliteal, or infrapopliteal
arteries. Eight procedures were performed
using only CO,, whereas 19 required supple-
mentation with a mean of 39 ml of iodinated
contrast material. Twenty-five (93%) of these
27 procedures were technically successful,
and a transient increase in serum creatinine
level was found in only two patients, who

" had received 60 and 70 mi} of iodinated con-

trast material, respectively.

As our famniliarity with CO, delivery and our
confidence regarding image interpretation in-
creased, we began to use CO, more frequently
for diagnostic and interventional procedures in
patients with azotemia or previous severe reac-
tion to iodinated contrast material, Twenty-three
(88%) of these 26 procedures were performed
within the last 2 years of the 4.5-year study pe-
tiod. In 19 (73%) of 26 cases, the interventional
procedure was successfully guided using CO,
and a small amount of iodinated contrast mate-
rial if necessary. Todinated contrast material was
used to confirm lesion location before interven-
tion and to improve contrast resolution for bet-
ter digital imaging after the procedure. CO, use
aflowed angioplasty or stent placement in an il-
tac artery and angioplasty of an infrainguinal ar-
tery or bypass graft to be performed using
minimal amounts of iodinated contrast material,

Five of the seven procedures that required

more than 20 ml of iodinated contrast material

were intraabdominal. CO, visualization

was limited by overlying bowe] ira-
tory mioton auring maging for lesi iza-

_tion. IV glucagon (EH Lilly, Indianapolis, IN)
injections may be helpful to.zeduce t

ns may be b uce bowel gas
artifacts. The inability to rapidly deliver a large
bolus of CO, by hand injection into the aorta or
portal vein may also have contributed 1o inade-
quate imaging before or after these interven-
tional procedures. The commercial availability
of a €O, injector may improve image quality
and thereby further reduce the amount of iodi-
nated contrast materiai required. Improved dig-
ital imaging systems with faster acquisition and
1024 % 1024 matrix may also enable better vi-
sualization of CO, in the abdomen. CO, an-
giography as described in this report may
decrease the volume of iodinated contrast ma-
terial necessary to perform renal artery inter-
ventional procedures, but haif of these patients
required substantial doses of contrast material.
Controversy exists regarding the risk factors
for diminished renal function after the adminis-
tration of iodinated contrast material [2-14].
Some authors have shown that the incidence and
severity of renal insufficiency after iodinated
contrast material administration are related o
how much contrast material is usex and to de-
gree of renal compromise before the procedure
[2, 4-10]. Because of the small number of pa-
tiertts in this study, we cannot show that the inci-
dence of azotemia was reduced as a result of
using CO, instead of iodinated contrast material.
In conclusion, this study shows that CO,
may replace iodinated contrast material to guide
vascular interventional procedures in patients
with azotemia or previous severe reaction to
contrast material. Seventy-three percent of pro-
cedures were successfully performed with no
more than 20 mf of iodinated contrast material.
CO, guidance was particularly usefu] for limit-
ing the dose of iodinated contrast material in
interventional procedures in the iliac and in-
frainguinal arteries. CO, use can decrease the
vohume of iodinated contrast material required
for some intraabdominal procedures, but made-
quate visualization with CO, required substan-
tial doses of iodinated contrast material in half
of the intraabdominal procedures in this study.
Improvements in CO, delivery systems may
further reduce the amount of iodinated contrast
material needed for these procedures.
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