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Ab s t r ac t
Background: Laparoscopic surgery is gold standard for treating various abdominal diseases. Carbon dioxide, having high safety profile, is the 
most commonly used gas for insufflating peritoneal cavity for accurate visualization and operative manipulation. Despite the fact that CO2 
is naturally present in the atmosphere, i.e., 0.035% (350 ppm), it is one of the most overlooked toxic gases. CO2 breathing causes numerous 
cardiorespiratory responses and psychological reactions, such as impaired vision, diminished motor control, slowed responses, disorientation, 
or reduced attentional capacities that may jeopardize a worker’s health and safety. At high concentrations (8%), it has been shown to cause 
unconsciousness almost instantaneously and respiratory arrest within 1 minute. As laparoscopic surgeons are under constant exposure of leaking 
CO2 gas, this study is taken up to evaluate the effects of CO2 on them by a noninvasive technique that measures end-tidal CO2 of operating 
surgeons at the beginning and end of laparoscopic surgeries.
Objective: To evaluate the effects of leaking CO2 gas on surgeons during laparoscopic surgeries.
Methods: A Mini-Mental State Exam (MMSE) score and EtCO2 levels (using a capnometer with 4 L of oxygen/minute) of operating surgeons 
were obtained before the start of surgery. After surgery, MMSE scores and EtCO2 levels were again documented, compared, and analyzed using 
SPSS software.
Results: The mean EtCO2 before surgery was found to be 30.86 with standard deviation of 4.03 and that after surgery was 31.23 with standard 
deviation of 3.85 with mean duration of surgery being 73 minutes. Correlation of individual EtCO2 values before and after surgery did not show 
significant changes (p value = 0.534). The difference in MMSE scale scores before and after surgery for all participated surgeons was insignificant.
Conclusion: In healthy surgeons performing laparoscopic surgeries, there are no effects following exposure to leaking carbon dioxide.
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In t r o d u c t i o n
Laparoscopic surgery has established itself as a gold standard for 
treating various abdominal diseases in the recent decades, with 
benefits including but not limited to improved cosmesis, reduced 
surgical trauma and postoperative pain, and expedited patient recovery 
times.1 Carbon dioxide (CO2), because of its high safety profile, is the 
most commonly used gas for insufflating the peritoneal cavity for 
accurate visualization and operative manipulation. Despite the fact 
that CO2 is naturally present in the atmosphere, i.e., 0.035% (350 ppm) 
and we exhale it while breathing, CO2 is one of the most overlooked 
toxic gases. CO2 is heavier than air with a density of 1.5 times that of 
fresh air. When it is released into an enclosed space, it tends to settle 
to the bottom, reaching the highest concentration in the lowest parts 
of space. Carbon dioxide breathing causes numerous cardiorespiratory 
responses, but there appear to be no disabling physiological effects 
or clinical symptoms associated with breathing up to 5% CO2.2–4 
Nonetheless, there still may be psychological reactions, such as impaired 
vision, diminished motor control, slowed reactions and responses, 
disorientation, or reduced attentional capacities that may jeopardize a 
worker’s health and safety.5,6 The physiological effects of carbon dioxide 
on the central nervous system have been roughly classified. They are 
both direct and indirect in their mechanism of stimulation.

•	 Direct stimulation of the respiratory centers in the medulla and 
spinal cord.

•	 Stimulation of the special nerve endings (chemoreceptors) in 
the carotid bodies and aortic arch, with the resultant vasodilator 
action on the cerebral blood vessels.
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•	 Direct stimulation of the vasomotor centers in the hypothalamus, 
midbrain, and medulla.

•	 Direct action on the cerebral blood vessels.
•	 Effect on the affinity of blood for oxygen.7

The most important control of cerebral blood flow is chemical. 
The cerebral vascular bed is extremely sensitive to changes in arterial 
CO2 tension and also to a lesser extent to decrease in O2 tension.8 

US Occupational Safety and Health Administration (OSHA) has 
established a permissible exposure limit (PEL) for carbon dioxide of 
5000 ppm (0.5%) averaged over an 8-hour workday.
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Symptoms of Different Levels of Carbon Dioxide 
Exposure
•	 10000 ppm (1.0%): Typically no effects, possible drowsiness.
•	 15000 ppm (1.5%): Mild respiratory stimulation for some people.
•	 30000 ppm (3.0%): Moderate respiratory stimulation, increased 

heart rate, and blood pressure.
•	 50000  ppm (5.0%): Strong respiratory stimulation, dizziness, 

confusion, headache, and shortness of breath.
•	 80 0 0 0  ppm (8%) :  Dimmed sight ,  sweating,  tremor, 

unconsciousness, and possible death.9

Since the likelihood of laparoscopic surgeons getting exposed 
to CO2 gas due to leaky or faulty instruments or even during normal 
circumstances cannot be ruled out, this study is taken up to evaluate 
the effects of leaking CO2 on them.

End-tidal CO2 (EtCO2) monitoring is a noninvasive technique 
that measures the partial pressure or maximal concentration of 
carbon dioxide at the end of an exhaled breath, which is expressed 
as a percentage of CO2 or mm Hg. The normal values are 5 to 6% 
CO2 in exhaled breath, which is equivalent to 35 to 45  mm  Hg. 
When CO2 diffuses out of the lungs into the exhaled air, a device 
called capnometer measures the partial pressure or maximal 
concentration of CO2 at the end of exhalation.

Capnometry is a measurement of end-tidal CO2  partial 
pressure (PEtCO2). PEtCO2 closely approximates PaCO2 at the end 
of normal expiration in conditions with normal perfusion and 
ventilation and therefore makes the difference between PaCO2 and 
PEtCO2  minimal.  In healthy individuals, there is essentially no 
alveolar dead space, which represents the volume of gases in  
non‐perfused alveoli. This means that PEtCO2 equals PaCO2, and 
with correct sampling, P(a–a)CO2  difference equals P(a–et)
CO2 difference, which makes PEtCO2 a good estimate of PaCO2.

10

Ob j e c t i v e o f t h e St u dy
To evaluate the effects of leaking CO2 gas on surgeons during 
laparoscopic surgeries.

Mat e r ia  l s a n d Me t h o d s

Type of the study: Prospective cohort study
Time period: August 2018 to September 2018
Sample size: Based on pilot study, the difference in EtCO2 was about 
3 to 4 mm Hg. 

Assuming a 10% difference in EtCO2 before and after surgery 
with a power of 80% and alpha error of 0.05, a sample size of 10 
was required. For further validation of the study and assuming  
a dropout rate of 10%, a total sample size of 20 was taken.

Inclusion Criteria
•	 Surgeons and surgical residents willing to give written informed 

consent.
•	 Surgeons and surgical residents of either sex aged 25 to 65 years.
•	 Surgeons and surgical residents performing laparoscopic 

procedures for more than 1 hour.

Exclusion Criteria
•	 Not willing to participate in the study.
•	 Age <25 years and age >65 years.
•	 Preexisting pulmonary conditions.
•	 Pregnancy.

•	 Surgeries spanning less than 1 hour.
•	 Chronic smokers.
•	 Hematological disorders.

Source of data: Clinical data are collected from the surgeons 
performing laparoscopic procedures in Victoria hospitals from 
August 2018 to September 2018.

Methodology
Ten surgeons performing laparoscopic surgeries for more than 
1  hour in departments of general surgery in Victoria hospitals 
from August 2018 to September 2018 willing to give consent and 
meeting the inclusion criteria were included in the study after the 
clearance by ethical committee. A Mini-Mental State Exam (MMSE) 
score and EtCO2 levels (using a side-stream capnometer with 4 L 
of oxygen/minute) of operating surgeons were recorded just 
before the beginning and immediately after the completion of the 
surgery. The data were recorded, compared, and analyzed using 
SPSS software version 24. Surgeons were enquired for symptoms 
such as dizziness, confusion, headache, shortness of breath, and 
visual disturbances.

Re s u lts
The mean EtCO2 before surgery was found to be 30.86 with 
standard deviation of 4.03 and that after surgery was 31.23 
with standard deviation of 3.85. Mean duration of laparoscopic 
surgeries was 73 minutes. Correlation of individual EtCO2 values 
before and after surgery did not show significant changes 
(p value = 0.534). The difference in MMSE scale scores before and 
after surgery for all participated surgeons was insignificant. No 
effects were noted on decision-making, steadiness, and postural 
sway. The operating surgeons did not have any complaints in the 
postoperative period.

Di s c u s s i o n
Carbon dioxide (CO2) is the product of cellular aerobic metabolism. 
It diffuses easily from cells into blood and erythrocytes and is 
transported to the lungs by venous blood through the function 
of cardiac output. Under normal conditions of circulation and 
ventilation, the partial pressure of CO2 approaches 50 mm Hg at the 
level of tissues, and 45 mm Hg in the venous blood. The difference 
between the latter and alveolar CO2 partial pressure (PaCO2), which 
is around 40 mm Hg, is responsible for the diffusion of CO2  into 
the alveoli. There, CO2  is eliminated from the body with minute 
ventilation. Arterial CO2  partial pressure (PaCO2) normally varies 
from 35 to 45 mm Hg.10

Carbon dioxide is a colorless, odorless, and nonflammable gas, 
which because of its high safety profile is widely used to insufflate 
peritoneal cavities during laparoscopic surgeries. Being a highly 
soluble gas, it gets dissolved in blood soon after it is inhaled. It then 
binds to hemoglobin, and carboxyhemoglobin is formed, lowering 
hemoglobin’s affinity for oxygen via Bohr’s effect.11 Carbon dioxide 
does not only cause asphyxiation by hypoxia but also acts as a 
toxicant. At high concentrations (8%), it has been shown to cause 
unconsciousness almost instantaneously and respiratory arrest 
within 1 minute.12

Thus, during laparoscopic surgeries following exposure to 
leaking carbon dioxide, CO2 can be readily absorbed into the 
bloodstream and may result in significant hypercarbia. 
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In our study, we observed that there was no significant 
increase in the EtCO2 values before and after laparoscopic surgery 
in the surgeons. Considering the occupational safety and health 
administration guidelines, CO2 chromatography is advised for CO2 
monitoring at workplaces, to prevent any untoward incidents. And 
when any such incident is confronted, necessary immediate and 
appropriate supportive care is provided. 

In conclusion, our current study shows that despite being 
exposed to leaking CO2 during laparoscopic surgeries, the operating 
surgeons did not have significant changes in end-tidal carbon 
dioxide levels and the difference in MMSE scale scores was also 
insignificant. However, further studies involving a larger number 
of volunteers and prolonged duration of exposures need to be 
done with the specific monitoring of various blood parameters for 
a better understanding of the effects of CO2 exposure.
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