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When warm-blooded animals  am raised to a height where the atmospheric pressure is less than 47 m m  mercury, 
the l i t t le-known condition of h igh-a l t i tude  emphysema may develop. Its essential  feature is that  when the pressure 

falls below 47 mm mercury the tissue fluids boil  at the body temperature of 37~ in addit ion the gases dissolved in 

the tissues come out solution. 

The external  manifestat ions of h igh-a l t i tude  tissue emphysema are that for several seconds the skin separates 
as a layer and ba l loon- l ike  swellings are observed on the body surface (Fig. 1). 

The pr incipal  factors in the pathogenesis of h igh-a l t i tude  emphysema are temperature,  pressure, and the gaseous 

composit ion of the subcutaneous bulla which forms as a ba l loon- l ike  swelling of the body. 

The method and exper imenta l  arrangement which we have proposed enables simultaneous observations to be 
made in a pressure chamber  of temperature changes and pressure, and provision is made  for the analysis of the gas 

from one of these bul lae  to be taken for analysis at  any t ime.  

The apparatus consists of a special  combined needle,  e lect rothermomemr,  rubber vacuum tubing with a three-  

way tap, a vacuum burette, mercury manometer ,  and kymograph (Fig. 2). 

The combined needle was prepared from an inject ion needle (Fig. 3). At the end of the needle there is a thick-  
ening to which is soldered a s ide-p iece  (2) for the outlet  of gas. The end of the thickened part of the needle  is sol- 
dered into a cyl inder (6) whose axis coincides with that of the needle.  Within the cyl inder  there is a piston (4) most 
of which has the same d iameter  as the cylinder.  This portion of the piston acts as a guide for movement  along the cy-  
linder and also acts as a shoulder as well  as restraining the thermo-couple  holder in the idle position. In the end of 
the piston there is an aperture with a groove. Into this aperture is introduced the thermo-couple  holder with ebonite 
support (1) in which it fits t ightly.  In the face of the piston there are two pins, and to them are soldered leads from the 
thermistor and a wire running through the hole in the center  of the piston and connected to the recording device.  In 
the end of the cyl inder  there is a ring (7) which l imits the movement  of the piston when moved in the direct ion of the 
idle position of the thermistor. The ring serves to fix the device at the moment  of action of the thermistor, because 
in i t  there is a channel  through which passes the guide (5). When the force of the spring (9) is overcome the face of 
the piston to which is fixed a rubber covering (10) covers the needle.  At this t ime the guide is free from the channel 
in the ring and is held by a smal l  rotation of the piston to one side. At the end of the piston there is a head (8) having 

notches for convenience of operation. 

When the needle is introduced subcutaneously the exper imenter  presses on the head of the piston so as to over-  
come the force of the spring; then he gives i t  a smaU rotation to maintain it in position. The thermistor emerges 
from the hollow of the needle, the cyl inder  is closed, and the gas passes through the s ide-p iece .  

The thermal  e l emen t  consisting of a thermistor is also mounted in the end of the neck of  the needle,  and after 
it  has been introduced beneath the skin it can be moved over a distance of 1.5-2 ram. It is connected to an e lec t ro -  
thermometer  from which the temperature may be read direct ly  or recorded graphical ly.  For the measurement  of 
pressure, in the channel of the needle between its walls and the project ing nipple to which it is fixed there is a gap 

which is in communicat ion  through a three-way tap with a manometer .  
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Fig. 1. External appearance of a rat (a) before rarefact ion,  (b) 
20 sec, and (c) 50 sec after reduction of the pressure to 7 mm 
mercury,  

Samples of gas are collected in a vacuum burette through the three-way tap. The whole apparatus, except for 
the e lec t ro- thermometer ,  is p laced  in a pressure chamber.  

The method of operat ion is as follows. The an ima l  is fixed in the prone position, and placed in the pressure 
chamber, The needle just described is inserted beneath the skin and the point at which i t  is introduced is careful ly 
sealed with several  layers of plaster  and Mendeleev 's  paste. Then the unit carrying the temperature-sensi t ive  e l emen t  

is pushed out and fixed in the operating position by rotation of the head. 

Before the an imal  is raised ef fec t ive ly  to a high a l t i tude the three-way tap is moved into position II (see Fig. 2); 
in this position the needle  is connected to the manometer  and to the surrounding atmosphere.  The an imal  is then 
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Fig. 2. Diagram of the apparatus for measurement  of the t em-  
perature, pressure, and for the col lect ion of gas samples from a 
bulla.  1) Rat; 2) combined needle;  3) manometer;  4) burette; 
5) three-way tap; 6) galvanometer;  I - t a p  connecting burette 
and manometer ;  I I - t a p  connected to atmosphere. 
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Fig. 3. Combined needle for 
the measurement  of temperature,  
pressure, and for the col lect ion of 
gas from a subcutaneous bulla 
formed by high -a l t i tude  emphy-  
sema (explanation in text).  

ef fect ively  raised to a height at  which the atmospheric pressure would be 47 mm 
mercury, i .e. ,  less than the vapour tension of water at  37 ~ The ascent should be 
made by the method of "overfa11" during 1-2 sec. During the rapid ascent the 

gases present in the manometer  and in the rubber tube expand and enter  the pres- 

sure chamber through one of the orifices of the three-way tap (position II). One 
or two seconds after  the maximum height has been reached the three-way tap 

is moved into position I, and communicat ion between the atmosphere and the 
pressure chamber  is interrupted. In the subcutaneous bul lae  which have deve l -  
oped through h igh-a l t i tude  emphysema the pressure and temperature are recorded. 
Also at  any moment  a sample of gas may be taken into the burette for analysis. 

The animals in which h igh-a l t i tude  emphysema has developed should not 
be kept at  the high al t i tude for more than one minute, otherwise they may perish 
as a result of acute hypoxia. After a rapid descent to ground level  the bal loon-  
l ike swellings disappear, and the appearance returns to normal.  Sometimes im-  
media te ly  after the descent respiration is arrested; it  may be restarted by ar t i -  
f icial  respiration. After 15-20 rain the animals carmot be distinguished from 
others which have not been effect ively elevated.  

In our work the experiments were carried out chief ly on rats, but the me-  
thod described may be applied to rabbits, cats, and dogs. In these cases the needle 
inserted subcutaneously should be made somewhat longer (5-7 cm for dogs). 

A simultaneous study for pressure and temperature in the bul lae  due to high- 
al t i tude emphysema shows that the gas pressure within the bullae may be main -  
tained at  a constant level  not only on account of the vapour pressure but also be-  
cause of the par t ia l  pressure of gases. The temperature within the bul lae  is re-  
duced, but the expected reduction of vapor pressure does not occur because fur- 
ther supplies of gas from the tissues enter  continuously*. A study of  the gaseous 
composit ion and calculat ions of the gaseous composit ion and partia~ pressure 
show that the bullae receive not only water vapor but also the gases dissolved 
in the tissues, and that these gases assist in the separation of the layer  of  tissue 
and mainta in  the pressure in the bullae.  

* E. A. Kovalenko and Yu. A. Yurkov, Patol. f iziol . ,  4, 26 (1961); 6, 11 (1962). 
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S U M M A R Y  

This paper deals with the method of study of the three main factors concerned in htgh-aki tude emphysema, 

namely temperature, pressure, and gaseous composition of the subcutaneous butlae. A new method is suggested which 

enables the investigations to be carried out by means of a needle containing a stylet thermotransducer, a set of vac- 
uum burettes, a three-way tap, and a kymograph. Several experiments were carried out by this method at pressures 

down to 7 mm Hg. It was found that the temperature fails during the development of the bullae, whereas the pressure 

remai~cs constant. The method may be applied to various species of animals.  
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