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ABSTRACT

In open surgery, heat is lost due to radiation and evaporation through the wound.
Hypothermia causes tissue hypoxia and impairs various cellular immune func-
tions that increases the risk for postoperative wound infections and delayed
wound healing. The patient’s body is usually well protected with heating arrange-
ments, but the open wound is left unprotected and until now no practical method
has been available to protect it thermically. We therefore investigated if insufflat-
ion of an open surgical wound with carbon dioxide would affect wound temper-
ature. In 10 patients undergoing cardiac surgery, the sternotomy wound was
insufflated with dry, room temperature carbon dioxide via a gas diffuser for 2
minutes. A heat-sensitive camera measured the wound temperature before, dur-
ing, and after insufflation. Exposure to carbon dioxide increased the median tem-
perature of the whole wound by 0.5 1C (p50.01). The temperature of the area
distant to the diffuser increased by 1.2 1C (p < 0.01) whereas in the area close to
the diffuser it decreased by 1.8 1C (p < 0.01). In conclusion, short-term insuffla-
tion of dry room temperature carbon dioxide in an open wound increases the
surface temperature significantly. Although a small increase, it may reduce the
incidence of postoperative wound infections in the future.

The hypothesis of this study is that the surface temperature
of an open surgical wound can be affected by insufflation
of the wound cavity with dry room temperature carbon
dioxide (CO2) via a gas diffuser. This may have clinical
implications because it represents a new possible method
to warm the wound intraoperatively.

Despite the progress in modern medicine, postoperative
wound infection is still a common and serious complica-
tion after open surgery. A number of different factors con-
tribute to the risk: perioperative hypothermia, low tissue
oxygen tension, presence of bacteria in the wound, pro-
longed duration of surgery, and the absence of ultra-clean
air ventilation in the operating room.1 Surgery typically
leads to a drop in the patient’s body temperature. This is
due to heat loss from the open surgical wound, exposure to
the relatively cold operating room, and a shift of the
threshold for thermoregulatory defense mechanism to-
ward lower temperatures due to anesthetics.2

When the surgeon opens the surgical wound, the inter-
nal tissues are abruptly exposed to ambient air with its low
temperature and humidity. This will cause heat loss, by
convection, evaporation, and radiation from the wound
cavity, as well as desiccation leading to superficial tissue
damage. Desiccation necrosis of mesothelial layers and
other sensitive tissues may not only promote adhesions but
also postoperative infections.3 Even mild perioperative hy-
pothermia increases the risk of surgical wound infec-
tions,4,5 because it decreases tissue blood flow and tissue
oxygenation.6 Vasoconstriction-induced tissue hypoxia

may also decrease the strength of the healing wound inde-
pendently of its ability to reduce resistance to infection.
Moreover, hypothermia will impair the immune func-
tion,7,8 increase perioperative bleeding and transfusion re-
quirements,9 as well as increase the incidence of morbid
cardiac events.10

A growing awareness of the negative consequences of
perioperative hypothermia has led to increased use of
different countermeasures to try to maintain core temper-
ature. Warming strategies include passive insulating mea-
sures or, even more effective, active transfer of heat to the
body by using resistive-heating or forced-air warming
blankets, as well as fluid warming systems. Nevertheless,
perioperative hypothermia remains common.

One possible additional method, so far not tested clini-
cally, is to warm the open wound during surgery. Local
warming of the open surgical wound could theoretically
reverse hypothermia-induced vasoconstriction and thus
increase tissue oxygen tension in the wound. This may be
accomplished by creating a modified atmosphere with
minimal gas currents inside the open wound. We have ear-
lier developed a device to fill an open surgical wound cav-
ity with a laminar flow of CO2 for the prevention of
arterial air embolism in open-heart surgery.11–14 When
the greenhouse gas CO2, which has a greater density than
air, is insufflated with a continuous laminar flow, it grav-
itates in the wound cavity and covers it like a protective
cushion. This minimizes both water diffusion and the
convective air currents caused by the operating room
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ventilation.15 A local atmosphere of CO2 in the open
wound has experimentally been shown to have an insulat-
ing effect, i.e., the heat emitted from the patient and from
the operation lamps will be reemitted back to the wound
surface. Thus, a CO2 atmosphere could provide an effec-
tive thermal insulation of the open surgical wound. The
resulting increase in wound temperature would cause a
rightward shift of the oxygen saturation curve, the Bohr
effect, both due to local heating as well as increased tissue
levels of CO2, and thus increase the deposition of oxygen
in the exposed tissue.16,17

Because anesthesia causes vasodilatation, heat is more
easily redistributed from the body core out to the wound
surface and vice versa.18,19 The lower the surface temper-
ature the greater is the core-to-peripheral temperature gra-
dient and thus the rate of heat redistribution and heat
loss.19 Accordingly, if the wound surface temperature is
warmed, the core temperature may also increase, and thus
the risk of wound infection will be attenuated.

MATERIALS ANDMETHODS

The Hospital Ethical Committee approved the study
(2005/1365-31/1), which is in compliance with ethical rules
for human experimentation that are stated in the 1975
Declaration of Helsinki. The procedures followed were in
accordance with institutional guidelines. Written informed
consent was obtained from all subjects. The study was
conducted in 10 adult patients undergoing cardiac valve
procedures, because they already routinely obtain CO2 in-
sufflation to prevent air-embolism, at the department of
Cardiothoracic Surgery & Anaesthesiology at Karolinska
University Hospital in Sweden during 2007.

Medical CO2 was delivered at a flow of 5L/minute from
a pressurized gas cylinder, controlled with back-pressure–
compensated flowmeters (AGA gas AB, Stockholm, Swe-
den) via a single use gas diffuser device (CarbonAidt,
Cardia Innovation AB, Stockholm, Sweden). It consists of
a PVC tube with an inner diameter of 1/4 in. (6.35mm), a
gas filter and a distal 2.5mm tube with a diffuser made of
polyurethane plastic foam at its end. The polyurethane
foam together with the cylindrical shape diverts the gas jet
into multiple directions via the many small paths inside the
foam. The gas is thus uniformly distributed and the large
diffuser surface greatly reduces the velocity of the outflow.
Further details of the device have been published ear-
lier.12–15,20 The endothermic effect of gas expansion at the
site of the pressure reducing port (down to 4.5–5.5 kPa),
positioned at the CO2 gas cylinder, will cool the metal port
down to subzero ( 1C) temperatures during insufflation of
CO2 over hours. However, the dry CO2 leaving the flow
meter, which is connected distally to the port, will very
quickly adopt room temperature when it travels along the
2.5m PVC tube to and through the gas diffuser. The de-
livered CO2 gas was dry (0% relative humidity) and had a
constant temperature equal to that of the air in the oper-
ating room, approximately 20 1C.21

The temperature in the wound cavity was measured
with a heat-sensitive infrared camera (ThermaCAMt B2,
FLIR Systems AB, Danderyd, Sweden). This camera im-
ages and measures the emitted infrared radiation from an
object. The fact that radiation is a function of object sur-
face temperature makes it possible for the camera to cal-

culate and display the temperature of the observed area.
Single shot images (160�120 pixels) can be stored, where-
by the device stores each pixel of the image together with
its corresponding temperature. Thus, when taking a ther-
mographic image, the temperatures of all the pixels in the
image area are registered. The thermographic images were
digitally stored for later analysis. The camera was
mounted on a rigid pod 1m above the wound to ensure
that repeat-images showed the wound surface area from
the same position. After the pericardium had been opened
and before cannulation, the diffuser was positioned at the
caudal end of the wound cavity, close to the diaphragm
approximately 5 cm below the wound edge.11–14 Images
were taken every second minute during 6 minutes. During
the first 2 minutes, the CO2 flow was not turned on, fol-
lowed by 2 minutes with a CO2 flow of 5L/minute. Then,
the CO2 flow was kept turned off for 2 minutes. This re-
sulted in three images per patient. The images were later
analyzed with a software program (ThermaCAMt Re-
searcher Basic 2.8 SR-1, FLIR Systems AB), which allows
delineation of the wound cavity. First, the wound area was
divided into three equal thirds. Then, the following five ar-
eas were created: Area I consisted of the caudal third but
excluded the diffuser. Area II represented the middle third,
and Area III the cranial third. Area IV was created by
adding Areas II and III and Area V was created by adding
Areas I, II, and III (Figure 1). After delineating the respec-
tive area, the program automatically calculated the aver-
age temperature for each area with its corresponding
standard deviation.

Statistical methods

Using earlier experimental data,15 we calculated that we
would only need 6 patients in each group to find a statis-
tical difference (a-error 5% level, statistical power 80%
level). Moreover, by using each patient as his own control
we avoided the influence of interindividual differences.
Still, because we used a less controlled environment in this

Figure 1. The thermal image of the open cardiothoracic wound

area was divided into three equal thirds. Area I consists of the

caudal area excluding the diffuser and its tube. Area II is the

middle area and Area III is the cranial third.

Wound Rep Reg (2010) 18 378–382 c� 2010 by the Wound Healing Society 379

Open wound temperature and insufflated CO2Frey et al.



study, we expanded the calculated needed number to 10.
Differences were considered to be statistically significant if
p < 0.05. Data are presented as medians and 25th/75th
percentile. Mann–Whitney U and Wilcoxon’s tests were
used when appropriate.

RESULTS

Table 1 describes the median temperature at each mea-
surement. Insufflation with CO2 after pericardiotomy but
before cannulation significantly increased the median tem-
perature of Area IV (II1III) by 1.2 1C and of Area V
(I1II1III) by 0.5 1C, whereas the temperature of Area I,
close to the gas diffuser, decreased significantly by 1.8 1C.
The wound temperatures in Areas IV and V were almost
completely restored to their start temperatures after cessa-
tion of insufflation with CO2, whereas Area I remained
significantly cooler, 0.6 1C, than its start temperature. Fig-
ure 2 depicts the thermal images before and during in-
sufflation of the wound cavity with CO2. The thermal
images easily allow the identification of the room tem-
perature sternal retractor and the diffuser with its tube.
Moreover, the temperature in close proximity to the
diffuser was the lowest in the image, approximately 20 1C.
In this study, we did not measure the patients’ core
temperatures.

DISCUSSION

The major finding of this study is that insufflation of dry
room temperature CO2 with a gas diffuser increases the
average surface temperature in an open wound cavity.

This is to our knowledge the first clinical study evaluat-
ing the heating effect of dry CO2 gas on surface tempera-
ture in an open wound. Earlier experimental work has
shown that CO2 has to be to be delivered via a gas diffuser
from within a wound cavity in order to create an atmo-
sphere of almost 100% CO2.

11 Thus, we included patients
who underwent open cardiac surgery because it implicates
a large, deep wound cavity. Moreover, in these patients,
we routinely fill the open surgical wound cavity with CO2

for the prevention of arterial air embolism.11–14 The

method can, however, be used in more or less any open
surgical procedure, provided that a cavity is created
around the wound surface e.g. by placing a brim around
the wound edges. We insufflated the wound cavity with
CO2 for 2 minutes, recognizing that at a flow rate of 5 L/
minute about 1 minute is needed to fill up the wound cavity
with CO2 (> 99% CO2).

13 A flow rate of 5L/minute was
used because this is the lower limit that counteracts the in-
fluence of diffusion during steady state.12 The insufflation
period was limited to 2 minutes, as we presumed that this
short period would ensure an effect of CO2 as well as a
constant core temperature. Indeed, the results confirmed
that the total wound surface area temperature returned to
the start temperature 2 minutes after cessation of CO2 in-
sufflation. We avoided humidifying CO2 because dry gas
insufflation is currently used for de-airing in cardiac as
well as in most laparoscopic procedures. Moreover, earlier
experimental work has indicated that additional humidifi-
cation of CO2 has but a limited effect on surface temper-
ature when room temperature gas has been applied.15

This study demonstrates that it is possible to rapidly
increase the surface temperature in a surgical wound by
insufflating the wound cavity with dry CO2 via a gas
diffuser. This can be explained by the greenhouse proper-
ties of CO2 that provide an effective thermal insulation of
the open wound as evaporation and convection are re-
duced.15 It could also be that CO2 induces a local vasodi-
latation within the wound. This might lead to a
redistribution of body heat from deeper compartments
into the surface of the surgical wound.

The surface temperature increased significantly in the
whole wound (Area V), and in the two cranial thirds prox-
imal to the gas diffuser (Area IV). However, in the third
closest to the gas diffuser (Area I), we unexpectedly found
a cooling effect, which according to the images was the
coolest in the proximity of the diffuser. This localized
cooling effect was most probably caused by convection
around the diffuser from the delivered laminar flow of
room temperature dry CO2, although the outflow velocity
was as low as 0.08m/second.12 Furthermore, already be-
fore insufflation the diaphragmal third of the wound area
(Area I) was cooler than the other two thirds, indicating a

Table 1. Median temperatures of the wound cavity area during the three time points of the study: 15before; 25during; and 35after

insufflation of the wound cavity with CO2

Wound area Time

Median

temperature

( 1C)
25th/75th

percentile Range p

Area V (I1II1III5total wound) 1 32.5 31.9/32.7 31.4–33.7 0.01n

2 33.0 32.4/33.5 31.3–34.2 0.01w

3 32.6 32.6/33.0 30.9–34.7 0.67z

Area IV (II1III5middle and cranial third) 1 32.5 32.1/32.9 31.4–33.8 < 0.01n

2 33.7 31.2/34.0 31.4–34.7 < 0.01w

3 32.7 32.3/33.4 31.6–33.8 0.09z

Area I (caudal third excluding temperature

of diffuser and tube)

1 32.2 31.3/32.7 30.5–33.8 < 0.01n

2 30.4 29.7/31.5 29.0–32.5 0.01w

3 31.6 30.6/32.5 29.3–33.6 0.03z

nTime 1 vs. 2; wTime 2 vs. 3; zTime 1 vs. 3.

Wound Rep Reg (2010) 18 378–382 c� 2010 by the Wound Healing Society380

Open wound temperature and insufflated CO2 Frey et al.



lower tissue perfusion in this area. Its lower perfusion rate
may have amplified the cooling effect of convection
and this would explain why this area did not recover its
original temperature 2 minutes after cessation of CO2

insufflation. A possible way to overcome the problem of
convection would be to lower the CO2 flow. This would
decrease the cooling effect, but at the same time, due to the
impact of diffusion, increase the air content in the wound
cavity. Thus, a reduced flow may interfere with the warm-
ing effect. Another solution would be to use polyurethane
foam in the diffuser with more but smaller paths, which
would lower the outflow velocity even more. However, this
would increase the resistance of the foam and thus would
build up a pressure gradient proximal to the diffuser. A
larger diffuser would also reduce the local cooling effect by
decreasing the flow velocity without interfering with the
flow. The drawback of this alternative is that a larger
diffuser may interfere with surgery in the limited space of
the surgical field. Insufflation of CO2 might alternatively
be enhanced by using two or more diffusers. Again, this
may interfere with surgery. Finally, the best solution in our
view would be to use warmed humidified CO2 that has a
much higher heat capacity. This would promote heat
transfer from the heated gas to the tissue as well as avoid-
ing the cooling effect of evaporation. In addition, water
vapor is a known greenhouse gas.

The creation of a CO2 atmosphere in the surgical wound
cavity increased the total wound temperature by 0.5 1C,
and by 1.2 1C if the area close to the diffuser was omitted.
In addition, as described above, the effect may be further
enhanced by humidifying and warming of CO2. The
induced temperature increase may appear trivial, but may
in reality have major clinical effects on patient outcomes.

The greenhouse gas CO2 also possesses a number of
other potent biomedical and physical properties that may
help to decrease the risk of wound infection in open sur-
gery. For example, when CO2, which is heavier than air, is
continuously insufflated in a wound cavity, surplus CO2

will continuously flow upward and out of it. This ongoing
overflow of CO2 from the wound might be able to repel
and transport particles away from it and thus prevent
direct airborne contamination. Furthermore, high concen-
trations of CO2 have a growth inhibiting effect on both
aerobic and anaerobic bacteria through suffocation and a
specific CO2 effect, not fully understood yet, that acts
directly on the bacterial cell.22

A limitation of the study is that we restricted the duration
of CO2 insufflation to 2 minutes. A more extended period of
insufflation may well have further increased the CO2 warm-
ing effect. Obviously, clinical studies evaluating the warming

effect of long-term CO2 insufflation in the open surgical
wound on local and core temperature are needed.
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