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ABSTRACT

It has become common practice in cardiac surgery to 
fl ood the operative fi eld with CO2 to facilitate deairing of the 
heart. However, CO2 delivery is variable and verifi cation of 
CO2 delivery can be challenging. We report a simple, reli-
able method to confi rm CO2 delivery. This technique ensures 
that the benefi ts of CO2 delivery are provided to the patient 
during the operation.

INTRODUCTION

Cerebral air microemboli are implicated as a cause of post-
operative neurocognitive dysfunction [Braekken 1998], which 
has an incidence rate of 4% to 33% within seven days after 
cardiac surgery [Raymond 2006]. Despite standard deairing 
techniques during reanimation of the heart, air embolization 
can occur from residual intracavitary air [Al-Rashidi 2011]. 
In addition, gaseous microbubbles can enter the cardiopul-
monary bypass (CPB) circuit leading to cerebral microem-
bolization. For more than fi fty years, fl ooding the operative 
fi eld with carbon dioxide (CO2) insuffl ation has been used to 
reduce the risk of air embolization [Nichols 1958], and there 
are many reports on the benefi ts of CO2 insuffl ation. This 
report’s emphasis, however, will be to demonstrate a reliable 
technique for CO2 insuffl ation from the perspective of the 
surgeon, anesthesiologist, and perfusionist.

METHODS

CO2 is 25 times more soluble in blood and tissue than air, 
resulting in a decrease in the formation of air microemboli. 
Because the density of CO2 is 50% greater than air, CO2 
settles to the bottom of the pericardial well facilitating air 
displacement from the wound [Mitz 1979]. CO2 insuffl ation 
into the pericardial wound cavity with the CarbonAidTM 
CO2 Diffuser (Cardia Innovation; Stockholm, Sweden) has 
been shown to markedly decrease the number of microemboli 

in the left atrium, left ventricle, and ascending aorta follow-
ing open-heart surgery [Svenarud 2004]. Displacement of air 
from the pericardial well by CO2 can reduce gaseous micro-
emboli to the brain and may reduce postoperative neurocog-
nitive injury [Braekken 1998].

The amount and adequacy of CO2 delivery into the pericar-
dial well is diffi cult to quantify. Surgeons use a variety of tech-
niques for CO2 application including standard perfusion lines 
with 2-3–mm inner diameters or perforated Jackson-Pratt 
drains at fl ow rates of CO2 ranging from 2 to 10 L/minute. 
The assumption has been that adequate CO2 delivery is occur-
ring. However, the percentage of air remaining in the pericar-
dial well with simple open-end tubes delivering CO2 is highly 
variable because of gas swirling effects ranging between 18% 
and 96% [Persson 2003]. This inconsistency may explain why 
a recent review of CO2 insuffl ation and neurocognitive out-
comes found mixed results [Chaudhuri 2011]. Optimal CO2 
delivery occurs when it is delivered into the wound bed with 
a gas diffuser as is present on the CarbonAid® device [Pers-
son 2004].We routinely insuffl ate CO2 into the wound during 
all open-heart surgeries using a CarbonAid® gas diffuser. The 
diffuser is positioned 5 cm below the wound opening adjacent 
to the diaphragm (Figure A). CO2 is infused at 8 L/min. Early 
in our experience, it became apparent that we could not verify 
adequate delivery of the odorless and colorless CO2. We had 
experienced kinking and disconnection of the tubing and even 
failure of the CO2 source to be turned on. As a result, we devel-
oped a simple method confi rming CO2 delivery into the fi eld 
and have used it in over 700 cases.

The CO2 tubing running from the gas source to the diffuser 
in the surgical fi eld is transected and a three-way connector 
and stopcock is inserted. A sampling tubing line is then con-
nected from the port on the CO2 delivery tubing (Figure B)
 to the end-tidal CO2 monitoring line (Philips IntelliVue 
G5 M1019A® monitoring system; Philips, Amsterdam, the 
Netherlands). This confi guration requires that the anesthetic 
end of the sampling line be disconnected from the endotra-
cheal tube after CPB is initiated and the ventilator stopped. 
This procedure allows for simple confi rmation of CO2 deliv-
ery through the tubing by observation of the end-tidal CO2 
waveform monitoring screen (Figure C). 

The sampling tubing can be disconnected from the three-
way stopcock, and the pericardial gas can be sampled from 
inside the wound bed at the level of the aorta (Figure D) and 
the right atrium (Figure E). This step verifi es CO2 delivery 

Th e Heart Surgery Forum #2012-1015
15 (4), 2012 [Epub August 2012]
doi: 10.1532/HSF98.20121015

Simple Technique to Verify CO2 Diff usion with the CarbonAid™ 
Device

Subhasis Chatterjee, MD,1 Steven B. Greenberg, MD,2 James Brown, CCP, LP,1 
Glenn S. Murphy, MD,2 Paul J. Pearson, MD, PhD,1 John C. Alexander, MD1 
1Department of Surgery and 2Anesthesiology, NorthShore University HealthSystem, Evanston, IL, USA

Dr. Chatterjee

Received January 27, 2012; accepted March 16, 2012.

Correspondence: Subhasis Chatterjee, MD, NorthShore University 
HealthSystem, Cardiac & Thoracic Surgery Division, 2650 Ridge Ave, 
Walgreen Building, Suite 3551, Evanston, IL 60201, USA; 1-847-570-2868 
(e-mail: schatterjee@northshore.org).

Online address: http://cardenjennings.metapress.com



CO2 Diff usion Verifi cation—Chatterjee et al

E213© 2012 Forum Multimedia Publishing, LLC

into all parts of the wound by looking at the end-tidal CO2 
waveform and it only takes seconds to perform. The sam-
pling tubing is then reattached to the three-way stopcock, 
and the operation proceeds in the standard fashion. When 
CPB weaning begins, the end-tidal CO2 sampling tube is 
returned back to the original connection with the endotra-
cheal tube.

When utilizing CO2 insuffl ation, it is recommended that 
the perfusionist use an in-line blood gas analyzer (CDI™ 
Blood Parameter Monitoring System 500; Terumo Cardio-
vascular, Ann Arbor, MI, USA) as part of the CPB circuit. 
This recommendation is based on the potential for rapid 
changes in both the PCO2 content and the pH of the blood 
requiring perfusionist interventions. The perfusionist may 
need to make air “sweep” gas adjustments (Air Oxygen Gas 
Mixer, Model 3500 CP-G; Sechrist, Anaheim, CA, USA) to 
account for both the location of the cardiotomy suckers and 
the LPM (Liters Per Minute) of the roller heads required to 
maintain a bloodless surgical fi eld in order to normalize the 
PCO2.

DISCUSSION

Although we have not quantifi ed the results, it appears 
that there are fewer microbubbles with CO2 insuffl ation on 
transesophageal echocardiography facilitating deairing of 
the heart. This fi nding is consistent with quantitative obser-
vations from other investigators [Kalpokas 2003; Svenarud 
2004]. Although CO2 insuffl ation and this technique are 
clearly useful with a median sternotomy incision, their role in 
minimally invasive valve surgery, where deairing maneuvers 
are more diffi cult, may be especially valuable. Theoretical 
benefi ts of CO2 insuffl ation include a vasodilatory effect on 

cerebral circulation, which may be protective in patients with 
cerebrovascular disease. We have observed that the regional 
cerebral tissue oxygen-saturation measurements, obtained by 
Near-Infrared Spectroscopy monitoring (Fore-Sight Cere-
bral Oximeter; Cas Medical Systems, Branford, CT, USA), 
appear to be improved in general since using CO2 insuffl a-
tion. These areas warrant further investigation. Other advan-
tages of CO2 pericardial insuffl ation include reduced coro-
nary air embolization, reduced right heart dysfunction, and 
less diffi culty weaning from CPB [Martens 2001]. Finally, 
fl ooding the operative fi eld with CO2 has also been shown to 
change the wound temperature [Frey 2010] and reduce the 
local wound pH [Persson 2008] inhibiting bacterial growth in 
the open wound. These effects on temperature and pH may 
render the operative wound less susceptible to postoperative 
wound infection. 

CONCLUSION

Although not the focus of this report, there is ample evi-
dence to support a benefi cial role of CO2 insuffl ation in open-
heart surgery. The method described here to verify CO2 deliv-
ery is simple, reliable, and requires no new equipment, yet it is 
very effective in confi rming CO2 delivery in the surgical fi eld.
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Figure A, CarbonAid® Diffuser is positioned along the inferior/diaphrag-
matic surface 5 cm below the wound edge. B, CO

2
 infl ow tubing has been 

transected and a three-way stopcock inserted. To the right is the CO
2
 

gas source, to the left is the patient, and inferiorly is the pressure tubing 
leading to the end-tidal CO

2
 monitoring line. C, End-tidal CO

2
 monitoring 

shows 100% CO
2
 insuffl ation. D, Pressure tubing detached to sample 

pericardial well at level of aorta. E, and right atrium/ventricle.
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