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Objectives: To validate the effects of the new plateau hyperbaric chamber on alleviating high altitude hypoxia on
Mount Kun Lun.
Methods: A prospective, controlled study of rabbits and adult volunteers was conducted at altitudes of 355, 2880 and
4532m.We obtained arterial blood samples from rabbits and volunteers before and after hyperbaric treatment. The
respiratory rate, heart rate, and blood pressure (BP) of adult volunteersweremonitored during hyperbaric treatment.
Results: Themean PaO2 levels of experimental group rabbits and volunteers increased significantly after 60min of hy-
perbaric treatment at 350, 2880 and 4532m. Themean PaCO2 and pH levels of rabbits were not significant different
before and after hyperbaric treatment at each altitude. ThemeanPaCO2 andpH levelswere not significant different at
355m in the human study. However, at 2880 and 4532m, pH fell with increasing PaCO2 levels in humans before and
after hyperbaric treatment.
Conclusions: The newmultiplace plateau hyperbaric chambermay be used to alleviate plateau hypoxia by increasing
patient PaO2. However, its value in treating AMS must be confirmed in field conditions.
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Fig. 2. The location, altitude, and volunteer recruitment at various altitudes between Xi'an
City and the Kun Lun Mountains.
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1. Introduction

Although the pathophysiology of acutemountain sickness(AMS) has
not been completely clarified, hypobaric hypoxia is thought to play a
predominant role [1]. The partial pressure of atmospheric oxygen falls
progressively as barometric pressure decreaseswith increasing altitude.
Therefore, descent is lifesaving when severe symptoms suggest the
onset of AMS. If descent is not possible, simulated descent through pres-
surization in a hyperbaric chamber is equally effective in the treatment
of AMS.

The Gammow bag is the most important and popular device used in
most trekking and high altitude expeditions to treat and prevent AMS
[2-4]. The Gammow bag is an inflatable cylindrical tube made of
heavy rubber or durable fabric that pressurizes the atmosphere sealed
within it to that of a much lower altitude.

However, treatment of sick subjects within the very confined space
of the chamber can be difficult, and prolonged treatmentmakes consid-
erable demands on the individuals required to maintain pressure with
the foot pump [5]. Particularly, the Gammow bag is not always an ac-
ceptable therapy alternative in a predominantly elderly population.
Moreover, most types of portable hyperbaric chambers are monoplace
chambers. If many patients suffer from AMS, such as laborers and sol-
diers, the portable hyperbaric chamber may be ineffective.

The efficacy of hyperbaric oxygen therapy has been validated by ex-
tensive clinical experience and scientific studies for decompression sick-
ness and high-altitude illnesses [6-7]. However, the potential risks,
shortage of oxygen supply, and complexity of using hyperbaric oxygen
have limited its application in the treatment of AMS.

Like other portable hyperbaric chambers, based on the principle of
increasing ambient pressure within the chamber, a newmultiplace pla-
teau hyperbaric chamber has been designed to satisfy the needed of pa-
tients who suffer from AMS (Fig.1). Unlike other portable hyperbaric
chamber, atmospheric pressure is increased by adjusting the opening
of the expiration valve in proportion to the ambient pressure. Hence,
carbondioxide(CO2) inside the chamberwill not be accumulatedduring
pressurization. We have demonstrated the safety and convenience of
the chamber and have suggested possible applications for the chamber
in AMS treatment [8]. During pressurization, the minimum pressure of
the main compartment can reach up to 0.029 MPa at 355 m, 0.022
MPa at 2880m and 0.02MPa at 4532m. In the current study, further re-
search on rabbits and adult volunteers will be conducted to validate the
effects of the chamber on alleviating high altitude hypoxia on Mount
Kun Lun.
Fig. 1. The newmultiplace plateau hyperbaric chamber (1=Compressor; 2=Doors; 3=
Control device; 4 = Desk; 5 = Beds; 6 = Gas vent; 7 = Air evacuation valve; 8 =
Windows; 9 = Main compartment; 10 = Buffer compartment; 11 = Intake-tube; 12 =
Silencer). Minimum pressure of the main compartment can reach up to 0.029 MPa at
355 m, 0.022 MPa at 2880 m and 0.02 MPa at 4532 m.
2. Ethics statement

Animal and human experiments inside the plateau hyperbaric
chamber were performed at altitudes of 355, 2880 and 4532 m (Fig.2).
Experiments were approved by the Ethical Review Board of the General
Hospital of Chinese People's Armed Police Force. In animal experiments,
operative procedures and animal care were performed in compliance
with national and international regulations (Italian Regulation D.L.vo
116/1992 and European Union Regulation 86/609/EC). The protocol
was examined and approved before the start of the study by the Ethics
Committees, Animal Facility of General Hospital of Chinese People's
Armed Police Force. The recommendations of the ARRIVE guidelines in
animal research were also consulted and considered [9].

In human experiments, volunteers were given written information
and a verbal explanation concerning the study before obtaining written
informed consent for their participation. Before commencement of the
study, all volunteers were fully informed and signed an informed con-
sent document.

3. Methods

3.1. Study design

3.1.1. Animal experiments
Sixteen adult male rabbits were used for the experiment at each al-

titude. The animals were purchased from a laboratory animal supplier
(Animal experiment center of Xi'an Jiaotong University Health Science
Center and Ma Wang Zhen rabbit farm of Xi'an City). All animals were
anesthetized using 2% pentobarbital sodium (Sigma, USA). Under gen-
eral anesthesia, a tracheotomywas performed 1-cmdorsal from the cri-
coid and a tracheal tube with 3.5-mm internal diameter and 14-cm
length portex tracheal tubes (SIMS Portex, Portex) was inserted into
the trachea. Then, an arterial indwelling catheter was inserted into the
right carotid artery. After the operation, the first arterial blood samples
were collected from the rabbit carotid arterial indwelling catheters.
Then, eight rabbits of the experimental group were placed into the pla-
teau hyperbaric chamber and underwent hyperbaric treatment. Eight
rabbits of the control group breathed ambient air. The second arterial
blood samples of the experimental group were collected after 60 min
of hyperbaric treatment. The second arterial blood samples of the con-
trol group were collected after 60 min of exposure to ambient air.
These samples were measured immediately, in all cases, the time
elapsed between sampling and analysis was b1 h.

Arterial blood samples were analyzed with the use of a portable
blood gas analyzer (i-STAT 200, Abbott Point of Care Inc., USA). The
PaO2, PaCO2, and pH levels were measured. The blood gas analyzer
was altered from its original specification so that it would function at
high altitude. This modification was necessary to circumvent an inbuilt
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mechanism that prevented the analysis of samples at barometric pres-
sures lower than 400 mmHg (53.3 kPa).

3.1.2. Human experiments
Volunteers were recruited at 355, 2880 and 4532 m for the present

study. All participants were medically evaluated to exclude those with
acute or chronic conditions that could increase the risk of harm from ex-
posure to the hyperbaric chamber. The selection criteria included the
following: 1) ethnic Han; 2) residence in the highlands for at least
fourweeks preceding the study; and 3) arrival froma low-altitude prov-
ince (b2500 m). Potential participants were excluded if they had AMS,
signs and symptoms of a substantial acute infection, additional physical
training orwere scheduled to gain or loseweight, or any known cardiac,
pulmonary, or other chronic diseases that would render them at in-
creased risk of altitude illness.

Each participant took part in only one test session. After being in-
formed, testers and participants entered the chamber and closed all
doors. At the beginning of each session, participants were instructed
to breathe regularly and quietly in a sitting position. After 60 min of
rest, the first arterial blood samples were collected from the radial ar-
tery. Then, the chamberwas pressurizedwith an electrically driven cen-
trifugal compressor. Participants spent most of the time in assigned
seats but were encouraged to walk or stand when involved in a test ac-
tivity. Respiratory rate (RR), heart rate (HR) and blood pressure (BP) of
the participants were monitored during hyperbaric treatment. RR, HR
and BP were recorded before and after 60 min of hyperbaric treatment.
The second arterial blood samples were collected from each participant
after 60min of hyperbaric treatment. The blood samples were analyzed
immediately in the hyperbaric chamber, in all cases, the time lapse be-
tween sampling and analysis was under 1 h.

Arterial blood samples were analyzed using a portable blood gas an-
alyzer (i-STAT 200, Abbott Point of Care Inc., USA). PaO2, PaCO2, and pH
levelsweremeasured. RR andHRweremonitored by fingertip pulse ox-
imetry (Pulsox-3i,Minolta, Osaka, Japan). Blood pressure (BP)wasmea-
sured by the Riva-Rocci Sphygmomanometer.

3.2. Statistical analyses

The SPSS statistical software package 20.0 and GraphPad Prism V4.0
were used to perform the statistical analyses. Data are presented in a de-
scriptive fashion (mean ± standard deviation [SD] or median with
range). The significance of differences between the two groupswas test-
ed using the independent two-sample t-test or the Mann–Whitney U
Fig. 3. PaO2, PaCO2 and pH levels of experimental group rabbits at different high altitudes: (A) A
to 115.38±5.76mmHg (t=−19.036, P=0.000), themean PaCO2 level rose from38.09±3.09
7.40± 0.06 (t=0.938, P=0.364). (B) At 2880m, after 60min of hyperbaric treatment, theme
mean PaCO2 level rose from33.00±2.83 to 34.50±4.87mmHg (t=−0.753, P=0.464), and t
60min of hyperbaric treatment, the mean PaO2 level rose from 34.75 ± 3.88 to 72.88 ± 8.76 m
2.82 mmHg (t = −1.540, P = 0.159), and the mean pH fell from 7.52 ± 0.08 to 7.47 ± 0.04 (
test. Qualitative and non-normally distributed data were analyzed
with nonparametric statistics. A statistically significant difference was
defined by p b 0.05.

4. Results

4.1. Results of animal experiments

Forty-eight healthy male rabbits were used. Sixteen were used at
355 m (2.15 ± 0.53 kg, ranging from 2.0 to 2.5 kg), 16 were used at
2880 m (2.02 ± 0.34 kg, ranging from 2.0 to 2.5 kg), and 16 were
used at 4542 m (2.03 ± 0.65 kg, ranging from 1.9 to 2.3 kg).

The arterial blood gas analysis results (PaO2, PaCO2 and pH levels) of
the experimental group at different altitudes are shown in Fig.3. After
60 min of hyperbaric treatment, the mean PaO2 level rose from 68.63
± 3.89 to 115.38 ± 5.76 mmHg at 355 m, from 43.38 ± 8.07 to 80.63
± 7.99 mmHg at 2880 m, and from 34.75 ± 3.88 to 72.88 ±
8.76 mmHg at 4532 m. There were no significant differences in mean
PaCO2 and pH levels before and after hyperbaric treatment.

The arterial blood gas analysis results (PaO2, PaCO2 and pH levels) of
the control group at different high altitudes are shown in Fig.4. After
60 min of exposure to room air, the mean PaO2 level rose from 65.86
± 7.30 to 80.75 ± 7.44 mmHg at 355 m, from 39.25 ± 4.68 to 55.00
± 8.21 mmHg at 2880 m, and from 32.25 ± 2.49 to 48.50 ±
4.00 mmHg at 4532 m. There were no significant differences in mean
PaCO2 and pH levels before and after exposure to room air.

The mean PaO2 levels of experimental and control group rabbits
after 60 min of intervention (hyperbaric treatment or exposure to
room air) at different altitudes are shown in Fig.5. Themean PaO2 levels
were higher in the experimental group than in the control group at each
altitude.

Changes in PaO2 with increasing pressure inside the chamber at dif-
ferent altitudes are shown in Fig.7 (A). PaO2 was progressively limited
with increasing altitude, decreasing linearly by a factor proportional to
the pressure inside the chamber.

4.2. Results of human experiments

Volunteers in this studywere33healthymen. Eightmenwere recruited
(age 29.2 ± 3.46, between 26 and 35 years of age) at 355m, 17menwere
recruited (age 19.2±1.93, between 18 and 22 years of age) at 2880m, and
16 men were recruited (between 18 and 22 years of age) at 4542 m.
t 355m, after 60min of hyperbaric treatment, themean PaO2 level rose from 68.63± 3.89
to 40.94±6.74mmHg (t=−1.087, P=0.295), and themean pH fell from7.43±0.05 to
an PaO2 level rose from 43.38± 8.07 to 80.63± 7.99mmHg (t=−9.272, P=0.000), the
hemean pH fell from7.49±0.06 to 7.47±0.07 (t=0.617, P=0.547). (C) At 4532m, after
mHg (t=−11.257, P=0.000), the mean PaCO2 level rose from 27.13 ± 0.99 to 28.75±
t = 1.374, P = 0.191).

Image of Fig. 3


Fig. 4. PaO2, PaCO2 and pH levels of control group rabbits at different high altitudes: (A)At 355m, after 60min of exposure to roomair, themean PaO2 level rose from65.86±7.30 to 80.75
± 7.44mmHg (t=−4.042, P=0.001), themean PaCO2 level fell from 36.46±6.36 to 35.56± 5.67mmHg (t=0.299, P=0.770), and themean pH rose from 7.45± 0.06 to 7.46±0.06
(t=−0.483, P=0.636). (B) At 2880m, after 60min of exposure to room air, themean PaO2 level rose from39.25±4.68 to 55.00±8.21mmHg (t=−4.713, P=0.000), themean PaCO2

level fell from35.50±4.28 to 32.25±3.28mmHg (t=−1.705, P=0.110), and themean pH rose from7.49±0.05 to 7.50±0.04 (t=−0.159, P=0.876). (C) At 4532m, after 60min of
exposure to roomair, themean PaO2 level rose from32.25±2.49 to 48.50±4.00mmHg (t=−9.752, P=0.000), themean PaCO2 level fell from32.63±5.29 to 31.25±4.13mmHg (t=
0.612, P = 0.572), and the mean pH rose from 7.47 ± 0.06 to 7.44 ± 0.03 (t = 1.267, P = 0.226).

1539L. Sun et al. / American Journal of Emergency Medicine 35 (2017) 1536–1541
The results of the arterial blood gas analyses (PaO2, PaCO2 and pH) of
the volunteers at different altitudes are shown in Fig. 6. After 60 min of
hyperbaric treatment, the mean PaO2 level rose from 96.38 ± 9.80 to
148.38 ± 16.94 mmHg at 355 m, while mean PaCO2 and pH levels
were not significantly different. However, at 2880 m and 4532 m,
when the mean PaO2 level rose significantly, the mean PaCO2 level also
increased significantly before and after 60 min of hyperbaric treatment.

TheRR,HRandBPof thevolunteers at different altitudesare shown inFig.
6. There were no significant differences in mean RR, HR and SBP/DBP before
andafterhyperbaric treatmentat355m.At2880m, themeanRRafterhyper-
baric treatment was lower than before hyperbaric treatment, but the mean
HR and SBP/DBP were not significantly different. At 4532 m, the mean RR
andHR values after hyperbaric treatmentwere lower than before hyperbaric
treatment, but the mean SBP/DBP values were not significantly different.

Changes in PaO2 with increasing pressure inside the chamber at dif-
ferent altitudes are shown in Fig.7 (B). PaO2 was also progressively lim-
itedwith increasing altitude, decreasing linearly by a factor proportional
to the pressure inside the chamber.

4.3. Adverse events

Fortunately, we did not record any major adverse effects among in-
side observers. However, due to the changes in pressure, ear discomfort
did occur in some volunteers.
Fig. 5. PaO2 levels of experimental and control group rabbits were analyzed before and afte
intervention, the mean PaO2 levels of the two groups were not different at each altitude. (B)
group at each altitude.
5. Discussion

The purpose of this paper is to validate the effects of the new plateau
hyperbaric chamber on alleviating high altitude hypoxia. Our results con-
firmed that the plateau hyperbaric chamber could increase the PaO2 of
rabbits and volunteers at higher gas densities of 355 m, 2880 m and
4532m. Our results also show the increases in PaO2 levels are broadly pro-
portional to the fall in barometric pressure with increasing altitude. These
measurements of arterial blood gases in rabbits and volunteers provide a
picture of the pattern and limits of changes in rabbit and volunteer blood
gases in response to hyperbaric treatment at different altitudes.

AMS occurs in approximately 10 to 25% of unacclimated persons
who ascend to 2500 m and 50 to 85% of unacclimated persons at 4500
to 5500 m [10]. Considering the morbidity of AMS, we chose 2880 and
4532 m as the locations for test sessions. However, risk assessment of
rabbits and human trials should be performed at 355 m.

In the rabbit study,we found that themean PaO2 level of experimen-
tal group rabbits increased significantly after 60min of hyperbaric treat-
ment at each altitude. However, the mean PaO2 level of control group
rabbits also increased significantly after 60 min of exposure to room
air at each altitude. However, by comparing the mean PaO2 levels after
60 min of intervention (hyperbaric treatment or exposure to room
air), the mean PaO2 level of experimental group rabbits was higher
than the mean PaO2 level of the control group at each altitude. We
r intervention to evaluate the influence of tracheal intubation on PaO2. (A) Before the
The mean PaO2 levels of the experimental group were higher than those of the control

Image of Fig. 4
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Fig. 6. The arterial blood gas analysis results (PaO2, PaCO2 and pH), RR, HR and BP of volunteers at different altitudes: (A, D) At 355m, after 60min of hyperbaric treatment, themean PaO2

level rose from96.38±9.80 to 148.38±16.94mmHg (t=19.036, P=0.000), themean PaCO2 level rose from43.78±2.66 to 43.83±2.00mmHg (t=−0.297, P=0.771), themean pH
fell from 7.39±0.16 to 7.37±0.02 (t=2.024, P=0.062), RR rose from 14.88±3.36 to 15.38±4.03/min (t=−0.270, P=0.791), HR fell from 78.88±11.69 to 77.25±11.84/min (t=
−0.374, P=0.714), SBP rose from116.50±9.43 to 118.25±9.29mmHg (t=−0.374, P=0.714), andDBP rose from77.50±7.98 to 78.00±8.62mmHg (t=−0.120, P=0.906). (B, E)
At 2880m, after 60 min of hyperbaric treatment, themean PaO2 level rose from 66.24 ± 3.33 to 97.29 ± 4.16mmHg (t=−24.025, P=0.000), the mean PaCO2 level rose from 33.53 ±
2.90 to 36.12±3.20mmHg (t=−2.473, P=0.019), themean pH fell from7.43±0.01 to 7.41±0.02 (t=4.743, P=0.000), RR fell from17.88±1.17 to 16.53±1.55/min (t=−2.881,
P=0.007), HR fell from 67.82± 8.26 to 63.59± 8.31/min (t=1.490, P=0.146), SBP fell from 105.12± 7.78 to 103.94± 7.33mmHg (t=0.454, P=0.653), and DBP rose from 68.82±
8.65 to 69.12 ± 6.00 mmHg (t=−0.115, P=0.909). (C, F) At 4532m, after 60min of hyperbaric treatment, themean PaO2 level rose from 53.44 ± 4.07 to 83.81 ± 4.87 mmHg (t=−
19.141, P=0.000), themean PaCO2 level rose from27.38±1.82 to 29.69±2.52mmHg (t=−2.973, P=0.006), themean pH fell from 7.45±0.02 to 7.43±0.02 (t=4.044, P=0.000),
RR fell from 24.88 ± 1.78 to 21.13 ± 1.45/min (t = 6.516, P = 0.000), HR fell from 89.75 ± 10.61 to 78.31 ± 6.68/min (t = 3.649, P = 0.001), SBP fell from 99.38 ± 10.53 to 97.25 ±
6.61 mmHg (t = 0.684, P = 0.499), and DBP rose from 76.38 ± 12.44 to 75.31 ± 8.10 mmHg (t = 0.286, P = 0.777).
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think that this probably reflected the effects of endotracheal intubation.
During the experiment, the rabbits were anesthetized. Thus, heart rate
and blood pressure were not monitored.

Considering the changes in rabbit blood pressure and the physical
factors of volunteers, we did not collect 3 arterial blood samples (0,
30, 60 min) at each altitude as originally planned.
Fig. 7. Changes in PaO2 with increasing pressure inside the chamber at different altitudes. (A) A
with increasing altitude, decreasing linearly by a factor proportional to the pressure inside the
However, in the human study, HR, RR and BPweremonitored during
hyperbaric treatment to evaluate the impact of the plateau hyperbaric
chamber on the human body. Our results confirmed that this hyperbaric
treatment has possible beneficial psychological effects on HR and RR at
2880 and 4532mand has little effect on blood pressure at 355, 2880 and
4532 m.
nimal experiments, (B) Human experiments. As predicted, PaO2 was progressively limited
chamber.

Image of Fig. 6
Image of Fig. 7
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Intriguingly, at 2880mand4532m,when themean PaO2 levelwas sig-
nificantly increased, the mean PaCO2 level also significantly increased be-
fore and after 60 min of hyperbaric treatment. This may be explained by
the fact that RR of volunteers lower after hyperbaric treatment. One reason
is respiratory compensation for hypoxia: when the volunteers are in the
hypoxic environment, the frequency of breathing increasing. Nevertheless,
the PaO2 of volunteerswill be increasedduring hyperbaric treatment, and a
higher level of PaO2 could protect cardiopulmonary function. Another rea-
son may be that volunteers were in a quiet state during hyperbaric treat-
ment, so the RR lower than movement state.

5.1. Limitations

However, several questions remain. First, in our study, arterial blood
samples were analyzed using the i-STAT 200 blood gas analyzer and the
G3+ Blood gas slice, which does not evaluate blood lactate concentra-
tion or oxygen saturation (SaO2). Thus, the blood lactate and SaO2

were not analyzed. Second, because all volunteers were healthy people,
we could not determine any notable long-term beneficial or adverse ef-
fects associated with this treatment. Finally, the most important limita-
tion is that the value of the newmultiplace plateau hyperbaric chamber
for treating AMS was not confirmed in field conditions.

5.2. Conclusions

From our findings, we can confirm that the new multiplace plateau
hyperbaric chamber can be used to alleviate plateau hypoxia by increas-
ing patient PaO2. However, the value of the chamber for treating AMS
must be confirmed in field conditions.

Acknowledgements

The authors wish to thank the research doctors, nursing and other
medical staff for their assistance during the study.

References

[1] Grocott MP, Martin DS, Levett DZ, et al. Arterial blood gases and oxygen content in
climbers on Mount Everest. N Engl J Med 2009;360:140–9 [PMID:19129527].

[2] Luks AM, McIntosh SE, Grissom CK, et al. Wilderness medical society consensus
guidelines for the prevention and treatment of acute altitude illness. Wilderness
Environ Med 2010;21:146–55 [PMID:20591379].

[3] Austin D. Gammow bag for acute mountain sickness. Lancet 1998;351:1815
[PMID:9635981].

[4] Freeman K, Shalit M, Stroh G. Use of the Gamow bag by EMT-basic park rangers for
treatment of high-altitude pulmonary edema and high-altitude cerebral edema.
Wilderness Environ Med 2004;15:198–201 [PMID:15473460].

[5] Imray CH, Clarke T, Forster PJ, et al. Carbon dioxide contributes to the beneficial ef-
fect of pressurization in a portable hyperbaric chamber at high altitude. Clin Sci
2001;100:151–7 [PMID:11171283].

[6] Moon RE. Hyperbaric oxygen treatment for decompression sickness. Undersea
Hyperb Med 2014;41:151–7 [PMID:1411454].

[7] Houston CS. Sci Am 1992;267:58–62 66.[PMID:1411454].
[8] Sun L, Ding MJ, Cai TC, et al. Development and preliminary test of a new plateau hy-

perbaric chamber. Am J Emerg Med 2015;33:1497–500 [PMID:26277732].
[9] Kilkenny C, Browne WJ, Cuthill IC, et al. Improving bioscience research reporting:

the ARRIVE guidelines for reporting animal research. Osteoarthr Cartil 2012;20:
256–60 [PMID:22424462].

[10] Hackett PH, Rennie D, Levine HD. The incidence, importance, and prophylaxis of
acute mountain sickness. Lancet 1976;2:1149–55 [PMID:62991].

http://refhub.elsevier.com/S0735-6757(17)30299-1/rf1000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf1000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9005
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9005
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9005
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9010
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9010
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9015
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9015
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9015
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf3000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf3000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf3005
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf3015
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf3015
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9050
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9050
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf9050
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf5000
http://refhub.elsevier.com/S0735-6757(17)30299-1/rf5000

	Using a new plateau hyperbaric chamber to alleviate high altitude hypoxia: Rabbit and human studies
	1. Introduction
	2. Ethics statement
	3. Methods
	3.1. Study design
	3.1.1. Animal experiments
	3.1.2. Human experiments

	3.2. Statistical analyses

	4. Results
	4.1. Results of animal experiments
	4.2. Results of human experiments
	4.3. Adverse events

	5. Discussion
	5.1. Limitations
	5.2. Conclusions

	Acknowledgements
	References


