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Development and Animal Tests of Prototype Oxygen Concentrator
Jung Wook Byun, M.D. *, Sook Whan Sung, M.D.*, Tae Soo Lee, PhD. **

Background: For the patient with chronic obstructive pulmonary disease requiring long-term
oxygen therapy, oxygen concentrator machines are already widely available for use in home.
In this study, we used mongrel dogs as test subjects to compare the functional efficiency and
safety of the oxygen concentrator developed by our own research team with those of the
imported FORLIFE(TM) machine made by AIRSEP Corp. Method and method: To test
mechanical reliability, the concentrations of oxygen delivered were measured after 4 hours of
continuous operation. Sixteen mongrel dogs were divided into two equal groups. Mongrel
dogs in group A were given oxygen using the imported oxygen concentrator, and those in
group B using the machine developed. 5 l/min of oxygen were given, after which vital signs
were analyzed, arterial blood gases measured, and blood chemistry tests carried out. Results:
After 4 hours of continuous operation, the imported model performed better, giving 98 3%
oxygen, compared to our model, which gave 91*1%. In the animal experiments, oxygen
concentrations were measured at the inlet of face mask 1, 2, 3, and 4 hours after continuous
administration, and there was no statistically significant difference(repeated measures of
analysis of variance p=0.70) between the values of 70.6+2.5%, 67.1£2.9%, 68.2+2.6%, and
64.9*13.9% that were measured from group A, and the values of 65.1+:4.8%, 65.2+3.6%,
68.7+4.3%, and 66.0X5.0% measured from group B. Before oxygen administration, and at
1, 2, 3, and 4 hours after oxygen administration, arterial blood partial pressure of oxygen
87.2+2.5 mmHg, 347.4129.3 mmHg, 353.4£21.2 mmHg, 343.0+:28.8 mmHg, and 321.6*
244 mmHg, respectively, were read from group A, which were not statistically different
(p=0.24) to the values of 102.5%£9.6 mmHg, 300.3%=17.1 mmHg, 321.6+23.7 mmHg, 303.4
+27.4 mmHg, and 273.5225.9 mmHg read from group B. Nonetheless, the arterial blood
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partial pressure of oxygen values appear to be somewhat higher in dogs that were given
oxygen using the imported oxygen concentrator. Conclusions: From these results the
prototype oxygen concentrator developed appears to function relatively satisfactorily compared
to the imported, established model, but may be criticized for the excessive noise generated
and poor long-term endurance or consistency, which need improvement.

(Korean J Thorac Cardiovasc Surg 1998;31:643-9)
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1. One-Chip Board
2. Air Compressor

3. Air Filter

4, Compressor Filter

5. Solenoid Valve

6. Pressure Gage

7. Silencer

8. Adsorption Bed

9. Orifice

10. Check Valve

11. Air-Tank

12. Pressure Regulator

13. Bali flowmeter

14. O2 Analyzer

Fig. 1.
loped

Schematic Diagram of Oxygen Concentrator Deve-

B. Domestic Model

A. Imported Model

Fig 2. External View of Oxygen Concentrator
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Fig. 4. Comparison of FiO» Measured at Entrance of Face
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Fig. 5. Comparison of Pa0O2 Between Groups
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Table 1. Changes of Vital Signs after Oxygen Administration in each Group.
Baseline 1 hr 2 hr 3 hr 4 hr P-Value
HR A 151.2+6.8 158.8:-13.1 158.0+11.6 154.0+10.8 164.3+£9.3 0.258
B 152.2+11.5 141.2+8.7 142.1£9.5 141.2*6.1 145.1+6.5 '
SBP A 126.8+5.4 120.8+8.8 1264+5.7 121.5+4.6 124.8+7.6 0,053
B 155.8+8.6 144.8£11.6 1419t11.2 1456125 148.1+12.4 ’
D3P A 88.3+6.0 81.4+92 83.8+6.2 819+54 82.6Xt7.0 0,086
B 104.4+47 993£7.0 96.9+7.1 969+t5.7 90.9+69 ’
RR A 33.4+43 39.8£5.6 323%35 34.0+2.6 37.9+£39 0.637
B 31.4%43 29.5£5.6 348+42 32.0+6.5 36.9+13.5 ’
* Abbrevation and Units
A: Group A
B: Group B
HR: Heart Rate (rate/min)
SBP: Systolic Blood Pressure (mm Hg)
DBP: Diastolic Blood Pressure (mm Hg)
RR: Respiration Rate (rate/min)
Table 2. Changes of Arerial Blood Gas after Oxygen Administration in each Group.
Baseline 1 bhr 2 hr 3 hr 4 hr P-Value
pH A 7.37£0.016 7.34+0.021 7.331£0.019 7.34£0.019 7.34£0.014
0.212
B 7.39+£0.021 7.36£0.015 7.35+0.021 7.37+£0.015 7.38+0.017
PaCO, A 354%09 36.5+2.5 37.3%+1.9 40.6£2.8 37.4%2.0
. 0.048
B 272+%3.0 29.7x4.1 30.8+49 29.6+3.7 27.4%26
P20, A 872425 347.4+293 353.4£212 343.0+28.8 321.6+24.4
2 0.70
B 102.5+£9.6 3003t17.1 3216237 303.4x£27.4 273.5%£259
Sa0, A 101.0+0.6 107.0+0.1 106.9£0.1 107.0+0.2 106.7+0.2
2 0.548
B 102.5+1.0 106.90.1 106.8+0.1 106.8+0.1 106.60.2
Met Hb A 0.325%=0.084 0.250+0.082 0.437+0.105 0.375+£0.067 0.488 +0.086
0.548
B 0.288 £0.054 0.275+0.065 0.338£0.084 0.288+0.077 0.488+0.085

*Abbrevation and Units

pH: Negative Logarithm of the Hydrogen Ion Concentration

PaCO»: Arterial Blood Partial Pressure of Carbon Dioxide(mm Hg)

PaO,: Arterial Blood Partial Pressure of Oxygen(mm Hg)

Sa0,: Arterial Blood Oxygen Saturation(%)
Met Hb: Methemoglobin(%)
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Table 3. Changes of Blood Cell Count

Baseline 1 hr

WwBC A 16.5%£2.2 11.9=2.1
B 20.5%£2.2 15532

109105

after Oxygen Administration in each Group.

4 hr
222126

2 hr 3 hr
15528 18.4%2.5

""" 1 72i34199i32
49%05 49+04

P-Value

0.585

0.299

B
PLT A 189.1%£29.7 169.6+27.6
B 140.11+26.0 161.3+23.8 157.9+175 163.3+23.0 167.4+22.4
* Abbrevation and Units
WBC: White Blood Cell(x 10°/mm’)
RBC: Red Blood Cell(x 10%mm’)
HGB: Hemoglobin(g/dl)
PLT: Platelet(x 10°/mm”)
Table 4. Changes of Liver Function after Oxygen Administration in each Group.
Baseline 1hr 2 hr 3 hr 4 hr P-Value
albumin 1.9+0.1 2.0%0.1 1.9+0.1 2.0%0.1 21102 0260
22102 2.2+02 2.2+02 2.3+02 23102
GOT 31.1+ 48 36.6%8.5 433149 50.81+17.0 59.0-19.0
A e T 0.591
41.4%10.8 4251104 52.1+12.5 61.3%t13.1 71.5+149
GPT 23.6+2.6 23.1%25 23.4+25 264144 28.0+4.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 0.114
B 33.8+5.1 33.1=50 34449 36.1x5.1 37.6+£5.6
* Abbrevation and Units
Albumin: (gm/100ml)
GOT: Glutamic Oxalacetic Transaminase (IU/L)
GPT: Glutamic Pyruvate Transaminase au/L)
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