CO2 Renal Angiogram

Background 

Carbon dioxide (CO2) gas is used as an alternative contrast to iodinated contrast material. The gas produces negative contrast because of its low atomic number and its low density compared with the surrounding tissues. When injected into a blood vessel, carbon dioxide bubbles displace blood, allowing vascular imaging. Because of the low density of the gas, a digital subtraction angiographic technique is necessary for optimal imaging. The gas bubble can be visible on a standard radiograph and fluoroscopic image. 

Because of the lack of nephrotoxicity and allergic reactions, CO2 is increasingly used as a contrast agent for diagnostic angiography and vascular interventions in both the arterial and venous circulation. The gas is also used as a contrast agent for imaging of the nonvascular structures such as the bile duct, upper urinary tract, gastrointestinal tract, and peritoneal cavity. 

CO2 is particularly useful in patients with renal insufficiency or a history of hypersensitivity to iodinated contrast medium. CO2 should not be used as a contrast agent in the coronary and cerebral circulations because of the possibility of adverse effects secondary to a gas embolism. 

Physical properties 
CO2 is a colorless and odorless gas, and it cannot be visually distinguished from air. The incorrect application of technique may result in air contamination because (much less soluble in blood than CO2) contamination, which may result in serious complications. A thorough understanding of the unique physical properties of CO2 is necessary for safe and effective CO2 angiography. 

CO2 is approximately 20 times more soluble than oxygen. When injected into a vessel, CO2 bubbles completely dissolve within 2-3 minutes; however, if the gas is trapped in a large abdominal aneurysm, it may persist, allowing gas exchange between the CO2 and nitrogen in the blood. This exchange may result in colonic ischemia and the occlusion of the inferior mesenteric artery. Injections of CO2 should be separated by 2-3 minutes to prevent the localized accumulation of the gas bubbles, which may produce clinically a significant gas embolism, particularly in the pulmonary artery. 

CO2 is compressible during injection and expands in the vessel as it exits the catheter. Clear the fluid of the catheter by using 3 mL of CO2 before injection to reduce the explosive delivery. The explosive delivery is unlikely to cause vascular damage, but it may contribute to discomfort during the injection. The low viscosity and compressibility of the gas accounts for the greater sensitivity of CO2 as a contrast agent in detecting the source of bleeding compared with iodinated contrast material. 

CO2 is lighter than blood plasma; therefore, it floats above the blood. When injected into a large vessel such as the aorta or inferior vena cava, CO2 bubbles flow along the anterior part of the vessel with incomplete blood displacement along the posterior portion. Because of their anterior origin, the celiac and superior mesenteric arteries fill well with small volumes (<30 mL) of CO2. Filling renal arteries may require rotation of the patient with the side of the renal artery elevated above the level of the table. If the renal artery remains unfilled, catheterization of the artery and selective injection is indicated. 

The buoyancy of the gas is not a problem when the vessel to be imaged is smaller than 10 mm in diameter because the gas bubbles tend to displace the blood in greater than 80% of the lumen. Elevation of the lower extremity to 15-20° with an intra-arterial injection of 100-200 mm of nitroglycerine improves gas flow and filling of the arteries in the lower extremity. 

CO2 is approximately 400 times less viscous than iodinated contrast medium. The low viscosity permits manual gas injection with small-bore catheters between the catheter and guidewire. Doses of CO2 required for aortic imaging can be manually injected by using a 4F or 5F end-hole diagnostic catheter. The low viscosity accounts for better filling of collateral vessels in both arterial and venous occlusive disease and for portal vein after the wedged hepatic injection with CO2. 

Advantages of CO2 
CO2 is less dense than iodinated contrast medium, and the overall quality of the CO2 vascular image is slightly less than that obtained with contrast medium. Usually, multiple hand injections are required, and the radiation exposure to the operator and patient can be increased. However, CO2 has several notable advantages compared with iodinated contrast medium. 

CO2 causes no allergic reaction. Because CO2 is a natural byproduct, it has no likelihood of causing a hypersensitivity reaction. Therefore, the gas is an ideal alternative to iodinated contrast medium in patients with a history of allergic reactions. No steroid preparation is needed when CO2 is used. 

CO2 causes no renal toxicity. Experimental and clinical findings indicate that the selective injection of CO2 into the aorta or into the renal artery is safe and causes no renal injury, even in patients with diabetes or compromised renal function. Therefore, the gas is the preferred contrast agent for renal artery stent placement. 

CO2 causes no hepatic toxicity. The authors have personally used CO2 as a contrast agent for celiac, splenic, superior mesenteric, and hepatic arteriograms in patients with a variety of diseases. No incidence of hepatic parenchymal injury has occurred after the injection of CO2. 

Unlimited amounts of CO2 can be used for vascular imaging because the gas is effectively eliminated by means of respiration. However, the operator should allow sufficient time for its clearance. A minimum of 2 minutes is needed for the first CO2 dose to completely dissolved before another dose is injected. CO2 is particularly useful in patients with compromised cardiac and renal function who are undergoing complex vascular interventions.

