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REMARKS TO THIS REPRINTABLE EDITION 

This paper contains the results of a comparative study that was done in 1993 within the 
Hyperbaric Therapy Unit and Medical Department of CRIS, initially planned to the only personal 
interest of our institution. It was the result of a Workshop in which many persons and some 
institutions actively collaborate. We presented that as the "Priestley Operation". 

It was presented later in some local meetings dedicated to Diving Medicine for divers and Medical 
doctors, in Spanish language, of course. 

We were surprised by the high interest obtained in all these events. Even some few in other 
countries, mainly Latinoamerica, so we prepared a brief printable version of our results oriented 
mainly as a guideline for practical use. 

We received too some demands for reprints, and we produced first an English version which we 
considered of the possible interest for submitting a paper to the Journal of Hyperbaric Medicine 
edited by the UHMS. We did so, but the paper was rejected. We definitively abandoned the idea 
of publishing it in a general Newsletter. 

The organizers of the XXI EUBS Meeting to be held in Helsinki, Finland, in July 1995, suffered an 
unexpected late minute problem. Some 13 papers had been accepted from Russian delegates 
being joined in a whole session, and the corresponding Abstracts had been already included in 
the Abstract book. It was the EUBS tradition in this time to produce the whole Proceedings Book 
before the opening the Meeting, and to offer it in advance to the registered attendants. Some few 
days before the opening of the EUBS Meeting, with everything ready and Abstract and 
Proceedings book edited and printed, they receive the cancellation of all the Russian registered 
attendants. This was a serious problem. A whole session was empty. 

The organizers called to some old members of the EUBS asking them to be so kind of accepting 
to present Oral communications or lectures in spite of being invited with less than 7 days time. I 
was one of this "unpolyte" invited speakers and I suggested to present our Comparative study on 
different oxygen delivering devices, which had been presented in Spanish and French Meetings, 
but never neither in EUBS nor in other English speaking event. 

Like that was done, and the paper was well accepted. As it was not included in the Proceedings 
book, we received many demands of reprints. We tried to compliment that. Some years after, a 
reviewed PDF copy of he paper was done and freely reproduced in different Websites both in 
Spanish language as well as in English. It is available, among others through Research gate (in 
English) and in the Revista virtual de Medicina hiperbárica, in such a case in Spanish only and 
maintaining  the old and initial version. 

A possible still interested reader, already in the XXI Century should take that into account. Do not 
forget that the first presentation of this paper was done in 1995. 

Many thanks for your attention to this paper written so many years ago that experienced an 
unexpected interest really surprising for us. 

Barcelona, February 2014 
 
JORDI DESOLA, MD,PhD 
Professor of Diving and Hyperbaric Medicine in the University of Barcelona 
President and Medical Director of CRIS-UTH 
(The Hyperbaric Therapy Unit of Barcelona) 
 
Current Address : 
--  
CRIS-UTH 
Hospital Moises Broggi 
c.Jacint Verdaguer 90 
08970 Sant Joan Despi 
BARCELONA 
Tels . (+34) 935-572-662 - FAX: (+34) 934-503-736 
E-Mail: <cris@comb.cat> - <www.cris-uth.cat> 
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TRANSCUTANEOUS OXYGEN CONCENTRATIONS ACHIEVED WITH FIVE DIFFERENT 
NORMOBARIC DELIVERING SYSTEMS. A comparative study.  
Jordi Desola, Joan Sala, Angels Rabella, Carolina Gerónimo, Jordi Montanyà. CRIS - Hyperbaric 
Therapy Unit - Barcelona 
 
BACKGROUND. 
Dysbaric Illness and carbon monoxide poisoning, are two of the few diseases that require application of 
real 100% oxygen (O2) in case of emergency. Pure O2 is the only drug with clear and well documented 
effect against decompressive bubble formation (1). Administration of 100% O2 (FIO2:1) in case of 
suspicion of a dysbaric disorder is generally recommended (2-7). Divers Alert Network (DAN) is doing 
an invaluable and large teaching policy to instruct divers to give 100% O2 to any buddy with possible 
decompressive symptoms (2-4). The European Committee for Hyperbaric Medicine (ECHM) has 
also included this recommendation among the conclusions adopted in its I European Consensus 
Congress on Hyperbaric Medicine (8). Unfortunately, however, giving 100% O2 is generally one of these 
things "easy to say but difficult to obtain". 
Few diseases in clinical practice, or in situation of emergency, require application of 100 % O2. In the 
majority of the cases enrichment of 25 or 30 % of O2 concentration is enough (FIO2:0.25-0.3). This is the 
reason why although normobaric O2 are generally available in all medical centres, flow meters rarely can 
achieve a flow higher than 10 litres per minute (l/m) and more rarely the systems are provided with real 
hermetic anatomic masks. In this situation, the maximal concentration of O2 that can be achieved with 
these systems theoretically will not exceed the 30 or maximum the 35% (FIO2:3-3.5). 
To obtain higher O2 concentrations three conditions are required : 

1.- A pure 100 % oxygen source (FIO2:1) . 
2.- A flow meter with a minimal capacity of 15 l/m. 
3.- A real hermetic-anatomic mask. 

A brief review of these three conditions follows. 
1.- OXYGEN SOURCE OF 100%. This is not a problem with O2 contained in regular cylinders for 
medical practice, but it excludes some items that are announced in diving magazines, which theoretically 
provide 100% O2 by means of a chemical reaction that some products experience when are added to a 
container with normal water. CRIS-UTH has checked, in a still unpublished test, the O2 concentration 
obtained by a system called EMOX, which was largely explained in Spanish diving newspapers; the 
duration of an EMOX unit was 12 minutes, and O2 concentration varied with time but was never higher 
than 91%. 
2.- HIGH-FLOW FLOW METER. As a first and essential requirement, flow must be adjustable, 
which eliminate items like the so-called EMOX that has no flow meter dispositive. Regular normobaric 
O2 systems, available in ambulances and local medical facilities, generally use flow meters that permit a 
maximal flow of 10 l/m. 
An exception are Closed-Circuit O2 systems, like the WENOLL-SYSTEM, which by means of recycling 
expired O2, through a carbon dioxide filter, can provide good O2 concentration sometimes with a 
minimal flow of 0.5 l/m. 
Some multifunctional regulators provide two connections for two inspiratory positive pressure demand 
regulators, to be used with a so-called "true-fit mask", and an accessory free-continuous flow device to be 
used with a "non-rebreather-mask" and a low-flow-O2-system with inspiratory bag. Both connections, 
demand regulators and free-flow assure a flow up to 25 l/m. 
3.- HERMETIC-ANATOMIC MASK. Even with pure 100% Oxygen, delivered with the best system, 
at the higher flow, final concentration will be low if it is not correctly applied to the patient. However, 
this is more dependent on individual characteristic than on quality of masks themselves. Many models 
are available in different areas but not all are actually hermetic. 
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The VENTURI Mask system, very popular in medical centres, has a regulator that varies O2 theoretic 
concentration up to 50 % (FiO2:0.5). A general practice in most medical centres consists on occluding the 
window of the regulator with a tape in order to obtain a higher concentration when required. At any case, 
it is connected to an open free continuous flow of O2, and the patient breathes through a high O2 flow of 
which he/she only profits a few part. 
The MONAGHAM system uses a reservoir bag where the O2 is accumulated. The patient breathes O2 
from the bag which is progressively replenished by the O2 source. This is a low-flow system, since the 
patient takes just the volume of O2 he/she needs independently of the flow required to fill the reservoir 
bag (9). Theoretically, this system will provide the highest concentration of O2. 
Other possibilities could be to give O2 by means of a mouthpiece having the nose clapped with a pick, 
like is usual in some navy department, or even trough a neck hood that includes the whole head of the 
patient. These systems, however, are not common neither in diving centres nor in ambulances or first-aid 
costal centres, many people do not accept them, and an oral tube or a mouth piece can not be applied to a 
really serious patient since his/her collaboration is needed to bite the mouth piece. 
This review aims to compare the utility, and mainly the effectiveness, of some of the most popular 
systems for normobaric O2 therapy, available and distributed among divers. 
 
PATIENTS AND METHOD. 
Nine health volunteers, 6 men and 3 women, aged between 28 to 34 (mean: 28.6 ± 3.1 ; range: 25-34). 
A Clark's Transcutaneous electrode was connected to their right infraclavicular area and a continuous 
record of both transcutaneous Oxygen (TcpO2) and Carbon dioxide Pressure (TcpCO2) were obtained 
through a Radiometer TCAM-4 apparatus. When the basal transcutaneous values breathing air were 
stable, two kind of tests were done.  
1.- COMPARISON MASK-ORAL TUBE. The 8 volunteers breathed O2 with a Monagham-like mask 
connected to an inspiratory reservoir bag, then with an Oral Tube (OT) connected through a one way 
valve to the same system having their nose clamped, and after with an Anatomic Mask (AM) connected 
to the same one way valve used with the OT. 
2.- COMPARISON OF FIVE NORMOBARIC O2 DELIVERING SYSTEMS. The eight volunteers 
breathed 100 % oxygen, always by mask, through five different systems and in the following order: 

1.- VENTURI Mask type (VM). It s regulator was placed into the more closed position, which 
theoretically will provide a concentration of 50 % (FiO2:0.5) . A flow of 15 l/m was established. 

2.- OCCLUDED VENTURI Mask type (OVM). Adhesive tape was applied following to the 
practice mentioned above and with the same flow. 

3.- MONAGHAM type mask (MM) free circuit of low flow with inspiratory reservoir bag. A flow 
of 15 l/m was established. 

4.- INSPIRATORY DEMAND REGULATOR (DR). A DAN oxygen-kit was used. Its LSP 
regulator provides the actual flow that the patient requires. 

5.- CLOSED CIRCUIT (CC) of low flow. A WENOLL SYSTEM was used connected in the form 
recommended in its instructions manual, which is initially 2 l/m and later 0.5 l/m. 

All systems were connected to the same O2 source that could provide a flow higher than 25 l/m. Each 
volunteer breathed O2 with any of the systems until achieving his/her maximal TcpO2 value, and at least 
during five minutes, with a five minutes air pause among each period, except between the 1st and the 2nd 
(VM and OVM). Records of TcpO2 and TcpCO2 were continuously performed. Mean and maximal 
values obtained with each O2 delivery system was compared and statistically analyzed through a 
Student-Fisher Test. 
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RESULTS.  
There was neither individual nor gender significant differences. A heavy smoker men obtained lower 
values than the other eight, but the evolution of his values obtained in the different situations experienced 
the same kind of changes. All values obtained followed a normal distribution so results could be 
accepted. 
TcpCO2 basal mean value was 38 ± 3.6. TcpCO2 progressively and slowly decreased along the 
approximately 45 minutes that lasted each individual experience; mean value at the end was 23 ± 3.3. 
This difference however was not statistically significant when comparing the mean values corresponding 
to any systems. 
TcpO2 basal mean value was 72.0 ± 18.2.  
All persons experienced increases of their TcpO2 values when breathing O2 with any of the systems 
(Pictures 1 and 2). Results are displayed in Tables I and II. 
 
DISCUSSION. 
ORAL TUBE COMPARED WITH MASK. Certainly mean maximal values obtained breathing pure 
O2 by OT (515.3) were significantly higher (p<0.01) than those obtained with a Monagham-like mask 
(360.8); but when the same one way valve used with the OT were connected to a good AM, the values 
were higher (525.3) than those obtained with the OT, although this difference was not statistically 
significant. These results proved that an oral tube does not increase O2 concentration more than a good 
anatomic mask can do. SHEFFIELD et al. compared in 1977 different types of masks which highly 
influenced the final oxygen concentration (10); we can add that this is at least as dependent on the quality 
of the one way valve than on the mask or the tube themselves. All eight volunteers complained of 
difficulty and discomfort of breathing through the tube, which retained salivation, requires an active and 
trying bite. 
COMPARISON OF THE five O2 NORMOBARIC DELIVERING SYSTEMS. Mean values 
obtained with any of the systems used in the second phase of the study were statistically higher than basal 
TcpO2 values (p<0.001). Mean values obtained with the 3 first systems (VM,OVM,MM) were lower 
(p<0.01)that those obtained with systems 4th (DR) and 5th (CC). 
The maximal value (580) was obtained with the fifth system (CC). However, the average of maximal 
values obtained with system DR was higher than the average of CC. These differences were not 
statistically significant. VM produced significant but mild elevation of TcpO2 values that was not higher 
than 2.3 times the basal value. When occluding the regulator of the VM, TcpO2 concentration increased 
by 1.2 times the maximal value obtained when the regulator was opened. When breathing O2 with MM, 
TcpO2 mean maximal value increased to 5.3 times the basal value (Table III). 
When breathing O2 with the 4th system (DR) a maximal value 7.0 times higher than the basal value was 
obtained, and with the 5th (CC) the increase was 6.4 higher. The difference between these two last 
systems, however, was not statistically significant. 
It can be argued that Transcutaneous Oxymetry is not a reliable system to determine O2 concentrations. 
Certainly, this technique is not widely accepted in pneumology nor in critical-care medicine, because it is 
highly influenced by individual factors, like quality of the skin and perfusion conditions, and it can show 
important deviations when compared with direct arterial blood O2 determinations. However, the values 
obtained with both the Demand Regulator or the WENOLL System were surprisingly near to the 
maximal value that can be obtained, even in optimal conditions, with 100 % O2 (FIO2:1) given at normal 
pressure, as it is well known in respiratory physiology (9). The objective of our experience, however, was 
the comparison of increases of O2 concentration achieved with different delivering systems, 
independently of their correspondence to real arterial blood O2 concentrations. On the other hand, 
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Transcutaneous oxymetry is an easy non-invasive method that permits a direct and continuous control of 
mild O2 variations. For years, it has been used as the most adequate system for comparative studies like 
this one (10-14). 
We are using TcpO2 since 1982 as an excellent method for Hyperbaric Oxygen Therapy quality 
assurance (14). However, and as we previously communicated in 1986, TcPO2 values proceeding of 
different determinations and obtained under different conditions, must not be compared because the 
variations can be more the result of modified skin conditions than related to the objective of the study. 
Only values obtained in the same series, without having changed the electrodes site, are comparable. 
This is the reason why maximal values obtained with MM in the first part of this study were different to 
those obtained with the same MM in the second phase, but they must not be compared. 
 
CONCLUSIONS. 
An Oral Tube does not increase significantly the maximal concentration of O2 compared with a good 
anatomic mask. Normal people do not like oral tubes, which cannot be applied to a stupurous patient, and 
do not permit the attendant to take a good care of a patient with inspiratory difficulties. The WENOLL 
System provides a mouthpiece and a nasal clamp, to be used in some special cases, but in our opinion, 
oral tubes should not be generally advised among general divers population, with the only possible 
exception of some beer users or individuals with facial abnormalities.  
A Venturi mask system, the most usual normobaric O2 delivering system available in ambulances and 
medical centres, did not increase significantly TcpO2 values, obtained either with the maximal theoretic 
concentration permitted by its regulator or with its window occluded. This O2 delivery system is not 
recommended for First Aid in case of decompression disorder. 
A low-flow Monagham-like mask with inspiratory bag can provide a better O2 concentration and it is 
the system of choice to be used, with regular and conventional O2 apparatus, when neither a demand 
regulator nor a closed circuit system are available. 
The DAN LSP regulator and the WENOLL SYSTEM permitted both a high O2 concentration that can 
assure a good denitrogenation. Both systems should be advised as specially adequate and effective for O2 
first-aid in diving centres. 
As a practical final consideration, although both are very easy to operate, the DAN LSP regulator permits 
a faster application, but its high O2 flow will quickly extinguish a portable O2 cylinder, usually of very 
low capacity. The WENOLL SYSTEM, if correctly applied, being a closed circuit can provide more than 
4 hours of O2 with a cylinder of only 2 litres of capacity. Election of one or other will depend on different 
local or personal conditions, like distance to hyperbaric facilities, availability, and refilling possibilities 
of O2 cylinders. 
The DAN LSP regulator may be more adequate for immediate application and the WENOLL SYSTEM 
for transport. As the DAN LSP multifunction regulator has also a flow meter that permits a continuous 
low flow where a WENOLL SYSTEM can be easily connected, the combination of both systems will be 
the most accurate, easy, useful, and versatile system for delivering O2 in situation of emergency in case 
of a Dysbaric Illness.  
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ABSTRACT. 
TRANSCUTANEOUS OXYGEN CONCENTRATIONS ACHIEVED WITH FIVE DIFFERENT 
NORMOBARIC DELIVERING SYSTEMS. A comparative study. Jordi Desola, Angels Rabella, 
Carolina Gerónimo, Jordi Montanyà. CRIS - Hyperbaric Therapy Unit - Dos de maig 301 - (The 
Red-Cross Hospital) - Barcelona - FAX: 343-450 3736. 
BACKGROUND. In case of symptoms of possible Decompression Illness, 100% oxygen (O2) should 
be given, but sometimes this is difficult. A 100 % O2 source, a high flow, and a good mask or oral piece, 
are the conditions required to obtain higher O2 concentrations. PATIENTS AND METHODS. Nine 
health volunteers breathed 100% O2 first with a MONAGHAM-like mask (MM), an Oral tube through a 
one way valve (OT), and an Anatomic Mask (AM) connected to the same one way valve. Secondly they 
breathed O2 from the same source through a VENTURI MASK (VM), an Occluded VENTURI MASK 
(OVM), a MM, a DAN LSP Inspiratory Demand Regulator (DR), and a WENOLL Closed Circuit 
System (CC), until achieving his/her maximal Transcutaneous Oxygen (TcpO2) value. RESULTS. All 
of them experienced increases of their TcpO2 values when breathing O2 with any of the systems. Mean 
values were: MM: 360.8±49.8 (304-457); OT: 515.3±74.4 (428-638); AM: 525.3±87.2 (401-650); MM 
(2nd time): 383.0±46.3 (284-431); DR: 502.0±57.2 (384-560); CC: 460.0±94.6 (292-580). 
DISCUSSION. The OT did not increase O2 concentrations higher than the AM and volunteers 
complained of discomfort. The highest values were obtained with MM, DR, and CC (p<0.001) that 
enhanced by 5.3, 7.0, and 6.4 times the basal values. Both DR and CC enhanced more than 20% the 
maximal value obtained with MM (p<0.01). There was no significant difference between DR and CC. 
CONCLUSIONS. An Oral Tube does not give any advantage over a good anatomical mask for 
breathing O2 and it is poorly accepted by people. A Venturi mask is not recommended for First Aid in 
case of decompression disorder. A low-flow Monagham-like mask with inspiratory bag is the system of 
choice to be used when neither a demand regulator nor a closed circuit system are available. The DAN 
LSP regulator and the WENOLL SYSTEM permitted both a high oxygen concentration that can 
assure a good denitrogenation. Both systems should be recommended as specially adequate and effective 
for oxygen first-aid in diving centres. 
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MAXIMAL TcpO2 VALUES mean st.dev. min max n 

Monagham like Mask (MM) 360.8 49.8 304 457 8 

Oral tube (OT) 515.3 74.4 428 598 8 

Anatomic mask (AM) 525.3 87.2 401 610 8 

 
TABLE I.- Mean maximal oxygen concentrations achieved breathing 100% oxygen with a 
Monagham-like Mask (MM), with and oral tube (OT), and with an anatomical mask (AM) 
connected to the same one way valve used with the oral tube. 
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MAXIMAL TcpO2 VALUES mean st.dev. Min max n 

Basal 72.0 18.2 41 95 8 

Venturi mask (VM) 165.1 37.4 111 215 8 

Occluded Venturi mask (OVM) 246.5 46.9 183 305 8 

Monagham like Mask (MM) 383.0 46.3 284 431 8 

DAN LSP Demand Regulator (DR) 502.0 57.2 384  560 8 

WENOLL Closed Circuit (CC) 460.0 94.6 292  580 8 
 

TABLE II.- Mean maximal oxygen concentrations achieved with the five different 
normobaric delivering systems. 
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x times Basal VM OVM MM DR CC 

Basal  0.4 0.3 0.2 0.1 0.2 

Venturi mask (VM) 2.3  0.7 0.4 0.3 0.4 

Occluded Venturi mask (OVM) 3.4 1.5  0.6 0.3 0.5 

Monagham like Mask (MM) 5.3 2.3 1.6  0.8 0.8 

DAN LSP Demand Regulator (DR) 7.0 3.0 2.0 1.3  1.1 

WENOLL Closed Circuit (CC) 6.4 2.8 1.9 1.2 0.9  

relative %       

Basal  43.6 29.2 18.8 14.3 15.7 

Venturi mask (VM) 229.3  67.0 43.1 32.9 35.9 

Occluded Venturi mask (OVM) 342.4 149.3  64.4 49.1 53.6 

Monagham like Mask (MM) 531.9 231.9 155.4  76.3 83.3 

DAN LSP Demand Regulator (DR) 697.2 304.0 203.7 131.1  109.1 

WENOLL Closed Circuit (CC) 638.9 278.6 186.6 120.1 91.6  
 

Table III. Comparative increases of TcpO2 obtained with any of the five oxygen delivering 
systems tested. 
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Picture 1. Transcutaneous oxygen mean concentrations achieved with the Monagahm-like 
mask (MM), with a LSO Demand valve (DV), and with our anatomical mask (AM). 
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Picture 2. Transcutaneous mean oxygen concentrations achieved with any of the five 
oxygen delivering system. VM=Venturi like Mask - OVM=Occluded Venturi Mask - 
MM=Monagahm like Mask (also called Non-rebreather Mask) - DR=LSP-Demand valve - 
CC=Closed circuit (Wenoll System) 

 

 


