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Venous Apphcatxons of COZ (Chmcal and Expemmemal)

| Kyung J. Cbo, MD

CO, Guided PICC Placement

Placement of central venous catheters allows for long-
term treatment with antibiotics, chemotherapeutic agents,
nutrition and hemodialysis. The upper-arm venous
access is commonly chosen for insertion of peripherally
inserted central catheters (PICC). The procedure
involves puncture of the basilic vein in the upper arm
under fluoroscopic guidance during the peripheral
injection of nonionic contrast material or venipuncture
under ultrasonic guidance. With peripheral injection,
CO; consistently fills the arm veins, allowing for

venipuncture under fluoroscopy. Filling of the rarget vein

with CO; is good to excellent in 88% of patients. Using

this techmque, PICCs can be successﬁdiy placed in over

90% of p: patxents. “There have bech no mstances of

significant changes in vital signs and oxygen saturation
during or after injection of CO, for central venous access

Smia i

_mL to 300 mL} as compared to 27 mL of nonionic
_contrast medium (range, 8 mL to 120 mL). When

multzple upper-arm punctures are ma&e cix.rmg PICC

placement, extravasation of xodmatcd contrast “material

from the puncture holes may obscure the target veir,

making subsequcnt punctures difficult. However,

extravasation is not a problem with CO, as the gas passes
through the puncture s s1tes CO; is a vidble alternative
contrast medium in patients with renal insufficiency and

contrast allergy.

CO, Venography to Guide
Hickman Placement

The safety and efficacy of Hickman cacheters in
bone marrow transplant recipients, chemotherapy
patients, and those requiring long-term parenteral
nutrition have been well documented. Because of its

demonstrated safety and cost effectiveness, fluoroscopic

guidance has been used for Hickman catheter placement
with increasing frequency. The image-guided technique
usually employs peripheral injections of contrast
medium to evaluate patency of the subclavian vein and
to opacify the vein for puncture. We currently use
carbon dioxide (CO,) gas as an alternative contrast
agent for digital subtraction subclavian venography and
image guidance for venipuncture. Digital subtraction
subclavian venography is performed in a 120 to 150
craniocaudal angled view with the peripheral injection
of CO,. The reference image of the digital subtraction

CO, venogram is used as guidance for venipuncture.

CO, Venacavography Before
Filter Placement
Contrast venacavography is usually performed prior

to filter placement to document caval patency, to identify
the level of renal veins and to exclude caval anomaly. We
currently use CO, as a contrast agent for venacavography
before filter placement in patients with renal failure or
history of allergic reaction to iodinated contrast medium
(Figure 1). ng cavographzis performed with injection

of 30 cc to 50 cc of C02 usmg a plgtaii catheter in the

o i

FIGURE 1
CO, VENACAVOGRAM GREENFIELD FILTER
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supine and left anterior oblique projections. If CO, fails
to visualize the renal veins, the renal veins are
catheterized using a cobra-shaped or shepherd hook
catheter, and injected with CO, for DSA.

CO, Wedge Hepatic Venography
CO, wedge hepatic venogram is an excellent means
of opacifying the portal vein and poreasystemic
collaterals in patients with cirthosis and portal
hypertension. The technique is commonly used to
guide portal vein puncture during TIPS procedure
(Figure 2). The method is also useful for the diagnosis
of portal vein occlusion. CO, can visualize the portal
vein in 96% of cases whereas the portal vein will not be
seen if the portal blood is hepatopetal. If wedged
hepatic injection of CO, fails to fill the portal vein,
CQ, can be injected into the liver parenchyma for
visualization of the portal vein. Quranimal studies
have shown that intraparenchymal injection of CO, in
—mup to 100 mL/sec causes no capsuf“’“t??"ar B
mgei)aafhcmom”‘ﬁ“hmnated contrast
material, CO, has Begw shiown to flow against the blood

flow in the portal vein secondary to buoyancy. This is.

paiticulady useful during direct portagraphy in the

patient with-hepatofugal portal flow; the portal vein can

_be filled with injection of CO, into the splenic vein in
_patients with reversed portal blood flow. However, the
tendency of CO, flow independent of blood flow may

make evaluation of portal hemedynamics difficult.

Trans-splenic CO, Portography

Conventional splenoportography using an 18-gauge
needle with a Teflon sheath is infrequently used because
of the risk of bleeding following the examination.
Recently Dr. Hawkins performed CO, splenoportog-
raphy in two pediatric patients using 25-gauge needle
for the evaluarion of portal vein patency and a distal
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FIGURE 2
CO, WEDGE HEPATIC VENOGRAM

splenorenal shunt. An experimental study in swine
demonstrated that (WTS of' t MmL/ sec

At

can be injected into the spleen without producing

s AL R bt s,

capsuiar tear or intrasplenic hematoma._
WW

Other Applications

CO, has been used as a venous contrast agent for
the evaluation of malfunctioning central venous
catheters, ports and dialysis fistula.
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In the 1950s, the primary applications of CO, asa
M

venous contrast agent were in the study of the central
mart anci pencarcilal cffusion. COZ_»W
“Carrently used as_an arterial and venous contrast agent

_for avariety of dxagnosﬂc and interventional “procedures,
however, htde data are available of its effects on

cardiopulmonary function. The objectives of this

“presentation are 171) examine the cardiopulmonary
effects of venous injection of CO.; 2} evaluate the
available monitoring systems for early diagnosis of venous
gas embolism; and 3) describe the clinical applications of
CO, venography.

Effects of Carbon Dioxide on
Cardiopulmonary Function

The effects of intravenous injection of CO, on

cardiopulmonary fupction were studied in swine. to assess

_its safety as a venous contrast agent. Pulmonary arterial

. g_ngijlstgnﬂg)d pressure, CVB $20,, pO,, and
PCO,, and blood pH were recorded prior to and 1, 3,5
and 10 minutes after i er increasing smgie doses of COZ h

_(0 2 cclkg 10 6.4 cc/kg) Hemodynamxc and ventilatory

response to CO, and time required to reach the maxima!

response, and return to the control level were recorded.

The animals survived following injections of CO, in

amounts of up to 6.4 ccrkg. MS&W
pulmonary arterial pressure, rzsmg 10 to 15 seconds after

=nic§_g9n0£C02Lgeach1ng a maximum level at 45 t0 60
seconds, and then graduaily returmng to the control ie"{feiu‘ :

A Hb}r 30 5 minutes. Piogressively increasing the dose of
mdle magnitude of maximal changes
(1 minute after injection) in all other patameters. The
lowest amounts of CO, in cc/kg producing significant
parameter changes in the supine position and their mean
percent changes in parentheses are: pulmonary artery
pressure, 0.4 (10.75 +8.9); POy, 0.4 (10.10£10.06);

e

(Chmcal and Expemnental)

Sa0;, 0.8 (1.44+1.71); blood pH, 1.6 (0.50+0.25);
blood pressure, 3.2 (23.77+21.1); pCO,, 3.2
(12.2748.22); and CVP, 6.4 (140.532125.9). The

x Current monitoring methods can be used to detect early

. Vvenous CO, embolism. \Arterial blood gas monitoring

and pulmonary arterial pressure recording is the most
Nl St 2
sensitive means of detectmg venous gas embohsm

Clinical Applications of CQ,

Because of its low atomic number and density than
the surrounding tissue, imaging of CO, venous
injection requires digital subtraction technique. A
thorough knowledge of the physical properties of CO,
(low viscosity, compressibility and buoyancy) is
important in the use of CO, for venous study. When
injected into a vein, CO, flows through the venous
system rapidly, usually faster than contrast material, and
passes through the right heart into the pulmonary
arteries, In the left lateral decubitus position (right side

up position}, the majority of C ), bu Sles Tnject 1nJectf:d for

.diegnostic-studies are trapped in the rtight atrium and
o ~Will be absorbed-completely. wzthm 1 to 2 minutes.

CO, Subclavian Venography

CO, is a useful alternative contrast agent for

. visualization of the subclavian and innominate veins.

Beeauscof-the large size, the superior vena cava is filled

, With CO, incompletely. The low viscosity of C02
. Mof co, throuéirmal needles or

angiocath placed in a peripheral vein. The venographic

findings of CO, are different from those of iodinated
contrast matetial. CO, tends to break, forming gas
bubbles. As the bubbles flow through the veins, CO,
displaces blood. CO, venography is an excellent means
of evaluating patency of the subclavian vein. In the
presence of venous occlusion, collateral veins are well

opacified, which reconstitutes the contralateral veins.

'Advances in Vascular Intervention and 2 py
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KoL, Sultivan et als CO: Venography

The MOre rapid flow of CO, may also be responsible
for less subtraction artifact due to less patient motion
during the study. This, 100, probably contributed to the
supeﬁor qualit of some of the CO; images compared
with IC. One negative quality of CO, as a contrast agent
15 scgmemation of the contrast columa. Review of rpul—
tiple sequcn:ial images generally resolves any uncertainty.

Safety

pain was experienced by some patients during CO; in-
ection. (28 compressed in the syringe prior to delivery
could lead tO rapid expansion of small peripheral veins,
ceoulting in pain.

There have been reports of COQ, emboli leading to
cardiopuimonary collapse during 1aparoscopic SUIgery
with €02 insufflation of the peritoneum [{5~7]. One
fiterof COz was inadvertently injected into vein rather °
san the peritonetm in one reported ¢ase, leading to a
capdiac POUEUE without hemodynamic compromise
17l in another case, all or part of 351 of CO2 used to
aeufflate the peritoneum entered the venous system.
Jeading t© cardiovascuiar coliapse [5). However, in 2

SN AEA Rl Bt

«eries of 90 patients receiving intraveno%iggigg§_of
S0=60 Tl of CU, durig e socardiography. 10
" gvaluate perWM_%ggienced compli-
cations, this series included one atient. wit an afrial
sepial defect 81, Un "o our patients, though, these pa-
hentswere placed n the Joft Tateral decubitus position
w capture COz in the right atrium. This maneuver prob-
ably permitted some O, to dissoive prior to entering
the pulmonary artery. Information on the volume of
intravenous CO, needed (O produce major complica-
rions is available from animal studies. Mice developed
wcizures after intravenous injection of 342 mi of COf
ke of body weight {91 A 70-kg person would require

145

2.4 L of intravenous CO, to produce seizures at this
dose.

None of the patients reported here experienced
signs or Symptoms of cardiovascular collapse. COz is
soluble in waler, which may partly explain the lack of
symptoms. However, dissolution was not rapid enough
to prevent CO, from entering the pulmonary artery in
the gaseous state. The pulmonary artery was visualized
in some patients during upper extremity venography.
The transient presence of CO; in the pulmonary artery
appeared to be well tolerated.

Additional experience will be needed to determing

the role of CO, in imaging veins of patients without
contraindications {0 IC or suboptimal IC studies.
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No neise

High noise

588705 CO2 - 13 SBRTO5CO2 - 14

Carbon dioxide in the laboratorg

* CO:z hydraulics
* Gas handling
* Image Processing requirements

SBSY05COz - 15 SBYT65 002 ~ 18

lodine media properties

* Liquid - not compressible
~high viscosity
* Positive contrast
* Mixes with blood
~—denser than blood
* Moves with Speed of blood flow
Moves with direction of bilood fiow

CO2 media foperties
\W

* Gas - compressible
- low viscosity
* Negative Contrast
* Displaces blood
—buoyant
Moves faster than blood
. Can move against blood flow

L]

SB9705 00z - 18
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Physics and Techniques of DSA Imaging for Iodinated and

CO:2 injection technique

* Fast injection

SBYTOS COr - 25

» Fast acquisition (at least 4 fps)
* Immediately flush catheter with salj

CO2 automatied injector

SBITOS COr ~ 26

¢ Low contrast
- adequate image recepior dose

—adequate acquisition rates
* Negative contrast /
-~ special software for optimal detection
+ Lack of mixing with blood
—stacking software to gy

5BE705 002 ~ 27

Imaging equipment requirements

* Low system noise (for both)
—Electronic
~Digital
* fodine
—Spectral optimization
= Carbon Dioxide
—~High detector dose

5BYT0S COr - 2B

Positive or negative contrast

588705 00 - 29

MIP reconstruction
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Large gquantities of gaseous carbon dioxide CO2 were rapidly injected into the ascending

aorta or common carotld artery of 14, dogs. Good filling of the arteries and
intracranial veins was documented TV iography or digital subtraction
angiography. o adverse effects occurred as & result of this proceduze: the
WM@MWMJ@N% periments_and the dogs were

neurologically normal for up to 6 months of follow-up. Further investigation of carbon
dioxide as an arterial and cerebrovascuiarn conlrast agent is justified based on these
results.
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Transcatheter Arterial Embolization (TAE) is 2 good
alternative to surgery in many patients with active
hemorrhage if the bleeding point is identified. Conven-
tional jodine contrast angiography, however, fails o filsto to

detect arterial hemorrhage at a rate of 0.5 mL/minute or,

_less. We have developed a new method of detecting

minute arterial hemorrhage and eliminating angiogra-
pher's frustration in the field of emergency medicine.
Our materials include 64 consecutive patients with
presumed abdominal and pelvic bleeding who
underwent both conventional fodine contrast
angiography and CO,-JADSA at our hospital. There
were 47 males and 17 females. Ages ranged from 15 to

80. Seventy-one angiographic procedures were

performed for those patients, emergency in 58
procedures and elective in 13. The site of bleeding was
gastrointestinal in 12 procedures, urinary tract in 16,
peritoneal in 27, retroperitoneal in 17 and others in 2.
Eriology of the lesion was benign in 6, malignant in 9,
blunt trauma in 31, iatrogenic/postoperarive in 13 and
idiopathic in 12.

Conventional iodine contrast angiography was
performed with the catheter tip placed near the

suspected bleeding artery using nonionic iodinated
contrast. CO,-IADSA-was performed by injecting

10 mlL to 50 ml. of medical grade CO, gas manually
for 2 to 5 seconds, prior to or following conventional

. w_@gigm In unconscious patients or

those with shortness of breath, IADSA was performed
while patients breathed freely, with sufficient number of
mask images obtained prior to the injection of the
contrast medium.

Overall sensitivity in detecting extravasation was
20% in iodine contrast angiography and 52% in CO,-
TADSA. When we focus on the gastrointestinal

bleeding, the sensitivity was 33% in iodine contrast

e et

angiography and 75% in CO,-JADSA. Normal tissue
never showed staining in CO,-JADSA. Spatial
resolution was better in iodine contrast angiography.

Images of CO,-IADSA generally had a poor contrast to
noise ratio.

The most straightforward indicator of active
bleeding is the extravasation of the contrast medium out
of the vessel. It is not easy to detect extravasation if the
bleeding is intermittent or below the threshold of the
examination. It order to enhance the efficacy of
angiography, one can employ pharmacoangiography
with heparin, torazolin or even urokinase as Roesch
indicated earlier. Another way to enhance the efficacy
of angiography is to use carbon dioxide gas as a negative
contrast material for IADSA.

CO, gas as a contrast medium has various features.
CO; gas is compatible with about 37 mgl/mL of iodine
contrast and thus CO,-TADSA images have a poor
contrast to noise ratio and are extremely susceptible to
misregistration artifact. Buoyancy may play a significant
role in CO,-JADSA.

In the detection of bleeding, extremely low viscosity,

iugh solubility in serum mo inflate by

1tself after extravasation play significant role in the

“detection of minure arterial hemorrhage. CO, has
extremely lower viscosity than iodine contrast; and
;c:@ing\tothe Poiseille’s equation, it pas;és_fhrough
the ti tiny hole in the arterial wall mﬁeaswr than 1od1ne
contrast docs. Also, after CO), gas extravasates, it
OIS GO

inflates by itself. This never happens when _iﬁueous
iodine contrast is used. And, CO, gas is highly soluble

p—

. .in serum, and not considered tE_EE%E}}_ _cﬂ?_ljlaxy

circulation. This explains the reason why o stain is
“i"‘“-‘_'—‘—"—"\

obuained in CO,-TADSA that can mask the

extravasation. Those features are best suited for
B e

detecting minute arterial hemorrhage.
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Detection of Bleeding in CO, DSA
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