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Abstract

Purpose: To present a novel method of preparing carbon dioxide (CO,) for contrast enhancement. Technique: CO,
angiography can often produce poor image enhancement, especially in dependent vessels due to buoyancy of the gas.
A new technique for premixing the CO, gas with the patient’s blood and dispersing it into the bubble mixture before
injection was developed. Comparative dynamic images showed bubble-mixed CO, angiography had less fragmentation,
more even distribution, and more sustainability than the same volume of pure CO,. Conclusion: The alteration of CO,
gas toward a semiliquid form demonstrates an easy and reproducible concept to improve the dynamic image quality of

traditional CO, angiography.
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Introduction

Carbon dioxide (CO,) angiography has shown its benefit in
treating patients with chronic kidney disease (CKD) and
iodine allergy because of its lack of nephrotoxicity and
allergic reactions.! CO_’s buoyancy and solubility cause it
to fill nondependent parts of vessels and displace blood
volume rather than mixing with the blood. If the target ves-
sels are located in dependent areas, such as the lower limb,
it can be difficult to produce a good image unless selective
injection and elevated posture are used."* If the buoyancy
of CO_ overcomes the kinetic force of blood flow, a tran-
sient vapor-lock phenomenon may result, producing frag-
mented €O, images especially in distal and low-flow
arteries.” To solve those problems, we have developed a
bubble-creating €O, technique by premixing the CO, gas
with the patient’s blood before injection. The serum pro-
teins act as natural foaming agents and create a fine bubble
mixture. This alteration of CO,’s properties toward a foam-
like biological CO, contrast agent produces a CO, digital
subtraction angiogram (DSA) that is more evenly distrib-
uted without fragmentation, resembling a traditional
iodine-contrast angiogram.

Technique and Design of the Bubble
System

A handmade CO, delivery system was assembled using a
pure medical grade CO, source, gas filter, CO, reservoir
with an empty blood bag, three 3-way stopcocks, and two
20-mL syringes (Figure 1A). The whole system was kept in
closed circuit at all times, and a water-sealed deairing pro-
cedure was done at initial use to avoid any chance of air
contamination. After connecting the system to a patient’s
arterial sheath for angiography, the bubble-creating proce-
dure is carried out by (1) withdrawing the CO_ in one
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Figure I. (A) Design of a handmade bubble-mixture CO, delivery system. (B) Procedures of bubble-mixture technique.

syringe, (2) withdrawing the patient’s blood from the
angiocatheter in the other syringe, and (3) mixing the CO 5
and blood between the 2 syringes by a dozen strokes of
counterpiston motion, after which the bubble mixture of
CO, and blood is ready for injection (Figure 1B). The vol-
ume of syringes and the ratio of blood and CO_ can be
altered according to the particular field of interest. We pref-
erentially used 10 mL of CO R and 10 mL of blood for lower
extremity angiography. Heparin should be given routinely
prior to this procedure to prevent blood clotting.

All procedures were performed in a hybrid suite
equipped with the Artis Zeego (Siemens Healthcare
Sector, Forchheim, Germany). The technique is demon-
strated in an 80-year-old man with chronic renal insuffi-
ciency (CKD stage 1V), iodine contrast allergy, and a left
superficial femoral artery (SFA) lesion undergoing CO,
angiography prior to percutaneous transluminal angio-
plasty. The same amount of 20-mL pure CO, and 20-mL
bubble-mixed CO, as contrast agents were delivered for
comparison. During diagnostic angiography, the pure CO 5
subtracted images showed fragmented enhancement of the
distal SFA (Figure 2A). After the catheter was placed more
distally, the bubble-mixture technique was initiated, pro-
ducing a smooth progression of CO_ and good visualiza-
tion of the three distal tibial arteries (Figure 2B). In another
70-year-old patient at CKD stage IV, an additional iodin-
ated contrast image was added for reference (Figure 3).
The bubble-mixture CO, angiogram (Figure 3A) showed
better visualization of the posterior tibial artery compared
with the pure CO, image in the below-knee trifurcation
angiogram. A comparison series from the SFA after bal-
loon angioplasty also showed much less “fragmentation”
in the bubble-mixed CO 5 angiogram than the traditional
pure CO, image (Figure 3B).

Figure 2. Digital subtraction angiography images. (A) Pure

CO, in the proximal left superficial femoral artery (SFA) showed
fragmented enhancement due to stenosis. (B) Bubble-mixture
CO, in the distal left SFA showed good visualization of 3 tibial
arteries.

Unlike pure CO,, the bubble-mixture CO, was distrib-
uted more evenly and was sustained in the exact time frame
comparison image (Figure 4). The bubble-mixture CO,
image had lower enhancement contrast because it contained
only 10 mL of CO 5 instead of the 20 mL in the pure CO R
image. Subjectively, the smooth progression and even dis-
tribution of bubble-mixed CO R without bolus fragmentation
were much like a traditional contrast angiogram.
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Figure 3. Comparison images of iodinated contrast, pure
CO,, and bubble-mixture CO,. (A) Below-knee trifurcation
angiography showed better visualization of the posterior tibial
artery (white arrow) in bubble-mixture image than pure CO
image. (B) Femoral catheter CO2 injection showed fragmented
appearance of pure CO, image.

Discussion

The role of €O, angiography in the clinical field has
expanded and is now used in cases involving abdominal
aortic aneurysm®® because it is cheap, nonallergenic, and
not nephrotoxic. It is a versatile technique and a safe proce-
dure if managed in a trained facility.” Prospective reports of
€O, angiography in lower limbs compared with iodine-
based contrast showed inferior image quality, especially
below the popliteal level®® because of the vapor-lock phe-
nomenon in the small tibial arteries. The foaming produced
by the bubble-mixture €O, method reduces this event and,
in our preliminary study, showed benefits over pure CO X in
terms of image quality in lower extremity angiography.
However, this technique still needs to be explored in other
areas, such as aortic angiography.
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Figure 4. Exact time frame comparison of digital subtraction
angiography. (A) The 20-mL pure CO, angiogram demonstrated
bursting dynamic images that faded away quickly. (B) The 20-
mL bubble-mixture CO2 showed even distribution and more
sustained dynamic images.

The use of pure CO2 can cause serious adverse events,
such as massive bowel infarction,' but this is rare. Although
as yet unproven, the blood-mixed CO_ could be safer than
pure CO_ because it could decrease the amount of CO2 used
and the incidence of transient gas embolic events caused by
the vapor-lock phenomenon. On the other hand, air contami-
nation may come from any unlocked connector in our sys-
tem, so it is important to maintain a closed system during
manipulation. We suggest deairing the system in a water
basin at all times.

The mixture of CO_ and blood did produce less contrast
in images compared with the same volume of pure CO
because the negative density difference of CO2 was the
key component during DSA image acquisition. If image
contrast is too low for interpretation, the proportion of
CO2 to blood can be increased. In our experience, a 1:1
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blood to €O, ratio produced an optimal bubble foam mix-
ture, but the ratio can be adjusted according to the images
obtained.

According to Hawkins et al,' up to 95% of pure CO, is
delivered in the last 0.5 seconds during a 4-second CO
injection because of its compressed character. With hand
injection, it is hard to control the injection pressure. Once
the syringe pressure meets resistance, the CO, can be deliv-
ered explosively, subsequently causing massive air embo-
lism. In our experience, this explosive delivery did not
happen with the semiliquid modification. Currently, bub-
ble-mixture CO, angiography has many limitations; nota-
bly, it can be created for only hand injection instead of
power injector. Owing to our small patient experience, fur-
ther studies should be carried out to determine safety and
validity.

Conclusion

In patients with poor pure €O, angiography image quality
and noncandidates for traditional iodine contrast, this inex-
pensive and easy bubble-mixture modification could serve
as an alternative option in CO, angiography.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Hawkins IF, Caridi JG. Carbon dioxide (CO,) digital subtrac-
tion angiography: 26-year experience at the University of
Florida. Eur Radiol. 1998;8:391-402.

2. Bees NR, Beese RC, Belli AM, et al. Carbon dioxide angiog-
raphy of the lower limbs: initial experience with an automated
carbon dioxide injector. Clin Radiol. 1999;54:833—838.

3. Kerns SR, Hawkins IF Jr. Carbon dioxide digital subtraction
angiography: expanding applications and technical evolution.
AJR Am J Roentgenol. 1995;164:735-741.

4. Gahlen J, Hansmann J, Schumacher H, et al. Carbon dioxide
angiography for endovascular grafting in high-risk patients
with infrarenal abdominal aortic aneurysms. J Vasc Surg.
2001;33:646—649.

5. Chao A, Major K, Kumar SR, et al. Carbon dioxide digital sub-
traction angiography—assisted endovascular aortic aneurysm
repair in the azotemic patient. J Vasc Surg. 2007;45:451-458.

6. Criado E, Kabbani L, Cho K. Catheter-less angiography for
endovascular aortic aneurysm repair: a new application of car-
bon dioxide as a contrast agent. J Vasc Surg. 2008;48:527-534.

7. MoosJM, Ham SW, Han SM, et al. Safety of carbon dioxide digi-
tal subtraction angiography. Arch Surg. 2011;146:1428-1432.

8. Ho CF, Chern MS, Wu MH, et al. Carbon dioxide angiog-
raphy in lower limbs: a prospective comparative study with
selective iodinated contrast angiography. Kaohsiung J Med
Sci. 2003;19:599-607.

9. Madhusudhan KS, Sharma S, Srivastava DN, et al.
Comparison of intra-arterial digital subtraction angiography
using carbon dioxide by ‘home made’ delivery system and
conventional iodinated contrast media in the evaluation of
peripheral arterial occlusive disease of the lower limbs. J Med
Imaging Radiat Oncol. 2009;53:40—49.

10. Rundback JH, Shah PM, Wong J, et al. Livedo reticularis,
rhabdomyolysis, massive intestinal infarction, and death after
carbon dioxide arteriography. J Vasc Surg. 1997;26:337-340.



