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Vena Cavography with CO2
versus with Iodinated
Contrast Material for Inferior
Vena Cava Filter Placement:
A Prospective Evaluation1
PURPOSE: To determine whether carbon dioxide (CO2) vena cavography can
safely guide the placement of inferior vena cava (IVC) filters.
MATERIALS AND METHODS: One hundred nineteen patients were prospectively
enrolled in this study. CO2 cavograms were obtained and evaluated for IVC diameter, location of renal veins, and presence of thrombus and venous anomalies. If
CO2 cavography was judged to be adequate, an IVC filter was deployed. After filter
placement, cavography was performed with iodinated contrast material; these
images were compared with the CO2 cavograms.
RESULTS: Two patients experienced mild side effects related to venous CO2
injection. Comparison of cavograms obtained with CO2 and iodinated contrast–
enhanced material showed the caval size to be within 3 mm in all 119 patients. In
116 patients (97.5%), CO2 cavography was judged to be adequate, and in 115
patients, filters were placed. In three (2.5%) patients, it was necessary to perform
iodinated contrast– enhanced cavography before filter deployment. All six cases of
venous anomaly and 11 (78.6%) of 14 cases of thrombosis were clearly identified
with CO2 cavography. One filter was maldeployed owing to misinterpretation of the
CO2 cavogram.
CONCLUSION: CO2 cavography is well tolerated, safe, and adequate for identification of the parameters necessary for filter deployment. It is especially valuable in
patients with a history of reaction to iodinated contrast material or renal insufficiency.

Safe placement of caval filters requires accurate determination of the anatomic characteristics of the inferior vena cava (IVC) and renal vein before deployment (1,2). Complete
assessment includes caval sizing, determination of the presence or absence of anatomic
anomalies, and evaluation of the patency of both the IVC and iliac veins (3). Vena
cavography has been shown to provide important information affecting filter placement
in up to 29% of patients (1–3).
Although vena cavography has traditionally been performed with use of iodinated
contrast material, carbon dioxide (CO2) has been substituted as an intravascular contrast
material in patients who are allergic to iodinated contrast material and in those with renal
insufficiency (4 –7). The use of CO2 has been described in both the arterial and the venous
systems. Venographic examples include performing CO2 wedged hepatic portography to
guide and follow up transjugular intrahepatic portosystemic shunt placement (8), venography of subclavian and brachiocephalic veins for venous occlusion (4) or for venous
catheter placement (9), and fistulography of dialysis grafts (10). With specific reference to
vena cavography, Sullivan et al (4) reported that IVC filters were successfully deployed by
using CO2 alone in seven of nine patients; however, it was unclear whether CO2 cavography enabled an accurate assessment of IVC diameter.
The purpose of this study was to determine the safety and adequacy of CO2 as a contrast
material for inferior vena cavography before IVC filter deployment. We also performed

vena cavography with iodinated contrast
material to provide a standard of reference for caval size and the presence of
anomalies or thrombus.

MATERIALS AND METHODS

Figure 1. (a) Posteroanterior DSA CO2 cavogram demonstrates both renal vein origins (arrows). (b) Posteroanterior cut-film cavogram
obtained with iodinated contrast material after
CO2 cavography– guided IVC filter placement
confirms appropriate infrarenal position of the
filter (arrow).
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All 316 patients referred for IVC filter
placement between August 1994 and
May 1997 were eligible for this study.
Patients were excluded from the study if
they (a) were unable to give consent,
(b) were known to have intracardiac
shunts, (c) had severe pulmonary compromise, (d) had non– dialysis-dependent
renal failure (creatinine level, ⱖ1.6
mg/dL [141.4 mol/L]), and (e) had a history of major reaction to intravascular
iodinated contrast material. We obtained
approval for the study from our institutional review board and written informed
consent from all patients.
A total of 119 patients (65 male, 54
female; mean age, 48.7 years; age range,
17– 89 years) were prospectively included
in this study. One hundred nineteen
(38%) of 316 IVC filters placed at our
institution during the 33-month study
period were placed in these patients. The
two main indications for filter placement
were contraindication to anticoagulation
in patients with deep venous thrombosis
or pulmonary emboli (n ⫽ 57 [47.9%])
and prophylactic treatment of patients
deemed to be at high risk for the development of deep venous thrombosis (n ⫽
38 [31.9%]). Other indications for filter
placement included the failure of conventional anticoagulation agents—that
is, the progression of deep venous thrombosis or recurrent pulmonary emboli (n ⫽
10 [8.4%]), complications from anticoagulatives (n ⫽ 9 [7.6%]), and patient
noncompliance while receiving anticoagulant regimens (n ⫽ 5 [4.2%]).
Standard venous access was obtained
through either a common femoral vein
or internal jugular vein by using the
Seldinger technique. After a 5-F pigtail or
similar catheter was positioned in the
IVC just superior to the iliac veins, posteroanterior vena cavography was performed after hand injection of approximately 60 mL of CO2 per angiographic
run. Medical-grade (99.99% pure) CO2
(Altair Medical Gases, San Ramon, Calif)
was used. A 60-mL syringe was purged of
room air three times to prevent air contamination and was then allowed to fill
with CO2 at low pressure. Rapid injection
was then performed after the angiographic catheter was primed with CO2.
Images were obtained with digital sub-

traction angiography (DSA) at a rate of
three to six images per second. If needed,
multiple runs were performed to obtain a
cavogram that was adequate for IVC filter
placement. Occasionally, the patient was
placed in the ipsilateral anterior oblique
position to help identify renal venous inflow. When needed, additional tube angulation was used to displace bowel gas
with respect to the IVC. When CO2
cavography was deemed adequate, radiographic landmarks were noted and the
caval filter was deployed (Fig 1). If CO2
cavography was considered to be inadequate for safe filter deployment, iodinated contrast material– enhanced cavography was performed. The filter was then
placed, and the study was recorded as a
CO2 cavography failure.
After caval filter placement, an iodinated contrast– enhanced cavogram was
obtained after injection of nonionic contrast material (Optiray 320; Mallinckrodt
Chemical, St Louis, Mo) at 10 –20 mL/sec
for 2 seconds. Imaging was performed
with conventional cut-film angiography
(n ⫽ 109) or DSA (n ⫽ 10). We compared
the CO2 cavograms with the contrast-enhanced cavograms, and any differences
were noted. The radiologist performing
the study completed a data sheet that
included the following: (a) number of
CO2 runs and amount of CO2 injected,
(b) location and type of venous anomaly,
(c) presence of IVC thrombosis, (d) maximum IVC diameter with both contrast
media, (e) complications related to filter
deployment, and (f) patient response to
CO2 injection. In addition, the diagnostic quality of each CO2 cavogram was
subjectively classified as superior to, inferior to, or equal to that of the corresponding iodinated contrast– enhanced cavogram. Measurements of the IVC diameter
were made with the assistance of a
known standard of reference. Early in our
study, this standard was provided by using either metallic coins taped above and
below the patient (n ⫽ 32) or a radiopaque marker placed beneath the patient (n ⫽ 25). Later, 20- and 28-mm calibrated intracaval pigtail catheters (n ⫽
62) (Cook, Bloomington, Ind) were used.
In each patient, the same standard of reference was used for both CO2 and contrast– enhanced cavographic measurements of the IVC.
Routine noninvasive monitoring of
the patient’s vital signs included electrocardiographic tracing, intermittent blood
pressure monitoring, and pulse oximetry.
Sedation and/or anesthesia was achieved
with a local anesthetic at the entry site,
with the addition of conscious sedation
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TABLE 1
Comparison of IVC Diameters
Obtained with CO2 Cavography and
Iodinated Contrast Cavography
Diameter (mm)
Technique

Mean Median Range SD

CO2 cavography 19.6
Iodinated contrast
cavography
19.9

19.0

10–29 4.1

20.0

10–31 4.1

in most instances. The patient signs and
symptoms related specifically to CO2
cavography were recorded. Those sought
included nausea, vomiting, pain, dyspnea, light-headedness, hypotension or
hypertension, and dysrhythmias.
The images were evaluated for the location and type of venous anomaly, presence of IVC thrombus, maximum IVC diameter with both contrast media, and
complications related to filter deployment.
The images were reviewed by two interventional radiology attending staff members
(M.D.K., C.C.J.) together by means of consensus.
Statistical analysis was performed by
using the paired, two-tailed Student t test
and an array correlation coefficient.

RESULTS
The access site for vena cavography and
filter deployment was most commonly
through the right common femoral vein
(n ⫽ 72 [60.5%]) or right internal jugular
vein (n ⫽ 38 [31.9%]). The left common
femoral vein (n ⫽ 8 [6.7%]) and left internal jugular vein (n ⫽ 1 [0.8%]) were
used less frequently. In three (2.5%) patients, the pathway from the initial entry
site to the IVC was either completely or
partially thrombosed, and in each of
these patients, an alternate access site
was chosen without further complication.
One hundred eighteen caval filters
were placed in the 119 patients. A Vena
Tech or LGM filter (B. Braun Medical,
Bethlehem, Pa) was placed in 58 patients
(49.2%), and a titanium Greenfield filter
(Boston Scientific/Meditech, Natick, Mass)
was placed in 56 (47.5%). In two patients
(1.7%), stainless steel “over-the-wire”
Greenfield filters (Boston Scientific/Meditech), which became available toward
the end of our study period, were placed.
In two patients (1.7%), Bird’s Nest filters
(Cook) were placed because the CO2 IVC
diameter was greater than or equal to 28
mm. In one patient, an 89-year-old man,
754
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Figure 2. Histogram shows the differences in caval measurements obtained with iodinated
contrast-enhanced cavography and CO2 cavography. Note that all differences were within ⫾3
mm. Note the tendency for the IVC diameter to be underestimated with CO2 cavography
compared with the diameter estimated with iodinated contrast– enhanced cavography (bell curve
skewed to the right).

CO2 and iodinated contrast cavographic
studies revealed IVC clot extending to
near the right atrium, and an IVC filter
was not placed.
The IVC diameter measurements obtained with CO2 and iodinated contrast–
enhanced cavography are detailed in Table 1; a histogram of the differences is
presented in Figure 2. Overall, the size of
the IVC was underestimated with CO2
cavography compared with iodinated
contrast– enhanced cavography, with an
average difference of 0.27 mm. When analyzed by using a paired, two-tailed Student t test, this difference in diameter
measurement was statistically significant
(P ⱕ .05). In 43 patients (36.1%), there
was no difference in IVC diameters obtained with CO2 and iodinated contrast–
enhanced cavography. In 86 patients
(72.3%), the diameters obtained with
CO2 and iodinated contrast– enhanced
cavography were within 1 mm of each
other. In three patients, CO2 cavography
demonstrated an IVC diameter of 28 mm
or less, whereas iodinated contrast– enhanced cavography demonstrated an
IVC diameter of more than 28 mm. In
two of these three patients, an LGM or
titanium Greenfield filter was placed and
no clinical sequelae were noted.
Partial or complete IVC thrombus was
identified at CO2 cavography in 11 patients; all of these clots were confirmed
with iodinated contrast– enhanced cavography (Fig 3). In addition, iodinated con-

trast– enhanced cavography revealed three
additional instances of IVC thrombus that
were not fully appreciated with CO2 cavography. In two of these patients, a small
thrombus was located just superior to the
IVC bifurcation on the iodinated contrast–
enhanced cavogram obtained after uncomplicated CO2 cavography and caval
filter deployment. Of note, the IVC just
superior to the iliac veins was not included on either CO2 study because the
catheter was positioned just above the
IVC bifurcation and there was no substantial CO2 reflux. In the third patient,
the CO2 study showed a small filling defect involving the lateral wall of the IVC.
After infrarenal IVC filter deployment,
the iodinated contrast– enhanced images
revealed the presence of a large clot
trapped within the deployed filter. Although this case was categorized as a CO2
failure, the origin of the IVC clot was
never determined. It may have originated
from the right common femoral vein introducer sheath or, more likely, may
have been a dislodged lower extremity
venous embolus appropriately captured
by the filter.
Anatomic IVC anomalies were demonstrated in six patients (5.0%) and included circumaortic and/or retroaortic
left renal veins and accessory renal veins
in two patients each (1.7%). One patient
(0.8%) had a partially duplicated IVC,
and one patient (0.8%) had an anomaly
that was compatible with a previously
Dewald et al

nium Greenfield filter originally placed
in the immediate infrarenal IVC after the
CO2 study was found to have one leg
protruding into the right renal vein at
iodinated contrast– enhanced cavography. Because this renal vein was not
clearly identified with CO2 cavography
alone, the filter positioning was believed
to represent a failure of the CO2 study.
Finally, there was a surprising lack of
side effects related to CO2 injection
among our study patients. One patient
had nausea with both CO2 and iodinated
contrast material, but it resolved spontaneously. One patient vomited several
minutes after the administration of CO2.
This also resolved without further treatment, and it is unclear whether this episode was truly related to the CO2 or
whether it was due to the recent intravenous administration of meperidine hydrochloride. No episodes of dyspnea,
light-headedness, induced hypotension
or hypertension, or cardiac dysrhythmias
were observed.

DISCUSSION

Figure 3. (a) Posteroanterior DSA CO2 cavogram obtained with a right internal jugular venous
approach demonstrates a large filling defect (large arrow) in the IVC just superior to the iliac
veins. This finding is compatible with IVC thrombus. The central left renal vein (arrowhead) is
well filled on this image. The right renal vein inflow (small arrow) is barely perceptible but was
well seen on sequential CO2 images. (b) Final posteroanterior cut-film iodinated contrast–
enhanced cavogram obtained after CO2 cavography– guided IVC filter placement helps confirm
the appropriate location of the filter (arrow) in the infrarenal IVC above the IVC thrombus
(arrowhead). A radiopaque ruler (scale in centimeters) was placed below the patient for position
reference while an intravascular sizing catheter (Cook) was used to measure the IVC diameter.

performed right nephrectomy. All six
anomalies were demonstrated with both
CO2 and iodinated contrast– enhanced
cavography.
Cavography with CO2 was prospectively judged to be a failure in three patients (2.5%): In two patients (1.7%),
CO2 cavography inadequately demonstrated the renal vein anatomy, and in
one (0.8%), iodinated contrast– enhanced
cavography was necessary to further define
a small suprarenal IVC. In all three patients, an IVC filter was safely placed after
iodinated contrast– enhanced cavography
was performed.
Overall, the average number of CO2
cavography DSA runs performed was 2.3
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per patient (mean, two; range, one to
eight). The maximum amount of CO2
administered to any one individual in
this study group was approximately 500
mL.
When the two cavographic examinations were compared for overall quality
and information, the CO2 cavograms
were judged to be equal to the iodinated
contrast– enhanced cavograms in 84 patients (70.6%). In 24 patients (20.2%), the
iodinated contrast– enhanced cavogram
was judged to be superior, and in 11 patients (9.2%), the CO2 study was judged
to superior.
A complication of filter deployment
occurred in one patient (0.8%). A tita-

Iodinated contrast– enhanced cavography is the standard of reference for diagnostic vena cavography as well as for
vena cavography before IVC filter placement. Although iodinated contrast material is safe and well tolerated in most patients, serious reactions have been
reported to occur in up to 0.1%– 0.2% of
patients (11), with idiosyncratic (ie, allergic) reactions complicating approximately 3% of intravascular procedures
(12). In addition, there is much controversy regarding the prevalence and severity of renal insufficiency that develops
after the intravascular administration of
iodinated contrast material (13–18). For
these reasons, attention has been directed toward alternatives for individuals
who have had a reaction to iodinated
contrast material or those with renal insufficiency. One of these alternatives is
CO2.
Because CO2 is a normal constituent of
the human body, there is no possibility
of an allergic reaction (7). Although the
use of CO2 in the arterial system has been
deemed safe (4,19 –24), more strict attention has been recommended for venous
CO2 injection (7). Concerns regarding
CO2 flooding of the right ventricle necessitate careful administration with respect
to the injected volume of CO2 and the
interval between CO2 injections. Kerns et
al (7) performed vena cavography in humans using up to 70 mL of CO2 per in-
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jection and reported that it was well tolerated, with dissolution or elimination of
CO2 in a matter of seconds. A more recent animal study revealed that although
there was an immediate and reversible
increase in the pulmonary arterial pressure after CO2 cavography, diagnostic
doses of CO2 had no substantial effect on
cardiopulmonary function regardless of
patient positioning (25). In addition,
Bendib et al (26) reported 1,600 cases
without major complication in which
200 mL of CO2 was injected intravenously for the detection of pericardial effusion. We agree with the recommendation of Kerns et al (7) that no more than
200 mL should be administered in any
one injection and suggest the use of substantially less in the case of vena cavography. Under usual conditions, diagnostic images are obtained with 60 mL or less
of CO2.
Our experience suggests that CO2
cavography is a safe procedure when performed appropriately. Episodes of transient tingling, abdominal pain, and
bowel ischemia and infarction have been
reported with CO2 use in the arterial system (7,27), and two fatalities have been
reported (28,29), although causality was
unproved, though suggestive, in both
cases (27). As to venous injections, few
adverse reports have been described in
the literature. We noted two mild reactions (nausea and/or vomiting) in our series, one of which occurred with iodinated contrast material administration as
well. The other was mild and self-limited
and may have been caused by concomitantly administered narcotic medications.
In this series, CO2 cavography adequately depicted all anatomic parameters
necessary for IVC filter placement in 94%
of patients. All of the anatomic caval
anomalies were identified with CO2 imaging.
IVC thrombus was clearly delineated
with CO2 cavography in 11 of 14 patients. The three instances of incomplete
thrombus delineation with CO2 cavography occurred early in our study. Although two of these cases were clearly
related to an incomplete IVC CO2 study,
the filter positioning and approach was
correct. The third was not clearly a failure
of the CO2 study, because the initial
thrombus was found and filter positioning appeared to be appropriate.
Overall, there were seven (5.9%) CO2
cavography failures (Table 2). This number could likely have been minimized
with stricter attention to careful positioning of the catheter and patient. Specific
756
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TABLE 2
CO2 Cavography Failures
Patient No./Age (y)/Sex

Failure Type

1/60/F

Inadequate CO2
cavogram
Inadequate CO2
cavogram
Inadequate CO2
cavogram
Missed thrombus

2/31/F
3/53/M
4/65/M
5/35/F
6/59/F
7/34/M

Explanation

Iodinated contrast cavography of IVC needed to
evaluate a small suprarenal IVC
Iodinated contrast cavography needed to fully
evaluate the renal veins
Iodinated contrast cavography needed to fully
evaluate the renal veins
The small IVC clot was located just superior to the
iliac veins at cavography
Missed thrombus Thrombus was underappreciated at CO2
cavography; iodinated contrast cavography
revealed intrafilter thrombus
Missed thrombus Incomplete CO2 cavographic evaluation of IVC just
superior to the iliac veins; IVC clot was seen with
iodinated contrast cavography
Complication
Right renal vein not well seen with CO2
cavography; one filter leg was seen in the right
renal vein with iodinated contrast cavography

attention to the IVC just superior to the
iliac veins is recommended with CO2
cavography because incomplete evaluation of this region led to nearly one-third
of our cavography failures. Patients with
incomplete IVC evaluation at CO2 cavography should undergo iodinated contrast– enhanced cavography or selective
venous imaging.
The diameter of the IVC tended to be
slightly underestimated with CO2 cavography, although in approximately threefourths of cases, the IVC diameters at
CO2 and iodinated contrast– enhanced
cavography were within 1 mm of each
other. In no instance was a size discrepancy of greater than 3 mm discovered.
This undersizing can be explained by insufficient blood displacement owing to
the buoyancy effect of CO2, with only
the anterior or non– gravity-dependent
portion of the vessel being visualized
(22). Similarly, as reported by other authors, CO2 arteriography has a slight tendency toward overestimation of stenoses
(30). Although no clinically apparent sequela of this undersizing was found in
our study, three instances were noted in
which the IVC diameter at CO2 cavography was 28 mm or less but iodinated
contrast– enhanced cavography revealed
the IVC diameter to be greater than 28
mm. Because manufacturers of only one
of the five filters with U.S. Food and Drug
Administration approval recommend
placement in instances of IVC diameters
greater than 28 mm (31), caution should
be used with caval measurements approaching this size. On the basis of our
experience, we recommend caution when
caval measurements are greater than 25
mm at CO2 cavography. In these instances,

consideration of iodinated contrast– enhanced cavography or placement of an appropriate filter for the possible large IVC is
recommended. In our study, eight patients
(6.7%) were found to have an IVC diameter of greater than 25 mm at CO2 cavography.
Finally, the overall quality of the CO2
cavograms in our study was rated as good
to excellent, with nearly 80% of CO2
cavograms having a diagnostic quality
equal or superior to that of iodinated
contrast– enhanced cavograms. Essentially
all of the remaining CO2 cavograms, even
though judged to be of lesser quality,
were believed to contain sufficient diagnostic information to allow safe caval filter placement.
Overall, we believe that CO2 is a safe
contrast material for radiography of the
vena cava, is well tolerated, and provides
sufficient diagnostic information for
vena cavography and for guiding IVC filter placement. Although appropriate for
use in almost any patient, CO2 appears to
be clearly advantageous in those with a
history of iodinated contrast material reaction or renal insufficiency. Because IVC
diameter tends to be slightly underestimated with CO2 cavography, caution is
recommended in filter selection when
the diameter of the IVC is greater than 25
mm at CO2 cavography.
References
1. Martin KD, Kempczinski RF, Fowl RJ. Are
routine inferior vena cavograms necessary before Greenfield filter placement?
Surgery 1989; 106:647– 650.
2. Mejia EA, Saroyan RM, Balkin PW, Kerstein MD. Analysis of inferior venacavography before Greenfield filter placement.
Ann Vasc Surg 1989; 3:232–235.
Dewald et al

3.

4.

5.

6.

7.

8.

9.

10.

11.

Hicks ME, Malden ES, Vesely TM, Picus D,
Darcy MD. Prospective anatomic study of
the inferior vena cava and renal veins:
comparison of selective renal venography
with cavography and relevance in filter
placement. J Vasc Interv Radiol 1995;
6:721–729.
Sullivan KL, Bonn J, Shapiro MJ, Gardiner
GA. Venography with carbon dioxide as a
contrast agent. Cardiovasc Intervent Radiol 1995; 18:141–145.
Weaver FA, Pentecost MJ, Yellin AE. Carbon dioxide digital subtraction arteriography: a pilot study. Ann Vasc Surg 1990;
4:437– 441.
Weaver FA, Pentecost MJ, Yellin AE, Davis
S, Finck E, Teitelbaum G. Clinical applications of carbon dioxide digital subtraction arteriography. J Vasc Surg 1991; 13:
266 –273.
Kerns SR, Hawkins IF, Sabatelli FW. Current status of carbon dioxide angiography. Radiol Clin North Am 1995; 33:
15–31.
Wilhelm K, Textor J, Strunk H, Brensing
KA, Schuller H, Schild H. Carbon dioxide
as a contrast medium for the new installation and follow-up of a TIPS. Rofo
Fortschr Geb Rontgenstr Neuen Bildgeb
Verfahr 1997; 166:238 –242. [German]
Hahn ST, Pfammatter T, Cho KJ. Carbon
dioxide gas as a venous contrast agent to
guide upper-arm insertion of central venous catheters. Cardiovasc Intervent Radiol 1995; 18:146 –149.
Ehrman KO, Taber TE, Gaylord GM,
Brown PB, Hage JP. Comparison of diagnostic accuracy with carbon dioxide versus iodinated contrast material in the imaging of hemodialysis access fistulas. J
Vasc Interv Radiol 1994; 5:771–775.
American College of Radiology Committee on Drugs and Contrast Media and
Commission on General and Pediatric
Radiology. Manual on contrast media.
4th ed. Reston, Va: American College of
Radiology 1998; 8.

Volume 216

䡠

Number 3

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Shehadi WH, Toniolo G. Adverse reactions to contrast media. Radiology 1980;
137:299 –302.
Levy EM, Viscoli CM, Horwitz RI. The
effect of acute renal failure on mortality:
a cohort analysis. JAMA 1996; 275:1489 –
1494.
Gomes AS, Baker JD, Martin-Paredero V,
et al. Acute renal dysfunction after major
arteriography. AJR Am J Roentgenol
1985; 145:1249 –1253.
Parfrey PS, Griffiths SM, Barrett BJ, et al.
Contrast material–induced renal failure
in patients with diabetes mellitus, renal
insufficiency, or both: a prospective controlled study. N Engl J Med 1989; 320:
143–149.
Lautin EM, Freeman NJ, Schoenfeld AH,
et al. Radiocontrast-associated renal dysfunction: incidence and risk factors. AJR
Am J Roentgenol 1991; 157:49 –58.
Miller DL, Chang R, Wells WT, Dowjat
BA, Malinosky RM, Doppman JL. Intravascular contrast media: effect of dose on
renal function. Radiology 1988; 167:607–
611.
Cruz C, Hricak H, Samhouri F, Smith RF,
Eyler WR, Levin NW. Contrast media for
angiography: effect on renal function.
Radiology 1986; 158:109 –112.
Dowling K, Kan H, Stainkin BP, Siskin GP,
Herr A, Mandell VS. Carbon dioxide renal
angiography in patients with azotemia
(abstr). J Vasc Interv Radiol 1998; 9(suppl
1):216.
Hawkins IF, Mladinich CRJ, Drane WE, et
al. Effects of CO2 angiography on renal
function (abstr). J Vasc Interv Radiol
1992; 3:6.
Oppenheimer MJ, Durant TM, Stauffer
HM, et al. In vivo visualization of intracardiac structures with gaseous carbon dioxide: cardiovascular-respiratory effects
and associated changes in blood chemistry. Am J Physiol 1956; 186:325–334.
Caridi JG, Hawkins IF. CO2 digital subtraction angiography: potential compli-

23.

24.

25.

26.

27.

28.

29.

30.

31.

cations and their prevention. J Vasc Interv Radiol 1997; 8:383–391.
Seeger JM, Self S, Harward TRS, Flynn TC,
Hawkins IF. Carbon dioxide gas as an arterial contrast agent. Ann Surg 1993; 217:
688 – 698.
Bettmann MA, D’Agostino R, Juravsky LI,
Jeffery RF, Tottle A, Goudey CP. Carbon
dioxide as an angiographic contrast
agent: a prospective randomized trial. Invest Radiol 1994; 29(suppl 2):45– 46.
Cho KJ, Mladinich CR, Cho DR, et al.
Effects of intracaval carbon dioxide on
cardiopulmonary function in swine (abstr). J Vasc Interv Radiol 1998; 9(suppl
1):169.
Bendib MBT, Toumi M, Boudjellab A.
Carboxyangiographie et carboxyangiographie elargi en cardiologie. Ann Radiol
1977; 20:673– 686.
Spinosa DJ, Matsumoto AH, Fritz Angle J,
Hagspiel KD, Hooper TN. Transient mesenteric ischemia: a complication of carbon dioxide angiography. J Vasc Interv
Radiol 1998; 9:561–564.
Rundback JH, Shah PM, Wong J, Babu SC,
Rozenblit G, Poplausky MR. Livedo reticularis, rhabdomyolysis, massive intestinal infarction, and death after carbon
dioxide arteriography. J Vasc Surg 1997;
26:337–340.
Culp WC, McCowan TC, Goertzen TC,
Habbe TG. Carbon dioxide angiography:
complications and pseudocomplications
(letter). J Vasc Interv Radiol 1999;
10:100 –101.
Denbow N, Oliva V, Soulez G, Therasse E,
Harel C, Commin A. A comparative angiographic study of carbon dioxide versus
iodinated contrast (abstr). J Vasc Interv
Radiol 1998; 9(suppl 1):167.
Hicks ME. Vena caval filters. In: Strandness DE, van Breda A, eds. Vascular diseases: surgical and interventional therapy. New York, NY: Churchill Livingstone,
1994; 1017–1044.

CO2 Vena Cavography for Inferior Vena Cava Filter Placement

䡠

757

