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Abstract

The PEGASUS study is the first multicentric and prospective assessment of the

safety of air travel flying in pulmonary hypertension (PH) (NCT03051763). Data of

air travel from 60 patients with PH was available. No severe adverse events
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occurred. Nine patients self‐reported mild adverse events during flight (13%), while

after landing, 12 patients reported events (20%). Solely one patient (2%) had an

adverse event leading to medical consultation. In patients with PH and World

Health Organization functional classes II and III, air travel was safe.
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INTRODUCTION

Commercial air traveling is a well‐known burden for the
cardiovascular system.1 Hypoxic vasoconstriction is present
during flight and has a meaningful impact on the pulmonary
circulation, even in healthy individuals.1 Pulmonary arterial
pressure and thereby afterload of the right heart increase
during flights even in healthy individuals.2,3 In the few last
decades, treatment options and treatment strategies for
pulmonary hypertension (PH) have improved significantly,
which has led to increased survival rates, but also to an
improvement of quality of life of patients with PH.4

Accordingly, the ability and desire of patients with PH to
travel, including air travel, is increasing. Current guidelines
for PH do not give clear recommendations regarding air
traveling, apart from the advice of oxygen therapy and
dependence of the functional class.4 Hence, we aimed to
identify whether air traveling is safe in patients with PH.

METHODS

All patients diagnosed with PH aged above 18 years were
eligible for the multicentric PEGASUS study. In total,
nine PH centers in Germany and Switzerland recruited
patients between 2017 and 2019. Furthermore, patient
recruitment extended to reaching out to the German PH
association (“Pulmonale Hypertonie e.V.”). Patients were
not encouraged to fly, but had planned and discussed
their journey with their treating physician independently
from the study. Sample size was determined based on
feasibility. Patients were contacted at the beginning of
participation, after 1 year, after 2 years as well as
immediately before and after flight and asked to
complete questionnaires. This study was approved by
the Central Ethics Committee (Approval No. 206/14).

PEGASUS questionnaire

In brief, flight date and duration, use of additional
oxygen supplementation (and if so, oxygen dose),

symptoms during or after air traveling, time of onset of
symptoms, pulse, and oxygen saturation at different time
points of air traveling were assessed. Baseline character-
istics including World Health Organization (WHO)
functional class, 6‐min walking distance (6MWD), and
pulmonary hemodynamic were assessed, as available.

Statistical analyses

Data were collected using Microsoft Excel version 2016.
Statistical analyses were performed using R version 4.0.4
(The R Foundation) and SPSS version 27 (IBM). Baseline
characteristics are shown as mean ± standard deviation,
if normally distributed (assessed by Shapiro–Wilk test)
and as median [interquartile range] if non‐normally
distributed. p‐Values < 0.05 were considered as statisti-
cally significant.

RESULTS

Overall, 239 patients were included in the PEGASUS
study of whom 72 patients traveled by air (flight group)
during the study period. In 12 patients who traveled by
air data about age and sex were not available; thus,
these patients were excluded from further analyses. In
the flight group 45 patients (75%) were female and
median age was 57 [44, 67] (Table 1). Pulmonary
hemodynamics were mildly impaired in the study
population, with a median mean pulmonary arterial
pressure of 33.5 [25.0, 39.2] mmHg and pulmonary
vascular resistance of 347 [157, 568] dynscm‐5. In
patients with at least two available parameters for risk
stratification (i.e., 6MWD, WHO functional class, and
B‐type natriuretic peptide), most of them were classi-
fied as intermediate risk, as shown in Table 1. Data
about and during flight were available in all patients.
Median flight duration was 3 h,2,5 and median oxygen
saturation at the beginning of the flight was 95% [93%,
97%]. Fourteen patients (25%) received additional on‐
board oxygen supplementation (mean O2: 2

2,3 l/min).
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Noteworthy, patients without oxygen supplementation
showed lower minimal oxygen saturation during flight
than patients with oxygen supplementation (89% [84%,
91%] and 92% [89%, 93%], p= 0.037). No severe adverse
events occurred. Nine patients indicated complaints
during flight (13%). Most of the complaints occurred
within an hour of the start of the flight (median time
until onset of symptoms: 5 [1, 45] min). Four patients
(6%) reported pressure in the chest and dizziness.
Three patients (4%) reported breathlessness and two
patients (3%) reported palpitation. After landing, 12
patients indicated worsening of their symptoms (20%),
of whom the complaints of eight patients occurred
within 30 min after landing (67%). Five patients (8%)
reported dizziness, one patient (2%) exhibited breath-
lessness and pressure in the chest, respectively. Solely
one patient (2%) had an adverse event after flight
leading to medical consultation due to tachycardia
with treatment neediness.

Interestingly, patients with desaturation (defined as
minimal oxygen saturation during flight equal to or
lower than 85%5) were also more likely to show
symptoms during flight (31% vs. 10%, χ2 = 0.076). In line,
patients without oxygen supplementation tended to
report more discomfort during the flight than patients
with oxygen supplementation (18% vs. 7%, p= 0.334).

Reason against air travel

We furthermore investigated the underlying reasons
against air traveling. Total of 120 patients (71%)
provided information in the questionnaire regarding
reasons against air traveling. Mostly, the patients had

TABLE 1 Baseline characteristic of pulmonary hypertension
(PH) flight patients.

PH flight patients (N= 60)

Age (years)

Mean (SD) 56.3 (15.7)

N 60

Median [Q1, Q3] 56.5 [43.8, 66.5]

Gender (N, %)

Male 15 (25%)

Female 45 (75%)

PH group (N, %)

1 42 (70%)

2 3 (5%)

3 0 (0%)

4 14 (23%)

5 0 (0%)

NA 1 (2%)

Oxygen therapy

No 50 (83.3%)

WHO functional class

I 6 (10%)

II 25 (42%)

III 14 (23%)

IV 1 (2%)

NA 14 (23%)

mPAP (mmHg)

Mean (SD) 30.8 (17.5)

N 40

Median [Q1, Q3] 33.5 [25.0, 39.2]

Cardiac index (l/min/m2)

Mean (SD) 2.80 (1.02)

N 41

Median [Q1, Q3] 2.79 [2.47, 3.40]

PVR (dyn)

Mean (SD) 397 (303)

N 41

Median [Q1, Q3] 347 [157, 568]

BNP (pg/mL)

Mean (SD) 94 (221)

N 37

Median [Q1, Q3] 34 [11, 91]

6MWD, (m/6min)

TABLE 1 (Continued)

PH flight patients (N= 60)

Mean (SD) 306 (267)

N 40

Median [Q1, Q3] 451 [31, 563]

ESC/ERS score (N, %)

Low risk 17 (28%)

Intermediate risk 22 (37%)

High risk 0 (0%)

NA 21 (35%)

Abbreviations: 6MWD, 6‐min walking distance; BNP, B‐type natriuretic
peptide; ERS, European Respiratory Society; ESC, European Society of
Cardiology; mPAP, mean pulmonary arterial pressure; PVR, pulmonary
vascular resistance; SD, standard deviation; WHO, World Health
Organization.
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no plans to travel during the time of the study (58%).
Anxiety and advice from a medical doctor were the
further reasons against air traveling in 17% and 13% of
the control group, respectively. Interestingly, 44% of
patients who did not travel by air stated that they are
interested in traveling by air. 98% of patients who did
fly during the study period stated that they are willing
to fly again.

DISCUSSION

We investigated the prevalence of adverse events
during commercial air traveling in a multicentre
prospective PH cohort. Interestingly, no severe
adverse events occurred during and after the flight.
As expected, we identified oxygen desaturation during
flight associated with non‐severe self‐reported adverse
events. Current guidelines recommend oxygen sup-
plementation during air traveling in patients with PH,
if arterial oxygen partial pressure is below 60 mmHg
or if patients are at WHO functional class III or IV.4

However, this recommendation is only based on small
studies with a limited sample size and it is still
unclear whether air travel is safe for patients with PH.
Our study gives evidence that air travel is safe in
patients with PH, which is in line with previous
studies that reported air travel safety in patients with
various lung diseases6 or a retrospective analysis in
PH patients.7

Interestingly, none of the patients included in the
PEGASUS study suffered from severe adverse events
during flight. However, nonsevere adverse events were
self‐reported during flight and after landing, since 13%
patients had symptoms such as dizziness or breathless-
ness during the flight. However, symptoms led to medical
consultation only in one patient. This is in line with
previously reported data on the occurrence of adverse
events during flight by Thamm et al.7 Roubinian and
coworkers recently reported that desaturated patients
have a slightly increased likelihood to develop symptoms
during flight.5 Our study gives more evidence for the
hypothesis that desaturation during air traveling leads to
symptoms in patients with PH5 and therefore that acute
hypobaric hypoxia during air travel may stress the RV to
a certain extent,4 in accordance with findings in healthy
individuals. The PEGASUS study also revealed that 13%
of the non‐flying patients did not fly due to a medical
advice. Then again, over 98% of the patients who did
already air travel are willing to travel by plane (again).
Since oxygen supplementation per se was associated with
decreased risk of self‐reported adverse events (regardless
of WHO functional class or other hemodynamic

parameters) our data supports the guideline recommen-
dations that oxygen supplementation should be consid-
ered in PH.4 Our study has, however, several limitations.
Only
72 patients were traveling by air during the study period.
After adjusting for missing age and sex, solely 60 flight
group patients were included into analysis. Our study
was obviously not blinded, and patients measured and
noted oxygen saturation during air travel themselves,
which may had influenced symptoms reported. Despite
the inclusion of numerous patients, only a small number
of patients actually traveled by air. Therefore, integration
of air travel information into the new PVRI Go Deep
Meta‐registry8 might generate a larger sample size. Of
note, patient self‐reported adverse events which may lead
to biased and particularly nonsignificant results. Only
one patient was classified as WHO functional class IV
and none with a high risk, and hemodynamic values
showed mild PH, suggesting that mostly patients who
were in a good functional and risk status chose to fly.
Additionally, missing data as well as the heterogeneity
observed among PH groups possibly introduce further
bias. Consequently, further and more extensive prospec-
tive studies are warranted to enhance the generalizability
of our findings. Air travel was short, thus, we cannot
draw conclusions on PH patients with high risk profile
and longer flights. In conclusion, our prospective data
support the hypothesis that air travel may be safe for
patients with PH being almost exclusively in WHO
functional classes II and III. Moreover, oxygen supple-
mentation during flight was well perceived by patient
and helped to reduce reported symptoms.
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