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ABSTRACT 

INTRODUCTION: Discomfort from cold is a significant problem for trauma victims. Prehospital treatment of 
a hypothermic patient is hugely challenging for medical rescue teams. Preventing heat loss is a basic treat-
ment in all levels of care. The main aim objective of this report was to examine the influence of low ambient 
temperature on cooling oxygen in a rescue set and to check whether heating the oxygen tube with the 
rescuer’s body is a legitimate method.

MATERIAL AND METHODS: In the control test, an oxygen tube was disposed of across a styrofoam board, 
whereas a study group was an oxygen tube hidden underneath the paramedic’s jacket. A thermographic 
camera was used to define oxygen’s temperature in different parts of the medical setting. The research was 
carried out in the winter season in the natural environment, which was comparable to the regular work 
conditions of the services.

RESULTS: In a control group, the oxygen temperature in an oxygen mask was similar to the ambient temper-
ature. This research has found that warming up an oxygen tube underneath the paramedic’s jacket resulted 
in a 12.9 degree increase in temperature in an oxygen mask. 

CONCLUSIONS: Keeping the oxygen tube underneath a jacket may serve as an additional method of prevent-
ing patients’ heat loss. The authors express the need for further research on providing hypothermic patients 
with warm oxygen. The authors believe that introducing such an easy method of warming up the oxygen 
may positively influence treatment results and give rise to a discussion on the presented method.
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INTRODUCTION
One of the basic conditions for maintaining ho-
meostasis is the ability to maintain a constant body 
temperature. Hypothermia by definition is a con-
dition in which the core body temperature drops 

below 35.0°C due to environmental factors. The 
effects of untreated hypothermia are systemic and 
include shock, altered mental status, arrhythmias 
including ventricular fibrillation, and coagulopathy. 
The changes are irreversible and lead to death [1]. 
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The primary defensive mechanism is arteriovenous 
anastomoses, the closure of which results in reduced 
heat dissipation and muscular tremors, which in 
turn increases heat production by 50–100%. Many 
factors affect the rate of hypothermia development. 
Among the causes of secondary hypothermia are, 
among others, severe trauma and shock, spinal cord 
rupture and lactic acidosis [2].

Analysing the case of a patient who suffered 
a severe injury, the greatest risk of hypothermia 
occurs at the prehospital stage. Such patients are 
often being found in the danger zone — for exam-
ple, a car wreck. The evacuation of the victim from 
a vehicle often takes several dozen minutes and in 
the case of mountain accidents even several hours 

[3]. Interestingly, it has been shown that in the case 
of elderly victims of road accidents, it takes longer to 
evacuate and prepare for transport [4]. 

Alex et al. found that discomfort from cold be-
came the most significant problem independent of 
their injury classification [5]. To reduce the adverse 
effects, active heating and proper thermal insulation 
should be provided at the pre-hospital stage. Active 
heating requires additional equipment. In scenarios 
with a large number of victims, this form of therapy 
may be challenging. Henriksson et al. highlighted 
the importance of thermal insulation during mass 
accidents or protracted evacuations in harsh condi-
tions. Reduction of heat loss through evaporation 
can be achieved through wet clothing removal or 
the addition of a vapour barrier [6]. 

Supplementary oxygen treatment is recommend-
ed in Advanced Trauma Life Support (ATLS) [7] and 
International Trauma Life Support (ITLS) [8] man-
uals. Supplementary oxygen treatment is provid-
ed to prevent or correct hypoxaemia, as this may 
cause tissue hypoxia and organ failure. However, 
medical bags are usually stored in the back of emer-
gency vehicles in unheated technical side compart-
ments. Therefore, the temperature of the cylinder, 
and thus the oxygen, is balanced with the ambi-
ent temperature.

The guidelines for the treatment of patients 
with hypothermia indicated that oxygen therapy 
should be carried out using oxygen at a tempera-
ture of about 40°C [9]. At the moment, there are 
no devices available that would preheat oxygen 
to the recommended temperature in pre-hospital 
conditions, although this problem was already ad-
dressed in earlier work [10]. The last data review 
regarding the heating of inhaled gases comes from 

1998 [11]. Over the last years, despite significant 
technological progress, this topic has not been de-
veloped.

The main objective of this initial report was to ex-
amine the influence of low ambient temperature on 
cooling oxygen in a rescue set and to check whether 
heating the oxygen tube with the rescuer’s body is 
a legitimate method. 

METHODS

Ethical statement
The study protocol has been approved by the Insti-
tutional Review Board of the Poznan University of 
Medical Sciences (KB No. 1053/18). Written consent 
has been obtained from the participant.

Measurement technique
The oxygen therapy kit consists of the following el-
ements:
•	 2.7 l white steel cylinder, in which 405 l of oxy-

gen was compressed at 150 atm working pres-
sure;

•	 Reducer with the possibility of setting the maxi-
mum oxygen flow of 25 l/min,

•	 Non-bending catheters with a five-pointed star 
cross-section, 5 mm in diameter (2.5 m long and 
10 m long), supplying oxygen to the mask (Amsi-
no International, Inc., Pomona, California, USA);

•	 Facial mask (Amsino International, Inc., Pomona, 
California, USA).
The FLIR T620 camera (FLIR Systems, Inc., Wil-

sonville, Oregon, USA) was used for thermographic 
measurements. The research was carried out in the 
winter in natural conditions that mapped the real 
working environment of the services. 

Photographs were taken at regular intervals up 
to the point where no changes in the temperature 
distribution were observed. The elements of the 
measurement stand were cooled down until the 
ambient temperature was reached. When setting 
the measurement system and adjusting the oxygen 
flow rate during the test, cooled gloves were used 
to prevent the transfer of hand heat to the tested 
components. 

All measurements were carried out in winter 
weather conditions: ambient temperature -7.0°C, 
low humidity, strong, frosty wind. Oxygen flow of 
10  l/min was used, as recommended in ATLS and 
ITLS manuals [7, 8]. 
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The thermal imaging camera was placed on a tri-
pod approximately 2 m away from the measuring 
plate. To avoid artefacts on the thermograms, none 
of the measuring points was chosen on the para-
medic’s jacket.

The readings of the temperature were taken at 
the oxygen outlet from the cylinder (Tc), at the outlet 
from the face mask (Tm) and additionally during 
the measurements of the sample tested at the tube 
outlet from the jacket’s sleeve (Ts).

Description of the control test
In the control test, the temperature of the compo-
nents of the oxygen therapy kit was examined de-
pending on the ambient conditions at the outflow 
from the cylinder. Figure 1 presents the measuring 
station. On the insulating board made of styrofoam, 
the oxygen therapy tubing was fixed in such a way to 
ensure the patency and constant diameter along its 
entire length. Two oxygen tubes of different lengths 
(2.1 m and 10 m) were used. The styrofoam plate 
was placed on two specially made wooden stands, 
ensuring the stability of the structure. A face mask 
was attached to the end of the oxygen tube, which 
was attached to the base to ensure a stable position 
and the possibility of observing the place of oxygen 
outlet from the mask. A cylinder with oxygen was 
placed next to the plate. Behind the plate and the 
cylinder, styrofoam shielding plates were additionally 
set, to limit the influence of radiation from other 
non-tested sources.

In the first variant whole set had an ambient 
temperature (-7.0°C). In series I, a 10 m long tube 

has been used, and in series II 2.1 m long. In the 
second variant, oxygen from a cylinder had 22.0°C. 
In series III a 10 m tube was used and in the series 
IV — 2.1 m long tube.

Description of the experimental test
In the first test, the oxygen tube was heated through 
contact with the rescuer’s body. The participant of 
the sample test was a Caucasian male with a body-
weight of 69 kg and 1.7m height, wearing a jacket 
with a fleece lining, which is the emergency medical 
system employee’s protective clothing (Fig. 2). The 
jacket was a fluorescent red colour entirely made of 
polyester with a polyurethane coating. Fleece lining 
made of polyester with a weight of 360–390 g/m2. 

Two variants of measurements were taken. 
In variant A [cold cylinder (CC)], the cylinder was 
cooled down to -7.0°C (same as the ambient tem-
perature). In variant B [room temperature cylinder 
(RTC)], the cylinder had a temperature of 22.0°C. 
The external conditions were identical to those in 
the control sample. The test was carried out until 
the temperature stabilized during a constant oxygen 
flow of 10  l/min. Thermograms were recorded in 
one-minute intervals and the temperature was de-
termined in three places: at the gas outlet from the 
cylinder (Tc), at the outlet of the oxygen tube from 
the jacket sleeve (Ts) and the oxygen outlet from the 
face mask (Tm). The block diagram of this system is 
shown in Figure 2.

RESULTS

Control Test
In the measurements taken in variant A (measure-
ment I and II) change of temperature in time for 
tubes length 10 m and 2.1 m was illustrated. Results 
of this measurement showed a tendency of lowering 
down the temperature of both the face mask and 
the cylinder itself during the oxygen delivery. This 
process was not monotonic, which could be a credit 
to the influence of the surrounding. Amplitude in 
oxygen temperature is higher in the case of using 
the longer tube. Temperature decreases faster due 
to the bigger surface of heat exchange.

Surrounding settings in variant B were corre-
sponding with the first series. The only difference 
was in the initial temperature of the set, which 
was 22.0°C. Despite the temperature at the cylinder 
outlet being initially higher than the ambient 

Figure 1. Measuring stands for the control test 
1 — styrofoam board; 2 — oxygen tube; 3 — wooden stands;  
4 — a face mask; 5 — base for the face mask; 6 — oxygen out-
let; 7 — a cylinder with oxygen; 8 — oxygen outflow;  
9 — styrofoam shielding plates
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temperature, during the measurements, it was sys-
tematically decreasing, and after 3 minutes was 
close to an ambient temperature.

A similar effect was observed at the face mask 
outlet, where the final temperature of the mask 
after 5 min was equal to ambient temperature. In 
none of the measurements taken, the difference in 
temperature exceeded 1.0 degree.

Based on the measurements in the control test 
could be stated that the dynamics of temperature 
changes for a 2.1 m long tube is similar 10 m long 
tube. In both cases the temperature decreases. Due 
to the bigger surface of heat exchange, 10 m tube is 
more prone to an influence of surroundings, there-
fore it was the only tube used in further tests. The 
decision was made also based on the rescuer’s pos-
sibilities of movement, as during the rescue action 
shorter tube (2.1 m) could be impeding the rescu-
er’s moves.

Experimental test
In the CC variant, the temperature at the oxygen 
outflow point was -6.0°C The highest temperature 
of the tube was obtained after the contact with the 
participant’s body under the jacket (6.9°C) when 
the tube was left. The increase in tube temperature 

after heating it under the paramedic’s jacket was at 
least 12.9°C. In the last 30 cm of the tube from the 
sleeve to the mask — the tube temperature dropped 
to 2.9°C. 

In the RC’s variant, the temperature at the outlet 
of the warmed cylinder was higher than in a cool 
cylinder -4.5°C) At the end of the sleeve the tem-
perature was positive (4.5), and on the mask, Tm 
was 0.5°C. At the unisolated end of the tube (last 
30 cm), the oxygen temperature was dropping again 
for 4.0°C. The results were presented in Table 1. 

DISCUSSION
The results of this study indicate to increase in oxy-
gen temperature due to warming under the rescu-
er’s jacket. This beneficial effect, however, is partially 
reduced by cooling the oxygen on the last section 
of the tube in front of the mask. Regardless of 
the length of the tube, the supply of oxygen from 
a warm cylinder with a  not insulated tube from 
a frosty environment does not guarantee the tem-
perature of oxygen flowing out of the mask signifi-
cantly higher than the ambient temperature.

The correct core body temperature is maintained 
in the range of 37 ± 0.2°C [12]. The human body ex-
changes heat with the environment using four mech-
anisms. These include radiation (loss of heat from 
55–65%), conduction (3% of heat loss, but with direct 
contact with a cold surface can increase 32 times), 
convection (10% heat loss), evaporation (25% heat 
loss). Heat exchange during breathing is a process 
that consists partially of convection and evaporation. 
The amount of heat exchanged, in this case, depends 
on the temperature gradient between inhaled air and 
internal organs, the humidity of this air and respiratory 
rate [11]. The biggest loss occurs during ventilation 
with cold, dry air. It is estimated that the breathing 
process may be responsible for about 10% of the total 
heat loss [12]. To warm the gases inhaled from the 
environment, the body uses 2–9% of heat [13].

Mild hypothermia initially results in stimulation 
of respiration and the occurrence of respiratory alka-

Figure 2. Measuring stand for the experimental tests 
Tc — The oxygen outlet from the cylinder; Ts — The outlet of 
the oxygen tube from the jacket sleeve; Tm — The oxygen outlet 
from the face mask

Table 1. The results of the experimental test

Cold cylinder Room temperature cylinder

max ΔTs [°C] max ΔTm [°C] max ΔTs [°C] max ΔTm [°C]

12.9 8.9 8.0 4.0
max ΔTs — increase in temperature at the end of the jacket’s sleeve; max ΔTm — in-
crease in mask temperature
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losis. Further, a permanent reduction in tidal volume 
is proportional to the slowing down of the metab-
olism. Additionally, developing shock and electrolyte 
disturbances lead to the formation of acidosis. The 
ability of haemoglobin to bind oxygen is lower as 
compared to normothermia [14]. Fontanari et al. 
proved that inhalation of air at a temperature of -4°C 
resulted in an increase of resistance in the airways by 
17% and air at a temperature-10°C by 42% [15]. It is 
one of the body’s defence mechanisms against cold 
air, which is particularly unfavourable in patients with 
obstructive pulmonary diseases or heart failure. In 
a situation where the core temperature is lower than 
34°C, the frequency of epithelial cilia movement in 
the airway is significantly reduced, which in return 
impairs the ability to transport mucous [16, 17].

There is a fundamental difference between heat-
ing and thermal insulation. Heating is an active 
process. For it to exist, the principle must be ful-
filled, so the temperature of the substance to be 
heated is higher than the current temperature of the 
body. The energy will be transmitted according to 
a gradient for example towards tissues. This process 
requires a tool that will be able to provide a con-
stant supply of heat — for example, an electric fluid 
heater. Most of these devices require access to elec-
tricity or other permanent energy sources. Thermal 
insulation is a passive activity, in which the negative 
energy balance is leading to hypothermia can be 
slowed down by actions aimed at protecting the 
body against heat loss.

Williams et al. proved that heating oxygen up 
to 37.0°C and moisturizing it helps maintain the 
proper function of the mucous, its rheological 
properties. At the same time, this ensures the most 
effective work of the ciliary cells, which is necessary 
to maintain efficient and effective cleansing of the 
bronchial tree. At the same time, this temperature 
is not a thermal injury [18]. The risk of broncho-
spasm is also reduced and the patient’s comfort is 
improved [19].

Hayward and Steinman have shown that the 
inhalation of warm gas increases the temperature 
measured on the eardrum membrane by 1.5°C for 
30 minutes and also the rapid increase of the tem-
perature in the oesophagus by 2.1°C in the first 
5 minutes. The obtained results were better than in 
the case of bathing in warm water [20]. Morrison et 
al. suggest that increasing the ventilation rate with 
heated air by 10  l/min causes an increase in core 
temperature by 0.3oC/h [21].

Over the last 20 years, no scientific report has been 
made that would address the topic of heating gas 
in pre-hospital care. Perhaps the focus has been on 
improving other forms of hypothermia treatment that 
are more effective and can provide the patient with 
more heat in less time. The availability of methods 
based on extracorporeal circulation increases. Thanks 
to such methods, almost 60% survival is achieved in 
the group of patients with cardiac arrest or cardio-
genic shock induced by hypothermia [22]. Such tech-
niques — although very effective — are highly special-
ized procedures, available only in larger centres. Some 
authors suggest directly that the loss of heat in the 
process of breathing is so small that heating and hu-
midifying the air cannot prevent the organism from 
losing heat [23]. In the authors’ studies, oxygen was 
warmed by the rescuer’s body heat. This method can 
be used in all conditions, does not require financial 
outlay and is simple. However, it was not effective 
enough to warm oxygen to a temperature higher than 
the human body — therefore it should be considered 
not in terms of heating but thermal insulation.

In 1998, a paper was published which described 
the use of warm oxygen inhalation in patients with 
deep hypothermia with cardiac arrest. The authors 
agreed that this may not be the only method of 
heating patients. It was also pointed out that it can 
be effectively used in prehospital treatment due to 
the lack of other more advanced heating techniques 

[10]. Information on various types of devices for 
heating and humidifying oxygen has been described 
by L. Lloyd. He pointed out, that the energy used to 
heat oxygen can be provided by a chemical reac-
tion, the oxygen can be heated by burning gas or 
by-passing gas through a warm water bath heated 
by electricity [24]. Such a device must be small and 
light enough to be fitted into the basic rescue bag.

The results of research conducted in South Ko-
rea are also interesting. The authors have proved 
that in the operating room conditions, the use of 
a humidified and heated mixture of respiratory gas-
es up to 37.0°C reduces the rate at which the core 
temperature falls. The results of these tests, there-
fore, confirm that heating oxygen can be effective 
thermal insulation [25]. However, there are many 
differences between the operating room’s condi-
tions and those in pre-hospital care. The hospital 
setting provides unrestricted access to external en-
ergy sources, which in pre-hospital conditions are 
limited and available only inside the ambulance. 
Also, diagnostic possibilities of measuring the core 
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body temperature are smaller or less accurate. Only 
in a few ambulances, the equipment for taking core 
temperature measurements is available [26]. The pri-
ority in the hospital should be active heating com-
plemented with thermal insulation. In pre-hospital 
care and especially during a difficult evacuation, 
heating is very difficult and sometimes impossible.

Limitations
This study has some limitations. The number of 
measurements was small. No statistical tests were 
used to find if the differences were significant and 
no confidence intervals were provided. In different 
countries, different types of clothing are used. The 
conclusions should only be applied to the cloth-
ing used in this study. The humans, and thus res-
cue service employees, are of different sizes and 
weights. So, it can not be expected that protection 
will always be equally effective. This procedure may 
be difficult to standardize and thus may be applica-
ble only in limited situations. In addition, the main 
role of rescuers is to perform medical procedures 
and focusing on Warming oxygen may distract them 
from the more important issues. The aim of this 
paper was a preliminary assessment of the effec-
tiveness of the presented method. The next stage 
will be studying assessing the actual effectiveness 
in preventing lowering body temperature. Despite 
the limitations, the authors, believe that this paper 
can be a form of a preliminary report presenting the 
possibilities of using simple methods to increase the 
effectiveness of rescue operations.

CONCLUSIONS 
Placing the drain under the rescuer’s jacket may 
prevent the oxygen from cooling down on the way 
from the cylinder to the oxygen mask. The use of 
the proposed method can improve the quality of 
thermal insulation and contribute to the improve-
ment of treatment results in hypothermic patients 
in pre-hospital conditions. In optimal conditions, 
oxygen cylinders should be stored in a location that 
provides room temperature.
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