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INTRODUCTION 

The standard gas used for insufflation of the abdomen for laparoscopic surgery is carbon 
dioxide (CO2). The reason for using CO2 for insufflation is that any CO2 absorbed from the 
surgical cavity dissolves very quickly into the blood and is eliminated via the lungs during 
ventilation. Net accumulation of CO2 within the arterial blood is usually modest and is easily 
corrected by mechanical hyperventilation of the patient. Basic research shows, without any tissue 
dissection and alteration in controlled ventilation, art-pCO2 takes about 2-hours to reach a peak 
at about 70mmHg9.  

When the surgical dissection is extensive, and when higher than standard recommended 
insufflation-pressures are used, the insufflating CO2 gas can escape the peritoneal cavity and 
track along tissue planes, and present as tissue emphysema far from the surgical site. That is 
associated with extreme hypercarbia, if not compensated for with sufficiently increased minute 
ventilation. This case report patient experienced that to a life-threatening high degree. 

 
THE PATIENT. 

The patient, a 76-year-old lady, underwent laparoscopic repair of a para-esophageal hernia 
done under general anesthesia. The lady weighed 57 kg, had a BMI=29, was a non-insulin-
dependent diabetic, and was rated as ASA3 risk for anesthesia. See an extract of her anesthesia 
vital-sign record in table 1, at the end of this document. 

Anesthesia was general with tracheal intubation using controlled ventilation, was maintained 
with volatile gas Isoflurane, and muscle relaxants were used. No arterial line was used. At surgery, 
an unexpected Gastro-Intestinal Tumor (GIST) was discovered in the stomach and excised. The 
tumor was benign. A gastro-esophageal-duodenoscopy was also carried at during the surgery.  
The para-esophageal hernia was large and needed a mesh repair. A Nissan fundoplication was 
also done. The surgery was technically challenging and took 6-hours to complete.  

The first ventilator settings after airway intubation provided a minute volume of 5.1 liters per 
minute (l/min) which yielded an end-tidal CO2 (etCO2) of 31mmHg. It was then down adjusted to 
4.2 l/min for about an hour. Once the peritoneal cavity was insufflated with CO2, the ventilatory 
minute ventilation needed to be steadily increased to keep the end-tidal CO2 below a target 
value. It was found to be difficult to keep the end-tidal CO2 under 50mmHg and after 5-hours 
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despite ventilating the patient with 13.6 l/min with 16 breaths per minute, the end-tidal CO2 was 
56mmHg.  A senior anesthesiologist’s opinion was sought.   

The senior anesthesiologist 1st noted that the capnogram-plateau was a steeply rising one for 
its full length instead of the normal one that levels off to be near horizontal, before the next 
inspiration starts with an instant fall of the observed airway CO2 to zero.  See image 1. He tried to 
get a more accurate end-tidal-CO2 by briefly disconnecting the ventilator and manually giving a 
large breath and watching the capnogram during a long exhalation. See image 1 and capnogram 
B.  The long expiration produced a longer duration capnogram that did form a horizontal level 
plateau. That plateau endpoint was much higher than the ventilator-controlled breathing 
capnograms, and the end-tidal value was 90mmHG. That was likely more representative of true 
arterial CO2 partial pressure. The true art-pCO2 could either also be 90mmHg at least, or up to 5 

mmHg higher.  
The 2nd thing the senior anesthesiologist did was examine the upper part of the patient’s face, 

neck, and eyelids. They were swollen. Palpating them gently produced a crackling feeling of 
crepitus, thus diagnosing subcutaneous emphysema. This was likely escaped laparoscopic CO2 
from the peritoneal cavity where CO2 gas was being insufflated. This would then be surgical 
emphysema. Thirdly, an oral inspection of the upper airway could not exclude lower pharyngeal 
and laryngeal surgical emphysema. 
Fourthly, anterior chest auscultation 
suggested lung ventilation was 
equal on both sides.  

Image 1. Capnogram A was noted to not yet have a plateau when the next inspiration started. See red arrow. 
That suggested the et-CO2 to art-CO2 gradient was very large. Then a long expiration breath was created and the 
et-CO2 climbed to 90mmHg. See capnogram B. A relatively horizontal plateau segment was formed at the end of 
expiration and an et-CO2 measured 90mmHg. The art-pCO2 would then be 90mmHg at the least.  

Image 2. A view of what the patient’s et-
Tube and its connections looked like.  (Not 
actual patient.) Also, see image 3. 

Image 3. Airway components removed to reduce dead-space. 1 = 
L-connector, 2 = CO2 breath sampling tube connector, 3 = airway 
filter, 4 = excess et-tube beyond the lips, 5 = CO2 sampling tube, 6 
= et-Tube connector. All red parts were removed in order to 
reduce airway dead-space.  
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Ventilation was then adjusted to make CO2 elimination more efficient. Tidal volumes were 
increased from 736 ml to 1300ml to reduce the breath size dead-space ratio, thus making CO2 
elimination more efficient. The minute ventilation kept at 13 l/min by reducing the respiratory 
rate from 16 to 10 breaths per minute to maximize expiratory time, which would also improve 
CO2 exhalation. Peak inspiratory pressures did not change. See table 1. 

Next, airway dead-space was reduced to make CO2 elimination more efficient by, firstly 
trimming the endotracheal tube (et-tube) rear end to the level of the lips. The adapter was re-
inserted into the et-tube. Then all the red parts in image 3 were removed. The CO2 sampling tube 
(part 6 in image 3) was connected to the et-tube via a 16G hypodermic needle inserted into the 
et-tube. See image 4. Over the next 30-minutes, these ventilatory changes reduced the ET-CO2 
from measuring 56 to measuring 42mmHg.   

An arterial blood 
sample was next also 
obtained immediately 
after the ventilator and 
airway changes, to get the 
true CO2 values. The 
arterial pH was 7.03, art-
pCO2 was 82mmHg, and 
art-pO2 was 289mmHg. 

It was next decided to 
electively ventilate the 
patient overnight after 
surgery. It was 6h30 in the 
evening. The reasons 
were; (1) there was 
concern that she could 
have some airway 
narrowing from the 
surgical emphysema in the neck, (2) she had severe acidosis and needed to be hyperventilated 
massively to compensate and the lady being aged and in need of opiate-analgesia would very 
likely be unable to sustain the energy requirements for such hyperventilation. Elective post-
operative ventilation thus seemed a wise and safe precaution.  

Her post-operative care was successful and uneventful. Oxygenation was always good and an 
arterial blood gas measured an hour after the surgery had ended showed the pH had improved to 
7.28, the art-CO2 was down to 47mmHg, and PaO2 was 298 mmHg. The subcutaneous 
emphysema was no longer discernable by 60 minutes after surgery. She was easily extubated the 
first morning after surgery, and her further recovery was uneventful. The only clinical signs seen 
of a possible myocardial failure at any time, were new-onset bilateral swollen ankles seen later 
after extubation surgery, and treated as possible signs of deep venous thrombosis, without 
verification of diagnosis. Acute hypercapnic acidosis can cause cardiac failure. See discussion. 

 

Image 4. The patient’s ventilator airway connections after equipment 
dead-space elimination. Compare to image 2. Observe how the ventilator 
tubing Y-connector (see Red arrows) has been moved closer to the 
patient’s mouth to reduce equipment airway dead-space. Note the CO2 
gas sampling tube connected via a hypodermic needle inserted into the 
et-tube.  
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DISCUSSION 
 

Two clinical problems need discussion here. They are (i) subcutaneous emphysema and (ii) 
severe hypercarbia. However, they are only signs, and when first recognized each must be briefly 
considered to be separate, and that each sign has a differential diagnosis that needs to be briefly 
considered and evaluated.  

1. Subcutaneous emphysema: When there is unexpected swelling of a surgical patient’s 
face, eyelids, neck, and upper chest the following steps must be taken; 

a. Palpate the swelling gently seeking the feeling of crepitus. Feeling crepitus 
confirms the swelling is caused by subcutaneous gas.  The differential diagnosis 
for facial, eyelid, and neck swelling includes allergic reactions and angioedema. 
There are many more causes for non-surgical non-sepsis-associated 
subcutaneous emphysema1. Tests can be done if there is uncertainty about 
whether the swelling is subcutaneous emphysema or not. X-rays and CT scans 
will confirm the presence of gas within the dep tissues like the mediastinum. 

b. Consider whether the subcutaneous emphysema is gas gangrene, or not. Are 
there signs of adjacent severe sepsis? If there is no reason to suspect sepsis, 
then the emphysema is likely surgical emphysema.  

c. Consider whether this is gas from a pneumothorax, perhaps from a pleural 
puncture during central line insertion, or a spontaneous ruptured lung 
bullous2. Auscultate the lungs and feel for tracheal displacement to one side 
within the suprasternal notch. A chest X-ray may be needed as well.  

d. Consider a tracheal puncture is present in any positive-pressure ventilated 
patient unexpectedly developing clinical skin emphysema. For example, a long 
duration ventilated ICU patient with et-tube induced pressure-necrosis of the 
trachea.  

e. In any laparoscopic surgical patient subcutaneous emphysema is about 95% 
likely due to escaped-air from the pneumoperitoneum. To miss the true 
diagnosis in the other approximate 5% of cases, would be a catastrophic error. 
Those alternate diagnoses are easily made if only a brief consideration is given 
to those other diagnoses. (Percentages based on an educated guess.)  

f. Subcutaneous emphysema, if the sign of crepitus is unclear, can also be 
verified using ultrasound examination of the skin3,4. 

 
2. Severe hypercarbia:  

Hypercarbia can result from hypoventilation in any anesthesia patient, with 
only physiologically produced CO2. Hypercarbia will occur in 100% of patients 
where CO2 gas is insufflated into any body tissue or compartment, and the 
patient is held to the same fixed minute ventilation that was set preceding the 
start of CO2 insufflation.  If the minute ventilation is increased sufficiently, as 
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much extra CO2 can be exhaled as what is being absorbed of the insufflated CO2 
and et-pCO2 and arterial-pCO2 can be kept unaltered.  

Hypercapnia is very serious of it develops acutely and the arterial pH falls 
below 7.20 too. Acute severe hypercapnic acidosis causes myocardial stunning 
with loss of ventricular contractile strength causing hypotension and 
biventricular cardiac failure, and immediate renal and hepatic reduced function 
which can alter some anesthetic drug elimination times.  That loss of cardiac 
function occurs due to loss of release of intracellular calcium needed for heart 
muscle contraction5,6. Calcium injection/infusion has been shown to restore that 
acidosis-induced loss of myocardial contractile function7. Animal studies show a 
hypercapnic-induced arterial blood acute pH change fall to 6.90 reduces 
myocardial contractile strength 50% but spontaneous recovery of contractility 
occurs partially and slowly over hours8.   

The severity of hypercarbia, apart from ventilation factors, depends upon 
many physical factors such as: (i) the specific tissue or cavity being insufflated 
which determines the rate of insufflated-CO2-gas absorption, (ii) the extent of 
tissue disruption or dissection which adds in additional absorption surface area 
for the insufflated-CO2-gas to enter the blood, (iii) the magnitude of the 
insufflating pressure which influences the extent of tissue CO2 surgical crepitus 
formation, and (vi) the duration of the procedure with insufflation which sustains 
a steadily worsening situation with greater surgical-emphysema formation. In 
general, the largest surgeries, of longest duration, and using the highest 
insufflation-pressures cause the most severe hypercarbia. In this case, the 
hypercarbia exceeded the patient’s mechanical capacity for hyperventilation to 
compensate fully.  

Simple studies have shown that with peritoneal insufflation, with no 
compensatory ventilator adjustments, hypercarbia peaks at about 1-hour after 
the start of insufflation producing an arterial PaCO2 of 70mmHg9. It has also been 
shown that when surgical-instrument dissection is extensive, it facilitates CO2-
insufflation-gas exiting the peritoneal cavity into fascial planes along which the 
free gas tracks forming surgical emphysema in distant places. When more CO2 
gas is sequestered into tissues, more CO2 dissolves in the bloodstream faster 
thus increasing hypercarbia more and worsening acidosis more10. In this patient 
despite using increasing hyperventilation the hypercarbia increased steadily 
across the entire case, as dissections proceeded and as surgical emphysema 
extended further and further, thus increasing the absorption surface area for the 
CO2 gas. See table 1 (at the end of the report) for all the case-report patient’s 
vital signs across the time of the anesthetic. The increase occurred despite the 
use of extreme hyperventilation    

Lastly, hypercarbia can raise serum potassium (S-K+), although it is a 
minimal effect. The potassium rising could however be critical if the starting 
serum-K+ was high before CO2-insufflation was started11. 
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This author has experienced several personal cases of laparoscopy patients developing 
surgical emphysema in the mediastinum, neck, and face. They were all patients with surgeries lasting 
longer than usual, representing surgical difficulties, with wider dissection than usual. They also all 
involved dissection near the esophageal hiatus in the diaphragm. The surgical emphysema, especially 
if it tracks up the mediastinum can be very painful to the patient upon awakening. Surgical 
emphysema can reach the eyelids, which can expand enough that the swollen eyelids cannot be 
opened. The subcutaneous gas bubbles give the feeling of crepitus when pushed on lightly by fingers. 
The subcutaneous emphysema or surgical emphysema also absorbs very fast and clinically seems 
gone within an hour or two after surgery.   

Reviews on surgical emphysema state that the airways at the glottis, pharynx, and mouth can 
be compromised, and patients may require intubation until that is well resolved12. Although neck, 
airway, and facial surgical CO2 emphysema are seen more with surgeries closest to the head, such as 
esophageal and hiatus surgery, it can also be rarely seen in the head and neck regions with more 
caudad surgery such as laparoscopic hysterectomy, when it may also appear on the upper legs13.  

In one case the first sign of any surgical emphysema developing was the reduction in the 
voltage of the patient's ECG 2 hours after the start of surgery14.  It was then discovered that there 
was extensive surgical emphysema over the chest. It is likely that the CO2 gaseous bubbles under the 
skin were also expanded by the nitrous oxide that the patient was also receiving as an inhaled 
anesthetic gas.       

Head/neck/chest surgical emphysema can be a pure anesthesia complication.  It was first 
reported in 1912, and reviewed in 195515,16. That was in an era before modern ventilators and the 
problem was highly associated with the use of excess ventilatory pressures causing some tissue injury 
to act as a conduit for the positive pressure ventilatory gas to enter the tissues. It was said that if 
mediastinal emphysema was diagnosed 33% of patients had pneumothorax as well, and likely a 
ruptured lung bullous.    

Surgical emphysema presenting subcutaneous has been consistently reported from the start 
of laparoscopic surgery in the early 1990s using gas insufflation of the peritoneal cavity17,18. A 
surgeon’s review in 2015 gave some insightful data19. The two biggest surgical risk factors were; (1) 
using CO2 insufflation pressures over 15 mmHg, and (2) surgeries exceeding 3.5 hours. Clinically 
detectable surgical emphysema is seen in 0.43 to 2.34% of laparoscopy patients after surgery. 
However up to 77% will have subcutaneous emphysema if looked closely for on postoperative chest 
X-rays, and 20% will have a pneumo-mediastinum. Also, when using a CT-scan on post-laparoscopic 
cholecystectomy patients within 24 hours of surgery 56% of patients have clinically undetectable 
subcutaneous surgical emphysema.  

REDUCING VENTILATION DEAD-SPACE.  

Ventilation Dead-Space is the fraction of tidal volume that does not take part in gas 
exchange and represents ventilation without blood perfusion. See image 5. Physiological dead-
space, or total dead space, is the sum of anatomic dead-space and alveolar dead-space.  
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Anatomic dead-space is all of 
the biological airway from 
the terminal bronchioles back 
to the mouth and nose. 
Anatomic dead-space has no 
alveoli. Alveolar dead-space 
is the volume of alveoli that 
are so under perfused, as to 
not participate in gas 
exchange. The normal ratio 
of physiological dead-space 
to tidal volume is 1/3, or 
33%.  

Physiological dead-
space contains the remnant 
exhaled air of the previous 
breath that was exhaled, and 
is thus rich in CO2. When a patient is intubated all of the internal space volumes of all of the 
airway devices back to the Y-connection where inspiratory and expiratory gasses paths separate 
are additive and represent “equipment dead space.” That gets added to the total dead space. 
See image 5. With a standard size, tidal volume equipment dead space can increase the dead-
space ratio from a normal 30% of 1/2, or 50% of the tidal volume, if the tidal volume remains 
constant.     

Carbon Dioxide (CO2) elimination is increased when respiratory rate (RR) is increased, 
when the tidal volume (TV) is increased, or when the dead-space ratio is decreased. Conversely, 
if RR is decreased, or TV is decreased, or the dead-space ratio is increased, then CO2 elimination 
is decreased with arterial hypercarbia resulting from the reduced CO2 elimination. When RR is 
increased, although the increased minute ventilation helps eliminate CO2, it becomes a 
diminishing benefit as the RR is increased more and more. That is because when RR is increased 
the TIME FOR EXHALATION on each breath is diminished too, resulting in a trend for arterial-CO2 
to accumulate. Skill, good judgment, and continual reassessment are needed to juggle the 
benefits and disadvantages of each ventilatory alteration to secure optimal ventilator benefit.   

This case report patient had her tidal volume increased from her starting volume of 517 
ml to 605 and her respiratory rate increased from 10 breaths per minute (BPM) to 18 BPM. 
Despite that, during laparoscopy her end-tidal CO2 reached 90mmHg and her arterial PaCO2 
exceeded that.  In stepped fashion, the following remedies were then applied to optimize her 
CO2 elimination via ventilation. Firstly, her TV was increased in steps to 1300ml. That would both 
increase her minute ventilation, and decrease her ventilation dead-space ratio. Secondly, her RR 
was decreased to allow her more time to exhale with each breath. Thirdly, her airway equipment 
was modified to decrease her equipment dead-space. See images 2, 3, and 4. Within a few 

Image 5. Visual exposition of dead-space.  
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minutes, her arterial blood gases showed an art-PCO2 improvement to 87mmHg. A 90 minute 
later blood gas was nearing normal and the blood pH had improved from pH of 7.03 to 7.28.   

There are further methods to optimize ventilatory CO2 elimination. Morini reviewed 
various experimental techniques, called adjunctive ventilation, that attempt to enhance O2 
delivery and CO2 removal from the alveoli20.  The adjunctive techniques are all focused on the 
gasses within the airway dead space and how to add more oxygen to it or to removed more CO2 
from it. Dead space gas is the last gas exhaled on the preceding breath and becomes the first gas 
inhaled to reach the alveoli with a new breath. Dead space gas is high on CO2 and low on O2. 
Fresh gas then follows that dead space gas into the alveoli to complete the full volume inhaled. 
Adjunctive ventilation techniques are: (1) inhaling Nitric Oxide to enhance blood flow to the 
functional alveoli, (2) augmenting hypoxic pulmonary vasoconstriction using almitrine, (3) using 
helium-oxygen gas mixtures, (4) alter regional trans-pulmonary pressures and lung mechanics 
with prone positioning, (5) using partial liquid ventilation with perfluorocarbon, (6) using a 
catheter inserted directly into the distal trachea beyond the et-tube to continuously blow in 
fresh gas to displace the dead-space CO2, (7) using chest wall vibrations to mix dead space gas 
and fresh gas more, (8) inducing ventilator delivered gasses to additionally oscillate at high speed 
to encourage more, fresh gas and dead space gas mixing, (9) to simply tolerate hypercarbia and 
call it “permissive hypercapnia”, and lastly (10) jet ventilation could be adapted to this purpose 
of enhanced CO2 extraction too.  

Finally, the most dramatic and profoundly efficient way to reduce dead space, and 
facilitate higher efficiency CO2 exhalation, even if using half-size normal tidal volumes, is to shift 
the “Y” point, where 
inspiratory and expiratory gas 
flow channels meet each other 
from outside the mouth to just 
above the carina. It simply 
requires passing a double 
channel endotracheal tube, or 
even a pair of endotracheal 
tubes to just above the carina. 
The ventilator inspiratory hoe 
is connected to one 
endotracheal tube lumen, and 
the expiratory tube of the 
ventilator is connected to the 
other lumen or tube passing to 
just above the carina21,22. See 
image 6.  

 

 

Image 6. Zero Dead Space endotracheal ventilation.  
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SUMMARY and CONCLUSION. 

These are important points for an anesthesiologist to never forget when dealing with CO2 
insufflation during surgery, unexpected neck, and facial swelling, or discovering subcutaneous 
emphysema.    

1. End-tidal CO2 measurements can be very inaccurate if expiratory times are very 
short, due to high respiratory rates. A clue that the et-CO2 to art-CO2 difference is 
very large is that the capnogram has no horizontal plateau, just a continuously rising 
plateau up to the start of the next inspiration.  

2. Never use N2O during any CO2-gas tissue insufflating surgery, as the N2O will 
physically expand any surgical crepitus that forms.   

3. Reduce airway equipment dead-space as much as possible. Remove connectors, and 
filters that are not critical, and trim excess endotracheal tube length projecting 
beyond the mouth. This reduces equipment dead space. 

4. Strongly consider delaying extubation for 1 to 2 hours to allow the surgical 
emphysema to resolve substantially, and to allow high-capacity mechanical 
hyperventilation. This is out of concern for (i) opiates impairing the patient’s ability to 
hyperventilate to correct their hypercapnic acidosis, and (ii) laryngeal and pharyngeal 
swelling with emphysema. Alternatively retain equipment, trained staff, monitoring, 
and drugs close at hand to the patient in a high care facility for 2-hours after 
extubation, in case patient breathing difficulties arise.  

5. Encourage surgeons never to use CO2 insufflation pressures over 15 mmHg pressure 
and ideally to stay at or under 12 mmHg.  
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Table 1. These are the case-report patient’s vital signs spanning her time spent under anesthesia for surgery. Each vertical 
column, numbered 1 to 26 represents 15 minutes of time. Each value is the one closest to the minute of 15xthe column number, 
from the start of anesthesia. For example, column 10 = 150 minutes = 2-hours and 30-minutes after the start of anesthesia. The 
first blood pressure was the last one awake before induction of anesthesia. The one intraoperative blood-gas measured was 
collected in time-epoch (column) number 18. For each vital sign, the highest and lowest values as illustrated at clearly stated.  
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