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ABSTRACT

Objective: Patients with pulmonary arterial
hypertension (PAH) are often recommended
supplemental oxygen for altitude travel due to the
possible deleterious effects of hypoxia on pulmonary
haemodynamics and right heart function. This includes
commercial aircraft travel; however, the direct effects
and potential risks are unknown.

Methods: Doppler echocardiography and gas
exchange measures were investigated in group 1
patients with PAH and healthy patients at rest breathing
room air and while breathing 15.1% oxygen, at rest for
20 min and during mild exertion.

Results: The 14 patients with PAH studied were
clinically stable on PAH-specific therapy, with
functional class Il (n=11) and Ill (n=3) symptoms
when tested. Measures of right ventricular size and
function were significantly different in the PAH group at
baseline as compared to 7 healthy patients (p<0.04).
There was no evidence of progressive right ventricular
deterioration during hypoxia at rest or under exertion.
Pulmonary arterial systolic pressure (PASP) increased
in both groups during hypoxia (p<0.01). PASP in
hypoxia correlated strongly with baseline PASP
(p<0.01). Pressure of arterial oxygen correlated with
PASP in hypoxia (p<0.03) but not at baseline, with
three patients with PAH experiencing significant
desaturation. The duration and extent of hypoxia in this
study was tolerated well despite a mild increase in
symptoms of breathlessness (p<0.01).

Conclusions: Non-invasive measures of right heart
function in group 1 patients with PAH on vasodilator
treatment demonstrated a predictable rise in PASP
during short-term simulated hypoxia that was not
associated with a deterioration in right heart function.

INTRODUCTION

The clinical question of whether patients
with cardiopulmonary disease can travel
safely to higher altitude destinations is arising
more frequently. There is an increased ease
and affordability of air, train and road trans-
port and an increasing number of travellers
will have chronic disease. The emergence of
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What is already known about this subject?

» Patients with pulmonary arterial hypertension
may experience deleterious effects of exposure
to altitude-related hypoxia due to further ele-
vated pulmonary artery pressure from increased
sympathetic activity and hypoxic pulmonary
vasoconstriction. The effects of altitude, com-
parable to commercial aircraft flight, on right
ventricle function in these patients are unknown.

What does this study add?

» This novel study investigated the effects of mild
altitude simulation on right ventricular function
in patients with pulmonary arterial hypertension.
Pulmonary artery pressure increased signifi-
cantly during hypoxia, with no evidence of pro-
gressive right ventricular deterioration at rest or
under mild exertion.

How might this impact on clinical practice?

» The clinical question of whether patients with
pulmonary arterial hypertension can travel safely
to higher altitude is arising more frequently and
current recommendations are based on low
levels of evidence. This primary study demon-
strates that these patients can tolerate short-
term hypoxia well and further investigation can
be safely considered.

targeted therapy has improved outcomes and
quality of life in patients with pulmonary
arterial hypertension (PAH).1 Owing to the
possible negative physiological effects of
hypoxia, it is recommended that those with
the WHO functional class (FC) symptoms III
and IV should not be exposed to 1500-
2000 m altitude and above without supple-
mental oxygen.” ® This includes commercial
aircraft travel where, although variable, the
minimum pressure inside the cabin is
574 mm Hg, equivalent to 2400 m altitude, or
breathing 15.1% oxygen at sea level.” > While
the limited available evidence has reported
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minimal symptoms and arterial desaturation of 5-10% in
flight and during simulation studies in patients with FC
-1V PAH,6 7 there is no information regarding right ven-
tricular (RV) function at altitude that may provide more
appropriate insight into potential hypoxic stress and risk
of a medically adverse event.

Arterial desaturation from hypoxic exposure is miti-
gated by increased sympathetic activity that elevates
cardiac output.” Increased pulmonary vascular resistance
has been shown to occur in the presence of hypoxic pul-
monary vasoconstriction that can occur within minutes
of exposure to altitudes from 1500 to 2400 m.? '* These
combined effects result in higher pulmonary artery pres-
sures at altitude than observed at the comparative
cardiac output at sea level'' with increased afterload
that may induce changes in RV function.'” For those
with PAH, any further elevation in pulmonary artery
pressures may further impair RV function that subse-
quently may compromise the ability to adequately
elevate cardiac output to combat hypoxia, particularly
during exertion. However, no previous studies have eval-
uated the effects of hypoxia (at a level comparable to
commercial air travel) on RV function in patients with
PAH.

We sought to describe the effects of simulated 2400 m
altitude at rest and during a mild exercise task on mea-
sures of RV function and gas exchange in patients with
PAH and in a comparison group of healthy normal
patients.

METHODS

Subjects

Patients with known PAH were recruited from a
University Hospital Pulmonary Hypertension clinic. PAH
was diagnosed in accordance with the European Society
of Cardiology® and American Heart Association guide-
lines."” Patients with PAH included in the present study
fulfilled both the following criteria: (1) Confirmed PAH
(group 1) which had been initially diagnosed on right
heart catheterisation® '* and (2) clinically stable patients
(WHO FC symptoms III or less, with no hospitalisation
for PAH deterioration in the past 12 months) on pul-
monary vasodilator therapy. Exclusion criteria included
uncontrolled hypertension, those requiring supplemen-
tal oxygen at sea level, neurological disease, structural
abnormalities of the chest wall, recent upper respiratory
tract infection or claustrophobia. Healthy normal
patients without known heart or lung disease were
recruited as a comparison group. All testing was per-
formed with the patient taking their usual medications,
including their pulmonary hypertension therapy.
Medical history and current medications were sourced
and documented from the patient’s treating physician.

Lung function
Spirometry and diffusing capacity were performed
according to the American Thoracic Society/European

Respiratory Society criteria (MasterScreen Body, Jaeger,
Hoechberg, Germany).14 % Predicted values were
derived from the recommendations of the Global Lung
Initiative for spirometry and European Community for
Coal and Steel for diffusing Capacity.16 17

Echocardiography

All images were acquired from standard echocardio-
graphic views in accordance with the American Society
of Echocardiography recommendations.” '® All images
were stored digitally and analysed offline using commer-
cially available software (GE EchoPac 7.0.1, Horten,
Norway). All prospectively acquired images were per-
formed by an experienced operator (WZ) based on pre-
determined protocols. All analyses were performed in
batches on anonymised images by a single analyst (VC)
blinded to clinical details of patients. Resting echocardi-
ography was performed to assess RV function and esti-
mate the pulmonary artery systolic pressure (PASP). RV
dimensions were measured at end-diastole from an
RV-focused apical four-chamber view with care to avoid
foreshortening and to ensure that the crux and apex of
the heart were in view. The basal diameter is generally
defined as the maximal short-axis dimension in the
basal one-third of the RV seen on the four-chamber
view."?

The PASP was derived as the sum of the tricuspid
regurgitant pressure gradient obtained from continuous-
wave Doppler and the right atrial pressure as estimated
from the inferior vena cava assessment.” RV longitudinal
systolic function was measured by determining the tricus-
pid annular plane systolic excursion (TAPSE)? and a
cut-off of <1.6cm was considered abnormal in this
study.”’ The rightsided and leftsided cardiac chambers
were analysed by conventional two-dimensional para-
meters that included: the ratio of RV and left ventricular
(LV) end-diastolic diameters and the RV fractional area
change (FAC),'® with an abnormal RV FAC being <35%.
Global RV function was assessed using the modified Tei
index, a validated measure of global ventricular function
incorporating both systolic and diastolic functions based
on tissue-Doppler imaging® with an abnormal value
defined as >0.55.* The LV ejection fraction was mea-
sured by the volumetric (Simpson’s biplane) method,
consistent with published guidelines.'® RV dilation was
defined as RV:LV end-diastolic area ratio >0.6.'® All mea-
surements were averaged over three consecutive cardiac
cycles. Intraobserver variability for individual echocar-
diographic parameters in our laboratory has been previ-
ously published23 and was derived from 20 patients,
repeating all analyses on three separate occasions with
the operator (VC) blinded to previous results.

Hypoxic challenge

While lying supine in a semirecumbent position,
breath-by-breath gas analysis was monitored continuously
(Oxycon Pro, Jaeger-Toennies, Hochberg, Germany)
with the patient breathing through a large two-way, non-
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rebreathing valve (Y-shape 2730, Hans Rudolph, Kansas
City, Missouri, USA) from a sealed face mask. Leaks
were monitored and addressed when required to ensure
that the fraction of inspired carbon dioxide was near 0%
and fraction of inspired oxygen was stable. The system
was calibrated for flow, gas concentration and response
time prior to each test incorporating the current
ambient conditions.

Measurements were initially collected at rest, while the
subject breathed room air at sea level for at least 5 min
(“baseline sea level”). Secondly subjects breathed
hypoxic gas mix (15.1% (20.2%) Oy, balance Ny (BOC
Gases, Australia)) from a 30 L gasbag reservoir for at
least 20 min at rest (“hypoxia at rest”). This was immedi-
ately followed by at least 5 min of mild exercise while con-
tinuing to breathe the hypoxic gas mix (“hypoxia during
exercise”). A radial arterial blood gas was only taken at
‘baseline sea level’ and ‘hypoxia at rest’ in patients with
PAH and not during the exercise task. Mild exercise was
in the form of leg raises while still semirecumbent, con-
trolled to elicit a greater than twofold increase in Og
uptake (monitored continuously) from the patient’s
basal, resting metabolic rate. This is estimated to be ~2
Mets (~7-8 mL/min/kg), reflective of the exertion from
<3 km/hours, level ground walking.** Once the target O,
uptake was achieved, echocardiography was performed
while the patient continued to leg-raise.

ECG and pulse oximetry were monitored continu-
ously. Manual systemic blood pressure and symptoms of
perceived breathlessness (modified BORG scale 0-10)
were collected every 5min and during mild exercise.
Data are presented as mean (SD) unless otherwise
stated. Ventilatory/gas exchange parameters are
expressed as mean values derived from the final 5 min
at ‘baseline sea level’ and ‘hypoxia at rest’ and the last

minute in ‘hypoxia during exercise’. The change in
echocardiograph and ventilatory parameters between
each phase were assessed using a two-way analysis of vari-
ance (ANOVA) rather than repeated measures as three
patients with PAH did not complete all three test phases.
Group comparisons were via an unpaired two-tailed
t-test. Associations between measured variables were
assessed using Pearson’s correlation analysis. A p value
<0.05 was considered statistically significant.

The study was reviewed and approved by the Human
Ethics Review Board of Sydney Local Area Health
District (New South Wales, Australia). Each patient gave
written informed consent.

RESULTS

Subjects and lung function

Fourteen patients with PAH and seven healthy normal
patients were recruited. Patient demographics and lung
function are presented in table 1.

All patients with PAH were in group 1 classification
with the WHO FC III symptoms at diagnosis. Time since
diagnosis and onset of treatment to study enrolment was
2.2 (1.8) years; all patients were clinically stable on
PAH-specific therapy and presented with FC II (n=11)
and III (n=3) symptoms when tested. Seven patients had
idiopathic PAH and seven had PAH secondary to con-
nective tissue disease. Four patients had hypertension,
and two had diabetes mellitus. Seven patients with PAH
were receiving an endothelin receptor antagonist
(ERA), three were receiving a phosphodiesterase type 5
inhibitor (PDE5-I), and four were receiving combination
therapy (ERA and PDE5-I). No study patients were
receiving prostacyclin analogues, calcium channel
blocker or B-blocker medications. There was no evidence

Table 1 Patient demographics, baseline lung function and initial diagnostic values
PAH Control p Value
Male:female 6:8 4:3 =
Age, years 61 (15) 51 (15) 0.17
Height, cm 167 (12) 166 (9) 0.78
BMI 27.7 (8.1) 25.5 (3.5) 0.51
FEV,, L 2.18 (0.98) 3.36 (0.84) 0.02
Per cent predicted 77 (16) 109 (12)
FVC, L 2.93 (1.23) 4.34 (0.96) 0.03
Per cent predicted 81 (15) 112 (10)
Kco, mL.mm Hg.min.L 3.3 (1.0) 4.5 (0.9) 0.04
Per cent predicted 59 (17) 92 (10)
Va, L 4.53 (1.45) 5.54 (0.72) 0.01
Per cent predicted 79 (12) 107 (14)
Mean Ppa, mm Hg 37 (10) =
PVR, woods units 4.9 (3.5) -
6MWT, m 391 (153) -
Per cent predicted 74 (21) -

Data presented as mean (SD).

6MWT, 6 min walk test; BMI, body mass index; FEV4, forced expiratory volume in 1 s; FVC, forced vital capacity; Kco, transfer factor for
carbon monoxide corrected for Va; PAH, pulmonary arterial hypertension; Ppa, pulmonary arterial pressure; PVR, pulmonary vascular

resistance; Va, alveolar volume.
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of significant LV dysfunction in any of the study patients.
Forced vital capacity and alveolar volume were lower in
the patients with PAH compared to controls (p<0.04).
Diffusion capacity corrected for alveolar volume was
reduced in the patients with PAH (p<0.05).

Baseline gas exchange and echocardiographic parameters
Baseline oxygen saturation was similar between the
patients with PAH and controls (97 (1)% and 98 (1) %,
respectively, p=0.21), but the PAH group displayed a sig-
nificantly higher respiratory rate and minute ventilation
compared with controls (p<0.04). Overall, patients with
PAH had moderately elevated PASP (56 (14) mm Hg)
with RV dilation (RV:LV end diastolic area ratio 0.86
(0.39)). Measures of global and longitudinal RV size and
function (modified Tei index, TAPSE, RV: LV diameter
ratios and RV FAC%) were all significantly different
between the patients with PAH as compared to the
control group (p<0.04). In the PAH group, 5/14 (36%)
had TAPSE<1.6cm, 9 /14 (64%) had Tei index>0.55 and
11/14 (79%) had RV FAC<35%. Overall, 13/14 (93%)
of patients with PAH had at least one abnormal index of
RV function.

Hypoxia at rest and during exercise
Echocardiographic images were obtained during
hypoxia at rest in all patients. Three patients with PAH

did not complete the exercise task and were not
included in the ‘hypoxia during exercise’ analysis, two
due to musculoskeletal issues and body habitus and one
due to significant desaturation during resting hypoxia
(pulse oximetry <80%). Three patients with PAH
requested not to have an arterial blood gas during
‘hypoxia at rest’. Serial echocardiograph and gas
exchange parameters for each stage are presented in
tables 2 and 3, respectively.

During hypoxia at rest and hypoxia during exertion,
patients with PAH displayed lower oxygen saturation
compared with controls (p<0.04, table 3). PASP at sea
level correlated strongly with PASP during hypoxia, both
at rest and during exercise (correlation coefficient 0.93,
0.89, respectively, p<0.001). There was a correlation
during ‘hypoxia at rest’ between pressure of arterial
oxygen and PASP (R=-0.68, p<0.03, figure 1) that was
not evident at baseline in the patients with PAH (p=0.2).
Three patients with PAH experienced a significantly
reduced pressure of arterial oxygen below 50 mm Hg at
rest during hypoxia with significantly elevated PASP that
correlated with increased perception of breathlessness
(R=—0.71, p<0.03).

Within the PAH group, PASP increased from 56 (14)
at baseline to 75 (17) mm Hg during hypoxia with exer-
tion (p<0.01, figure 2). This increase in PASP was not
accompanied by any significant changes in any right

Table 2 Echocardiographic parameters and systemic haemodynamics

Baseline sea level Hypoxia at rest Hypoxia during exercise* p Value

RV end-diastolic diameter

PAH 41 (Nt 40 (8)t 40 (8)t 0.87

Control 29 (8) 22 (9) 29 (8) 0.20
RV end-systolic area, cm?

PAH 14 (6)t 14 (7)1 14 (8)1 0.97

Control 8 (3) 7 (2) 6 (2) 0.21
RV:LV end-diastolic diameter ratio

PAH 1.01 (0.17)t 1.05 (0.21)t 1.04 (0.25)t 0.85

Control 0.66 (0.14) 0.64 (0.09) 0.68 (0.14) 0.79
RV:LV end-diastolic area ratio

PAH 0.86 (0.39)t 0.99 (0.40)t 1.04 (0.40)t 0.47

Control 0.43 (0.08) 0.61 (0.15) 0.51 (0.11) 0.03
RA end-systolic area, cm?

PAH 18 (7) 19 (8)1 17 (7)1 0.76

Control 12 (2) 12 (2) 11 (3) 0.67
LV EF %

PAH 62 (12) 62 (11) 68 (9) 0.25

Control 65 (7) 68 (7) 76 (7) 0.03
HR, bpm

PAHt 76 (13)t 78 (12)t 94 (16) 0.02

Control 62 (7) 65 (8) 88 (9) 0.01
SBP, mm Hg

PAHZ 112 (11) 117 (14) 123 (18) 0.33

Control 117 (15) 124 (20) 131 (20) 0.66

Data presented as mean (SD). N=14 PAH, N=7 Control.
*N=11 PAH.

tversus Control unpaired t-test p<0.05.

N=9.

EF, ejection fraction; HR, heart rate; LV, left ventricular; RA, right arterial; RV, right ventricular; SBP, systolic blood pressure.
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Table 3 Gas exchange parameters

Baseline sea level Hypoxia at rest Hypoxia during exercise* p Value

SpOz,%

PAH 97 (1) 90 (4)t 91 (2)t 0.01

Control 98 (1) 94 (2) 94 (2) 0.01
PaO,, mm Hg

PAH 86 (10) 55 (6)* - 0.01
PaCO,, mm Hg

PAH 33 (4) 33 (5)* - 0.87
Vg, L/min

PAH 13.5 (3.8)1 13.6 (4.8)1 21.9 (6.6) 0.01

Control 9.5 (2.9) 8.4 (2.2) 18.4 (3.5) 0.01
Vo, L

PAH 0.73 (0.25) 0.71 (0.24) 1.11 (0.45) 0.01

Control 0.67 (0.10) 0.66 (0.13) 0.97 (0.23) 0.01
RR, bpm

PAH 19 (4)t 19 (5)1 22 (7) 0.55

Control 14 (4) 13 (5) 20 (3) 0.02
VO,, mL.min.kg

PAH 4.68 (0.75) 4.54 (1.33) 6.92 (1.97) 0.01

Control 4.26 (0.74) 3.57 (0.51) 8.54 (2.11) 0.01
Borg 1-10

PAH 0.4 (0.5)1 1.0 (1.1)t 1.7 (0.8)t 0.01

Control 0.0 (0.0) 0.0 (0.0) 0.1 (0.4) 0.39

Data presented as mean (SD). N=14 PAH, N=7 Control.
*N=11 PAH.
tversus Control unpaired t-test p<0.05.

PAH, pulmonary arterial hypertension; PaO,, pressure of arterial oxygen; RR, respiratory rate; SpO,, pulse oximetry; Vg, minute ventilation;

VO,, oxygen uptake; V1, tidal volume.

P w0 = "
IS u ]
£
u
§ 60 " am
8
g " .
g 40
=
A
w)
= 20 R=-0.68, p<0.03
0
35 40 45 50 55 60 65
Pa0, hypoxia rest mmHg
Figure 1 Correlation of pulmonary artery systolic pressure

(PASP) and pressure of arterial oxygen (PaO,) during resting
hypoxia in 11 patients with pulmonary arterial hypertension.

heart parameters during all hypoxia stages (p>0.6,
figure 3). In the control group, no significant changes
in RV size and systolic function were also observed
during all hypoxia stages, with the exception that TAPSE
increased significantly (p=0.03). PASP increased from 24
(2) at baseline to 37 (5) mm Hg (p<0.01) during
hypoxia with exertion in the control group. RV para-
meters of individual patients at baseline, hypoxia at rest
and hypoxia during exercise are shown in figure 3. LV
ejection fraction did not differ between the PAH and
control groups, at rest or during hypoxia stages
(p>0.07).

1007 4 PAH
@ Control s

~
b

PASP mmHg
w1
=)

257

Baseline Hypoxia Rest Hypoxia Exercise

Figure 2 Mean pulmonary arterial systolic pressure (PASP)
with 95% CI error bars and individual data points at rest
breathing room air (baseline), during 20 min breathing 15.1%
O, at rest (hypoxia rest) and following mild exercise (hypoxia
exercise) in 14 patients with pulmonary arterial hypertension
(PAH) and 7 healthy patients (control). *p<0.01 ANOVA, 1Vs
Control p<0.01, unpaired t-test. N=11 PAH hypoxia during
exercise. ANOVA, analysis of variance; PAH, pulmonary
arterial hypertension.

In the self-assessment of dyspnoea, the BORG scale
increased only in patients with PAH and not the control
patients during the hypoxia phases (p<0.01). The
patient who did not complete the exercise phase due to
significant arterial desaturation reported the highest self-
assessment that related to ‘moderate’ dyspnoea.
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TAPSE cm

# PAH
-® Control

0.51

RV Modified Tei Index

0.0

804
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RV FAC %

20

Baseline Hypoxia Rest ~ Hypoxia Exercise

Figure 3 Mean with 95% CI error bars and individual data
points of right ventricular function parameters at rest breathing
room air (baseline), during 20 min breathing 15.1% O, at rest
(hypoxia rest) and following mild exercise (hypoxia exercise)
in 14 patients with pulmonary arterial hypertension (PAH) and
7 healthy patients (control). *p<0.03 ANOVA, tVs Control
p<0.04, unpaired t-test. N=11 PAH hypoxia during exercise.
ANOVA, analysis of variance; FAC, fractional area change;
PAH, pulmonary arterial hypertension; RV, right ventricular;.

DISCUSSION

In patients with group 1 PAH who were clinically stable
on PAH-specific treatment, there was no evidence of pro-
gressive RV compromise during shortterm simulated
altitude at rest or under mild exertion. PASP increased
in a predictable manner from baseline that was asso-
ciated with arterial desaturation and a mild increase in
the perception of breathlessness.

As far as we are aware, a study of right heart function
using echocardiography during hypoxia in patients with
pre-existing PAH has not been previously undertaken,
at rest or during exercise. RV measures were significantly
different in the patients with PAH as compared to con-
trols during all stages; however, there were no changes
in these parameters from baseline during hypoxia in
either group. The exception was TAPSE, which
increased only in the control group during exercise with
hypoxia. A similar study performed on patients with
chronic heart failure with a lower baseline PASP at sea
level (=30 mm Hg) reported a ~4 mm Hg rise in PASP

following 1 hour at simulated 2400 m altitude at rest.*’
The authors attributed this rise to a mildly elevated PVR
that was also seen in the control group. In comparison
to our study participants who have PAH with normal LV
systolic function, their patients had predominantly
impaired LV systolic dysfunction, with a large proportion
of patients (90%) on B-blockers. The latter would have
limited a patient’s ability to increase cardiac output due
to chronotropic and inotropic blunting.

The patients with PAH in this study had moderately
elevated PASP and the majority had evidence of RV dila-
tion and RV dysfunction at baseline sea level. The
observed group mean increase in PASP from baseline
after mild exercise during hypoxia was ~20 mm Hg.
Despite this increase in PASP, we did not document any
deterioration or change in measures of RV size or func-
tion on echocardiography, and no adverse events were
reported despite a mild increase in the perception of
breathlessness. This includes the single patient who did
not complete the exercise stress due to significant desat-
uration. The postulated deleterious effects on RV func-
tion from hypoxic pulmonary vasoconstriction and/or
RV ischaemia in patients with PAH were not apparent in
this study. Hypoxia equivalent to commercial air travel
(2400 m) may not have been sufficient to elicit detect-
able adverse effect on the RV. However, it should be
noted that controls displayed augmentation of TAPSE
during hypoxia with exertion, a phenomenon that was
not observed in the PAH group. It has been demon-
strated that an increase in TAPSE occurs during exercise
in healthy controls.?” The lack of increase in TAPSE in
the PAH group may indicate reduced RV reserve or pos-
sibly reflect early signs of hypoxic decompensation.

Our findings provide a basis for understanding obser-
vations in previous simulation and flight studies demon-
strating that patients with PAH tolerate the low duration
and low physical demands of air travel well® 7 and that
further direct invasive assessments of pulmonary and
cardiac haemodynamics of longer or more significant
hypoxic exposures can be safely considered. Our study
protocol was consistent with the standard ‘fit to fly’ alti-
tude simulation test for intolerance to hypoxia.*® This
test duration is validated to achieve gas exchange equili-
bration in those with respiratory disease; however, it may
not be sufficient to observe the development of any pos-
sible delayed adverse events of RV function in patients
with PAH.

Pulmonary artery pressure was estimated using echocar-
diography rather than invasive gold standard right heart
catheterisation assessment. Good agreement between the
modalities has been demonstrated over a broad range of
values at high altitudes up to 4600 m;*’ however, generally,
echocardiography is considered reproducible and accur-
ate, but with moderate precision as compared to catheter-
isation techniques.” Echocardiography was deemed
appropriate for this primary pilot study given its non-
invasive nature and the ability to simultaneously assess
both RV function and PASP under hypoxic conditions.
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Pulmonary vascular disease

Patients with PAH desaturated to a greater extent from
baseline during ‘hypoxia at rest’ than healthy patients
and the pressure of arterial oxygen strongly correlated
with PASP; three patients with a PaOo that fell below
50 mm Hg also recorded significantly elevated PASP and
higher perceptions of breathlessness. Absolute minute
ventilation and respiratory rate were higher in PAH in
resting conditions compared to normal patients, possibly
attributed to their reduced diffusing capacity that may
have contributed to their higher perception of
breathlessness.

It is acknowledged that our study population included
mainly WHO FC II patients who were stabilised on
PAH-specific therapies including ERA and/or PDE5-L.
Thus, our study findings pertain strictly to this popula-
tion which had well compensated disease. It is unknown
whether a more prolonged period of hypoxia (beyond
our protocol duration) will lead to deleterious effects on
RV function, particularly considering the observed non-
changing TAPSE. Thus, our study findings do not contra-
dict current recommended guidelines regarding the use
of supplemental oxygen in flight. Similarly, further
studies are needed to determine the effect of simulated
altitude in patients with PAH with more advanced FC
status.

CONCLUSION

Stable group 1 patients with PAH on vasodilator treat-
ment did not experience any acute deterioration in RV
function during simulated mild altitude, at rest or fol-
lowing mild exertion. PASP increased both at rest and
during mild exercise that was associated with arterial
desaturation. Despite a mild increase in symptoms, the
level and duration of hypoxia in this study protocol was
tolerated well.
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