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Abstract: Gas embolism is an identified problem during cardiopul-
monary bypass (CPB). Our aimwas to analyze the potential influ-
ence from gas solubility based on simple physical laws, here called
endogenous gas embolism. Gas solubility decreases at higher
temperature and gas bubbles are presumably formed at CPB
warming. An experimental model to measure gas release was
designed. Medium (water or blood retrieved from mediastinal
drains, 14.6 mL) was incubated and equilibrated with gas (air,
100% oxygen, or 5% carbon dioxide in air) at low temperature
(10�C or 23�C). At warming to 37�C, gas release was digitally
measured. Also, the effect of fluid motion was evaluated. At
warming, the medium became oversaturated with dissolved gas.
When fluid motion was applied, gas was released to form bubbles.
This was exemplified by a gas release of .45% (.31/.54, medians

and quartile range, volume percent, p = .007) and 1.26% (1.14/
1.33, p = .003) when blood was warmed from 23�C or 10�C to
37�C, respectively (carbon dioxide 5% in air). Consistent find-
ings were seen for water and with the other types of gas expo-
sure. The theory of endogenous gas embolization was confirmed
with gas being released at warming. The endogenous gas for-
mation demonstrated a dynamic pattern with oversaturation
and with rapid gas released at fluid motion. The gas release at
warming was substantial, in particular when the results were
extrapolated to full-scale CPB conditions. The interference from
endogenous gas formation should be considered in parallel to
external sources of gas microemboli.Keywords: cardiopulmonary
bypass, gas embolization, microemboli, gas solubility, temperature.
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Embolism is a known and feared risk in cardiac surgery
and during cardiopulmonary bypass (CPB) andmay explain
a major part of postoperative morbidity and mortality.
Atherosclerotic debris becomes dislodges at aortic manipu-
lation (1), lipids from the wound contaminate retrieved
cardiotomy blood (2), and gas bubbles are known to occur
(3). Arterial gas embolization during CPB remains a prob-
lem despite considerable efforts both scientifically and tech-
nically. Modern CPB equipment includes bubble detectors,
which have improved the safety of cardiac surgery but not
helped in eliminating gas microemboli. Potential sources for
gas bubbles have been proposed, including vacuum-assisted
venous drainage, air leakage at the venous cannulation site,
air introduced at drug administration, insufficient deairing

in the venous reservoir, minibypass circuits without a
venous reservoir, or damaged oxygenator fibers (3–8).

Previous science in this field had attention on technical
issues with a presumed external origin of gas. In this study
we focused on an endogenous formation of gas embolism
based on physical mechanisms. It is a well-known fact that
the gas solubility in liquids decreases at higher temperature.
This phenomenon has obvious implications during CPB
with gas being saturated and transported at various tem-
peratures. At CPB warming, gas bubbles are to be expected
by simple principles of gas solubility. This issue was dis-
cussed in the early days of CPB development, although the
exact magnitude of formed gas during warming remained
unknown (9). The phenomenon has its parallel in daily
living when a glass of cold tap water warms up at room
temperature during which gas bubbles become obvious.

The aim of the present investigation was to confirm the
phenomenon of endogenous gas formation as a potential
and contributing mechanism behind gas embolization
during CPB. For this purpose, an experimental digital
in vitro model of gas solubility was designed to measure
the volume of released gas at warming. The phenomenon
was analyzed in retrieved mediastinal drain blood or in
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water, equilibrated with various types of gas, applying two
different temperature spans, and also evaluating the effect
of fluid motion.

MATERIALS AND METHODS

Experimental Materials
Gas solubility was tested in two different media: blood

andwater. The bloodwas frommediastinal drains retrieved
in the first postoperative morning from patients who had
undergone routine cardiac surgery (n = 21). The patients
had a median age of 70.6 years (quartile range 63–79 years)
and 86% were men. The hematocrit of this blood was
approximately 15% (2). Patient identity was not disclosed
at sampling nor documented within the study. With the
collected blood, information about gender, age, and type
of surgerywas recorded only. This sampling procedure does
not require ethical approval according to Swedish legisla-
tion, a procedure that was confirmed and agreed by the
local ethical review board at Umeå University.

Experimental Model
The in vitro method aimed at analyzing gas release at

warming. Two temperature differentials and three different
gas settings were tested. The design had an ambition to
simulate the situation at CPB rewarming from deep hypo-
thermia. The experimental model is shown in Figure 1. The
medium was placed inside an incubator made from a
modified glass pipette that filled 14.6 mL. The medium was
saturated with gas inside the incubator at low temperature
(10�C or 23�C). Three gases were tested: air, oxygen (O2),
and carbon dioxide 5% mixed in air. The inlet gas was

humidified and was delivered through a peristaltic pump
(2.6 mL/min) and allowed to bubble through the medium.
During this procedure the incubator was vertically posi-
tioned and gas escaped through a top vent. After gassing,
the incubator was topped up to completely fill the
enclosed space and the top vent was sealed. The incubator
was then turned to a horizontal position for the continued
experiment. All equipment and tubes were of gas-tight
materials. Air was ambient, whereas the two other gases
were of analytical grade.

The flow rate and duration of gas exposure were cali-
brated to ensure proper presaturation within the incuba-
tor. The calibration was based on a series of blood gas
measurements (not shown), allowing 10 minutes for exper-
iments with air and 30 minutes for the two other gases.
The discrepancy regarding air was because of the pre-
existing equilibration of the medium with ambient air.
These experiments were for calibration only, not followed
by gas release analyses. The calibration experiments were
made before the main study.

During the experiment, the sealed incubator with medium
had direct fluid communication with a collector open to
ambient air (Figure 1). Both the incubator and the collector
were at the same hydrostatic level, and therefore the exper-
iments were conducted at constant atmospheric pressure.
The collector was positioned on a digital balance (Mettler
PM460, Mettler Toledo AG, Greifensee, Switzerland). The
balance communicated with a computer at 2-seconds inter-
vals. The computer was programmed to signal and control
the different experimental phases. At warming, released
gas was entrapped inside the incubator and the gas dis-
placed an equal amount of medium toward the collector.

Figure 1. Schematic illustration of the
experimental model. See text for details
and principles.
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The recorded weight equaled that of the displaced medium
volume with a presumed density of 1.00 for both blood and
water. The displaced volume hence equaled that of the
released gas at atmospheric pressure. The computer proc-
essed and stored the recorded data for further analysis.
Each experiment consisted of 900 weight recordings.

To induce fluid motion, a magnetic bead was positioned
inside the incubator. The bead could be operated from the
outside by a movable magnet. The bead moved along the
incubator from one end to the other at a periodicity of
approximately 2 seconds per cycle. For temperature con-
trol, the incubator was positioned inside a transparent tube
that served as a heat exchanger. The heat exchangerwas fed
by two separate thermostated water baths for low and high
temperature, respectively. The medium inside the incuba-
tor reached its target temperature within 60–120 seconds
depending on temperature settings. This was digitally
measured (Thermostat type 601-40; Intercontrol A/S,
Hvidovre, Denmark) and calibrated in a series of control
experiments. The temperature outside of the incubator was
continuously recorded in all experiments (Figure 1). The
rapid temperature increase of the medium was also evident
from the data presentation with a corresponding volume
expansion being obvious at temperature increase.

The experiment had seven phases (Figure 2): 1) low
temperature (10�C or 23�C) and steadiness (2.5 minutes);
2) low temperature and fluid motion (7.5 minutes); 3) low
temperature and steadiness (2.5 minutes); 4) temperature
change (5 minutes); 5) high temperature (37�C) and steadi-
ness (2.5 minutes); 6) high temperature and fluid motion
(7.5 minutes); and 7) high temperature and steadiness
(2.5minutes). Aminimumof 10 experiments were conducted
per setting, and overall, 131 experiments were performed.

Theoretical Calculation of Volume Expansion in
Response to Temperature Change

The empirically observed volume expansion at temper-
ature increase was compared with that calculated theoret-
ically. At temperature shift, the volume of a medium
changes according to the following equation (10):

dV= bV0dT ð1Þ
The volume change (dV) of a predefined volume (V0)

is the function of coefficient (b) and the temperature
change (dT). For water, the coefficient b is not constant.
From tabulated technical data, the coefficient b could
here be approximated for the used temperature span and
was calculated according to the following second-order
equation. The term (T) refers to the absolute temperature
in degrees Celsius:

b= � 0:1083 * T2 + 15:368 * T� 57:742 ð2Þ
The theoretical volume expansion was solved by numer-

ical integration. These calculations were restrained to
water only because of the unknown coefficient (b) of blood.
These calculations have no influence on the results other
than to explain the instant volume increase at warming.

Data Evaluation and Statistics
Data were exported to Excel (Microsoft Inc., Redmond,

WA), and relevant information from each experiment was
extracted by macro programming. The seven experimental
phases were separated to calculate the incremental volume
of gas release over time (e.g., slope) but also themean values
for defined time periods. These values were expressed in
relation to the volume of medium contained inside the incu-
bator (e.g., volume percent of gas release). The slope values
(gas volume percent per second) were multiplied by 1000
for easier overview in the tables. The selected key parame-
ters are schematically presented in Figure 2. An instant vol-
ume expansion at warming was evident, which stabilized
at 37�C. The mean value during the last minute of the
warming period served as a reference for the changes occur-
ring during the high-temperature period.

Nonparametric statistics were applied throughout.
Experiments had an ambition to use paired comparisons,
a condition that was applied for water and for the majority
of the blood-medium experiments. However, because of a
few blood experiments without paired conditions, unpaired
statistics were used for all between-group comparisons.
Therefore, the true effects may have been somewhat
underestimated in statistical terms. This potential artifact
is of no importance because of the obvious and consis-
tent results. Kruskal-Wallis test was applied for multiple
between-group comparisons, (e.g., comparing the three
gas types). Mann-Whitney U test with Bonferroni correc-
tion was used in post hoc mode. When only two groups
were tested against each other, Mann-Whitney U test

Figure 2. Schematic illustration for how key parameters were extracted:
1) acute volume increase at warming; 2) volume expansion resulting
from gas release at 37�C; 3) calculated slope of volume expansion over
time resulting from gas release at induced fluid motion at 37�C. Baseline
measurement after temperature shift and before the experimental phase
at 37�C. The presented curve represents a typical experiment.
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was applied. For within-group comparisons, Wilcoxon
matched-pair test was used. Median values with quartile
range are presented. However, in Figure 3, mean values ±
standard errors are presented for better overview of the
group differences.

RESULTS

Model Evaluation
During the initial low-temperature period, only minor

and nonsignificant changes were observed irrespective of

gas type, temperature settings, or induced fluid motion
(Figure 3). These changes were not further analyzed. At
warming, a distinct and rapid volume expansion occurred.
The volume expansion leveled off within the dedicated
5-minute warming period.

The magnitude of volume expansion stood in propor-
tion to the temperature differential. At 23�C to 37�C, the
recorded volume expansion was .50% (.47%/.56%) (air in
water medium). The corresponding magnitude at 10�C to
37�C was .76% (.72%/.78%) (Table 1). These values are to
be compared with those calculated from physical laws of
water expansion, suggesting .43% and .64%, respectively.

Figure 3. Effects of warming and fluid motion on gas release. The curves show different media, temperature settings, and gas types as indicated in
each panel. Mean values ± standard error of mean. See text and tables for further details.
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The observed volume overshoot was most likely explained
by gas release occurring during the acute warming. This
acute gas release is here disregarded in the calculations
because the baseline was reset at the end of the warming
period (compare with Figure 2). Hence, the results pre-
sented here are slightly underestimated in their true mag-
nitude of gas release.

The model showed very consistent reactions with mod-
est data spread in response to warming but also in terms of
obtained gas release. The response to fluid motion was
also consistently observed. Merged gas bubbles collected
and became visible inside the incubator. No other mecha-
nisms than gas release could explain the observations.

After warming to 37�C, the medium appeared stable
with only modest changes during the initial period of
steadiness. In some experiments, a statistically confirmed
(p = .005 to p = .021) positive slope was recorded. This gas
release was hardly visible on the volume curves and had
no obvious connection to a certain type of medium, gas,
or temperature span. These findings were not further
analyzed but illustrated a small gas release at a situation
of oversaturation. The release of oversaturated gas became
evident at fluid motion.

Gas Release in Water Medium
When fluid motion was applied, a vast and highly signif-

icant gas release was detected (Figure 3; Table 1). The
corresponding slope values illustrated the same phenome-
non (Table 1). With the 23�C to 37�C temperature differ-
ential, there was no detected difference among the three
gas types (Table 2). However, at the 10�C to 37�C span,
significant differences were observed among the gases
(Table 2). Oxygen resulted in higher gas release compared
with the other two types of gas. The gas release was more

pronounced at the 10�C to 37�C change vs. that at 23�C to
37�C, referring to both the measured volume increase and
their corresponding slope values (Table 3).

Gas Release in Blood Medium
The phenomena observed with water were largely iden-

tical when blood was tested. However, the magnitudes of
gas release were more pronounced with blood than with
water. This is shown by the numeric values listed in Table 1
and was statistically confirmed at the 10�C to 37�C tem-
perature differential (Table 3). For the 23�C to 37�C span,
which induced smaller effects, the statistical comparisons
between media were less consistent (Table 3).

DISCUSSION

The problem with gas microembolization during CPB
has been extensively investigated (3–8). In these reports,
an external original of gas is near exclusively presumed,
and techniques to avoid external air from entering the CPB
circuit have been evaluated. In view of the remaining prob-
lem with gas microembolization, gas bubble detectors and
gas removal devices are appreciated in clinical practice.

In this report we introduce a new term, “endogenous”
gas embolization. The gas solubility within a medium
varies with the temperature and increases at cooling.
When a medium is saturated at a low temperature, the
excess of gas becomes released when the medium is
warmed. These circumstances are expressed in basic phys-
ical laws (10) with relevance to CPB. The CPB principle
includes all these aspects that makes these laws impor-
tant with gas exchange inside the oxygenator and tem-
perature variations induced by a heat exchanger. Our
hypothesis readdresses findings from the early days of

Table 1. Gas release at 37�C.

Medium Gas Type Temp Span No.

Free Gas Volume Volume Slope Volume Expansion at Warming

Percent
Change Q1/Q3 p Value %/s + 1000 Q1/Q3 p Value

Percent
Change Q1/Q3 p Value

Water Air 23�C > 37�C 10 .39 .33/.43 .005 1.68 1.37/1.82 .005 .50 .47/.56 .005
Water Air 10�C > 37�C 10 .74 .70/.77 .005 2.54 2.35/2.82 .005 .82 .70/.93 .005
Water O2 23�C > 37�C 10 .42 .40/.45 .005 1.10 1.05/1.32 .005 .52 .49/.53 .005
Water O2 10�C > 37�C 10 1.39 1.33/1.45 .005 5.64 5.34/6.00 .005 .79 .77/.81 .005
Water CO2 5% in air 23�C > 37�C 10 .51 .47/.57 .005 1.25 1.15/1.76 .005 .83 .73/.84 .005
Water CO2 5% in air 10�C > 37�C 13 1.05 .88/1.17 .002 4.17 3.09/4.49 .001 1.01 .92/1.12 .001
Blood Air 23�C > 37�C 12 .39 .28/.49 .002 .69 .36/.83 .002 .76 .72/.78 .002
Blood Air 10�C > 37�C 12 .93 .90/1.02 .002 6.19 4.37/6.98 .002 1.12 1.07/1.23 .002
Blood O2 23�C > 37�C 11 .48 .32/.65 .003 .82 .36/1.05 .003 .67 .48/.75 .003
Blood O2 10�C > 37�C 12 1.75 1.56/1.82 .002 12.21 10.70/13.50 .002 1.13 1.09/1.21 .002
Blood CO2 5% in air 23�C > 37�C 10 .45 .31/.54 .007 .40 .30/.83 .028 .76 .64/.86 .005
Blood CO2 5% in air 10�C > 37�C 11 1.26 1.14/1.33 .003 8.74 7.72/9.49 .003 1.12 1.08/1.18 .003

The term “free gas volume” refers to the relative volume change at the end of the 37�C period. “Volume slope” refers to the change of gas volume over
time during the initial period of 2.5 minutes fluid motion at 37�C. “Volume expansion at warming” refers to the instant volume increase at the
temperature shift from low to high temperature. Data refer to median values with quartile range. p values refer to Wilcoxon matched-pair test.
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CPB development (9). In the historic CPB era, with a
bubble oxygenator ahead of a defoamer, bubbles were
part of the oxygenation technique. Nevertheless, Donald
et al. (9) identified the problem of gas release at warm-
ing from in vitro experiments. Their findings were of a
descriptive nature to identify gas bubbles but they were
unable to measure the gas volume. In animal experiments,
three of five dogs died after exposure to a CPBmedium that
had been saturated at 20�C and then warming to 36�C (9).
Forty years later, the phenomenon was readdressed by
Geissler et al. (11) reporting an experiment that introduced
a cold-saturatedCPBmedium into eight normothermic dogs.
Their model simulated rapid cooling, during which gas
microemboli were confirmed in the central aorta when the

temperaturegradient equaledor exceeded10�C(11).Today,
with an increased confidence in CPB technology and with
improved surgical methods, the problem with endogenous
gas formation seems to have been neglected.

In brief, our results clearly identified the existence of
endogenous gas formation of substantial magnitudes. The
tested temperature spans aimed at simulating rewarming
from deep hypothermia. A surprising finding was the phe-
nomenon of gas oversaturation with the oversaturated
excess gas being rapidly released at fluid motion.
Although carbon dioxide is known for its high solubility,
the most pronounced gas release was instead seen with
oxygen. In our experiments, carbon dioxide accounted for
only 5% mixed in air, whereas oxygen was tested at 100%

Table 3. Differences between water vs. blood medium and between 10�C vs. 23�C.

Medium Gas Type Temperature Span

Gas Volume Volume Slope

p Value p Value

Water vs. blood Air 23�C > 37�C .843 <.001
Water vs. blood O2 23�C > 37�C .324 .072
Water vs. blood CO2 5% in air 23�C > 37�C .496 .004
Water vs. blood Air 10�C > 37�C .015 .002
Water vs. blood O2 10�C > 37�C .007 <.001
Water vs. blood CO2 5% in air 10�C > 37�C .040 .001
Water Air 23�C > 37�C vs. 10�C > 37�C <.001 .003
Water O2 23�C > 37�C vs. 10�C > 37�C <.001 <.001
Water CO2 5% in air 23�C > 37�C vs. 10�C > 37�C <.001 <.001
Blood Air 23�C > 37�C vs. 10�C > 37�C <.001 .001
Blood O2 23�C > 37�C vs. 10�C > 37�C <.001 <.001
Blood CO2 5% in air 23�C > 37�C vs. 10�C > 37�C <.001 <.001

Statistical results from group comparisons are listed. Reference is made to Table 1 for numeric overview. p values refer to the relative volume change
resulting from gas release at the end of the 37�C period or slope values during the initial 2.5 minutes of fluid motion at 37�C. Mann-Whitney U test
was applied.

Table 2. Differences in gas formation among different gas exposures.

Volume Comparisons Volume-Slope Comparisons

Air vs. O2

Air vs. CO2

5% in Air
O2 vs. CO2

5% in Air Air vs. O2

Air vs. CO2

5% in Air
O2 vs. CO2

5% in Air

Medium Gas Type Temp Span p Value p Value p Value p Value p Value p Value p Value p Value

Water Air 23�C > 37�C }Water O2 23�C > 37�C .093 .096
Water CO2 5% in air 23�C > 37�C
Water Air 10�C > 37�C }Water O2 10�C > 37�C <.001 .001 .055 .004 <.001 .001 .105 .006
Water CO2 5% in air 10�C > 37�C
Blood Air 23�C > 37�C }Blood O2 23�C > 37�C .533 .545
Blood CO2 5% in air 23�C > 37�C
Blood Air 10�C > 37�C }Blood O2 10�C > 37�C <.001 <.001 .011 .001 <.001 <.001 .017 .001
Blood CO2 5% in air 10�C > 37�C

Statistical results from group comparison of gas exposures are listed. Reference is made to Table 1 for numeric overview. p values refer to the relative
volume change as a result of gas release at the end of the 37�C period or slope values during the initial 2.5 minutes of fluid motion at 37�C. Kruskal-
Wallis test was applied on the group level, and Mann-Whitney U test was used for post hoc comparisons. Bonferroni correction was applied to all post
hoc analyses.
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concentration. Nevertheless, at the 10�C to 37�C tempera-
ture span, it was confirmed that the small contribution of
carbon dioxide produced higher gas release than with air
alone. From the technical literature, it is known that both
oxygen and carbon dioxide have higher solubility coeffi-
cients than the nitrogen of air (10). Oxygen is of interest
also in perspectives of hemoglobin. For the temperature
span of 10�C to 37�C, blood produced higher gas release
than water. This was regardless of gas type. All gas types
had oxygen in common at various concentrations. At pre-
sent, the relative contribution of hemoglobin and its oxygen
storage cannot be concluded about. Further experiments
are needed to clarify this issue.

If our findings were scaled up for clinical comparison, a
gas release of 63 mL is anticipated when blood is heated
from 10�C to 37�C. This calculation was based on the most
realistic experimental situation of using 5% carbon diox-
ide in blood and by assuming a blood volume of 5 L. In
perspectives of our findings, the position of the heat
exchanger in relation to the oxygenator and/or the venous
reservoir becomes an important issue. Its preferred posi-
tion would be before the oxygenator, which fortunately is
common practice for CPB circuits of today. However, a
preferred position of the heat exchanger would rather be
inside the venous reservoir open to venting. This was com-
mon practice with the old-type bubble oxygenators.

The phenomenon of gas release at warming becomes a
problem when blood is heated inside a closed circuit. To
what extent the oxygenator is considered to be a closed
circuit remains speculative. It is tempting to believe that
gas bubbles are trapped and vented away over the oxygen-
ator fibers, although this presumption is not confirmed.
This interpretation also presumes that the gas has
succeeded in becoming released before its passage through
the oxygenator. This assumption is not supported in our
experiments. The speed of blood flow and the time for
passage through the heat exchanger, the oxygenator, and
the arterial line is measured in a few seconds. It was here
observed that the gas release was rather slow and, there-
fore, not expected to have reached a steady state during this
short timeframe. In our model, the main gas release
occurred at fluid motion provided by a magnetic bead that
moved slowly. The generated Reynold number was not
possible to calculate at this fluid motion, and questions
about laminar vs. turbulent flow remained unanswered.

Unfortunately, the phenomenon of endogenous gas for-
mation is not easily avoided.Gas is dissolved in themedium
according to physical laws. The gas becomes released and
trapped inside the circuit at warming. A medium cannot
be degassed without applying negative pressure. Also, a
pregassing routine of the CPB prime with an alternative
gas is not expected to overcome the problem. In this study,
a variety of gases were tested, all sharing the same prob-
lem in that oversaturated gas must escape at warming.

The natural solution would be to avoid hypothermia. At
best, the temperature gradients should be kept to a mini-
mum, in line with historic recommendations (9,11). From
our experiments, this routine is anticipated to reduce the
speed of gas release but not to reduce the amount of
accumulated gas. Cooling protects against ischemic inju-
ries (12), and for CPB, arrest cooling is mandatory. The
risk-to-benefit circumstances around cooling must be con-
sidered, comparing endogenous gas formation with ischemic
body protection.

The unknown effect from endogenous gas formation
adds a challenge to the science of brain damage. Type II
brain injury, or neurocognitive decline, is commonly
discussed in conjunction with microemboli during CPB (8).
The nature of neurocognitive decline most likely involves
multiple mechanisms. Nevertheless, gas embolization is
intuitively understood as having a negative impact on
the patient.

The present study was limited to in vitro conditions
only, to identify and quantify the amount of gas released
at warming. For this purpose, a static model was
designed without flow. During CPB, blood is warmed
gradually. This may influence the amount of gas being
released during each cycle of blood passage but not the
accumulated volume of formed gas. An animal model or
an intraoperative approach would not have allowed the
necessary exactness needed here. Moreover, the compar-
ison between types of gas and media opens up mechanis-
tic interpretations. Retrieved mediastinal blood was used
rather than venous blood, taking into account that the
required volume for each set of experiments exceeded
100 mL. The unfavorable choice of blood medium may
interfere with the potential influence from red blood
cells. Unfortunately, a minor acute gas release at temper-
ature increase was disregarded in our model. For water,
this gas release was calculated in view of its known ther-
mal volume expansion. The discrepancy was in the range
of .1%. Moreover, our experiments reported the results
at constant atmospheric pressure. This enabled the mea-
surement of gas volume release without influence from
counterbalancing pressures. The pressure varies during
CPB and may have relevance for the phenomenon. In
the experiments performed by Donald et al. (9), the
system was pressurized. With their setup, the gas release
was confirmed but the gas volume was not possible
to measure.

In conclusion, the hypothesis of endogenous gas formation
was confirmed. At warming, the gas solubility decreased
and the excess gas formed bubbles. It was evident that awarm
medium may become oversaturated with gas. The over-
saturated condition became rapidly corrected at fluid motion
with formation of gas bubbles. The observed gas release at
warming was substantial and corresponded to 63 mL when
the results were extrapolated to the CPB conditions.
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