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ABSTRACT 

Adverse effects may occur when patients with air in the pleural space or in the cerebral 
ventricles breathe nitrous oxide. We developed an animal model to learn whether similar 
adverse effects are associated with the inhalation of nitrous oxide when air is present in the 
subcutaneous space. We induced extensive subcutaneous emphysema in swine and 
measured oxygen and carbon dioxide tensions in systemic arterial and mixed venous blood; 
cardiac output; intravaseular, airway, and pre-sternal subcutaneous pressures; total 
pulmonary-thoracic static compliance; and thoracic girth before and after a 45 minute 
period of breathing 75 per cent nitrous oxide in oxygen. Cardiac output decreased from 3.13 
--- 0.51 I/min to 2.40 -+ 0.62 l/rain (p < 0.05); no other values changed significantly. No 
significant adverse cardiorespiratory effects resulted from the transfer of inhaled nitrous 
oxide to the subcutaneous space in this animal model. 

KEY WORDS: ANAESTHETICS, GASES, nitrous oxide; COMPLICATIONS, sub- 
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ALTHOUGH air-filled cavities in the body tend to 
decrease in size and to disappear spontaneously, 
during the inhalation of nitrous oxide the spaces 
increase in size until an equilibrium occurs. 1 
This phenomenon occurs because of the differ- 
ence between the solubilities of nitrous oxide 
and of nitrogen in blood. The transfer of nitrous 
oxide into air within the pleural space 2'3 or 
the cerebral ventricles 4 may produce tension 
pneumothorax or pneumocephalus, respec- 
tively. In 1974, Munson hypothesized that, be- 
cause of this phenomenon, nitrous oxide would 
also adversely affect patients with mediastinal or 
subcutaneous emphysema. 1 Later, Rosenberg e t  
al.  5 and Milne et  al .  ~ similarly recommended 
that nitrous oxide not be used for patients with 
subcutaneous emphysema. To test this hypothe- 
sis we studied the cardiorespiratory changes 
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induced by nitrous oxide in swine with subcut- 
aneous emphysema. 

METHODS 

Ten young swine weighing 20-25 kg were 
anaesthetized with intramuscular ketamine hyd- 
rochloride 20 mg-kg -I. A catheter for the admin- 
istration of  fluids and drugs was inserted into a 
vein of the ear, the trachea was intubated and 
anaesthesia and immobilization were maintained 
with intravenous thiamylal and pancuronium 
bromide. The lungs were ventilated with air 
from a time-cycled volume ventilator, maintain- 
ing Pact2 between 4.9 and 5.7 kPa (37 and 43 
ton). Body temperature was monitored by a 
pulmonary artery thermistor and was maintained 
at 37.0 --- I~ by external infrared heating. A 
Swan-Ganz | thermodilution catheter was placed 
into the pulmonary artery through a high cervical 
jugular venous cutdown. Each animal received 
lactated Ringer's solution, 2 -3  ml.kg-I/hour to 
maintain hydration. 

An 18-gauge Teflon | catheter was placed 
surgically into the carotid artery and a 12-gauge 
plastic catheter was placed into the subcutaneous 
tissue anterior to the sternum. Pressures from the 
arterial and central venous catheters, from the 
subcutaneous space and from the airway were 
transduced with a high fidelity pressure mea- 
surement (Bentley Laboratories, Inc., Irvine, 
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California) and recording system (Grass Medical 
Instruments, Quincy, Massachusetts). 

Blood samples and measurements were ob- 
tained as follows: sampling of systemic and 
mixed venous (pulmonary arterial) blood for 
analysis of oxygen and carbon dioxide tensions; 
measurement of cardiac output (in triplicate) by 
the technique of thermodilution; measurement 
of vascular, pre-sternal subcutaneous and air- 
way pressures during three consecutive respira- 
tory cycles; determination of total pulmonary- 
thoracic static compliance at three different 
volumes (functional residual capacity plus 250, 
500 and 750 ml respectively) by means of a 
"super syringe"; and measurement of thoracic 
gkth at mid-sternum. Pulmonary shunt fraction 
(Qsp/Qt) was calculated using the equation 

Cc% - Cao~ 
Qsp/~ - ~ :  C % , '  

where 

Cam = 1.34 (hgb) (Sao,) + 0.0031 Pao~, 
C%~ = 1.34 (hgb) (S%~) + 0.0031 P%2, and 
Cc'o2 = 1.34 (hgb) (Sc%) + 0.003I 

( P B  - Pa2o) FIo~ - Paco2 

Saturations of haemoglobin in arterial, pulmo- 
nary arterial, and pulmonary end-capillary blood 
are Sam, S%2 and Sc%, respectively, and PB is 
barometric pressure. The respiratory quotient 
was assumed equal to 1; 1.34 is the oxygen- 
carrying capacity of haemoglobin in mi 02/gm 
hgb, and 0.0031 is the oxygen solubility coeffi- 
cient in mi 02/torr. Saturation of oxygen was 
calculated using the method described by Sever- 
inghaus. 7 We assumed Pc% to equal the calcu- 
lated PAo2, 

Mean pulmonary-thoracic static compliance 
(CLT) was calculated using the equation, 

( 2 5 0 m l + 5 0 0 m l + 7 5 0 m l )  1 
CLT = \ AP250 APsoo ~ 3 ' 

where APx is the change in airway pressure 
induced by the mechanically delivered tidal 
volume "x" in ml. 

To produce diffuse bilateral thoracic subcuta- 
neous emphysema, 1200 mi of air were injected 
slowly (2 rain) through the catheter into the 
pre-sternal space. After a 10 minute period of 
equilibration, control measurements were ob- 
tained. The animals were then ventilated with a 
volume ventilator with 75 per cent nitrous oxide 
with oxygen for 45 minutes; the concentration of 
inspired oxygen was monitored continuously 
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with an in-line oxygen analyzer, All measure- 
ments except cardiac output were repeated every 
ten minutes until the end of the observation 
period. Cardiac output was measured at the end 
of the 45 minute period. After final measure- 
ments, the animals were sacrificed by intrave- 
nous injection of potassium chloride and chest 
roentgenograms were obtained. 

The Student t-test for paired data was used 
to assess the significance of the differences 
between means before and after exposure to 
nitrous oxide. All data are reported as means 
--- one standard deviation. The minimal level 
chosen for significance was p < 0.05. 

RESULTS 

Post-mortem chest roentgenograms con- 
firmed the clinical impression of diffuse bilateral 
thoracic subcutaneous emphysema and docu- 
mented the absence of pneumothorax and pneu- 
momediastinum in each animal (Figure 1). 

There was no significant change in Paco~; in 
Qsp/Qt; in subcutaneous, vascular, and peak 
airway pressures; in thoracic girth; or in lung- 
thorax compliance after the inhalation of nitrous 
oxide for 45 minutes (Table I). Cardiac output 
decreased from 3.13 --- 0,51 l/min to 2.40 --. 
0.62 l/min (p < 0.05) after ventilation with 
nitrous oxide for 45 minutes but, when measured 
again later in four of the animals, had returned to 
baseline within 10 minutes of discontinuing the 
nitrous oxide. 

FmURE 1 To produce diffuse, bilateral thoracic 
subcutaneous emphysema (arrows), 1200ml of air 
were injected subcutaneously anterior to the sternum. 
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TABLE i 
CARDIORESPIRATORY VARIABLES BEFORE AND AFTER NITROUS OXIDE (75 PER CENT) INHALATION BY SWINE 

WITH SUBCUTANEOUS EMPHYSEMA 

Nitrous Oxide Inhalation 

Cardiorespiratory variable Before After 

Paco~ (tort) 37.8 -+ 1.2 39.2 -+ 1.4 
Arterial Pressure (tort) 1301106 • 6/4 129/107 - 5/5 
Pulmonary artery pressure (torr) 27/15 - 3.6/2.2 29/17 + 4.212.3 
Pulmonary artery occlusion pressure (torr) 6 +-- 1.7 6 --- 1.3 
Mean cardiac output (l/rain) 3.13 --- 0.51 2.40 +-- 0.62* 
Subcutaneous pressure (tort) 9.2 ~ 0.9 8.4 +- 1.3 
Mean compliance (ml/torr) 19.1 +-- 2.1 18.5 - 3.1 
(~sp/(~t 0.06 +- 0.01 0.06 + 0.02 
Thoracic girth (cm) 87.6 -+ 5.1 88.2 -+ 4.9 
Peak airway pressure (torr) 16.2 - 2.1 17.1 --- 2.0 

*P < 0.05 compared to the control value. 

DISCUSSION 

We studied swine because their skin and 
subcutaneous tissue resemble those of humans. 8 
A total volume of 1200 ml (48-60 ml.kg -I) of air 
was chosen for subcutaneous injection because 
unpublished pilot studies showed that that 
amount of air produced a physical and radio- 
graphic lesion similar to that observed in patients 
with extensive subcutaneous emphysema. We 
studied isolated subcutaneous emphysema (i.e., 
without concomitant pneumomediastinum or 
pneumothorax) to eliminate the potential con- 
founding effects of pneumothorax and pneumo- 
mediastinum. Previous studies of the rate of 
movement of nitrous oxide into air-containing 
colon, small intestine, stomach, pleural space, 
and cerebral ventricle revealed approximate 
half-times for equilibration of 1130 minutes, 95 
minutes, 75 minutes, 15 minutes, and six min- 
utes, respectively. 2 Based on these equilibration 
times, we arbitrarily chose a 45 minute period of 
observation as one likely to reveal clinically 
significant changes in the variables of interest if 
they were going to occur. 

Because of its low blood:gas solubility coeffi- 
cient, nitrous oxide rapidly saturates highly 
peffused organs such as the heart and the brain. 
Equilibration in skin and fat occurs more slowly, 
but uptake of the drug by these tissues which 
enclose the subcutaneous space should be sub- 
stantial within 45 minutes so that further transfer 
of nitrous oxide into the subcutaneous space 
should be minimal. 

Our failure to find an increase reflected by 
thoracic girth in the volume of subcutaneous gas 
after the inhalation of nitrous oxide may be 

explained in two ways. First, the fatty interface 
between the subcutaneous tissue and the gas 
contained within it is relatively avascular so that, 

23 in contrast to the tissues of the l?leural space, ' 
the ~ut, 2 the cerebral ventricles" and the middle 
ear,- the rate of transfer of gas to the subcutane- 
ous tissue may be slower. Secondly, substantial 
quantities of nitrous oxide may have entered the 
lax subcutaneous space, but spread so easily 
cephalad or caudad that no measurable change 
occurred in thoracic girth. 

Since no other measured values changed 
significantly, it is reasonable to assume that the 
decrease in cardiac output after 45 minutes of 
ventilation with 75 per cent nitrous oxide was 
caused by nitrous-oxide-induced myocardial de- 
pression, which is known to occur in swine, to 

In summary, we found no significant adverse 
cardiorespiratory effects associated with nitrous 
oxide inhalation in an animal model of subcuta- 
neous emphysema. The concern articulated by 
Munson I and Rosenberg et al. s that inhalation of 
nitrous oxide by subjects with subcutaneous 
emphysema would be associated with adverse 
effects is not supported. 

The authors gratefully acknowledge the sec- 
retarial skills of Ms. Betsy Benson, the editorial 
assistance of Ms. Lynn Carroll and the helpful 
suggestions of Dr. Jerome H. Modell. 
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RI~SUM~ 

On connalt les effets nocffs de l'inhalation de protoxyde d'azote chez les patients dont les 
espaces pleuranx ou les cavit6s ventriculalres c6rdbrales contiannent d6jii de Fair. Nous 
avons crEE un module animal pour savoir si des effets de m~me type pouvalent &re associ6 
l'inhalation de protoxyde d'azote lorsque l'espace sous-cutan~ eontieot de Fair. Nous avons 
provoqu6 un emphys~ne darts le tissus sous-cutan6 6mndu du pore et mesur~ les tensions en 
oxyg~ne et en gaz carl~onique du sang art~del et veineux m~lg, le d~bit cardiaque, les 
pressions intra-vasculaires, respiratoires et pr~sternales sous-cutan6es, la compliance 
smtique pulmonalre-thomeiquc totale, et le tour de poitrine avant et apr~s une p6riode de 45 
minutes d'inhalation de protoxyde d'azote A 75 pour cent darts l'oxyg~ne. I2 d~bit 
cardiaque a diminu6 de 3.13 --- 0.51 l/rain ~t 2.40 _-. 0.621/min (p < 0.05); mutes les autres 
valeurs se soot maintenues. Aucune rfaetion eardio-pulmonaim ddfavorable n'a suivi le 
transfert de protoxyde d'azote ~t l'espace sous-cutan~ sur ce modi~le animal, 


